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INRESB-3D-SUPII (supercomputer version) is written in FORTRAN and contains about 32,500 I 
statements. It operates in the VM/SP CMS environment on an IBM 4381 computer or in the AIX/370 
environment on an IBM 3090S supercomputer. INRESB-3D-SUPII is a general purpose computer program for j 
analyzing elastic and inelastic building systems subject to static loads, dynamic forces, multicomponent earthquake 

, motion, and pseudo-static cyclic loads. Also the program is capable of calculating inelastic post-buckling i 
behavior of steel members and systems, natural frequency, and free vibration. A joint-based system is used to ! 

, define the geometry of a structure. Structural members may be elastic 3D prismatic beams, nonlinear RC shear! 
I walls, nonlinear springs, inelastic 3D-bearn-column elements, finite-segment elements, and nonlinear bracing 1 

j
l elements. INRESB-3D-SUP II had five main functions. They are 1) elastic static analysis with multiple load :l 
j cases based on control program SaLOl; 2) elastic or inelastic analysis of a structure subject to 3D ground 1 
:j acceleration based on SOL02; 3) calculation of either natural frequencies and mode shape or buckling load and : 
i mode shape of an elastic structure based on SOL03; 4) calculation of nonlinear static cyclic response of a given; 
'1 loading pattern which consists of joint loads, imposed displacements, or element loads based on SOL04; and 5) ,1 

1 calculation of maximum response of an elastic structure subject to pseudo-dynamic force obtained from the ./ 
, response spectrum based on SOLOS. INRESB-3D-SUPII pertains to analysis of building systems above ground ~ 

level. Any connection with basements is treated as a boundary condition fixed, hinged, or with a spring. ~ 
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ABSTRACT 
~'--, 

~"~ INRESB-3D-SUPII (supercomputer version) is a general purpose program written in 

FORTRAN and containing about 32,500 statements.=Neither the mathematics subroutine 

"'" DG2CSP (an IMSL eigenvalue routine) nor subroutines SDUMP, CPUTIM, TIMEIT, TIME 

and DATE are included in this program. Mathematics library IMSL contains DG2CSP. Absence 

of the other five subroutines (SDUMP, CPUTIM, TIMElrlIME and DATE) does not affect 
. ~ 

operatIOn of the program. /-

-,--

~----'~ INRESB-3D-SUP1,l"'op~rates in the VM/SP CMS environment on an IBM 4381 computer 
y 

,/' 

or in the AIX/37Q,eIivironment on an IBM 3090S supercomputer. Operation of this program in 

both the former and the latter consists of three steps. First, a macro library is generated that 

contains the common blocks. Second, the main program and each subroutine are compiled. Text 

files are stored in a disk on the user's account. Third, the program is executed. The first and 

second steps are done only once to install the program. 

\~ 
~- INRESB-3D-SUPII is suitable for analyzing elastic and inelastic building systems subject 

to static loads, dynamic forces, mUlti-component earthquake motion, and pseudo-static cyclic 

loads. Also, the program is capable of calculating inelastic post-buckling behavior of steel 

members and systems, natural frequency, and spectral response analysis. A joint-based system 

is used to define the geometry of a structure. Structural members may be elastic 3D prismatic 

beams, nonlinear reinforced concrete shear walls, nonlinear springs, inelastic 3D-beam-column 

elements, finite-segment elements, and nonlinear bracing elements. t~-~~>~ 

INRESB-3D-SUPII has five main functions. They are 1) elastic static analysis with 

multiple load cases based on control program SaLOl; 2) elastic or inelastic analysis of a 

structure subjected to multiple ground acceleration (one-, two-, or three-dimensional seismic 

input) based on SOL02; 3) calculation of either natural frequencies and mode shape or buckling 

load and mode shape for an elastic structure based on SOL03; 4) calculation of nonlinear static 

cyclic response for a given loading pattern which consists of joint loads, imposed displacements 

or element loads for based on SOL04; and 5) calculation of maximum response for an elastic 

ii 





structure subject to pseudo-dynamic force obtained from the response spectrum based on SOLOS. 

INRESB-3D-SUPII pertains to analysis of building systems above ground level. Any 

connection with basements is treated as a boundary condition fixed, hinged, or with a spring. 

Detail instruction of using the program is published in Civil Engineering Study Structural 

Series 96-3, INRESB-3D--SUPII, User's Manual. 
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C ------------ BEG IN COMMON -------------------------------------------- '/OCoOOO 10 
INCLUDE (ZCoMN1) ZCo000:20 
INCLUDE (ZCOM:N:2) 2oC000030 

C------------ END CDI'04DN ---------------------------------------------- 2oC000040 

c------------ BEGIN B[A)C1t _ ZCOMNl --_________________________________ _ 

CHAR.ACTER'"l1:2 'l'I'l'LE(:2) 
CHARACTER"'40 STEPIO 
LOGI CAL BU~, 1oC0ND,ItC;COND. DOUBLE, NEWlt, NEWlt~, ELSTI C, ABORT 
INTEGER FMASS, FDAMP,CPUREJo!.CPUELA 
DOUBLE PRECISION EIE.ESE.PSE.EItE.EDO.EOUIoO(T 
CO)o(M'ON IZ,OATAP/ TI't'LE .BUG .I8UG .!otAXECF,""D(25),STEPID,GRAV 
COMJolON IloOATA/ IZ ,IZREL .CPUREJo!.CPUELA,ITLCPU.tNCCPU, 

" NEW!t: • It:S,u(E • NE:lI'~ ,JoICOND • ItGCOND. roUBLE. ELSTIC. ABORT 
r. NNODE .NDO~ ,NCOND ,N~REE ,NRES'I' ,MAXNOO.NCOS , 

NKAT ,SELIoI'l'. NMASS , 
NLOAD ,NSO~N , 

Ii MAXELD, NELD , 

, 12010 .IZIroF.IZ,CORD,IZCOS .I?CN5'l',I2oJFLG,IZJCOS, 
" I ZMAT ,IZELE • 

1201 ELD.l ZELO , 
IZItE ,! 2oL"" • [Z5'l'IF. I Z!o!D ,I 'UE)(G. IZLH)(G. 
I ZMASS, r ZMOMS.I Z,Jo(OAT. I 1:0AJolP. I Z)(Gt7r,I 1:II:G • I ZJoIIDItG , 
I ZLOAD. I ZOI SP. I ZVEL • I 1:ACC • 
I ZDLOA. I ZDDSP. I Z,DvEL. I 2oDACC, 
I 1:AGTX.;: ZAGTJ. I ZAGTZ. 
IZDUMP.:ZFUB ,IZI\.N ,rZAR • 

FH.ASS ,FDAJo(P.IUNIT, 
EI E, ESE, PSE, EItE, EDD, EDUJoO(l, 

" SUMRCT(5),GROUND(9),INC. 
" I DUI'O<T ( 500) 

3CoOOOI0 
Z,C0000:20 
Z,CoOOO)O 
Z,Co00040 
Z,C000050 
ZC000060 
ZC000070 
ZC000080 
Z<:000090 
~C000100 
ZCOOOllO 
ZC000120 
ZC000130 
ZCo00140 
ZCo00150 
?,COOOUiO 
Z,C000170 
ZC0001BO 
2oC000190 
Z,C000:200 
Z<:000:210 
20<:0002:20 
Z<:000230 
Z<:000240 
2oC000250 
ZC000260 
ZC000270 
ZC000280 
ZC000290 C------------ END BLOC!t:. - ZCOMNI - - --- - - -- --- - - - - - - - ----------------- ZCoO 0 JOO 

C------------ BEGIN BLOCI( - ZCOHN:2 
c 

----- ------------------------------c 2oCOOOO 10 
C ZC:OOOO';;!O 

c 

PAR.AJ04E:TER (KAXZ-500000, ~D~·MAJZ/,;;!) 

CO!olMON IDA.TAI ZP4AXZ) 
DIMENSION N~ (MU2o), D20 (MAXD2o) 
OOUBL.E PRECISION 020 
EQUIVALENCE (zr 1) ,NZ( 1). D2o( 1) 

C C------------ Et'lD BLoCIt • ?COIo(N:;! -----------------------.-----------C 
.pr :.16 n.ormal 
.Elp 1 A 
. us FILE: ZCOMNJ COPY 
. sp 1 A 

ZC000050 
ZC:COOOBO 
ZCC00090 
ZCOOOI00 
ZC'000110 
ZC'OOOI:20 
Z,COOOl)O 

.btp4 l.lsnormalp5 
C------------ BEGIN B[..OCIt - ZCoMN3 ------------------------------------ ZCoOOO 10 

DAT ... 1ZDATA/500/ 
C------- VARIABLES IN COtooroN 
C T1TLE USER INPUT 1'I'TLES DESCRIBING STRUCTURE AND SOLUTION 
C IZ NEXT AVAIL.IA.BLE LOCATION IN L.INEAR ARRAY Z 
C IZREL VALUE O~ IZ IF STORAGE FOR A SOLUTION IS RELEASED 
C BUG t'LAG, I~ TRUE. DE'I'AILED OUTPUT IS PRINTED FOR DEBUGING 
C MeOND FLAG, IF TRUE, Jo4ASS KAS 'NOT' BEEN COt-iDENSED OUT 
C NNODE NUMBER OF NODES 
C 
C NDOF TOTAL NUMBER OF' DEGREES OF FREEOOJoll 
C NCoND NUMBER OF COF TO BE COt-iDENSED OUT 
C NFREE NUMBER OF FREE COF 
C NREST NUMBER OF RES'rRAINEO DOF 
C JioIIAXNOD • MAXIMUN NUJo(BER OF NODES INPUT 
C NMAT • NUMBER OF KATERIAL PROPERTIES 
C NELJIoII'T - NUMBER OF ELE:HENTS 
C 
C NLOAC .. NUMBER OF [..OADING CASES 
C N50LN - SOLUTION NUMBER 
C MAXEDF • MAXIKUN NUIoIBER OF ELEMENT COF 
C IoID - MAIN DIAGONAL A.DDRESSES FOR ,I.N UPPER TRIANGULAR STIFFNESS 
C NCOS • NUMBER OF JOINT DIRECTION C05It-IES 
C MAXELD ., MAJi:lKUN NUIoIBER OF ELEIoIEN'l' L.OA05 
C NELO • NUMBER OF ELEMEN"I' LOADS 
C 
C •••••• ALL VARIABLE5 BEGINING WITH IZ ARE THE ABSOL.UTE ADDRESS 
C •••••• IN THE LINEAR ARRAY FOJ01 THE -ciATA. 
C IZID • EXTERNAL JOINT NUMBERS 
C IZIOOF • DEGREE OF FREEDOM MATRIX FOR JOINT OOF'S 
C IZCORD .. MATRI X OF .JOINT COORD' S 
C IZCOS • MATRIX OF JOINT 01 RECTION COSINES 
C IZCNST - MA'rIRX OF JOINT CONSTRAINT COIEFF 
C IZMAT • MATERIAL DATA 
C I ?ELE • E:LE)oIENT DATA 
C 
C I ZJFLG - MA'l'RIX OF .JOINT roF FLAGS (RE.LEASE CONSTRAIN CONDE~SE ELIM.) 
C IZJCoS • I-lATFHJ. OF JOINT COSINE 10 NUMBERS 
C !ZItE • ADDRESS OF ELDlEN'!' STH'F~e:SS 
C I ZLM • ADDRESS OF ELE)(EN'!' GLOBAL TO L.OCAL IQPPING MATRIX 
C IZltEltG • ADDRESS OF ELEMEN'I' GEOME'TRIC STIFF'NESS 
C IZLM((G • ADDRESS OF ELEMENT ]l{G GLOBAL TO LOCAL AAPPING IoL'.TRIJ, 
C IZSTIF • GLOBAL STIFFNESS 
C UMD ADDRESS OF Jo4A::[N DIAGONAL STIFFNESS '!'ERMS 
C IZLOAD • LOAD MATFlIX 
C I20DISP • DISPLACMENT 
C' IZIELD • INTEGER ELEMENT LOAD DATA 
r 
C I ZI ELD ... REAL E:LEME:N'T LOAD DATA 
r 
C I ZLOAD ... TOTAL LOAD' 
C IZOlSP • TOTAL DISPLAC£'HE:NT 
C I ZVEL '"' TOTAL VE:LOCTI1' 

I20ACC .. TOTAL ACCELERATION 

C IZDLOA • rNCRIMENTAL LOAD 
I20DDSP • INCRIJoilENTA.L DISPL/l.CEMEN't' 
I?DVEL • INCRIJo(ENTAL VELOCTI! 

C IZDACC • INCRIMENTAL ACCELERATION 
C 
C IZAGTX .. TRANSLATIONAL GROUND ACCELERATION - X DIRECTION 
C I MGTT .. TRANSLATIONAL GROliND ... CCE:LERATIOti - T DIRECTIot-l 
C IZAGTZ • TRANSLATIONAL GROUND ACCELERATION - 20 DIRECTION 
C 
C I ZFUB - UNBALANCED raReE v~TOR 
C I ZC • TE)oIPORARJ "ECTOR 
C IZR. • 1'E)oIPORARJ "ECTOR 
c 
C FDA)oIP 
C FMASS 
C rUN!'!' 
c 

• DA)(PING T'I'PE 
'" ~SS TYPE 
.. UNIT f FOR PRINTING DATA TO AN OUTPUT FIL.E 

ZC000020 
2oC000030 
ZC000040 
ZC000050 
2OC000050 
2oCo00070 
zcooooeo 
Zco00090 
ZcoOOIOO 
ZCOOOllO 
ZC0001:20 
2oCOOOlJO 
2oCC00140 
ZCOOO 150 
ZC000160 
ZC000170 
ZC000180 
ZC000190 
ZCOOO';;!OO 
ZCOOO,;;!10 
ZC000220 
ZCDOO,;;!30 
?coOO';;!40 
2oco00250 
2oC000:260 
ZCooo:no 
ZC0002BO 
ZC000:290 
ZC000300 
2oCOOOlI0 
ZC000320 
ZCoOOJ30 
ZC000340 
zco00350 
ZCOOO)60 
2OC000370 
ZC0003BO 
ZC000390 
ZC000400 
2OC000410 
ZC000420 
ZC000430 
'Z.C000440 
2oC000450 
2oC000460 
ZC000470 
2oC000480 
ZC0004S10 
ZC000500 
ZC000510 
zco00520 
2oC0005)0 
zco00540 
ZC000550 
2oco00550 
ZC000570 
?C0005BO 
ZC000590 
2oC000600 
2oC000610 
ZC0006:20 
Zco00630 
zco00640 
Zco00650 
zco00660 
2oC000670 
2oC0006BO 
?C000690 
ZC000700 
ZCD00710 
ZCDoono 

C------------ END COMMON BLOC II: - 2oCOMN ------------------------------ 2oC0007JO 

C"' •• _. ---. ---•••• ---.-•• -.--.... ---....... ---••• ---••••••••• '" .-••••• - ·----CF EMOOO 10 
CFEM000:20 

C PROGRAM FEM - ANALYSIS OF STRUCTURES Cf'EJo(OOOJO 
C CFEM00040 
C"' .............. w._ ......... ____ ..... _ ..... __ ....... ____ .. ___ ;. ................. -...••. ·""·C F E:MO 00 50 

CFEM00060 
NOTE: USE IBM COMPILER OPTION AUTODBL(OBLPAD4) CF'EM00070 

'TO CCMPIL.E THIS PROGRA./II IN COUBLE PR.ECISIoN CFEMOOOBO 
CFEM00090 

NOTE: USE IBM COMPILER OPTION OPT(:2) CFEMOOI00 
TO OP'l'IMIZE THE CODE FOR ~ASTER EXECUTION CFEM00110 

C CFEM001:;!0 
C-.----•••••• -----........ __ ........ _ ...... ___ ••• ---••••••••• - .......... ·--···-C FEJo(OO 1) 0 

CHARACTER· eo OPT ION. INPUT, BLANJ( FEMOO 14 0 
CHARACTER·S TI""El.DATE1 FEJo(00150 
CHARACTER-6 PLACE t'EM00160 
CHARACTER*l CHR{O:25), NAME: f'EM00170 
LOGICAL TEST. BTEST, HEAD, AXIM, FEM00180 

1 

c 

1 NCLUDE (ZCO)OQll) 
INCLUDE (ZCOMNJ) 
OATA CHRt'A', 'B', 'C'.' D',' E:', 'F', 'G'. 'H', 'I', 'J' , '",,'. 'L'. 'M'. 

" 'N', 'a', 'p'. 'Q'. 'R', '5', ''1'', 'U', 'V', 'W', 'Z', 'J'. 'Z'/ 

C -.--...... - ••••••••••••• --••••• _ .... _______ •• 

C·" INITILI ZE THE UMRBX TIMING SU8ROUTINE •• 
C· •• ----•• ----............... --_ .............. . 

c 

CPURE:M-O 
CPUELA-O 
CALL CPUTIM(CPUREM,CPUEL.tI) 
ITLCPU·CPUREM 

C .. •••••••• .... -· .. ···--..... •• ••••• 
C .. • INITILIZE THE: CPU CLOCI( ••• C············· .. -----······ .... · 
c 

CALL TIMEON 
TCPU·O 

C·----·····-·· .---.-•. --..... . 
C-- ECHO THE INPUT ••••••• C·.·---······--····-_ •••. __ ... 
9995 

9994 

9997 
9996 
C 

I-55 
L-O 
REAO (5,('{A)'),END-9996) INPUT 
IF (INDEX(INPUT, 'NOECHO·).NE.O) GO TO 9996 
1-1+1 
L-L+l 
IF ( I.GT.55) 'l'HEN 

WRITE (6,9994) (1t!t:,It:It-l, B) 
1-0 

ENDIF 
WRITE (6.9991) L,INPUT 
IF' (INDEX(INPUT,'STOP' ).EQ.O) GO TO 9995 
FORMAT ('1 ECHO OF INPUT DATA' /I 

, lX,3X,'LINE ·.8{· .•.. : ... '.I1, '0')) 
FORMAT (U,n.'. ',A) 
REWIND(5) 

C-- UHTIALIZE DATA •••••• 
C-. ___ .. ···_···· .. •• ••••• --...... 

TITLE(l)·' , 
TI'l'LE,';;!)-' • 
BLANIt 
BUG -.FALSE • 
roUBLE •. FALSE:. 
IBUG-O 
~EDF"24 
MD( 1 )·1 
DO 1 I-:i!, (IoIAXEDF+-l) 

MD{I )·Io(D(I-1)+-(t-l) 
n·o 

C--------- INITILtZE MEMORT 
C 00 10 I·l,M.UZ 
C 10' '10(1 )·0 
C -- - - ------------ - -------_______ _ 

FE","OO 190 
FE~00200 
f'E)l00210 
FE)O(00220 
FEMOO';;!30 
F'E)o(00240 
FEM00250 
F'E,",00:;!60 
FEM00270 
FEMOO';;!BO 
FEM00:290 
FE!o!00300 
FE!o!00310 
FEMOOllO 
FEMOOJJO 
FEIoI00J40 
FEMOO)50 
FEMOO)60 
FE:MOO)70 
FEMOOJ80 
FEMOOJ90 
FEM00400 
f'EM00410 
f'EJo!OO~ 20 
FE)oI00430 
~EHOO~ 4 0 
f'EMOO~ 50 
FE)o(00460 
FE:M00470 
FEH004BO 
FE}oI00490 
~E}oI00500 
FE}oI00510 
f'EM00520 
FEM00530 
FEM00540 
FEM00550 
FEIoI00560 
FEJo(00570 
f'£loI:00580 
f'E)oI00590 
FEIoI00600 
FE..M00610 
FEM00520 
FEM005 ~O 
FEM00540 
FEM00650 
FEM00660 
FEM00670 
FEM006BO 
FE~00690 
FEM00700 
FE)oI00710 
FEJo(00120 
FEM007JO 
FDiOOHO 
FEM00750 
FEM00760 
FEM00770 

20 READ(5," .EN0-1000) O~ION FEM001BO 
RAT! 1.-100 .... REAL ( IZ) /REAL( MAX2o) FE!o!00790 

C FE!o!00800 
C •••• -----..... -.-·· ............... _ FEM00810 
C·" DEFINE JOB RUNNING PLACE ••• FEJoI008'20 
C •• - •••• - .. ---•• - ... ··............. F£)oI00830 

If' (INDEX(oPTIoN, 'UMR') .NE.O) THEN FEIoI00840 
PLACE" 'UMRVMB' FEJo(00850 
READ( 5,-,ENo-I000) REQCPU FEJo(OOB60 

ELSE: U' (INDE'X(OP'l'IoN,'COR').NE.O) THEN f'EM00670 
P~ACE - 'CORNEL' FEM00880 
READ( 5. -, ~o-lOOO) REQCPU FEMooe90 

C ~E)oI00900 

C---•••••• ••• •••• ----••• ---- t'E:M00910 
C •• DEFINE THE 5'l'RUCTURE .... FE.H00920 
C---•••• - ................ _-.. - FEM00930 

E:LSE IF (INDEX(o.-TION. 'STR') .NE.O) THEN FEM00lil40 
ABORT-.FALSE. FEM00950 
CALL COMPT( 1, ["ZDATA) FEM00960 
GRAV.JB6.4 FEM00970 
READ (5 .... ,END-IOOO) TITLE(l) FEM00980 
CALL TIME(TIIoIE1) FEM00990 
CALL DATE, DATEI) FE)oIO 1000 
WRITE (TITLE(1)CBO.).45) TIME1.DATEl FEM01010 
RATI Z,-100. 11 REAL ( I z)1 REAL( MA.lZ) FEMO 1020 
WRITE (1,51)' BULl DING STRUCTURAL MODEL ------------------•• , FEMO 1030 

I'i,R.ATI'i FEMOI040 
WRITE (1.51) TlTLE(l)(1I70} FEMOI050 
ABOR'r •• FALSE. F£loI:OI060 
CALL 5TRUCT FEMOI070 
IZREL.rz FE:MOI080 
RATrz·lOO. -REAL( I Z) IREAL(MAX3) FE)oIOI090 
CALL TIMEIT(CPU) FE)oIOllOO 
TCPU.CPU+TCPli FE)oIOlllO 
WJ01ITE (15.53) IZ,RATIZ.CPU,TCPU FEIoI01l20 

C ~EJo(OllJO 
C •• - ....... ----.-........ - ......... --.. FEJoIOll40 
C·· DEFINE THE LOADING AND SOLVE .... FEM01150 
C •••• --••• -_· ..... ·--•••• - •• - ......... - FE)40 1160 

ELSE IF (INDEX(0P'rION,'50L.'j.NE.0) THEN FEMOl170 
READ (5,-,END-IOOO) TITLE(l) FEMOlleo 
CALLTlJo(E('t"IJo(El) FEMOl190 
CALL DATE( DATEl) FEMO 1200 
WRITE (TITLE('2)(80.),45) 1'I)o1E1.DATE1 FE)oI01210 
WRITE (6,50) '1 ',TI'!'LE{l),TITLE(::Il) f'EJo(01220 
WRITE (1,52)' SOLVING STRUCTURAL MODEL -------------------'"', ~EJo(012JO 

IZ.RATI2o FE)oI01240 
WRITE (1,51) TITLE(1)(1.70) FE)(01250 
WRITE (1.51) TITLE(';;!)(1170) FEM01260 
ABORT •• FALSE. FEMOl270 
CALL SoLN(OPTION) FEM01280 
CALL SOLN(OPTIoN.P~ACE,CP1J.TCPU.REQCPU) ~EMOl,;;!90 
RATI?- 100. -REM, ( I Z) I REAL( MAX:Ii) FEMO lJOO 
CALL TU!EIT(CPU) FEMOllI0 
TCPU"CPU+TCPU FEM01)20 
WRITE (6,53) IZ.RATU.CPU,TCPU FEMOIJ)O 
1f'(ABOR'l') GO TO 1000 FEMOIJ40 

c C--·-····-····-·-·_-.. --···---······ 
FEM01l50 
FEMOIJISO 
FEM01l70 C •• DUMP THE MEMORARY ••• 

c.-.. ----••••.••••• --••• --.. --•• --.-. FEJo(O 1380 
ELSE IF (INDEX(OPTION.'OUMP').NE.O) 'l'HEN f'EM01J90 

WRITE (1.52)' DUIolPING MEMORY --------------------'"--------*'. FEIoIO 14 00 
rZ.RATIZ FEIoI014 10 

WlUTE (1,51) TITLE(1)(1170) FEM014:l0 
WRITE (1.51) 'l'ITLE(2)(1170) FEM01430 
CALL COMDMP{Z,NZ,DZ) FEMOIUO 
RAT! 20-100 .1IREJ,L{ I Z) IRE.AL( MAXZ) FE"iOH 50 
CALL TIMEI'l'(CPU) FEMOH60 
TC PU-CPU+TCPU FEMO 14 7 0 
WRITE (6,5)) IZ,RATIZ,CPU,TCPU FEM01480 

C FEM01490 
C ................ - •••• - ••• -............. FEMO 1500 
c- .. STOP ••• END OF PROGRAJoI; FEIoIOlS10 
C ............. --••••• - ........ __ .. _._.. FEMO 1520 

ELSE IF' (INDEX(O»'l'ION. 'STOP') .NE.O) THEN FEJo(01530 WRITE (1,52)' NORMAL STOP ________________________________ '"', f'EM01540 

IZ.RATIZ FEM01550 
STOP 

c C·····---··- .. -············· .. ···--··--
C·· READ RESULTS FROM INPU1 FILE ---
C· .. ••••• - •• - ••• - ... - ••••••••• -- ••• -- .. -

FEM01560 
FEM015?O 
FEM015BO 
F'EM01590 
FEM01600 



ELSE IF (INDEI(OPTION. 'READ') .NE.O) THEN FE:Jo101610 
140 CIU.L GE·UN'!'(OPTION'. ·UNIT·· ,IUNIT,O, .TRUE ••• TRUE. ) FEMO lI5:<i 0 

CALr. GE:TIN'I'(OP't'ION, 'INC·' .INC ,1 •. TRUE ••• FIU.SE.) F'EMOUi30 
IF (IUNI'!'.GT.O) THEN F'E)40llS40 

WRITE (1,5::1) FEMO 115 SO 
, RE ... DING DATA FROM FILE ---------------------.'.rz.R.ATIZ FE)40U560 

IOPT-4 f'EMOllSl0 
CALL DMPo"'T(IOPT,IWRITE.TO,DT) FEM01l580 
GO TO 140 FEMOl1S90 

ENDIF' F'EM01700 
RAT I Z.lOO •• REAL ( I Z) IREAL( M .... n) FEMOll10 
CALr. TIMEIT(CPU) FE",01120 
TCPU·CPU+TCPU FEMOI7l0 
WRITE (6.53) n,RATIZ,CPU,TCPU F'EMO 174 0 

C FEMOI750 
C .............. -·--····-··· .. •• FEM01760 
C·· SE:T BUG O»,.tON FE"'01770 c·----··-........ ····---.... -. FEMO 17 BO 

ELSE IF (TES'T(O»TION, 'BUG·',.FALSE.» THEN FEMOl790 
CALL G 5."TC HR( 0P'r ION, ' BUG- ' , INPUT, • TRUE, , • FALSE. ] FEMO 1800 
IBUG·O F'EM01810 
WRITE (0)>TION,160) INPUT(l170) FEM018:<i0 
00 150 1.0,23 F'EM01830 

IF' (TES'l'(INPUT.CHR(I),.F'ALSE.jj THEN FEM01840 
IBUG-IBSE'T(IBUG.lj F'EM01850 

ENOU' F'EM01B60 
150 CONTINUE FEM01870 
HiO FORMAT (' BUG·' ,A) FEMOle80 

WRITE (1,52)' SE:T BUG OP'TIONI ---------------------------_.' , FEMOle90 
IZ,RATIZ FEJII01900 

WRITE (l.51) OPTION(1110j FEM01910 
WRITE (6,51) 'SE,'T BUG OPTION: FEJIIOI920 
WRITE (6,51) O»TION(ldO) FE)oI019JO 

C n::";01940 
C------·-·-·· .. • .. ·-•• ·.___ FEM01950 
C·- SE'T BUG OPTION FEM01960 
C-·.· •••• "··-••••• "" •• "-· FEM01970 

ELSE IF (INDEX(OPTION.'BUG·).N'E.O) THEN FEM01980 
WRITE (1.51) ('SET BUG OPTIONI ·/lOPTION(1.54) ) FEM01990 
BUG·. TRUE. FEM02000 
IF (INDEX(OPTION. 'NOBUG') .NE.O) BUG·.F'ALSE. FEM02010 

C FEM02020 
C ........... -····.··...................... FEM020JO 
c •• RELEASE )4EMORY FROM LAST SOLUTION •• FEM02040 
C· .. •• ...... • ...... •• .... ••• ............. •••••• .. • .. • FEM02:050 

ELS£ IF (IN'CEX(OP'TION. 'RELEASE') .NE.O) THEN FEMO:l.060 
W'RI'l'E (6,5:1.)' -------------------------------- --------- ---- .. ' FEJot02010 WRITE (1.52)' RELEASING MEMORY - __________________________ .' FEJooI020BO 

PlRITE (6.5.2)' RE:.LEASING MEMORY ---------------------------.' FEM02090 
IF (INCEX(OPTION.'ELEMENT').NE.O) THEN FEM02100 

WRITE (6.52)' RESETING ELEMENT FORCES -------------------- •• FEM02ll0 
IIIRITE (6.52)' --------------------------------------------- .. ' FEM02120 
00 170 IELNO-1.NELM'f' F'EM02130 

LS'l'TYP-O F0402140 
HEAD ·,FALSE. FEJo102150 

170 CALL ELELIB FEM02160 
, {13 ,LS'!'TTP .. FALSE.,IREL .HEAD ,INPU'l',EESE,E?SE,OAMAGE.FEJo102170 
, DUCF ... G, F'EM021BO 
, IELNO, IELOOF, Jl:GOOF, PGEOM, Z , AXIAL, IZODS?, I ZDLOA, MSTOR) FEM02190 

ELSE FEM02.200 
IIIRIT E (6, 52) ,---------------------------------------------.. FEM02.210 

ENOIF FEMO:<i:il:<iO 
IZ-IZREL F'EM02230 

IZ"'CC -0 FEM02240 
IZOACC·O FEM022S0 
IZOOS?O FEMO:il::iI:!!iO 
rzolsP-O FEMO:<i:<i70 
IZOLOA.O FE)4022BO 
IZDvEL-O f'EMO:il290 
IZFUB -0 F'EMO:<i300 
IZLO"'[)ooO FEMO:ilJIO 
IZVEL -0 FEMO:il320 
RAT 1 21-100. ·REAL( 121) 1 REAL (KAXZ ) f'EMO:<i330 
CALL TIMEIT(CPU) FEMO:il:340 
'l'CPU-CPU+TCPU F'EMO:<i350 
WRITE (6.53) IZ,RATIZ,CPU.TCPU F£M0:<i360 

C FEMO:<i370 
c ......... -----.. ••• ••••• •••••••••••••••••• FEMO:<i3BO 
C •• SAVE MEMORY FOR'" REBTART FeM02HO 
C ........ --........... ••••••• •••• •••• •• ••• f'EM02400 

ELSE IF (INOE:r(OP'TION.'S",VE').NE.O) THEN FDl02410 
WRITE (1,52)' S~VING O ... T... -------------------------------.' ,FOCO:il:420 

I Z. RATIZ F'E:M'02430 
WRITE (1.51) TITLE(l)(1170) FE:MO:;JUO 
WRITE (1.51) TITLE(2}(1170) F'EM02450 
WRITE (6.:1.00) f'eH02460 

200 FORMAT (51, ' •••••••• WRITING 0 ... 1'''' TO UNIT FT09 ......... ') FDl02470 
OPEN (UNIT- 9, ACC ESS· , SEQUENTIAL' • STATUS- 'UN~OWN' , FEM02 ~ BO 

FORM-'UNFORMATTEO') FE.M02490 
WRITE (9) TITLE FDl02500 
WRITE (9) IZ ,IZRE:L. FEM02510 

NooE' ,NCONO .NFREE: ,NRES'r .MAXNOO.NMAT .NELMT .NNOoE F'Dl02520 
NLOAO .NSOLN ,MAXEOF,MO,NCOS,MA:rE.LO,NE.LO, FDl02530 
IUD .IZIooF,IZCORD,IZCOS ,IZCNST,IZMAT .rZELE FE.M.02540 
I Z,Jn.G, I ZJ'COS. FE:X02 5 SO 
IUE .IZLM ,IZSTIF,IZMD .lZLO~O,IZDISP,IZIELD.IZELD f'C:H'02560 

00 210 ,J-l,IZ,256 FEM02570 
1t.,J+255 FEJ!IOHBO 
It-,..;IN(!(,IZ) FDC02590 

210 WRITE: (9) (Z(I).I-,J,It) FEM021500 
CLOSE (UNIT-9) F'EM02Eil0 
RATI Z-lOO.· REAL( I Z) IREAL(MAXZ) F'EM02620 
CALL TIMEIT(CPU) FEM021530 
TC?U"cpu+TCPU FEM026~0 
WRITE (6,53) IZ.RA1IZ.CPU.TCPU FeH021550 

C FEMOj/660 
c--.... -.-.--.... - ••••••••••• • ••• • ••• • •• •• f'EM02670 
Ca. REST~R'I' ?~RA.'4 FEM026BO 
C .. ---· .. • ........ -··.......................... FEMO 21590 

WRITE (1.5:i1:)' RETREVING OAT ~ -------- ---------------------. ' , FEMO 27 00 
'IZ,RATIZ F'EM02110 

ELSE IF (INDEX(OPTION.'RES'l''''RT').NE.O) THEN FE:Jo102720 
WRITE (6,300) F'EM027JO 

JOO pOR.MAT(5:r. ' •••••••• RE ... DING D"'T~ FROM UNIT El'09 ......... ') FOI02HO 
OPEN(UNIT·!iI .... CCESS· 'SEQUE:N'I'IAL' • 6'l'ATUS· 'OLD' , rEM02750 

fORJII·' UNFORMATTED') rEM02760 
READ (9) TITLE: F'EM0277 0 
READ (9) I Z ,IZRE:L. FEMO:Z7 BO 

NooF ,NCOND ,NfREE ,NRE5'l' .MAlNOD,NMAT .NELMT .NNOoE FE:M02790 
NLOAD ,NSOLN ,MAXEDF,MD,NCOS,MAXELO,NELD. FEM02BOO 
IZID .IZIoor,IZCORD,IZCOS .IZCNST,IZMAT ,IZ:ELE FE:M'02BIO 
I Z,JF'LG, I Z,JCOS, FEM02820 
lZ~E ,IZL)4 ,IZSTIF, IZMD ,IZLOAD. IZDISP, 1 ZlELD,lZELD FEM02B30 

DO 310 J_l,lZ,251S FEM02B40 
It-J+:<i55 FEM02B50 
!i::-MIN( It, lZ) F'EM02860 

3LO READ (Sl) (Z(I),I"J,!i::) F'EMO:ilB70 
Ct.OSE (UNIT-9) FEM02880 
WRITE (6,50) ','l'ITt..E(l),TITt.E(2) F'EM02B90 
WRITE (1,52)' DATA RE:TREIVED -~---------------------------.', FEM02900 

IZ,RATIZ FEM02!HO 
WRITE (1,51) 'l'ITt..E(l) (l170) FEM02920 
WRITE (1,51) TITLE(2)(1.10) FEM02930 
RAT I Z·lOO. ·REAL( IZ) IREA.L(MAXZ) FCM02940 
CALL TIMEIT(CPU) • fE)402Sl50 
TCPU·CPU+TCPU FEM02960 
WRI'l'E (6,53) n,RATn,CPU,'I'C?U FEM02970 

C FEM029BO 
C.-.-........ - .................... •• ••• ••••• fEJol02Sl90 
c ... DUMMY ST,l.TEMENTS DURING ABORT FEH.OJOOO 
C •••••••••• -................................... FEM03010 

ELSE IF (ABORT) THEN fEJol03020 

2 

GO TO 20 
c 
C·- .. •• ...... • - ......... --.----•• - •••• _ ... -. 
c· .. INVALID OPTION 
C· .... •••• ••• •• .. - ......... - .................. . 

ELSE 
IF' (TES1'(OP'I'ION, 'NOECHO', .FALSE.) ) GO '1'0 20 
IF (OMION.EQ.BLAN'It) GO TO 20 
WRITE: (6,JO) OPTION 
WRITE (1.51) ('INVALID OP'1'IONI 'I/OPTION(l154)) 

ENDIf' 
GO TO 20 

FEMOJOJO 
FEMOj040 
FEM030~0 
FEJ!I03060 
FEJII03070 
FEMOJOBO 
FEM03090 
FD':03100 
FEMOJllO 
FEMOJl20 
FE:MOJ130 
FEMOJl40 
fEMOJ150 
FEMOJl60 

45 FORMAT(' TIMEI '.A,·, D ... TE. ',A) FEM03170 
C 45 FORMAT ( , CREATED AT ', .... ' ON ,,I.) FE)40JIBO 

50 FORMAT (AI,' STRUCTURE •••• I ',10..1 FEMOJlSlO 
, lX.· SOLUTION ..... I ',A./) FEMOJJOO 

51 F'OR.H.A'T (lX.A) f'EMOJ210 
52 F'ORJ4AT (IK.··---· .... 45,'·',I.' IZ·'.17.· MEM"',F6.J,·,·) FE)40J220 
53 F'OR.H.A'l' (/I f'E)403230 

, UI.'·---·.35('-').'·'1 FE)403240 
, IX, '._-- MEMOR! UTILIZ ... TION ----·'1 FEMOJ250 
, LI','"'--- IZ·', 17,', HEM-'.F6.3." ----.'/ f"EJoIOJ:il:60 
, 11,'·---·.J5('-'),'·'I, FEJIoI03270 
, 11,'·--- ELAPSED CPU TIME ',FB.2.' SE:C - ___ .'1 FEM03:i!80 
, lX,'"'--- TOTAL CPU TIME '.F8.2.' SEC ----"'1 FEMOngO 
, lX,·"'---'.J5(·-'),'·'/) FEM03300 

30 roRXAT ('1 INVALID OPTION- '.A) FEM03310 
110 roRMAT (' ZMA't'RJ:(',IIS.')I',I15.1P.G20.10,:.G20.10) FE.toC033:<i0 

1000 STOP F'EM03330 
E:NO FEM03340 

C···· ........... --_ .................. -.---••••••••••••••••••••••••• - •••• - •• AVEO 0 0 1 0 
DEBUG UNIT(6).SUBCHIt..SUBTRAcE AVE00020 
END DEBUG AVE00030 

SUBROUTI NE AVEACC ( 10PT, BUG. I:'t'. TO. TF. T. THE'l' .... NEWIt.D! , AVEO 00 4 0 
, Ll .L2 .LJ .L4 ,LS ,L6, IMDMAS .IMD.IMDS. IMDJl:G ,NOOF ,NFREE, AVE00050 

ItGLOAD.It.GFORJII, ",VE00060 
A ,V ,0 ,P AVE00070 
DA ,DV ,DD ,O? .WOR!!:, "'VEOOOBO 
MASS ,MCMASS,DA)4P .S'l'IFF .MD AVE00090 
ItG • MoJl:G ,ACC ,GRAV. ",VEOOI00 
5 ,MoS.Q ,R .PBAR. AVEOOl10 

, FDA)4P. F'MASS,CO.C1 ,C2 .C3,C4 .C5 .C6 .ALPHA,BETA. CIO.C 11. ABORT, AVEOO 120 
INTEGER FDAJoIIP.FKABS AVE00130 
REAL MASS.1tO AVE00140 
LOGICAL BUG,N'EWI(OY,"'SORT AVE00150 
LOGICAL 8TES'I' AVEOOllSO 
DIMENSION A( N'OOF) , V(NOOF), O( NDOF). OA(NOOF), CV( NOOF), DD(NOOF) AVE00170 
CIMENSION P (NOOF) , DP (NOOf') • WOR'It( 2 "NDOF) ",VEOO 18 0 
DIMENSION PBAR(L3IL4),Q(L3IL4),R(LJIL4) ",VEOOlSlO 
DIMENSION MDMASS(NooF+l).MASS(IMOMAS) ",VEOO:<iOO 
DIMENSION MoJl:G(Noor+l) .ItG( IMD!!:G) ",VE00210 
DIMENSION' Mo{NOOF+1) .STIFF(IMD) AVE00220 
DIMENSION MDS{NDOF+l) .S(IM05) .DAMP(J) AVE00230 

C AVE00240 
C - - - - _________________ -- - - - ---------------------------- - - -- _____________ AVEO O:<i 5 0 

C DETERJIIHIE THE RESPONSE AT TIME Dl'"2 AVE00260 
C AVE00270 

TWOrno-CT.2.0 AVE:002BO 
THE'TA.j/.O AVE002Sl0 
CALL LI NACC (lOP"!'. SUG. TWODT. TO. TF, T. THET .... NE;W!(OY , AVE00300 

, Ll, L2. L3, L4. L5. L6. I,",OMAS,IMD. IMDS, I MOI(G ,NOOF, NFREE, AVE00310 
, ItGLO ... D, ItGFORJol, AII£00320 
, ... ,v .0 .p , ",V£00330 

0... . OV • DO ,OP , ~RIt, 1o.VE00340 
JrotASS ,MDMAS5.DA)4P ,STIFF ,MD AIIE00350 
J{G ,Jr4D~ .ACC ,GRAV , AVE0031S0 
S ,MOS.Q .R .PBAR, AvE00370 
FDAJo(P, F'MASS.CO.C l,C2 ,C) .C4, C5, CIS, AL?HA, BE:"J' .... CI0 .Cll, ABORT) AIIE00380 

IF (IOPT.NE.2) RETURN 
,.,V£00390 
AVE00400 
AVE00410 

C------- oE'!'ERJIIINE ACCELERATION. VELOCITY A.ND DISPLACEMENT AT TI,..;E Dl' ",VE:00420 
C C'" • INCRH4E:NTAL ACCELERAUON BE:'TWEE:N TIMES T AND T+Dl' AVEOOOO 

AVEOO~40 

AvE00450 
AVE00460 

C DV • INCRIMENTAL VELOCTIY Be.-rWEEN TIMES T ANO T+crr 
C oD • INCRIMENTAL OISPL ... CMEN'l' BETWEEN TIMES T AND T.tn' 

210 

'" , 

00 270 I-t..3.L4 
D6P2crr·OD( I) 
VEL2OT·OV( I) 

... CC:<iOT·OA( I J 
IF (BUG) WRITE (6.271) I,CSP2OT,VEL:<iOT,"'CC:<iC'T 
0"'(1)- Acc2OT/1.00 
oV(I)· (4.11,(1) + ACC2rno)·Dl'/4. 
DD(I).V(I).01' + (6.00· ... (1) ..... CC:<iDl')·crr·DT/12. 
FORMAT (' OOFI·.I6.' AT T+2OT, DSP:',lP,GlC.6.· 

, ACCI·.GI4.6) 

RETURN 

AVE00470 
AIIE00480 
AvE00490 
AVE00500 
AVE00510 
AVE00520 
AVE005JO 
AVE00540 

VELI' ,G14.6. AVE00550 
AVE00560 
AVE00570 
AVE00580 
",VE00590 

END AVE00600 
CIllPROC£SS StuMP OPT(O) GOSTMT IREF MAP BML00010 
C-•••••••................................................................... BMLO 0 0 2 0 
C DEBUG UNIT( 6) .TRACE,SUBCHI(. INtT, SU8TRACE BML00030 
C END DEBUG SJr4L00040 
C .................................. - •••••••••••••••• - ......... _._ ........... BJr4LO 0 0 5 0 

SUBROU'l'INE 8MLOA ( I ELMO, f't.AG, L. REL. MAlELO, NELO. NLOAD. BMLOOOISO 
, FEJoI. 1 ELD. ELD) BML00070 

IN1'EGER RT. RZ BML00080 
REAL L,MA.Mt\ BJr4L00090 
INTEGER REL BMLOOIOO 
LOGICAL eO.Bl.B2,BJ.B4,B5,BTES"J' BJr4I..00II0 
LOGICAL TEST. FLAG BML00120 
DIMENSION IELD(5,MAXELD),ELO(12,HAXELD) 8ML00130 
DIMENSION FE:Jo1( 12.NLO"'O), FORCE( 12) BML00140 
EQUIVALENcE (FORCE( 11.f'1 ).(f'ORCE( 2).f'2 ].(FORCE( 3).F3 ) BML00150 
EQUIVALENCE (FORCE( 4),F4 ),(f'ORCE( 5),f'5 J.(FORCEC 6),F6 ) BML0011S0 
EQUIVALENCE (FORCE( 7).F7 ),(FORCE( B),F8 ],(FORCE( 9).F9 ) 8104L00170 
EQUIVALE:NCE (FORCE( 10). no), (.-aRCE( 11). Flll. (FORCE( 12). &"12) BML00160 
FLAG •• FALSE:. 8MLOOlg0 
L"L 8ML00200 
REL.RE:L BML00210 
BO.BTEST( RE:L.O) BML00220 
Bl.STE6T(REL.l) 8ML002JO 
B2.BTEST(REL.2) BML00240 
93.BTE:S'1'CRE:L.J) BML00'250 
B4.BTEST(RE:L.4) BML002150 
B5·BTES'l'( RSL. 5) BML00270 

BML00280 
IF' (Jr4AXSLD.LE.O) RE'l'URN 

c 
C------- LOOP FOR EACIt LO ... D INPUT 

00 1000 N·1.!IIELO 

BML00290 
BMLOOJOO 
BMLOOJ 10 
BML00J20 
BMLOOJ30 
BML00340 
BML00350 
BMLOO)60 
8JIIL00370 
BML00380 
BML003Sl0 

c 
C ••• , ••• 

c 

OE'TERJIIINE IF MEMBER IS AFF'E:CTED 9T THIS LOAD 
TEST·. FALSE. 
IEL-IELD(2.N) 
IGEN"ULD(J.N) 
INC·IELC(4.N) 
H' (IEL.EQ.IELNO) TE:ST·.TRUE. 
IF' « .NOT.TEST) .AND. IGEN.GT.O .AND. INC.NE.O) THEN 

I RJIID-MCD( I ELN'O-I EL. I NC) 
,JGEN- (I ELNO-I EL) I INC 
H' (IRJIID.EQ.O .ANo. ,JGEN.t..E:.IGEN .ANO. ,JGEN.GE.O) 

TEST·.TRUE. 
ENDtF 
If' (.NOT. TEST) GO TO 1000 

C •••••••••••••••• ZERO FEM 
IF (.NOT. FLAG) THEN' 

00 10 r·1.12 

BML00400 
BML00410 
BML00420 
BML00430 
BML00440 
BML00450 
BML00460 
8ML00470 
BML004BO 
8ML00490 
SML00500 
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c 

00 10 J-l.!ilLCAD 
F'EJoI( I ,J)-O 
FLAG- .TRUE:. 

E'SOtf' 

C •••••••••••••••• ZERO ~ORCE 

c 
c 

00 15 1-1.12 
~ORCE( I )-0 

OE'! EAMI NE r..oAD CODES ••• 
ItODS·IELD(S,N) 
IH:OF'·MQD(ItODE.100) 
ICGRp·it:ODE-II:.OOF 
LOAC--!ELD(l.NJ 

C ..••••• CONCENTRATED LOADING 

c 

:E' (it:GRP.EQ.I00) THEN 
P--ELD( 1,N) 
R-ELD( 2. N) 
[F (l~:oo~.EQ.l) TKEN 

1'1"-( 1-R)·P 
F7--R*P 

ELSE I~ (1t00~.EQ.2) THEN 
f6 --P"R-L·{l-R)·*2 
F12- P" (l-R) "L· (I~,) *·2 
CALL F'EMREL(F~ .n2,B3 ,ao ,O.IELNO) 
F'B-(-F5-n2-~*R*L )/L 
F2··P-F'8 

ELSE; IF (KooF'.EQ.J) 'l'HEN 
F'5 • P*R.*L· (I-R)-·'2 
n I·-~* (1-R)·L·(R)"2 
CALL F'EMREL(F5 .Fll.B4 .Bl .O,IELNO) 
F'9 ·(F5"'f'lI-~·R*L)/L 
FJ ·-~-F'9 

ELSE IF (ltooF.EQ.4) THEN 
F'4 .-p- (l-R) 
fIO·-P'"'R 
CALL FEMR.EL(F4 .Flo.a5 .B2 .1.1E:LNO) 

ELSE IF (!I:;oo~.EQ.5) THEN 
F5 "-P·(l - 4"R + J·R·*2j 
1."11· p.( 2*R. - J·R··2j 
CALL FEMREL(F5 ,F11.84 .a1 ,0,IEt.NO) 
~9-( F5+F'l1+P)/L 
f)--F9 

ELSE If (it:OOF.EQ.~) 'l'HEN 
1."5 .·P*t 1 - 4"R + J"R"*2) 
1."12" P* ( 2*A - 3*A*"2) 
Co\LL fEMREL(F15 ,n2,B3 .BO .O,IELNO) 
F8 ·-(F6+FI2+P)/L 
F'2 • -fB 

ENDli" 

C. • • . • •• UNI FORJ04 LOADI NG 

c 

ELSE IF' (ItGRP.EQ.200) THEN 
W·ELO( 1.1'1) 
IF (ltooF.EQ.l) THEN 

Fl--",-L/2 
F7--\II·Lf2 

ELSE rF (ltooF.EO.2) THEN 
F6 "-W'"'L·t'/12 
f12" W·t·L/12 
CALL ~EMREL(rl5 .1."12,63 ,BO ,O.IELNO) 
F8·(-F5-n2)/[" -W-L/2 
F2·-W·L-F6 

ELSE IF' (ItOOF.EQ.J) THEN 
F'5 • W*L-L/l2 
Fll·-W·L*L/ll 
CALL F'EI'IREL(F5 .1."11.84 .Bl .0.IELNO) 
F9·(F'5+F11)/L - "'·L/2 
F'3 "-W'"'L-F9 

ELSE IF (ltooF.EQ.4) THEN 
F4 --W·L/2 
FIO--W·L/2 
CALL FE:II4R.EL(F4 .Flo.a5 .a:il ,1.I£LNO) 

ELSE 
WRITE (6,900) IELHO.' UNIFORM NT OR UNIFORM I'IZ' 

ENDIF 

C ••••••• USER INPU'T FIXED END FORCE 
ELSE IF (Jll:CRP.EQ.400) THEN 

00 400 1·1,1:! 
400 FORCE(I)" ELD( I. N) 

c 
C ••••••• INVALID LOAD GROUP 

ELSE 
WFlITE (6.900) IELNO. 'INVALID LOAD GROUP' 

ENDIF 

C ••••••• TRANSFER BEAM LOADS TO FIXED END ~ORCES ••••• 
00 aoo 1-1.12 

c 
C 

.00 FEM( I. LQAD)·FEH( I. LOAD) -FORCE( I) 

1000 CONTINUE 
C 

BML00510 
BML00520 
BML00530 
BMLOOHO 
BML00550 
BML005150 
BMI.00570 
BKLQ05BO 
8ML00590 
BMLOQiSOO 
BMLOOiSlO 
BKLOOfi::lO 
BJofLOOiSJO 
BML006010 
BI'IL00650 
BI'L00660 
BML00610 
BML006eO 
BML006g0 
BHLQOiOO 
BML00710 
BML00720 
BMLOOiJO 
BI(LOQ74Q 
BML00750 
BMLOOHiO 
8ML00110 
BML00780 
BML00790 
BML00800 
BMLQOBIO 
sMLOOB::lO 
BI'IL00630 
BIoIL00640 
BML008S0 
BJoIL00860 
BMLOOe70 
BMLOOBBO 
BMLOOB90 
BML00900 
BI(I.00910 
BML009'20 
BML00930 
BMLCOHO 
BMLOa950 
BML0091S0 
8ML00970 
Bfoo1LQ09BO 
BMLOO!HO 
9MI.OIOOO 
BMI.OIOIO 
BMLOI020 
BMLOIOJO 
BMLOI040 
BMLOI050 
BMI..OI060 
BMLOI070 
BMLOIOBO 
BI'ILOI090 
B)(l.OlIOO 
BKLOlllO 
8NL01120 
BI4LOl130 
BML01l40 
BML01l50 
BML01l60 
BML011"10 
BMLO llSD 
BKL01190 
BML01200 
BMLOl210 
BML01220 
BML01230 
BML01240 
B!4L01150 
BI(t.01260 
BML0121C 
BJr(L012BO 
BJ4L01290 
BJroQ.OlJOO 
BML01310 
BML01320 
BKL01330 
BKLOIJ40 
BML013')0 
BMLOlJ60 
BMLOlJ70 
BML01360 
eML01J90 
BHLOHOO 
eHLOH10 
6HLOH20 
BML014JO 
BMLOIUO 
814J..01450 
BMLOH60 

900 ~ORM.I.T(' EA', 'AOR CALCULATING FUED END ~OACES ~OA ELOIE.H'T t·. BMLOH70 
i 15,' ',A.,' IS NOT AVAILA.BLE') BMLOlteO 

RE:'l'UR.N BMLOIUO 
END BML01500 

C····· ••••• ••• .. ••• •• ··--· ••• ···-•••• ····-••• •••• •••• •• ••••• •••••••• ... • .. ·CIltROOO 10 
C DEBUG UNIT(6) ,SUBCHIIt,SUBTRACE CIltROOO:!O 
C END DEBUG CIltROOOJO 

SUBROUTINE CltRNG(V,A.B.NAJoIE) ClltA00040 
CHARACTER'"' ( .J NAJoIE ClltA00050 
IF (A.LT.V .AND. V.LT.B) RE"J'URN CI[R00060 
WRITE (6.10) NAME,A,v,e CJll:R00010 

10 ~ORJo(AT (' ····>',A,' IS OUT Of" RANGE, SET ',IP,G1J.5.' LE INPUT··,CJll:R00080 
, GIJ.5,' LE ',GI3.5) CJ{R00090 

V.MIN{V,B) CII;ROOI00 
v"~(V.A) CII;R00110 
RE'TURN CJ{R00120 
END CIitROO 130 

C- •• _ •••• - ... --------.----------- - ...... ------••• -----••• --•••••• -- ••• _. ____ C "5000 10 
C DEBUG UN[T(6}.SUBCH",SUBTRACE.INlT C!I:;500020 
C END DEBUG C!I:;SOOOJO 

SUBROUTI NE CItS'TOR( ITEMP. J W) C I[S0004 0 
INCLUDE (ZCOMN) CJll:S00050 

c C-_·_----.. --··-.-...... _ ........ _ .. 
C- CHECiI:: STORAGE REQUIAMENTS ... . e---.-.. -_.-__ ..... _ .... --_ .. --.. .. 

N·HAJ[( I Z, IW) +ITEMP 
IF' (N.:"E.MAXZ) RETURN 

WRITE (6.10) N.MAXZ 
10 FORMAT [II/IX. 49('·') I 
i' AVAILABLE STORAGE IS EXCEEDED' .T4B.· .. ·'1 
, ••• REQURIED STORAGE -'.110 .T4B.·····1 
i •••• AVAILABLE STORAGE "',110 .T48.···*·1 
, '... EXECUTION IS TEfUoIINATED,' .T4B •••••• / 
, ••• RECOMPILE PROGFi.AM WITH INCREASED MEMORJ' ,T46 ....... ' I 

IX. 49( '.') ) 
c 
C------ INITIATE IB)oI ER ROR TFlACEBACIC ROU'l'INE 

CALL ERR'I'RA -

C---____ ABORT RUN 

STOP • REQUI RED )o(E)oIORJ > AiJAILABLE MEJolORl 
END 

i!PROCESS SOCMP 
C DE6UG UNI1'(6).SUBCHIt,SUBTRACE: 

CltS00060 
CltS00010 
CItSOOOBO 
Clt500090 
CItSOOlOO 
CltS00110 
C!I:;SOOl20 
Clt500lJO 
CltS00140 
CltS00150 
C!tSOOI60 
CII:.500170 
CltS001BO 
CII:S00190 
CI(500200 
CltSOO:illO 
CII:.500220 
Clt500230 
CII:.500::24 0 
CJ(SOO:!50 
C!t500:!60 
CltS00270 
COI'I00010 
COI'I00020 

3 

100 

END DEBUG 
SUB~OUTINE CO,",DJoII~{Z.NZ. DZl 
DIJoIIE:N510N Z(1).NZ{1).DZ(1} 
ooUBLE PRE:CISION 0'2. 
t.QGICAI.. 8'!'EST 
INCLUDE: (ZCOJomlJ 

WRITE (5.50) TITLE(1).TITLE{:il) 
WRITE (6,51) 'DUMPING HEMDRr' 
CALL S~)oIP 

IF (.~OT. 8" E61' ( [BUG.Il) ) RE."TURN 

I-O 
'-0 
co 100 J·l,n.:il 

1·1+1 
it: .. 1t+1 
IF (NZ(I) .NE:.O) 
1-1+1 
IF (NZ{I).NE:.O) 

WRITE(6.110) I.N?(I).Z(I).DZ(it:) 

WRITE( 6, 110) I .NZ( I). ?(I) 

COJollOOOJO 
COJoll00040 
COI'I00050 
0:011100060 
COM00070 
C0lo400080 
CO,",00090 
COlolOO100 
COI'I00110 
COM00120 
COM001JO 
COM00140 
COI'I00150 
0:01'100150 
COM00170 
COMOOl80 
CO)olOOl!iO 
CO)ol00200 
COJol100210 
cOJoiloono 
COJiollOO:;ZJO 

50 F'ORXAT ('1 STRUCTURE •••. : ',11,1 CO)o(00240 
, 'SOLUTION ••••• I ',A.I) COJiol100250 

51 FORMAT (lX.A) CO"l00260 
110 FORMAT (' Z ....... TRX(·.I6.·)I',115.1P.G20.10.I.G20.10) COH00210 

RE."TUFIN COM002BO 
END COM00290 

C .. ---•• _ •••••••••• - _____ • ___ ..... - .... _ ............ _ .. __ ..... _ .... _ ... __ .... --.... COMO 0 a 1 0 

CC DEBUG UNIT (6). SUBCHICSUBTRACE COH00020 
CC END DEBUG CO,",00030 

,0 

SUBROUTINE COMP'!'(IOPT,LZDATA) CO,",00040 
CHARACTER-1l2 TITLE(2} CO"':00050 
COMMON I?DATAPI TITLE CO)ol00050 
CO)OClN I?DATAI I Z • IDATA( 1) CO,",00070 

IF (IOM'.EQ.I) THE:N 
00 10 1-1.LZDATA-1 
10ATA(I)-0 
n-l 
TITLE:( 1)·' 
TITLE(2)-' • 

E:NDIF 

END 

COM00080 
CO,",00090 
CO,",00100 
COMOOI10 
COMOO 120 
COMOO 130 
COM00140 
COM00150 
CO,",OOI60 
COM00170 

C-----· _ ••• - ... - _ ••• ----..... -------............ _ ... - •• _. --- ••••• - ................ -C ROOO 0 10 

c 

DEBUG UNIT (6), SUBCHIC. SUBTRACE 
END DEBUG 

SUBROUTINE CROSS(VZ.VX,VT.NORJII) 
DI)o(ENSION V'X(J),V!(J),VZ(3) 
!.ClGICM. BTEST 

CROSSI (Al. Bl.C 1. A::!. B:iI ,C2 )·a1·C:il-B:l:*c1 
CROSSJ'( 1.1. Bl.Cl ,A::!. 82 ,C2 )·C l-,..:il-C:il·Al 
CROSSIt(Al, Bl.C1.A2. B2 .C2) ·Al"a2-A2·61 
vUUE (AI. 1.2. AJ l-SQRT (AI" ·:iI+A:iI*"2+A)··2) 

C ------- CALCULATE. ."Z. IF V'f WAS CORRECTLl INPUT 

CROOOO:ilO 
CROOOOJO 
CR000040 
CR000050 
CR000060 
CROOOOiO 
CROOOOBO 
CR000090 
Clm00100 
CFl000110 
CRO00120 
CROOOlJO 
CROOOHO 
CRO00150 
CROOOl60 
CROOOI70 
CROOOIBO 
CRO00190 
CROOO:!OO 
CRQ00210 
CROOO:il:!O 
CRQ00230 
CROOO:il40 
CR000250 
CRQ00260 
CR000270 

c 

VZ( 1 )·CROSSI (VI( 1) .VX(:iI).VX( 3).V! (1), V! (2) ,VT( J» 
VZ(:iI).CROSSJ'(V'I( 1). VJ:(2) .\IX(J) .V!( 1) ,V! (::l), VT( J» 
VZ(J )·CROSSII:.(VI( 1) .VX(2) .VI(). VI( 1) .V!(2) ,VI (3») 

C ------- NORMALIZE V'l';,VJ,VZ 

10 

IF (NORM.NE.O) THEN 
AVX-VALUE{V'I.( 1). VX(:iI) .VX( J» 
A.V'f-VALUE(V!( 1) .V!(2).Vl(J» 
AVZ.VALUE(VZ( I). VZ( 2). VZ( J 1) 
00 10 1·1.) 

VX{I)·VX(I)/AVX 
V!(I).V'T(I)/AVT 
VZ(I ).vZ(I) IAVZ 

E:NDIF CR000280 
RE."TUP.N CRO00290 
END CROOOJOO 

- DIRECTION O~ LOADING •••••••••••••••••••••••••••••••••••••••••••••• DIROOOI0 
DEauG UNIT(6).SUBCHIC.SUBTRACE DIR00020 
END DEaue; DIR00030 

P 
PC 
o 
OI. 

.. CURRENT LOAD DIR00040 
- LAST LOAD DIR00050 
• CURRENT DISPLACEMENT DIR00060 
- CURRENT DIRgcTION DIR00070 

DIR-I, POSITIVE LOADING DIRoooao 
OIR·:;Z, POSITIVE UNLOADING DIR00090 
DIR·J. NEGATIVE LOADING DIROOlOO 
OIR-4. NEGATIVE UNLOADING DIROOl10 

DIRL 
VEL 

• LAST OIREC"I'ION OIROOl::lO 
.. PRODUCT OF LAST AND CURRENT VE:LOCITIES DIROOlJO 

SUBFiIO\.J'TINE 01 REeT (01 R. OIRL, p. ~L. VEL) 
IMPLICIT RE:AL(A-H.O-Z) 
IMPt.IC1T INTE.GER(I-N) 
IN'I'E:GER DIR. DIAL 
LOGICAL 6TES'T 

IF (P.GT.O) THE!N 
IF (P.GT.PL .AND. PL.GT.O) THEN 

OIRL·l 
ELSE IF (P.GT.~L .AND. PL.LT.O) THEN 

D1RL-4 
E:LSE 1F (P.LT.PL) THEN 

OIAL·:iI 
E:LSE 

DIAL-DIR 
ENDIF 

ELSE If (P.LT.O) THEN 
IF (P.LT.PL .AND. PL.LT.O) THEN 

DIAL-J 
ELSE IF (P.LT.PL .AND. PL.GT.O) 

DIAL·:! 
ELSE IF (~.GT.PL) THEN 

OIRL·4 
ELSE 

OIRL-OIR 
ENDIF 

ELSE: 
IF (PL.LT.O) THEN 

DIRL-4 
ELSE IF (PL.GT.O) 

DIRL-2 
ELSE 

DIRL-DIR 
ENDIF 

ENDIF 

THEN 

IF (DIRL.EQ.t .OR.DIFIL.E:Q.O) THEN 
IF (VEL.GT.O) THEN 

OIR-I 
EI.SE 

ELSE IF (DIFIL.EQ.2) THEN 
IF (VSL.GT. 0) THEN 

ELSE 

IF (P.GT.O] THEN 
DIR-2 

ELSE 
DIR'"J 

ENDIF 

OtR-l 
~DIF 

THE'" 

DIR00l40 
Dt ROO ISO 
DIR00160 
OIROOliO 
DIROOIBO 
OIR00190 
DIROO::lOO 
DIROO::l10 
DIR00220 
DIR00230 
DIR00240 
DIROOlSO 
DIR00260 
DIR00210 
01 ROO:!80 
01 R00290 
DI MOlOO 
DIR00310 
DIROOJ:!O 
DIR003JO 
OIR-OOHO 
01 FilOOJ~O 
DIROOJ60 
DIROO)10 
DIROOJ80 
DIR003!:10 
CIR00400 
DUOOUO 
DI R004::10 
DIROOOO 
DIROOHO 
DIR00450 
DIROOHO 
DIR00470 
DIR00480 
DIR00490 
DIR00500 
DIR00510 
DIR00520 
01 R005JO 
DIR005~0 
DIR00550 
DIROOS50 
DIR005iO 
OIROOSBO 
DIR00590 
01 R00600 
DIR00610 
DlFil005::10 
DIR005)0 
DIR00640 
DIR006S0 
DIR00550 
DIR00570 
OIR00660 



ELS£ IF' (DIAL.EQ.3) THEN 
IF (VEL.GT.O) THEN 

OIR·] 
ELSE 

OIR·4 
ENOIF' 

ELSE If (OIRL.EQ.4) THEN 
H' (\/'EL.GT. 0) THEN 

ELSE 

ENOlf 
ELSE 

IF' (P.LT.O) THEN 
OIR·4 

ELSE 
OIR-1 

ENOIE' 

DIR":! 

WRITE (IS, S) 
F'ORMAT(SX, 'ER', 'ROR IN SUBROUTINE OlREC'!', 
WRITE (6,10) OIR,OIRL.P,PL,VEL 

ENOIF 
If' (OIR.EQ.O) OTR·l 

01 R006~H] 
OIR00700 
OIR00710 
01 ROOi 20 
DlROO] JO 
OIf'00740 
OIR00150 
OIROOHiO 
DIR00770 
0!R00780 
OIR00190 
DIR00800 
01 R008 10 
DIR00820 
DIR008]O 
DIf'00840 
DIROOB50 
DIROOB60 
OIR008l0 

OIAL.NE. l,2,J,OR 4')OIR00880 
DIR00890 
OIR00900 
OIR00910 
DIR00920 

WRITE (6,10) DIR,OIAL,","L,VEL OIf'009]O 
10 fOR.MAT (5X,' ._- IN DIRECT', IX, DIR00940 

" OIR-',I4,' OIAL··,I4,' .. ··,F'8.],' PL-',f8.J,' Io'EL··.F'lO.J) DIR00950 
DIR00960 

RE'I'URN OIR00970 
END 01 R00980 

Coo ................... - •••• --•• -- •• - ••••• --_ ••• _ •• __ ••• - •••• -- ... ---_ ... ____ Dt". .. 000 10 
C DEBUG UNIT(6) ,SUBCHJt.,SUBTRACE,lNIT (»0("00020 
C END DEBUG (»0("00030 
C·-·---··· --•• -_ ............. - ......... -- ..... _-_ ... _--_ .. _. -- - •••• - •••• - - •• - -- OM .. 0004 0 

c 

SUB ROUT 1 NE DIoIPOAT ( IOPT, I WRIT E, TO, Dr) O)(P00050 
LOGICAL TEST, OP~D, fUSE, AXIAL 010""000150 
LOGICAL BTES"1',F'IRST OMP00070 
CH~R.ACTER-40 OPTION OMP00080 
CHARACTER-80 NAJoIE, OIR t 2 OMP00090 
CHARACTER-i12 'l'ITL(2) DMPOOI00 
CHARACTER"12 INMtlE 0"'POOII0 
OIMENS!ON RIHPUT( 100) DMP00120 
OOUBLE PRECI SION TEl, TSE, DSE OMPOO 1 30 
SAV'E F'IRST 0"'P00140 
INCLUDE (~COMN) O)(P00150 

GO '1'0 (100,::I00,300,400),IOPT 
OMPOOl150 
DMP00170 
OMP00180 

c· - -•• - - - .... -- - - ••••••••• - ........ - - •••• - - •• -- •• - - .... -. Qto4POOlSl0 
OMP00200 
0"'P00210 
DM"00220 

C- READ 0;1.'1';1. ID TO BE SAV'ED, AND INITILIZE FILES .. .. 
C"··· .-............ ---.... -••• -•• -- -.... -- -... --•• -••••••• 
C 

C 

100 FIRST· .'I'RUE. 
I ZDUMP-I ~ 
I?-I Z+l 
NWRITE-O 
WRI'l'E (6,109) 

109 F'ORMAT (I, 5X,' DATA WRITTEN TO FILES " 
, 5X, '-- •• -- ••• - ••• ---- •• - .... ',) 

101 READ (S,·) OPTION,IOOF',IUNIT,IGEN,IIOOF,I1UNIT 
102 CONTINUE 

C-----SE't' Up. DOF' DATA 
IF' (TEST(OPTION,'OOF",.fA.LSE.)) THEN 

WRITE (6,110) 'DEGREE Of fREEooH.',I00F',IUNtT 

CHECJt. F'ILE STATUS 
INQUI RE (UNIT- IUNIT ,OPENEr:-OPENO) 
1F' (OP'ENO) THEN 

WRITE (6,10S) 
ELSE 

OPEN (UNIT-IUNIT) 
ENDIf 

INrTILIZE OAT~ AND fILE 
NWRIT E-NWRITE+ 1 
NZ( I'll )·1 
N?(IZ+l)·IOOF 
NZ(IZ+2 )·IUNIT 
IZ·rZ·d 
WRITE (IUNIT.120) TITLE(1)(1:80),TITLE(I)(ell) 
1tiRITE (lUNIT,1::10) TITLE(2)(1180),TITLE(2)(e11) 
WRITE (IUNIT,130) LlDOf,IWRITE,TO,Dr 

C------------- SE'I' UP JOINT 

C 

ELSE If (TE:S't'(0P'I'ION,'JOIN1",.F'ALSE.» THEN 
JOINT-IooF 
JOHITI·IQUICI{{ lDOF,N'Z.( I ZIO) ,NNOOE)-l 
IF ('1'EST(OPTION, 'F'X', .F'ALSE.» THEN 

lOOFJ·N'l;(IZIOOF+JOIN'r'I ) 
DIR- 'F'X' 

ELSE IF (TEST(OP't'ION,'Fl',_F,t.LSE.)) THEN 
I tX:lE'J'-NZ (I ZI DOF+JOINTI +MAJ,NOO* 1) 
OIR-' FT' 

ELSE IF (TE5T(OMION,'F'Z',.F'AL5E.» THEN 
I OOFJ'-NZ (I ZIOOF"'JOINTI"'totAXNOO.:() 
OIR. 'F''Z' 

ELSE IF (T'ES't'(OP'TION, 'M):', .F'ALSE.») THEN 
I OOFJ-NZ (I &I1XlF''''JOINTI "'H..UI'IOO-3) 
DIR-'M):' 

ELSE IF' (TEST(OP'I'ION,'Jo(l',.F'ALSE.)) THEN 
I OOFJ'-N 21 ( t ZI OOf+JOINT I +M.AXNOD* 4 ) 
OI R-' Jo(l' 

EI.SE If (TEST(OP"!'ION,'MZ',.F'IU.SE.» THEN 
I OOF'J- N? (11.1 OOF' .... .:rOI NTI +Jo4AXNOO- 5) 
CIR'" 'M?' 

ENOIF 

WRITE (6.110) 'OEGRE.E OF E'REEO;;lM',l00FJ,IUNIT,JOINT,OIF\ 

CHECI{ rILE STATUS 
INQUI R.E (UNIT· ILrNIT ,0PENEo-OPENO) 
IF' (OPENO) 'l'HEN 

1tiRITE (6,105) 
ELSE 

OPEN (UNIT-IUNIT) 
ENOlr 

INITILIZE DAT~ AND FILE 
NWRIT e:.NWRITE'" 1 
NZ( IZ)·l 
NZrIZ"'I)·rOOFJ 
NZ(I?"'2)-IUNIT 
IZ-I Z,+3 
WRITE: (IUNIT,l::lO) '!'I':'LE:(l1(l;80),TI'l'LE(1)(811) 
WRITE (IUNIT,120) TITLE(2)(1:80).TITLE(2)(81:) 
WRITE (IUNIT,130) 1,IOOfJ,IWRITE,TO,I:7r,JOIN1'.DIR 

c-----SE:T UP ELEMEN'l' 
ELoSE IF' (TEST{OPTION,''ELE',.F'ALSE.» THEN 

WRITE (6,110) 'ELEMENT'.IOOF'.IUNIT 

CHECP; rILE STATUS 
I NQUI RE (UN 11'- I UN IT. OP ENED-OPENOl 
IE' (OPENO) THEN 

WRITE (1S,105) 
ELSE 

OPEN (UNIT"IUNI'f') 
ENDIF' 

UHTIt.I ZE DATA AND FILE: 
NWRI1'E:·NWRIT E+l 
NZ(IZ)-2 

0)olP002JO 
DMP00240 
OMP00250 
DMPOO2fiO 
DMP00270 
OMP00280 
QMPOO:il90 
DMP00300 
DMPOOllO 
OMP00J10 
O)(POOJ]O 
QMP003-40 
DMPOOJ50 
DMP00360 
OMP00370 
DMP00380 
DMP00390 
DMP00400 
DIoIP00410 
OMP00420 
QHP00430 
QMP00440 
DMP00450 
DMP004l50 
OMP00470 
DMP00-480 
OMP00490 
DMP00500 
OMP00510 
OMP00520 
O)IIP00530 
OMP00540 
QMP005S0 
DMPOOS60 
DMPOOS70 
QIIIPOOS80 
0lolP00590 
DHP00600 
O)oIP001510 
DMP006:!:0 
DMP00630 
DMPOOlS40 
OfoIIPOO IS 50 
CMP006fiO 
DkP00670 
OI1P00690 
DHP006g0 
DHP00700 
0,,",P00710 
DMP00720 
0t<4P00730 
oMPOOHO 
DHP00750 
OMP00760 
Dto!POOiiO 
OMP00780 
DIoIP00190 
DloIPOOBOO 
0,",P00810 
0lolP00820 
OMP00830 
D"'P00840 
Dao(P008S0 
0 .... P00860 
OHP008]0 
DMP00880 
O)(POOB90 
OMP005l00 
OMP00910 
DMP00920 
DHP00930 
DMP005l40 
OMP00950 
OMP009150 
OMP00910 
OMPOOSl80 
OMP009510 
OMPOI000 
OMP010IO 
DHP01020 
OHP010)0 
OMP01040 
OMPOI050 
QMPOI060 
OMPOI010 
OHPOI080 
O .... PO 1090 
0"'P01100 
DMP01l10 
DMP01120 

4 

C 

NZ(IZ"'l )·Ioof 
NZ{IZ",2)·IUNIT 
I ~ .. I Z"'J 

GE'T ELEM'EN1' TYPE 
IC • NZ(IZELE"'IOOF' ) 
IELTTP - NZ(IC) 

WRITE: (IUNIT.120) TITLE(1){1.80),TITLE(1)(ell) 
WRITE (IUNIT,120) TITLE(:iI)(1180),TITLE:(2)(B11) 
WRITE (IUNIT,lJO) 2,IDOF',IWRITE,TO,I:7r,IELTY?,'ELE:"'ENT' 

c-----SET UP ENERGY 

DMPQIlJO 
OMP01140 
QMPOllSO 
[»4P011150 
DIoIIPOI110 
OMPO 1180 
DMP01190 
0,",P01200 
QIoI.P01210 
[)IoIP01220 
OHPOI2)0 
DI'IPOl::140 
0lo4P01250 
01olP01'260 
OJo(P01270 
otoIP01280 
0lo4P01290 
OHP01300 
DfoIPO lJ 10 
QMP013:(0 
OMPOIJJO 
OMPOIJ~O 
OMPOl]50 
DMP01360 
OMPOIJ70 
OMP01380 
OMP01390 
OMPO 1400 
OMP01410 
D"'POl420 
DM .. 014 ]0 
DMP01440 
OMP01450 
OMPOI4150 
:lMP01470 
O)ollP01480 
OMP01490 
D)(P01500 
OMP01S10 
OMP01520 
0""P01530 
O)o(P01540 
OMPOl550 
OMP01560 
OMP01510 
OMPOlSBO 
O"'PO 1590 
DM .. 01600 
OMP01610 
OMP01620 
DMPOl1530 
OMP011S40 
DMP01650 
OfolPO 16150 
D"'''016iO 
0"P01680 
DMP01690 
OMPOI100 
DMPOI110 
0'1P01120 
DMPO 1730 
DMPOli-40 
DI'~"OliSO 
O)(POl760 
OIo(PO 17 "I 0 
O)(P01780 
DHP01790 
0lolP01800 
DMP01810 
DH.P01820 
O)o(P01830 
O)o(P01840 
OIo(P01850 
DMPO 1860 
DMPOlSiO 
OMP018eo 
0)(P01890 
OMP01S100 
DH.P01SiUl 
OMPOl51:i10 
OMP01930 
OMP01940 
OMP01950 
OlolP01960 
OMP019iO 
DMP01980 
DH.P01990 
DMP02000 
DMP02010 
DMP02020 
OMP02030 
DMP02040 
DMP02050 
DMP02060 
0",P02010 
DIoI'P02080 
DMP02090 
OMP02100 
DMP021l0 
DMPO::l 1::10 
DHP02UO 
DMP02140 
0"'P02150 
OMP02160 
QMP02170 
OMPO::l180 
DMP021510 
OMP02200 
DMP02210 
oMPo2220 
DMP02230 
OMP02240 
0"'P022S0 
QMP02260 
0"'P02270 
QMP02::1BO 
DMP022510 

C 

ELSE: IF' (TEST{OP'l'ION,'ENERGY·,.F'ALSE.» THEN 
WRiTE: (6,111) 'ENERGT 8,t.LA,NCE',IUNIT 

CHECP; FILE STATUS 
;:NQUI RE (UNIT- I UNI T, OPENED-O .. END) 
If (OPENO) THEN 

\PiRITE (6,105) 
ELSE 

OPEN (UNIT-I UNIT) 
ENOIF' 

INITTLIZE DATA AND fILE 
N1tiRITE-NW1U TE .... 1 
!'Zi( lZ)·J 
NZ( IZ+1)-0 
NZ(IZ"'::I)"IUNIT 
IZ·IZ+3 
WRITE (IUNIT,120) TITLE(1)(1180),TITLE(1)(811) 
WRITE (IUNIT,120) TITLE(2) (1:80) ,'l'ITLE(2)(81l J 
WRITE (IUNIT,130) 3,IOOF.IWRITE,TO,C'l',O, 'ENERGY' 

C-----SE"T UP SUM OF' REACTIONS 

c 

ELSE 1 f (TEST (OPTION, 'SUMRC,. , , • FALSE. ») THEN 
WRITE (6,111) 'SUMMATION OF' FlE~CTIONS',IUNIT 

CHECIt F'I LoE STATUS 
INQUI RE (UNIT- rUNI T, OPENEr:-OPEND) 
IF (OPENO) THEN 

WRITE (1S,105) 
ELSE 

OPEN (UNIT·IUNIT) 
ENOlf 

INITlLoIZE DATA AND F'!LE 
NWRITE"NWRIT E+ 1 
NI{U)·4 
N~(IZ"'l )·0 
NZ(I~ .... 2)·IUNIT 
IZ"lZ"l 
WJ:l.IT'E (IUNIT,140) TITLE(1)(1180),TITLE(1)(811) 
WRITE (IUNI'l',120) 1'ITLE(2)(1180),TITLE(2)(el;) 
WRITE (IUNIT.IJO) 4,It:QF,IWRITE,TO,DT,0,'SUHFl.CT· 

C-----SET UP SU""' Of RE~CTIONS 

c 

ELSE IF (TE51'(OP'l'ION, 'GROUND', .F'ALSE.) THEN 
WRITE (6,111) 'GROUND MOTION',IUNIT 

CHECI{ F'iLE STATUS 
INQUI R'E (UNIT- IUNIT, OPENEI)ooOPEND) 
IF (OPENO) THEN 

WRITE (6,105) 
EL6E 

OPEN (UNIT·I UNIT) 
ENOIF' 

INITILIZE O~TA AJrIO FILE 
NWRI TE·t.lWRITE'" 1 
NZ(I?)·S 
NZ( I 21"'1)-0 
N~( IZ+2)-IUNIT 
IZ-IZ+3 
WRITE: (IUNIT,120) TITLE(1)(1180),TITLE(1)(811) 
WRITE (IUNIT,120) TITLE(2)(1180),TITLE(2)(811) 
WRITE (IUH!T, 130) 5, t OOF', [WRITE, TO, CT ,0, • GROUND' 

ELSE IF' (T'EST(OPTION, 'ENO',.F'ALSE.») 
N Z ( I ZOO .... P) ·NWRITE 
RETURN 

ELSE 
WRITE (15,140) OPTION 
GO 'I'O 101 

ENOIF 

THEN 

C. • • • • • •• GENEFtA'l'E t..oAOS 

c 

IF ([GEN.NE.O) THEN 
IGE:N"IGEN-l 
loof -looF' + IIOOF 
!UNIT .. tUNIT ... IIUNI'l' 
GO TO 102 

E:NOIF 
GO TO 101 

lOS FORMAT 
110 F'ORJol.AT 

• III FORJoolA'I' 
120 F'ORMAT 
130 FDR10lAT 
140 F'ORMAT 

(!iX, 'FILE 15 ALREADT OPE:NEO, WRITE IS ABORTED' ,lOt '-') 
(!iX,A,' .',15,' I5 WRITTEN TO UNIT .',15,1,' JOINTI',I6, 

OIREC'T'IONr ',Al 
(5X,A,' 16 WRITTOI TO UNIT.', I) ) 

'Al (3110, 1P, 2GlS. 5 ,OP, IX, 16, A) 
(51, 'INVALID INPUT. ',A,', INPUT IS 511::!PED ... ·) 

C--"--_·_--·· --..... --.... -.. 
C- WRITE DATA TO f'ILES ---
c- --•• -_ ... -_ •• -- - ••• - ••• _ .. 

200 NUMB-NZ( I ZiOU"'P) 
00 250 I-l,NUMB 

II-I'llruMP .... 3 .. (I-l) +1 
IT'l'PE"NZ( II) 
IooF' ·NZ( 11+1) 
I UNiT· NZ (II + 2) 
H (ITIPE.EQ.l) THEN 

J·lOOF-l 
rr (IzvEL.EQ.O .OR. lZACC.EQ.O) THEN 

W1UTE (IUNIT,::II0) Z(IZLOAO+J),Z(IZOISP+J),O,O 
ELSE O/01PO::l300 

WRITE (IUNIT,:nO) ~(IZLO~D+J),Z(IZOISP""J), OMP02310 
~[lZVEL"'J),Z{IZ"CC+J) QMP02J20 

ENOIF' OMP01.3]O 
ELSE IF' (ITYPE.EQ.2) THEN OMP02340 

17.7 0lol:P02350 
tELNO"ICOF' OMP0231S0 
LAS'I'fP-O O)o(P02310 
f,t.LSE:-.F'ALSE. OMP02380 
CALL ELE:LlB OMP02J90 
(17 .L6TTfP ,FIRST,IREL,F'IRST, NAJoIE ,EESE,EPSE,DAfoo\.AGE, OMP02400 
OUCF'~, DM .. 0:Z410 
IELNO, IE:LooF, Jl::.GooF, PGEOI"I, RINPU'I', AllllU., nDOSP, I ZOLOA, MSTOR) OMP02420 

ELSE IF' (1T!PE.EQ.3) THEN [)IoIP0200 
DI F'F'. EI E-ESE-EJl::.E-PSE-EDO OMPO:( 4 4 0 
IF (EIE.NE.O) THEN OMP02450 

RE-Dln/EIE • 100 DMPO~460 
ELSE OMP02410 

U' (OIH.NE.O) RE.IOO.OO DMP02480 
IF' (DHr.EQ.O) RE- 0.00 0"'P024510 

ENeIF' D"""02;00 
WfUTE (IUNIT,210) EaE, ESE, ElitE, PSE,EDO, RE 0 .... P02510 

ELSE IF' (iTIPE.EQ.4) T~EN OMP02520 
\PiRITE (tUNIT,210) SUMRCT DMP0;2530 

ELSE If (ITTPE.EQ.5) THEN OMP02540 



c 

WRITE (!LINIT,210) GROLINO 
END1F 

:250 CONTINLIE 
:210 FORMAT(lP,6GIJ.5) 

fIRST·.FALSE. 
RETURN C----· ____ .. _____ ._·· .. 

C· CLOSe: DATA nLES ••• 

C··············.-······ 
C 

c 

]00 NUMB.NZ(IZOUfoollP) 
00 ]50 r·l,NUMB 

I!"'r'l.OUMP+)·(l~I) +1 
ITYPE-NZ( I I 1 
ICC. -NZ(lI+l) 
IUNIT·NZ( 11+:2) 
CL.OSE (UN IT-I UNI'l') 

]50 CDt-lTINUE 
RETURN 

C ••• ----••• ____ • __ ••• ____ ._ •••• z ....... _ •• __ • 

C .. READ OAT ... FROM FILE MD WRITE TO F"!'06 ••• e.---_._· ... __ .. _ .... ·.· ____ .· __ ._· __ . ____ .·_ .. 
, c 

c 

400 OPEN (UNIT-lUi'll'!') 
REW1 N O( UNIT· IUNIT) 
READ (IUNlT,lJO,ENo-4Q9) 'i'ITL(I)(1:80),TITL(1)(Bl:) 
READ (IUHIT,I:20,ENo-499) T1TL(:2)(1:80),TITL(:2)(Bl:) 
WRITE (6,405) TITL(1),TITt,(2) 

405 FORMAT ('1 STRUCTURE •••• : ',A,I 
, 'SOLLITION' ••••• : ',A,/) 

READ (I UNIT, lJ 1, END-499) rTT PE. I OOF. I WRI TE, TO, C"'[' • ITEIoIP, INAJotE. 
1Jl FO~AT (JtlO.0?2GI5.5.0P.lX.16 .... ) 

C~---___ ooF OAT ... --------------
IF (ITTPE.EQ.l) THEN 

WRITE (6,4.50) IOOF,IUNIT,ITEMP,IN»<E 
lSTEP·-IWRITE 

olIO READ (IUNIT,·,ENo-440) RLQAD.DISP.vEL,p.ce 
r STEP,. I STEP.I WRITE 
T"'!'O+C"'[''''1STEP 
IF (fooIIOD(ISTEP,INC).EQ.O) 
WRI'!'E (6,460) ISTEP.T.IU.OAD.OISP.vEL,ACC 
GO TO 410 

ELSE IF (ITTPE.EQ.:2) THEN 
IELNO ·r~F 
IELTTP"ITEMP 
WRITE (6,445) IELNO,IUNIT 

GE"I' EL.EME!fT TTPE AND COMPARE WITH INPUT THE ••. 
IF (IZELE.GT.O) THEN 

IC- NZ(IZELE+]ELNOl 
ELSE 

IC--I 
ENDIF 
IF (IC.G'I'.O .,IJIlD. IC.LE.~Z) THEIi! 

I~LTPO • NZ(1C) 
~LSE: 

IELTPO • -100 
ENDI~ 
CREATE DUMMT ELEMENT DIRECTOR'I' IF INPUT T'I'PE IS DI~F 
IZELE'l'·I'ZELE 
IF (IELTTP.NE.IELTPO) THEN 

CALL C-':'STOR( I ELNO+:2. 0) 
lZELE ... IZ+:2 
NZ(IZELE+IEt.NO )·IZELE+IELNO+1 
1'11. (I ZELE+IEL.NO+l) -IELT'I'P 

ENDIF 

19-8 
L ... ST'I'P·O 
F'ALSE·.~ALSE. 
CALL ELELI S 

(18 ,LsrTYP .FALSE,lREL •• J\.LSE. N.A.ME .EESE.EPSE.OAMAGE, 
DUCF",G, 
I ELNO, I ELoor .I(G~F, PGEO)ol, RINPlJ'I'. MI-'L.l ZODSP. I ZOLOA.)oISTOR) 

REsrORE OI..D ELE)oIEN'I' DIRECTORY 
IZELE·IU:LET 

ELSE IF (I't'TPE.EQ.)) THEN 
TEI-O.OO 
TSE-O.OO 
OSE-O.OO 
EI E,..-O 
ESEM--O 
EI(EH-O 
PSEM-O 
EDDM·O 
WRITE (6.455) IUN1T 
ISTEp·-IWRITE 

430 READ (IUNIT.",EN~Ol) EJ1E. EJSE.EltE, PSE,EDD, RE 
TEL-TEl ""EI E 
TSE-TSE+ESE+ EltE+PSE+ EOD 
DSE· DSE+P.SS ( E1 E-ESE~EltE-PSE-EDD) 
EI EH""'-"IA.X 1 (SNGL( EI E) , £1 eM} 
ESEM.AMAXl (SNGL( ESE) ,ESEM) 
EI(E"'.AJo(AXI (SNGL(EltE). EltEM) 
PSE)'c· AMAX I (SNGL (PSE) • PSEM) 
EDDM·AMAXI (SNGL( EDD). EDO"') 
I STEP- I STEP+11I'RI TE 
T-TO+OT'" I srEP 
IF (I-tOD(ISTEP,INC}.EQ.O) 
WRITE (6,459) ISTEP,T, EIE, ESE. Ella:. PSE,EOD, R.E 
GO TO 4]0 

CC01 RE ·IOO"'(TE1-TSE)/TEI 
431 RE -200"DSE/(TEI+TSE) 

WRITE (6.4~e) EIE;)I;.ESEM.EltEM,PSEM.EOOM.RE 
GO TO 440 

ELSE IF (lTTPE.EQ.4) THEN 
WRnE (6,456) IUNIT 
ISTEP·-IWRITE 

05 READ (!IJNI'i', ... ,ENo- .... O) SUfooIIRC'l' 
ISTEp· IS'!'EP+IWRI1'E 
'['-TO+D'r1lISTEP 
IF (MOO(ISTEP,INC).EQ.Ol 
WRITE (6.460) IS'I'EP.T. SUMItCT 
GO TO 4)~ 

ELSE IF (IT'fPE.EQ.5) THeN 
""RITE (6.4~7) IUNIT 
lSTEP--IwfHTE 

4]6 RE"O (IUNIT,·,ENo- .... O) GROUNO 
J ST EP- I STEP+I WRI'!'£' 
T-TQ+OT·IS'l'tP 
IF' (MOD(ISTEP.INC).EQ.O) 
HRrTE (6.461) ISTEP.T. GROUND 
GO TO 436 

ENDIF 

440 CLOSE (UNIT·IU!oUT) 
RE:TURN 

499 CLOSE (UNIT-IUNIT) 
WRI'i'E (6,500) IUNIT 

500 FORMAT (II/IOX.·PREMATURE END OF FII..E. UNITI·.I51 
, lOX, 'RE.t..D CO!olJol.MD IS ABORTED'1I1 ) 

RETURN 

44S FORMAT (5x.'EI..EMENT ,',r5,' IS READ fROM UNIT ",IS) 
450 FORMAT (5k, 'DEGREE OF FREEDOM f' ,15,' IS READ FROM UNIT ".15, 

, 5:1. 'JOINT t· .15,'. DIRECtlONI ',A~II 
'6X,'STEP'. TIME LO ... O 

QMP02550 
QIoIP0:2560 
QIoIP0:2570 
DMF'02S80 
DMP0:2590 
OMP02600 
OfoollPO 26 10 
DMP0:2!5:20 
OMP026]0 
DMP0:2640 
OMP0:2!550 
DMPO:l:660 
OMP0:2!5"10 
DMF'O:l:6eO 
QMP02!590 
OMP02700 
OfoollP02710 
OMP021:20 
OMP027]0 
OMP0:2740 
DMPOJ750 
DJI'IP02"160 
OIo(P02i"'10 
DMP02'1eO 
DMF'04:"'I90 
DHPO:.!800 
DMP02810 
DMP028:20 
DMP02B]0 
DMPOJ840 
OMP02850 
DMP02860 
OIoIP02B"l0 
DMP02eeO 
(»(P02e90 
DHP02900 
DMP0:2910 
DMP029:20 
OMPO';l';l]O 
OfoollP0:2940 
DMP029S0 
OMP0:2960 
[)IoIP029"10 
DMP02980 
DMP02990 
D,",PO)OOO 
DMPO]010 
DMPO]020 
DMPO)O]O 
DMPO]040 
DMPO]050 
OMPOJ060 
DMPO)OiO 
oMPOJOeO 
QMPOJ090 
[)MPOJ100 
CJIII(PO] 110 
OMPOJl:20 
OMPO)130 
DfooIIPO)140 
OMPO)150 
OIoI:PO) 160 
OMPOJIIO 
QMPOJlBO 
QMP01l90 
DMPOJ~OO 
DMPO]:;!10 
DfoIIPO)220 
CfooIIPO):2)0 
DMPO)240 
DMPOJ'250 
DMPOJ260 
O)IPO)2iO 
DMPOJ2BO 
DMPOJ29Q 
DMPOJJOQ 
DMPO]JlO 
DMP033:20 
OMPO)))O 
DMP03340 
[)fII;P0335 0 
IJIo1PO])60 
DMPO)J"lO 
DMPOJ3eO 
OHP03l90 
DMP03400 
OMPOHI0 
OMPO)4JO 
DMPO)4)O 
[)IoIPO) 44 0 
IJIo1POJ450 
DMPOJ460 
DMPO)"'O 
DMPO)480 
OMPO]490 
DMPO)500 
OMP03510 
DMPOJ520 
DMPO)5)O 
IJMPOJS.(o 
DMPO)550 
DMPOJS60 
DMPOJ570 
DMP03S80 
DMPO]5510 
DMPO]600 
OMPO]610 
OMPO)6:20 
DMPOJ6JO 
DMI='OJ640 
DMPOJ!550 
DMPOJ660 
DMPO]670 
DJoIIPo)6BO 
DIIIP03690 
DMPO)700 
[)Io(PO)"l10 
oto!POJi20 
DMPO)7 )0 
DMPOJHO 
DMPO]750 
OMPO]760 
0I1PO)770 
DHPO) "'/8 0 
DMPO]190 
OMPO)eOO 
O"lPOJelO 
DHP0Jl3'20 
DMPOJ8)0 
DMP03840 
OJoI:PO]8S0 
OMPO)960 
DMPOJB70 
D,",PO)8BO 
OhlPOJe90 
OtoIPOJ900 
0J0iF'OJ910 
DMP0J9:20 
OMPOHJO 
0Io1PO]940 
OMPO)950 
OMP03960 

5 

"DISPLACEMENT ',' VELOCtTT '.' ACCELERATION ') 
455 FORJ(.\T (5:1.'ENERGY DATA IS R.EAO FAO'" UNIT ",1511 

'6I,'STEP'. ' TIME ',' INPUT 
"ELA5TI~ S'TRAIN ',' ItIN"E"I'IC " 'PL"'STIC S"t'RAIN 
,'OAMPIN!1;D ',' RELATIVE ERRoR") 

456 FORMAT (51. 'SUIoOQ,T!ON OF REACTIONS ARE READ fRO'" UNIT .',1511 
, 61,' 51'EP'. • TIME ' , FX ' 
"FT F'Z MJ( 

,. "" '. MZ • ) 
457 FORMAT (5X,'GROUNO MOTION IS RE1o.D FRO,", UNIT ",lS// 

, :ZX.' ',' '. 
" 1--------- ACCELERATION ----------/'. " 1------_____ VELOCIT, ------------1'. 
" 1--------- OISPLAC£"'E:lIiT ----------/ •• 1 

12 J 4 567 890}'s 12]4567 B 90AB 1:2) 4 567 890118 
, :2x, 'STEP', ' TlloIE 
" GLOB-'L X '.' GLOBAL 'I' GLOSAL ... 
,. GLOB-'L X ',' GLoeAL T GLOB-'L ... 
" GLOBAL X GLOBAL Y GLOB-'L 1. ') 

1234561990AB 12J4561990AB 1:23456781i10"B 
458 FORMAT(:25X.1iI0('-')1l0X.' KAXH41JN" ',1P,SG15.5,1 

, 1'25X.'GROSS REI'.OP.Fl5.4,"·) 
" 125X,'GR055 RE:2I',OP.Fl5.4.''II') 

459 FOR.)(AT( 110.1P.6GI5.S .OP, F15 •• ) 
460 FoR.KAT(IIO.IP.7GlS.S) 
461 FORM.\T(Ifi,IP.IOGI:2.4) 

DMPO)970 
DMPO)980 
DWPO]!iI!ilO 
DMP04000 
DMP04010 
OMPOol0'20 
CMPOolOJO 
OMPO'040 
DMPO~O~O 

DMP04060 
OMP04070 
O)(p040BO 
OMP04090 
DM'P04100 
DJ4P04110 
Dto1P04120 
DMP041JO 
OMP04140 
OMP04150 
OMP04160 
DMP04170 
OMP04180 
DMP04\90 
DJoIIP04:200 
DMP04210 
OJo.P04220 
OI4P04:2JO 

END QIoIP04240 
C'PROCESS SDUJ4P OP'I'(O) GOSTM'l' XREF K.\P ONEoa010 
c·· ..... - ••• - •••••••••••• -.--••• - ....... __ ....... _ ... _ •• __ •• __ •••• _ .......... DN EO 0 0:2 0 

OESUG UNIT (6) ,TRACE. SLIBCHJt:, I NIT, SUBT RAC E DNE00030 
C END DEBUG oNE00040 
C _ .. --. ___ •• ___ ••••• _ ••• ---.--... -----•• --•••••• __ .. __ ••••••••••••••••••••• ONEO 0 0 5 0 

DUCTILITIES AND EXCURSION RATIoS ONE00060 
ON£00070 

SUBROU'I'IHE ONE (I OPT, U, E, OY • 0, ESE. PSE. PSEOLD. CSE) ONEOOOeo 
DI)oIENSIOH U().E(6).UC()) ONE00090 

WRITE (6.·)' U··.U ooEOOI00 
WRITE (6,*) E-',E oNE001I0 
WRITE (6,") DT-'.OT DNE001:20 
WRITE (6.*) 0-'.0 DNE'OOlJO 
WRITE (6,") ESE.·',ESE 000:00140 
WAITE (6 .... ) PSE·',PSE ONEOOlSO 
WRITE (6.*) ·PS[OLD-'.Pse;oI..o OOE00160 
WRITE (6.") • cSE·',CSE DN'E00170 

C DNEOO 180 
C ONEOO 190 
C------- VARIABLES --- ------------------------------ ---- •• --------- ---~ ONEOO:ZOO 
C U(I) • DUCTILITY (I) ONE00210 
C E(I) • ElCuRSION RATIO (I) DNE00220 
C E(I+J)" DUCTILITT (I) FOR THE CURRENT HALF' CYCLE DNEOO::l30 
C OT .. YEILO DISPLACJ4t:N1' ONE00:240 
CO" CURREN"l' OISPI.. OOE00250 
C 1SE - TOTAL STRAIN ENERGY ONE00'260 
C PSE .. PLASTIC STRAIN ENERGY ONE00270 
C ESE • ELASTIC 51'RAIN E!fE~'I' DNEOO:2BO 
C CSE - CON5'I'ANT STRAIN ENERGY AT TElLO..... QNE00:290 
C UC - CURREN"!' OIJCTILITT DNE00300 
e --- .--- -______ ---_ ~- -- - - - - --------------________ ----- _________ - ----- -- ~EO 0) 1 0 
C OHE00)20 

10 

'0 

IF (IOP'l'.EQ.l) THE:N OOEOO])O 

ELSE 

ENDIF 

••••••• CALCULATE CURREN"!' DUCTILITIES DNEOOJoiO 
PSEO.PSE-P6EOLO DNEOOJ50 
IF (OT.NE.O) UC(I)·O/DY QNE:00J60 
IF (ESE.NE.O) UC('2)-(PSEO/ESE +1 ) DNEOO)10 
IF (C5E.NE.Ol UC())-(PSEo/CSE +1 ) ONEOO:JBO 
00 10 1-1. J DNEOO]90 

J.I+) ONE00400 
IF ( UC(I).GE.U(I) ) U(I)·UC(I) DNE00410 
E(J)-KU( E(J).UC(I) ) ONE00420 

U(I)·JoI.u( U(l),UC(l) ) ONE004]0 
U(:I:)"MAX( U(:2).UC(:2) ) DNE00440 
U(])-MAX( U(3),Ue(]) ) ONEOOol50 
E(4)-MAX( E(4l,UC{l) ) ONE00460 
E(5)-M.U( E(5),uC(:2) ) QNEOOOO 
E(6)-MAX( E(6).UC(3) ) DNE00490 

••••••• CALCULATE EXCURSION RATIO'S 
CO 20 1.1, J 

,J·I+) 
IF (E(J).GT.l) E(I) • E(I) ... E(J) -1 
E(J)·O 

WRITE (6. 11 ) 

WRITE (6.-J 
WRITE (6.·J 
WRITE (6, *) 
WRITE (6,·) 
WRITE (6 .... ) 
WRITE (6,·) 

U .. , .U 
E-' .E 

OT'" .OT 
0-'. D 

ESSo-' • ESE 
PSE-' • PSE 

• PSED- ' , P6EO 

OOE00490 
OOEo0500 
DNEOOSlO 
DNE005::l0 
OOE005)0 
ONE00540 
ON"EOOS50 
CNE00560 
DNEOOS10 
DNEO0580 
DNE00590 
OOE00600 
OOE00610 
ON£00620 
DNE006JO 

RE'I'URlII 00£00640 
END DNE00650 

ClIIPRQCES9 SDUMP OPT(O} G-OS'TfooIIT lREF OYLOOOI0 
C ••• --•• ---........ --.----•• ---••• •• ... •• •• ·- .... ·-•• ---.·---.-"-."-"·""-·-OTL000:20 
e DEBUG UNtT(6).SUBCHIt.SUBTRACE,INIT DTLOOOJO 
C END DEBUG DTL00040 
C-_.----... - ••••••• __ .... --.... ___ • ___ • ___ ..... _ ............ - .... -_ ••• -_ ........ DILO 0 0 50 

SUBROUTINE OYtol,( IOPT, BUG. N. NooF. NAIN.T .TL,ACCELZ ,TD, O'!' .GRAV, OTL00060 
, MAXNOD. NNODE, COSINE. loaF, J"!'rLG. J'T'COS. !fCOS. 0'1' L0007 0 
, T'I,TT.TZ,MASS,MD,IMO,A,I4C,P.GA.G"'T) OYL00090 

OIJ4E.NSION eOSINE().].NCOS),IOOF(KAlNOO.!5) DYLOOOSIO 
DIMENSION J1'FLG(MAXNOD) ,J'I'COS(I'IAINOO) OTL00100 
OH4ENSION TJi:(Nl,TT(N).T'a(!f),A(NAIN), P(NOOF) OTLOOIIO 
OH4ENSION .... 1 (J), V'2()), V)()) .MO(NDOF·l) ,GA(3) ,GP.T (]) DTLOO 120 
REAL ~5S(nI0).I4C(NDOF.3) DTLOOlJO 
CHARACTER"'90 FORMAT{:2),",TITLE(2) orL001~0 
LOGICAL FM't',ECHO,BUG,PRINT.RE'ftIND 0''1..00150 
LOGICAL BTEST OTL00160 
ACCELZ.O D!L00170 

GO TO (100.:200) lOPT 

C- INPUT 1o.CCELERATloN6 .--c--· .. --···----·· .. ········• 100 CONTINUE 
C------- ZERO GLOBAL BASE: ACCELERATIONS 

00 101 I·l,N 
Tl(l)·O 
TT (I )_0 

101 TZ(I )·0 
c 
C---~--- INPLIT NUMBER OF .... CCEL. AMP. FACTOR SCALE, .\.NO TIME INCREMENT 

REA.D (5 .... ) NA,ASC-'LE,TO.DT,PRINT 
c 
C------- INPUT DIRECTION VECTORS VI AND v'2 

READ (5.*) vl,V'2 
If (BUG) WRITE (6.29) 'INPUT- Vll' ,vl,' V:2I" ,11:2 

c 
C------- CALCUI..ATE vJ • V1 X V'2 

CALL CROSS(V),Vl,V;Z,O) 
IF (BUG) WRITE (6,2iiI) '1I].IIDCII2 Vil'.Vl.· V'2I',V'2.' V)I',V) 

c 
C--------eALCULATE v:2 • V] 1 Vl. AND NOR.MA.LlloE ALL VECTORS ••• 

CALt. eROSS(V:2.V),Vl,l) 
IF (BUG) WAITE (6.49) 'V:2"V)XVl 'III ',Vl., 1I'21',V:2,' 1131',1,1') 

IF (BUG) WRITE (6.29) • v11·.Vl,' V:2: , ,"":2, , V]I',V3 
29 FORMAT(SX.3(I,".SS.F9.5.· I',SP.F9.S,' J',F9.5,' It '),55) 

c 
C-------- INPUT INDIVIDUAL "CCELERQGRAMS 

OTL00180 
DYL00190 
DTL0020Q 
DTL00'210 
olt00:2:20 
DY~OO:Z]O 

OYLOO::l40 
DYL.00'250 
OYL00260 
OTL00270 
OTL002eO 
OlL00:290 
oTLOOJOO 
OTLOO]la 
OTLOO)20 
O'H"OO))O 
O'l'LOOJ40 
DYLOO)50 
DTLOO)60 
DTLOOJ70 
DTLOOJBO 
OTLOO)90 
0'l'L00400 
0''1..00410 
O'l'L00440 
D'I'L004)0 
OYL00440 
OTL00450 
OTLOOHO 
OTLOOOO 
OYL004BO 
DfL004QO 



lO 

• • 

00 ]0 tIl. NA 
READ (5,·) IN.NPTs.IDIR.F'MT,ECHO ,RE:WIND 
NPTS"MU( NPTS. N) 
IF' (REWIND .AND. IN.NE.5) REWIND (IN) 

IF (FMT) THEN 
READ (5.91) F'OFUolAT(I).roR.H.AT(2) 
READ (IN.rORKAT(I» ATITLE(1).ATITLE(2) 

ELSE 
READ (IN.91) ATITLE(1),"'Tl'!LE(2) 

ENOIF 

IF' (lOiR.GE.l .ANO. IOIR.LE.3) THEN 
WRITE (6.10) I.IN.ATITLE(1) .... TI":'LE(21.NPTS.TO.DT 
F'ORMAT (/5X.' GROUND ACCELERATION RECORD '1 

5X, '.--.-.... --------.----------- • II 
51. 'INPUTING T~SLATIONAL ACCELERATION RECORD f' 
12.'. rROM UNITI'.I4.1.5x ..... I.5X.AI 
51. 'THE RECORD CONT ... INS ',16.' POINTS, " 

, BEGINING AT TIMEI' .IP.G16.6, 
WITH .... TIME rNCREMENT OFI·,lP,GlS.6) 

ELSE 
WRITE (6,t) 'INVALID DIRECT10NI,',lOIR,' SET;J < IDIR. < 4' 
GO TO 30 

ENOIF 

IF' (IDIR.EQ.l) THEN 
CX·VI (1) 
CT·Vl (2) 
C'Z·VI (3) 
WRITE (6,92) VI 

Et.SE IF (IOIR.EQ.2) 
CX·V2 e 1) 
CT·v2 (2) 
C'Z"v2 (3) 
WRITE (6,9:1) v2 

Et.SE IF' (!DIR.EQ.3) 
CX·V3( 1) 
CT·V](2 ) 
CZ·V3(] ) 
WRITE (6,92) V] 

ENOIF 

IF' (F'MT) THEN 

THEN 

THEN 

READ (IN,F'ORMAT(2).ENC-2S) (A(J).J-l.NPT5) 
Et.SE 

READ (IN,"',END-25) (A(J) .J.l,NPTS) 
ENOIF' 

GO TO 27 
C----------- END O~ F'It.E WAS E:NCOUNTEREO BEFORE ALL INPUT WAS READ 

DnooseD 
D!LOOSIO 
D1'L00520 
OTLOOS]O 
DTt..00540 
OTt.00550 
OTt-OOS60 
DTt.00570 
onoaseD 
DTL00590 
OTt.0060C 
Dyr.,00610 
DlL00620 
OYL00630 
OYL006",O 
DTL00650 
DTL006EiC 
DlL0067c 
DJL00680 
DTL00690 
DTL00700 
DTL00710 
DTL007l0 
DILDO' )0 
DTLOOHO 
DILDO? 50 
DTLDO? 60 
DTL0077Q 
DTL00780 
DTL00790 
DTLOOeOD 
cnooe 10 
01L00820 
OrLCOBJO 
DTLOOB40 
DTL009S0 
DTL00660 
DTLoca10 
DTLooeeo 
DTLOOB90 
DTL009QO 
DTL00910 
D1L009:i10 
DTL00930 
D1L00940 
OTL009SC 
DTL00960 
DTL0097Q 
DTL00980 
D1L00990 
OTLOIOOO 
OH.OIOIO 
DTLOI0:20 
0'1..01030 
OlLOI040 
onOIOSO 
OTt.Ol06Q 
OTLOlCl7Q 
OTLOIOBO 
OTLOI090 
DTLOIIOO 
OTLOIIIO 
DTLOl1:iC 
OnCIlJO 
DTLOIHO 
OTLOl150 
OT[.01160 
oTL01170 
DrLOllaO 
DILO 11 !ilO 
D'tLOl~OO 
D!t.Ol:il10 
0'1'[..01220 

c 

25 NPTS·J 

" 
2J 

20 

WfHTE (6.26) J 
mRMAT( sx. 'ON["Y', Hi. 

, POINTS WERE READ BEFORE END O~ F'ILE W .... S ENCOUNTERED') 

IF (ECHO) WRITE (6,94) (A(J).J·l.N""'S) 
WRITE (6. 92BO) 
CALL SKA.X (NP'TS, DT. A. 1'1'01:, TMN .Tl,T2. NPT5, AVE. STOEV. RMS) 
Tl·Tl-err+TO 
T2"'T2-DT+"O 
Tl"Tl+TO 
T2-T2+TO 
WRITE (6,9290) 'INPUT "'CCE["ERATION '. 

Y)O()[.T I, Y)o{N .T2. AVE, STOEV. RJIIS 

00 20 J.l.NMS 
ACC-A( J) • ... SCALE 
TX(J)-TX(J) + "'CC-CX 
TY(J)-TT(J) + ACC·CY 
T2:(J)-TZ(J) + ... CC·CZ 

CONTINUE 

DTLOl:i!JO 
)0 CONTINUE DrL01240 

01'L01250 
OTL01260 
OTL01270 
OTL012BO 
OrL01290 
on.ClJOO 
OT[..01JI0 
0Tt.OlJ20 
OT[..01J30 
Ott.O 1340 
OTL01350 

IF (PRINT) THEN 
WRITE (6.31) 'X' 
WRITE (6.93) (TX(J).J-l.N) 
WRITE (6.31) 'T' 
WRITE (6,93) (TT(J).J-l.N) 
WRITE (6.Jl) '2:' 
WRITE (6.93) (T2:(J).J·l.N) 

)1 FORMAT ( 1/51. 'GLOBAL BASE ACCELERATION 
, • DIRECTION (g' 'S) ') 

ENOIF 

IN THE' .A. 

WRITE (6.9290) OT[..01360 
CALL SMAX (N.cn".TK.na..TMN.Tl.T2.N.AV'E.STOE:V.RJ04S) OT[..OlJ'O 
TI-Tl-In'+TO Ot[..OI]BO 
T2-T2-OT+TO 0'[,,01390 
Tl.Tl ... TO OTL01400 
T2-T2+TO Ott.O 14 10 
wIUTE (6,9290) 'X-A.lIS ACCELERATION' .na.TLIMN.T2.AVE,STCEV.RMS OT[..01420 
CALL SMAX' (N.In'.TI.na:.IMN.Tl.T2,N,AVE.STOE'V,RJoI:S) Dlt.01430 
TI-TI-DT+TO DlLOIHO 
T2-T2-r7l'+TO DlL01450 
Tl-Tl+TO OTLOIHiO 
T'2-T2+TO OTL01410 
WRITE (6,9290) 'I-oUIS ACCELERATION' .na..Tl.IMN.T2.AVE,STOEV.RMS OTLOHBO 
CALL SMAX (N,DT.Tz.na..YMN.Tl.T2.N.AVE.STOEV.RJIIS) OTL01490 
1'l-Tl-OT+TO Ol[.,01500 
T2-T2-DT+TO OYL01510 
TI-Tl"'TO OYL01520 
T2-T2"'TO 0Y[..01530 
WRITE (6,9290) 'Z-,uIS ACCELERATION '.TlO:.TLI~.T2.AVE,STOEV,RJo(S OTL01540 

0Tt.01550 
C--------- CALCULATE MASS· COSINE 
C •••••• LOOP FOR DIRECTION - JOIR 

MAT RI X ~OR EACH ooF ••• OYL01560 
01[,,01570 
OYL015BO 
on01590 
OYL01600 
DnOHilO 
O'fL01620 
0!'101630 
OTL01640 
Oyt01650 
OlL01660 
OTL01610 
on016BO 
OTL01690 
OfL01100 
0Tt.01110 
OYL01'20 
on011 )0 
OYL017,0 
OYt,01750 
0!'t.017 60 
OTt.O 111 0 
OYLOI1BO 
O!'t.OlHO 
on01BOO 
OTLOIBIO 
DY[..01B20 
0'["0IB30 
OY[..01B40 
onOlB50 
DnOlB60 
DYL01910 
DnOlBBO 
OTL01890 
0'L01900 
DrLO 1910 

c 

00 90 JDI R-l. J 

ZERO MC MATRIX AND TEMP COSINE 
00 40 I-l.NooF' 

MC(I.JDIR)-O 
A( I )-0 

MATRIX F'OR JOI R 

C •••••• CONSTRUCT CoSINE MATRIX FOR JOIR 
C 

50 

OMIT ALL OO~ THAT ARE CONSTRAINED TO A MASTER OOF ••• 
00 50 NOOE-l.NNOOE 

ICOS .. JTCOS( NODE 1 
00 50 1t:-1.3 

IF (.NOT. 8TES1(J'l'F'LG(NODE).';:'+11) THEN 
lI-Ioor(NODE.It) 
A( I I 1 "'AC I! )'I"COSINE( Jor R.It. ICOS 1 

ENOIF' 
CONTINUE 

C •••••• !oruLTIPLT MASS'" COSINE MATRIX fOR JOIR 
c 

60 

10 

STORE IN MC( ,JDIR) 
00 60 J-l.NOOf 

MOJ-HO( J) +J 
M _J_(MD(J+l)-MD(J))"'i 
00 60 I-M. J 

MC(I.JOIR)-HC(I,JDIR) + HASS(MDJ-I) - A(J) 
00 70 1-2.NooF 

MOl-MDt I) +1 
M -I-(MO(I+l)-MO(I))+l 
00 70 J·M, I-I 

HC(I.JOIR)-)oIC(I.JDIR) ... MASS(MOI-J) • A(J) 

90 CONTINUE 

If (BUG 1 CALL WMATRX (MC. NOOF'. 3, 'MASS·COSINE·) 

6 

91 FORJQ.T (A) 
92 F'ORMAT(5x. 'DIRECTION OF ACCELERATION I I, 

, 41'.SS.F9.S,' I·.SP,~9.S.' J',~9.5.' .( 
93 F"ORMAT (lX.IP.IOGI2.4) 
94 F'ORMAT (/sx. 'INPUT ACCELERATION I 

, ' (g"!I) 
, l(lX.IP.I0Gl'2.4) 

c 
C···· .. · .. · .. -- .. -···----··········· .... ··-
C. INITIAL GROUND ACCELERATION •• -
C· ••••• - ._----...... - ••••••• - •• - ••• --.-

IF (T.GE.TO .AND. T.LE.N·err 1 THEN 
I·(T-TO) IDT H 

ELSE 

ENDIF 

J·I +1 
R-( I"C1l'+TO-T) I err 
GAT( 1)·TX(I )"'R 
GAT(2)·TY(I)"'R 
G .... T( )·TZ(I )"'R 
IF (J.LE.N .ANO. R.NE.l ) THEN 

GAT[I)·CAT(l) + (l-RPTX(J) 
GAT(1)·GAT(2) (I-R)-Tt(J') 
GAT{J)·GAT(3) + (l-RPTZ(.J) 

ENOIF 

GATe 1 )-0 
GA'I'(2)·0 
GAT(3)·0 

G",T(I)" GAT(I)·GRAV 
GAT(2). GAT(2).GRAV 
GAT(3)- GAT(3)"'GRAV 

, .SS) 

I~ (aUG) WRITE (6,9279) 
Fl.E:TU~ 

T .TL,ACCELZ,GAT (1). GAT(2) ,GA'!' (3) 

c 
C·· .. •••• .. • .. ··-····· .. ••••• .. ··-------· .. ·--· .. 
C- Dc."!'EIUUN INCRIMENTAL "'CCELERATIONS ••• 
C -------------••••• - •••••• - .. -- ................ . 

200 CONTINUE c------ DETERMINE THE INCRIMENTAL "'CCELERATIOr.l 
00 201 1-1.3 

201 GA( I )-0 
T-T 

"'-'" 
C ••••••• • CURREN'l' ACCELERATION 

c 

IF (T.GE.TO .,\NO. T.LE.Nten' 
I·fT-TO) I err +1 

) THEN 

ENOIF 

.1-1+1 
R"(I"'DT-+-TO-T)/DT 
GA( 1 ).'!'X( I )·R 
GA(:il)·TY(I)tR 
GAe] ).TZ{I )·R 
IF (J.LE.N .ANO. 

GA(l) .. GA{l) 
GA{:il )-GA(2) 
GA( ])-GA( 3) 

ENDIF 
TXI·TX(I) 
UJ·'U{J) 

R.NE.l ) THEN 
( l-R)·TX(J) 
(l-R)-TT(J) 

'I" (l-R) -'n(J) 

c ........ PREVIOUS ... CC ELERATION 

c 

TF (TL.GE.TO • .ANO. TL.LE.NtI7f' 1 THEN 
I·(TL-TO)/en' +1 

ENOIF 

.1-1+1 
R-(I"'I7f'+TO-TL)/'Jr 
GA( 1 )·GA( 1)-TX( I) "'R 
GA( 2 )·GA( 2) -TT( I) "'R 
GAC 3 )·GA( 3)-TZ( I) tR 
IF' (J.LE.N .,AND. R.NE.I ) THEN 

GAO}-GA(l) - (I-R)"'TX(J) 
GA(2}-GA(2) - (l-R)"''!'T(J) 
GA{J)-GA(3) - Cl-R)·TZ(.1) 

ENDIF 
TU·'I'X( I) 
TXJ-1J:(J) 

C------ MlJLTIPLY B BY GRAv. 
00 215 1t:.1.) 

215 GACIt:)· GA(It:)'"GRAV 
c 

BE'l'WEEN TIME T AND TL 

OTt.O 1920 
DTLO 19]0 
DILO 19~ 0 
D'fL019S0 
DTL01960 
01[..01970 
DIL019BO 
OTL01990 
DlL02000 
OTLO::lOI0 
0'L02020 
DILO::l030 
oYL020ol0 
OTL020S0 
DTL02060 
0'![..02070 
DTL020BO 
DTL020Sl0 
DtL02100 
o1'L02110 
OTL02120 
DTLO::llJO 
OTL02UO 
01LO::ll50 
DTL02160 
OTL02110 
D'fL01180 
OTL02190 
DTL02200 
OTl,,022tO 
OTL022:il0 
DTL012JO 
DTL02240 
OTL02250 
OTL02260 
D1L02210 
OTL01280 
DTL022S10 
D'f[..02300 
O'fLO::l]lO 
D1'LO::i]20 
Dn02330 
DYLO:il340 
D!'L02350 
OT[..02360 
DTLO:il370 
0!'L02380 
D!'L02390 
01["02400 
01'L02410 
DTL02420 
OTL014JO 
OTL02440 
0l'L02450 
DIL02460 
OTL02410 
OTL024BO 
OtLO':I490 
OtLO-:l500 
OTL015tO 
OTL02520 
o1L025JO 
OtL02S40 
olL01S50 
OTL02560 
DTL02510 
O'fL02580 
OT[..02590 
OT[..02600 
OTLOalo 
OYL021520 
OTL02630 
OJL02640 
OlL02650 
OfL02660 
D't'L02670 
OYL026BO 
OTL02690 
OlL02700 
OTL02' 10 
DTL02720 
OTL02730 
OTL02740 

C------ CALC. ACCE:LERATION VEC'I'OR • -MASS '" 
00 :il:ii0 I·l.NooF' 

COSINE'" GROUND ACCELER..A'I'IONDTL01150 

C 

DO 2:il0 lIt·l.) 
220 P(I).P(I) - MC(I.X)"GA{JI:) 

IF (8UG) WRITE (6,92'79) T,TL,ACCE'LZ , GA(I).GA(2),GA(]) 
91i9 FOIU(AT(' DU,oA. 1'1'.lP,G12.4,' T[..I',G12.4,' ACCEL2:J'.GI2.4.1 

, OlLOA. XI'.lP,Gl1.4.' '1',GI:il.4,' ZI'.GI2.4) 
IF' {BUG} CALL WMAT'R.I'.(P,NOOF,l,'INCRIMENTAL LOAD') 
RE'TU~ 

Dl'L02i60 
0'fL02'70 
DTL02780 
DTL02790 
OTL02eOO 
DTL02810 
OTL02B20 
DTL02830 
OTL02840 

9::1BO FOIU(AT ( I]X. 20.1 •• .... ,MUN 
TI"4£ 

'l'IME 
AVERAGE 

'.IX. 01L02850 
,. IUNIMUN AT 
,. RMS ') 

9290 F'ORJ(J,T (JX,A.IP.7GI5.S) 

STANDARD oev.'. u:. OTL02860 
DTL02810 
DTL028eO 
OTL02890' 

END OTL02900 
C •••• - •••••• --.-•••••• - ......................... --------- -----"'----'"'---···-ELEOOOIO 
C DEBUG UNIT(6),TRACE,SU8CHIt:,INIT,SUBTRACE ELEOo020 
C END DEBUG 8LEOOOJO 
C ••• •• _ .......... ___ • ____ •• _ ...... _ ......... -------------____ • ------.----•• ELEOOO 4 0 

305 

SUBROUTINE ELE:LIB ELE00050 
, (IOPT .LSTTTP ,PRINT ,IREL.HEAO,NAJoIE.EESE.EPSE.DAJoV.GE. I::LE00060 
, OUCFAG. ELE00070 
, IELNO .IELooF.ItGOOF,PGEOM,RINPU1.A.XIAL. IOISP. lLOAD.MSTOR) ELE00080 

t.oGICAL '(SAJolE.ERFI,FIRS"I'.PRINT.HEAD,AJlIAL.BTEST ELE00090 
CHARACTER.BO NAME ELE00100 
DIMENSION RINPUT( 100) ELEOO I 10 
DIMENSION "'SAT(I2,12),SAT(12,12),STIfF'(1B) ELE00120 

INCLUDE (ZCOMNJ 
IOPT·IOPT 
1'01' • 12. 
IC • NZ(IZELE+IELNO) 
IZE["E- IZELE 
IZELNo- IELNO 
IF (.NOT.(IOPT.EQ.l .OR. IOP'T.EQ.9 » IELTTP - NZ(ICl 
IELTYP • N2:( IC) 
IF (L~Tn.EQ.IELTTP) THEN 

F'IRST-.E'ALSE. 
ELSE 

• 
ENOI~ 

F'IRST·.TRUE. 
IF (HEAD) WRITE (f5,30S) TnLE(l).'I'ITLE(2) 
~ORMAT ('1 STRUCTURE •••• : '.A,I 

, SOLUTION ••••• I '.A,/) 

MSTOR·O 

IizlJ:~~!~4EQ.l) THE~ 
I U:E· IC + 2B I'1"NZ (IC·l 3J) 
IZL)oII(G"IC+121 
IF( MAJ'E:LD .LE. 0 ) I'tA.l:EL!>1 
IF (IOPT.NE.3) CALL ELEOl 

(IOPT .1UNIT ,INC ,F'IRST ,PRINT 
HOOF .NLOAD ,MA.Xt-IOO ,NNOOE ,NCOS 
NZ(IZID) .NZ(I'Z.IOOF), Z(IZCORO) , Z(IZCOS ) ,NZ(I2:JCOS) 

Z(IZCNST) • Z([OISP) ,2:(I["OAO) • rREL ,BUG 
IBUG • Z(IUGD'r) ,N'Z{IZItGr7l'+l),GRAV ,PGEOM 

ELE00130 
ELE00140 
ELE00150 
ELE001150 
ELEOOI10 
ELE00180 
ELE00190 
ELE00200 
ELE00210 
ELE00220 
ELE00230 
ELE00240 
ELE00250 
ELE00260 
ELE00270 
ELE002BO 
ELE00290 
ELE00300 
ELEOoJIO 
ELEOOJ20 
ELEOOJ30 
ELEOO]40 
ELEOOJSO 
ELE00360 
ELEOO]70 
ELE00380 
ELE00390 
ELE00400 
ELE00410 
ELEOO'20 
ELEOO4JO 



MAXELD 
5'l'EP[D 
tESE 
N'3{ IC ) 

Z(tC+ !II) 
zr'c+ 10) 
Z(!C+ 15) 

NZ ( T ZLJo~ I 
Z( IC"lljl) 

NZ( IC+117) 
NZ( ICd3]) 

Z(IHE ) 
Z(I." ) 

,NELD 
,AXIAL 
, EPSE 
,HZ(IC'" 1) 
, ,,(IC+ 6) 

, 2:( IC" 11) 
, Z(IC" Hi) 
, Z( IC+ 15) 
,NZ( IC+l13) 
, Z( Ie+-119) 
, z{IC+134) 

HS"!'OR ·r-IZ(IC+lJ3) 
IELOOF'·NZ(IC"l) 
IZLMJt.G-IC+ljll 
IZItEltG·I'2oItE .. NZ{IC+120) 
I(GOOF' "N'2o(IC+-119) 

,NZ(IZIELD) 
, tELNO 

DAAAGE 
, Z( IC+ 2) 
, Z( IC.. 7) 
, ZOC" 12) 
, Z( IC+ 2B) 
, Z( IC+ 95) 
,NZ(IC+ll4) 
,NZ(lC+119 ) 
, Z(IC+136) 

ELSE IF (IELT'TP.EQ.2) 
AXIAL·.FALSE. 

THEN 

I ZItE" I C+5 S+NZ (IC+ 12) 
IZLM-tC .. 40 

CALL ELE02 
( IOP'I' 

"D'" NZ(l zro) 
Z( I ZCNST) 
IREL 
GRAV 
IELNO 
DAJo(AGE: 

,IUNIT 
, NLO~D 
,NZ(lZIOOF) 
,Z(IDISP ) 
, BUG 
, PGEOM 
, RINPUT 
, DUCFAG 

,NEWIt: 
,HAXHOD 
,Z( IZCORD) 
,Z( IZD .... EL} 
,18UG 
, E:LSTIC 
, EESE 

,Z{IZELD) 
,IUNPUT 
, DUCFAG 
, Z(Ic+ 3) 
, Z( IC+ 9) 
, Z( IC+ IJ) 
, Z( Ic+ ~O) 

, Z(lC" 94) 
,NZ( IC+l15) 
,NZ (lC+120 I 
,NZ( IC"290) 

, FIRST 
, NNOOE 
,,,( I ZCOS) 
,2:( ILoAO ) 
,I'LCCEL 
,NME 
, EPSE: 

,NAME 
,Z(IZF'UB) 

, Z( IC+ 4) 
, Z( IC" 9) 
, Z(IC+ 14) 
, Z(IC+ 52) 
, Z(IC+-lOJ) 
,NZ(IC+116) 
,N'lo( 1 ZLMItG) 
, Z( IC+2S1) 

,PRINT 
,NCOS 
,NZ(IZ']COS) 
,Z(I ZFUB) , 
,NZ(IZltGOT+I) , 
,STEPID 
, INC 

NZ( IC ) ,NZ(IC+- 1) ,NZ(IC" 2) ,NZ(IC+ 3} ,NZ(IC" 4) 
NZ( IC+ 5) , Z(IC+ 6) , '2o{IC+- ') , Z( IC" B} Z( IC+ 9) 

z(1C+- 10) , Z(IC+ 11) ,NZ(IC .... 12) , Z(IC+ 13) Z(IC+ 14) 
NZ(IC+ IS) , Z(IC+ 16) ,MZ(IC'" 040) ,NZ(IC+ 52) Z(lC" 5J) 

Z( IC+- 55) 
IOPT-IOPT 

,Z(IUE ) 

MSTOR ·N'2o(IC+12) 
IELOOF·N'3[IC+l) 
rZLMItG·O 
IUEJt.G·O 
Jt.GooF ·0 

ELSE IF (lELTTP.EQ.J) THEN 
I ZItE-tC+167+Nl.( IC"S) 

CALL ELE03 
(rOPT ,rUNIT 

HOOF ,NLOAD 
NZ(IZIO) ,NZ(IZIDoF) 
,,(IZCNST) ,Z(IDISP) 
I REL ,BUG 
GRAV ,PGEO,", 
IE:LNO ,Rlr-IPUT 
INC ,DAAAGE 
N'Z( IC ) ,NZ(IC+ 1) 
NZ( IC+ S) ,NZ(IC+ 6) 
NZ(IC+ 10) ,Ni(IC+ 11) 

Z{IC+ 17) , Z(IC+ 20) 
l.(IC'" 32) ,NZ(IC+- 33) 
'2o(IC+154) , Z(IC+155) 

N'Z(IC+159) , Z(IC"160) 
MSTOR aNt,(IC+S) 
IELOOF·NZ(IC+l) 
IZLIol-IC"34 
IZLMJt.G·tC+58 

,NEWlt 
, HAXNOD 
,Z( IZCORD) 
,Z(IZDVEL) 
,IBUG 
, ELSTIC 
,AXIAL 
,DUCFI'LG 
,NZ(IC+ 2) 
,NZ(IC'" 7) 
,N'~(IC ... 12) 
, Z(IC" 2J) 
,N?(IC" 34) 
, Z(IC+156) 
, Z(lC .. 161) 

IZltEJt.G-IC+167"NZ(IC"'S) .. NZ(IC+J3)·1 
!l';GOOF -NZ(IC .. lS9) 

ELSE: IF (IELTTP.EQ.9) 
/\XI AL-. F'ALSE. 

TH"" 

IZJt.E·IC ... S5+N'Z(ICt12 ) 
IZLM-IC+-40 

CALL ELEOB 
&. (IOPT 

"OOF 
MZ( IZIC) 
Z(HCNST) 
IREL 
GRAV 
IELNO 
DAJoIAGE 

,IUNIT 
, NLOAD 
,NZ(IZlDOF) 
,Z(IDISP 1 
, BUG 
, PGEOJII 
, RIHPUT 
, DlICF'.t.G 

,NEWIt 
,MAXNOD 
,Z(I ZCORD) 
,'lo( t ZDVEL) 
, reUG 
, ELS'I'IC 
, EESE 

, FIR6'I' 
,NNOOE 
,Z( I 'loCOS) 
,Z( ILOAO ) 
, ACCEL 
,NAME 
, EE:SE 

,NZ( IC'" J) 
,NZ(IC+ B) 
, Z(IC+ 13) 
, Z(IC+ 2/5) 
,NZ(IC+ 5B) 
, '3(IC+157) 
, Z(IC+16i) 

,FIRST 
,NNODE 
, Z(IZCOS) 
,'lo(ILOAD ) 
,ACCE:L 
,NAAl:: 
, EPSE 

,PRINT 
,NCOS 
,N'lo(1'loJCOS) 
,,,(I'loFUB) , 
,NZ( I 'lo'ltGD1' +-1 ), 
, STEPID 
, EPSE 

,NZ( IC" 4) 
,NZ( IC" 9) 

Z( IC" 14) 
Z(lC" :il9} 
'2o(IC+ BjI) 
'2o(IC+15B) 
Z (I ZJt.E ) 

, PRINT 
, NCOS 
,NZ (IZJCOS) 
,Z(IZFU8) , 
, NZ(lZltGO'!'+1 ), 
, STEPID 
,INC 

NZ( IC } ,NZ(lC+ 1) ,NZ(IC .. 2) ,NZ(IC+ 3) ,NZ(IC+ 4) 
N2:(1C+ 5} 

Z(lC+ 10) 
NZ( IC" 15) 

" 'lo( IC+ 55) 
IOPT·IOP'!' 

, Z(IC .. 15) , Z(IC .. 7) , Z(IC" B} 'lo(tC+ 9) 
, Z(lC .. 11) ,NZ(IC+ l:iI) , Z(lC" 13) , Z(IC+ 14) 
, Z(IC" 115) ,NZ(IC+ 40) ,NZ(IC+ 52} , Z(IC+ 53) 
, Z(IUE ) ) 

HsrOR ·NZ(IC+12) 
I ELOOF'·NZ (lC+l) 
IZLHJt.G·O 
IZII:EJt.G-O 
ItGOOF -0 

ELEOOHO 
ELE004,)0 
ELE00460 
ELE004iO 
ELE004S0 
ELE00490 
ELE00500 
ELE00510 
ELE00520 
ELE00530 
EL..E00540 
ELE005S0 
ELEOOS60 
ELEOOS70 
ELEOOS80 
ELEOOS5IO 
ELE00600 
ELE00610 
ELE00620 
ELE00630 
ELE006040 
ELE006S0 
ELE00660 
ELE006iO 
E:LE006BO 
E:LE006510 
ELEOOiOO 
E:LE00710 
E:LE00720 
E:LE:001JO 
ELE:00740 
ELE:007S0 
ELE00760 
ELE00770 
ELE001BO 
ELEOOBO 
ELEOOBOO 
ELEOOBIO 
ELEOOB20 
E:LEOOB]O 
ELEOOB40 
E:LE00850 
ELE00860 
ELEOOS70 
ELEOOSeo 
E:LE:OOS90 
ELE:005l00 
ELE00910 
ELE005l20 
ELE:00930 
ELE:005l40 
ELEOOSISO 
ELEOOSI/50 
ELEOO5l10 
ELE005l80 
ELE005l90 
ELEO 1000 
ELEOI0I0 
ELEOIO';lO 
ELEOIOJO 
ELEOI040 
ELE:OI050 
ELEOI060 
E:LE:OIOiO 
EL£OlOSO 
ELE01090 
ELE:OII00 
ELE:OlllO 
ELEC1120 
ELEOllJO 
ELECll4C 
ELEOll50 
ELEO\l60 
ELE01l70 
ELEOI1BO 
ELE01190 
ELE01';1CO 
ELE01~10 
E:LEOl2'20 
ELE012JO 
E:LE01240 
EL£01250 
ELEOl260 
ELE:012iO 
gt,EC12BO 
E:LEC1290 
ELE01300 
E:LEOIJlO 
ELE01320 
ELEO 1330 
ELE01340 
ELE013S0 
ELE01360 
ELEOlJiC 
ELEOIJ80 
ELEOll90 

ELSE IF (lELT'fP.EQ.9) THEN ELE01400 
tZLM.IC+iJ E:LE01410 
t Z1tE.ICH 5S+NZ( IC+141) ELE014::iO 
IZLMJt.G-IC+ljl9 ELEOl4JO 
IF( MAXELD .LE. 0 1 )l(AXELD-l ELE01440 
CALL ELE09 ELE01450 

"( IOPT, lUNIT. INC, NEWlt, nRST, PRUI'I' ,NOOF', Nt.OAD,KAXNOD, NNODE,NCOS, ELE:014150 
"N,,(lZID),ELSTIC,NZ(IZICOF'),Z{IZCORD) ,Z(lZC06 1 ,NZ(IZ,JCOS) ELE01470 
" Z(lZCNS1'), Z(IDISP) , Z(ILoAD) , IRE:L ,8UG ELE01480 

rBUG ,ACCEL ,NZ(IZItGOT+l),GlV.v ,PGEOM ELE014510 
I'IAXELO ,NELC ,NZ[I?IELD) ,Z(UELD) ,Nl\.HE ELE01500 
STEPID ,AXIAL ,IELNO ,RINPIJ'r ,Z(IHUB) ELEOISIO 
EESE , E:PSE, DAMAGE,DUCFAG ,NI(Ie) ,N"Z(IC+ 1) , ELE015j10 

, NZeIC·2) ,N"Z( IC+3) ,N3(IC+4) ,1<IZ(IC+5) ,Ni(IC+6) ,Ha(IC"") ,Z( IC+B), 8LE015JO 
, Z (IC+9), 'lo( IC+I0), Zi( IC+ll). 'lo( IC+12), Z( tC+IJ), a (IC"'lo4), Z (IC+lS), ELE01S40 

Z(IC+16), ,,( IC+17) ,N:I(IC+19) ,N:I\ IC+19) ,HZeIc"201,NZ(IC+Jl), ELEOlSSO 
N'lo( IC+22), N2:( rC+2]), Zi( IC .. 24), Z( IC+25), 2:( IC+J7), 'lo( IC+49), Z{ IC+iSl), ELEOl:'/50 

N'lo(lZLM ) , Z(IC+ B5} , Zi(IC+ 94) , Z(IC+IOJ) ,Z(IC+112) ELE:01570 
N2:(IC"'l:iIl) ,NZ(IC+IJ2) ,NZ(IC+12J} ,NZ(IC+124) , ELE015BO 
NZ(IC+l:i15) , Z(IC+12iS) ,NZ(IC+127) ,NZ(IC .. l:iI9) ,NZ(I'loLMItCi), ELE01590 
NZ(IC+141) , Z(IC+142) , Z(IC+144) ,NZ(IC"2BB) ,NZ(IC+299), ELEOliSOO 
NZ(IC ... ao) ,NZ(IC+2!H) ,N'lo(IC+292) ,NZ(IC+:iI93) ,N2:(IC+HO, ELEOliSlO 
NZ (IC+:i!95), Z (IC+296) ,Z( IC+29'), Z (IC+:;;99), Z{ IC+299), Z( tC .. JOO), ELE01620 

Z (IC+301) ,z (IC+30J) ,Z (lC"303), Z (IC+304), Z( IC+JOS), Z(lC+306), ELEOUiJO 
" Z( IC+307) ,Z (IC+308), Z (IC+309), Z( IC+310), Z (IC+311), Z (IC+312), ELEO 1/540 
i Z(IC+313),'2o(IC+314),Z(IC+45S),Z(IZJt.E),Z(IW)) ELE016S0 

MS1'OR ·NZ(IC+l41) 
I ELOOF"N'lo ( IC+l) 
!ZLMItG-IC~1:il9 

IZItEJl:G-t'loItE:" NZ(IC"12B) 
ItGOOF "NZ,(IC+127) 

ELSE Ir (IELTTP.EQ.12) THEN 
AXIAL--_FALSE. 
IZLM=IC+50 
IZItE·IC"S40"NZ( IC+ 104) 
IF( M.AJ:E:LO .LE. 0 ) I'IAXELD-l 
CALL ELE1:il 

&. (lOPT ,rUNI't' ,INC,NEWIt ,FIRS"!' 
&. NCOf" ,NLOAD , MAXNOD ,NNODE 
&. N'2o(IZID),ELSTIC,NZ(IZIDOF),Z(IZCORD) ,Z(IZCOS ) 
, Z{IZCNST), Z(IDISP) ,Z(ILOAO) , IREL 

rBUG , ACCEL ,NZ(IUGDT+I),GRAV 
MAXELD ,NELD ,N,,(IZIELD) ,Z(IloELD) 
STEPID ,IE:LNO ,RINPUT ,Z(IZFUB) 

, PRINT 
,NCOS 
,~Z(IZJCOS) 

aUG 
, PGEOM 
,NAME 

ELE01660 
ELE016iO 
ELE016S0 
ELE01690 
E:LEOliOO 
ELE01710 
ELEOli20 
ELE01730 
ELEOI7~O 
ELE01750 
ELEOl160 
ELE01770 
ELE01780 
ELE01790 
ELEOIBOO 
£LEOl810 
ELEOIB20 
E:LEOI8JO 
E:LEOIB40 
ELE019S0 

7 

10 

EESE: ,EPSE,DAMAGE,DUCf'AG ,NZ(IC) ,HZ( IC+ 1) 
Z(IC" 2) , HIC" 14) , Z(IC+ 26) , Z(lC+ 39) 
NZ(ULM ) , Z(Ie+ is:i!) , Z(lC" 71) , Z(IC'" BO) , 1.(IC+ 99) 
NZ(IC+ 96) ,N"Z(IC+ 5l5l) ,NZ(lC"100) ,N'&(lC"'lOl) 
N1.(IC+I02) , Z(IC+I03) 
NZ(IC+I04) , '&(lC"'10S) ,Z(IC+I0i) 'lo(IC+251) ,Z(IC+)95) 
NZ(IC+5J9) , '3(1C+540) ,Z(IHE) ) 

MSTOR -N2i(IC+I04) 
IELCOF-NZ(IC+L) 
IZLMItG-O 
IZI\EltG·O 
Jt.GOOF' -0 

ELSE IF' (IELTJP.EQ.14) THEN 
tZltE·IC .. 167+NZ( Ic .. 5) 

CALL ELE14 
(lOP't' ,IUNIT 

NOOF ,HLO~D 

NZ(IZID) ,NZ( lZ1ooF) 
Z(IZCNST) ,Z(IDISP} 
IREL ,BUG 
GRAV ,PGEOM 
I ELNO ,RINPUT 
INC , DAXAG E 
NZ( IC ) ,NZ(IC+ 1) 
NZ( IC" S) ,NZ(IC+ 6) 
NZ( IC+ 10) ,NZ(IC'" 11) 

Z (IC" 17) , lo( IC ... :i!0) 
Z( IC+ 32) ,NZ(IC" 33) 
Z(1C .. 154) ,NZ(!C+155) 

NZ( IC+159) , Z(IC"'160) 
MS'!'OR ·NZ( IC+S) 
rELOOF'-NZ(IC"I) 
IZL ..... IC+34 
IZLMItG-IC ... 59 

,NEWIt 
,MAXNOD 
, Z(IZCORD) 
,~(I'loDVEL) 

,IaUG 
, ELSTIC 
,AXIAL 
, QUcrAG 

F'IRST 
, NNODE: 
, Z(IZCOS) 
, lo(ILOAD ) 
,ACCEL 
,NAJ04E 
,EESE 

,NZ(IC+ 2) ,NZ(IC" 3) 
,NZ(IC" 1) ,N'lo(tC" S) 
,NZ(IC" 12) , Z(IC'" 13) 
, Z( IC+ 2J) , 'lo(IC+ 26) 
,NZ(IC'" 34) ,tU(lC" 5S) 
,rn(IC"'lS6) ,N2:(IC+lSi) 
, Z(IC+161) , Z( IC+l/5i) 

IZitEItCi-IC"'167+NZ(IC"'S) + NZ(IC+3J)-1 
ItGOOF ·N2i{IC+lS9) 

ELSE 
WRITE (6,10) IELNO 
E:RR-.TRlJE. 
FORMAT(' ELEMEN'!' ',16,' IS NOT AVAILABLE' ) 

E:NDIF' 
LS"!'TTP·IELTTP 
IOPT·IOPT 

, PRINT 
,NCOS 
,NZ(IZJCOS) 
,Z( rzE'UB} , 
,NZ( IZJt.GDT"'l), 
, S'T'EPID 
, EPSE 

,NZ(IC+ 4) 
,NZ( rc+ 9) 

Z{IC+ 14) 
Z(IC+ 29) 
Z(IC'" 92) 
Z(IC+lSB} 
Z( I'loII:E 1 

ELE01860 
ELE0187C 
ELE01960 
ELEOIS90 
ELEO L900 
ELEO 1910 
ELEO 1920 
ELE01930 
ELE01940 
ELE01950 
ELE01960 
ELE019iO 
ELE01980 
ELEO 1990 
ELE02000 
ELE02010 
E:LE02020 
E:LE02030 
ELE02C40 
ELE02050 
E:LEO:;;060 
ELE:02070 
ELE020S0 
ELE02090 
ELE02100 
ELE02110 
ELE021jlO 
ELEO:illJO 
ELE02HO 
ELE021S0 
ELE02160 
ELE02110 
E:LE02190 
ELE02190 
ELEO:i!::iOO 
ELE:02:;;10 
ELEO:;;no 
ELEO:il230 
ELEO:;;240 
ELEO:;;2S0 
ELEO:il:i!60 
EL..EO:l;no 
ELE024B0 
ELE02:i!90 
ELE02JOO 
E:LE02310 

RETURN ELEOJl20 
eND ELE02))0 

C ••• •••••• •••• ----...... ---............. - ••••• - .------.... ------------------- ELEOOO 1 0 
C DE8UG UN'lT(6),TRACE,SUBCHI{,INIT,SUBTRJl.CE ELE00020 
C END DEBUG E:LE:OOOJO 
C--••••• •••• ...... - .--•• ---•• ---••••••••••••••• - -- _ ••••• -- ._------.-•• - •• ELEO 0 0 4 0 

SUBROUT INE ELELOA( BUG, NF, NEL,,", ,I4AXELD, NELD, N"COF', NLOAD, FORCE, I E;LD, ELEOOO SO 
" gt,D,ICISP,ILO~O ,NAJIIE,TITLE:,HEAD) ELEOOQ60 

C ELE00070 
C NOTE ON ARGUMEN'I'S. THE LOAD MATRIX FORCE IS PASSED FROM THE CALLING ELEOOOBO 
C ROUTINE. F'ORCE IS EQUIVAL.ENCED TO THE Z MATRIX BT THE CALLING RDUTINELE00090 

IE. Z(ILOAD)·mRCE(l.l), WHERE lLOAD 15 THE OFF'SET IN 'l'HE Z MATRIX. ELEOOIOO 
BOTH THE CALLING ROU'l'INE AND SUBROUTINE ELE LIB USE THE Z MATRIX ELEOOIIO 

- ELE:00120 
DIMENSION FORCE ( NCOF, NLOAD) , I ELO( S, MA.XELD} , ELD( 12 ,M.AXELD) ELEOO 130 
DIMENSION RINPIJ'r( 100) ELE00140 
LOGICAL FIRST,HEAD,FALSE EL£OOI50 
LOGICAL AXIAL,BUG ELE:001/50 
LOGICAL 8TEST ELE00170 
CHARACTER.(·) TI'l'LE(2) ELE00190 
CHARACTER·(to) NAJIIE E:LE:00190 
CHARACTER'"20 TTPE:,DIRI E:LE00200 
CHARACTER'"40 DIR ELEOOnO 
CHARACTER'"1 CX(6) ELEOO:i!:i!O 
FIRST·.TRUE. ELE00230 

:. F'ORMAT ('1 STRUCTURE::. •••• ',A,f ELEOO:i!40 
, 'SOLUTION •••••• ',A,/) ELEOO:i!SO 

/5 FORMAT (I' ELEJoIEHT LOADS ',I E:LEOO:il is 0 
, ' •••• ----.-------- ',II ELEOO:i!70 
, IX,' LOAD ELEM GEN INC GROUP' DIRECTION VALUES •••• 'I) ELEOO:i!80 

C 12.14 51234 S1234 S123 4 51.11:ilJ4 567 B90 1234567990 ELE00290 
C •••• ------•• ----........ ELE00300 
C· INPUT LOADING DATA .- ELE00310 
C-•••••• ----.... ----...... ELEOO]JO 

H-O ELEOO3]O 
10 N.H~l ELEOOJ40 

IF' (N.GT_Il\A..XELD) GO TO 100 ELE00350 
20 READ (5,'") (IELD(I,N),I·1.4),TTPE,OIRI,E:LD(I,N) ELEOO]60 

DIR.1TPEIJDIRI ELE003iO 
IF' (INDEX(DIR, 'END').NE.O) GO TO 100 ELEOO]60 
NELD-N ELE00390 
IF (FIRST) THEN ELE00400 

IF (HEAD) WRITE: (6,5) TI't'LE(l) ,'l'ITLE(2) ELE00410 
WRITE (is,6) ELE00420 
FI RS'!'-. F'ALSE. ELE004]0 

ENDIF ELE00440 
c ELE00450 
C···--~- PROCESS LOAD GFlOUPS AND READ ADDITIONAL INFO ••• ELE00460 

ELE00470 
ELE00480 
ELE00490 
ELEOO'SOO 
ELE00510 
ELE00520 
ELE00530 
ELE00540 
ELE00550 
ELEOOS150 
ELE00570 
ELE:OOS80 
ELE00590 
ELE00600 
ELE00610 
ELE00620 
ELE00630 
ELE00640 
E:LEOOISSO 
ELE0061S0 
ELE00670 
E:LE006BO 
ELE00690 
ELE00700 
ELEOOi 10 
E:LE00720 
E:LE007JO 
ELEOOHO 
ELE00150 
E:LE00760 
ELEOO7iO 
ELE:OOiBO 
ELEOOi90 
ELE00600 
ELEOOB 10 
ELE00920 
ELEOOe30 
ELEOOB~O 
ELEOOB50 
ELEOOB60 
ELEOOB70 
ELEOQBBO 
ELE008510 
ELE00900 
ELE00910 
ELE009:i!0 
ELE00930 
ELEOOHO 

IF (UDEX(DIR,'CONC').NE.O) THEN 
Jl::ODE-lOO 
J-2 
8AC'ltSPACE(S) 
READ (5,-) (IEtC(I,N),r·l,4),TTPE,DIRI,(ELD(I,Nl,I-l,J) 
DIR-TTPEIIDIRI 
CALL CltRNG(ELD(2,N) ,0.,1., 'DIS"!'ANCE:') 

ELSE IF' (INDEJ(OIR, 'UNIF') .NE.O) THEN 
J-l 
ItODE·:i!OO 

ELSE IF (INDEX(DIR,'VARR').NE.O) THEN 
ItODE·JOO 

J-' 
BACKSPACE{ 5) 
READ (5,-) (IELDtI,N),I-1.4),TTPE,DIRI,(ELD(I,N),I·l,J) 
DIR-TYPE/JDIRI 
CALL CItRNCi( E;LD{ 3, N), O. ,ELD( 4 ,N), 'DISTANCE') 
CALL CItRNG(ELD{ 4, r-I), ,e:LD( 3, N), 1. , 'DISTANCE' ) 

ELSE IF (INDElI:(DIR, 'F'E,..,' ).NE.O) THEN 
Jt.ODE-400 
J·ljl 
BACItSP~CE( 5) 
READ (5,'") (IELD(I,N),I';l,4),T'fPE,DIRI,(ELO(I,Nl,I·l,,]) 
DIR·TTPEI!DIRI 

ELSE 
WRITE(6,30) 'INVALID LOAD T'!PE'. 

GO TO 20 
ENDIF' 

(IELO( I ,N) ,1·1,4) ,CIR,ELD( 1 ,N) 

IF (INDEX{DIR,'rx').NE:.O) THEN' 
ItODE-ItODE .. l 

E:LSE IF (INDEX(DIR,'FT').NE.O) THEN 
ItODE·'ltODE+2 

ELSE IF' (lNDEX(DIR,'FZ').NE:.O) THEN 
ItODE-Jt.ODE+3 

ELSE IF (INDEX(DIR,'MJ(').NE.O) THEN 
ItODE·ItODE .. 4 

ELSE IF' (INDEJ( DIR, 'MT') .NE.O) THEN 
ItODE:-Jt.ODE"S 

ELSE IF' (INDE:X(DIR,'MZ').NE.O) THEN 
Jt.ODE·ItODE+6 

ELSE IF (ItODE.NE.400) THEN 
WRITE(6,30) 'INVALID LOAD DIRECTION', 

GO TO 20 
ENDIF 
1 ELD( S, N) ·ItOCE 

(rELD( I ,N) ,1·1,4), DIR, (ELD( 1 ,N) ,1-1, J) 

"'RITE(6,40) [IELD( I ,N), 1.1.'), DIR, (ELD(I ,1'1),1-1,.]) 



GO TO 10 

JO FORMAT (' •• A, • --- LOAD !S sltlPPEO'1 
, lX,4I5,IX,A20,IP,ISG14 .IS, :/(42X,I5Gl~.6) 

40 FORMAT (IX.4IS.IX,AJO,IP,ISGH.I5,:/(~2X,ISG14.6) 
c 
C------- RrTUF\N IF NO ELEMEN'T' L.OADS WERE INPUT 

100 IF (FIRS,,) RE:'I'URN 
c C-_----- LOOP ':'0 GENERATE MEIICB£R LOADS rOR EACH ELEMEIII'I' 

IOPT-6 

c 

00 101 IELNO·l,NELMT 
FALsE·_FALSE. 

101 CALL ELELIB 
, (lOP'!' ,LSTTYP .FALSE ,lREL.FALSE, NAME ,EESE,EPSE,DAMAGE, 
, OUCF.II.G, 

r ELNO , I ELOOf', ICGOOF, PGEOM. Ri NPUT. AXI AL, I 01 SP, I LOAD, MS'!'OR J 

C------- PRINT LOADS AT EACH OOF 
If' (BUG) THEN 

110 

NS"NooF-5 
DO 120 L-l,NLOAD 

IF (HEAD) WRITE (6.5) TITLE(I),TITLE(2) 
'fiRITE (6,130) L 
00 IJO I-loN5.5 
15-MIN«I+4).NOOF) 
00 110 J-I, 15 

II(-J-I"'l 
CX( It.J-' 
IF (J_GT_NF) CX(IC)·· .. • 
WRITE (6,140) (J,FORC£(J,L),CX(J'-I+l),J·I,I5) 

1JO CONTINUE 
ENDlf' 

130 FORMAT (' GLOBAL JOINT FORCES DUE TO ELEMENT LOADS' ,3X, 

140 

, • LOADING .',IS,10X. , , , 
, NOTEI· DENOTES SUPPORT DISPLACEMENT'I 
, ............... ____ ............................. II 
5X,S(' DOF',7X.'LOAO ')/) 

FORJolAT (SX,5(OP.I5,IP,GIL6.Al ) 

ELE00950 
ELE:00960 
ELE:00970 
ELe:00geO 
EL£00990 
ELEOIOOO 
EL£01010 
ELEOI020 
ELEOI030 
ELEOI040 
ELEO 1050 
ELEOI060 
ELEOI010 
Et.EOIOBO 
ELEOI090 
ELEOII00 
ELEOI110 
EL€01120 
ELEOIUO 
ELE:01140 
ELEOllS0 
ELE01160 
ELE:01l70 
ELEOllBO 
£LE01190 
ELE01200 
ELEOl210 
ELE01220 
ELE01230 
ELE01240 
ELE01250 
ELE01260 
ELE01210 
ELE012BO 
ELE01290 
ELE01JOO 
ELEOLJIO 
ELEOLJ20 
ELEOIJJO 
EL£OLJ~O 
ELE01J50 

RETURN ELE01J60 
END ELE01370 

il'PROCESS SOUMP OPT(J) GOSTMT XREF ELEOOOI0 
C- .. •• ................................. - ... - ................... -- .... - ........ _ ••••• ELEO 0 a 2 a 
C DEBUG UNIT(6),TR,ACE,SUBCHICINI'l',SUBTRACE ELE00030 
C END DE8UG ELE00040 
C .. •• ••••• •• .................... _ ...... -.- ... - - - ............................................. _. ELEO a 0 5 0 

SUBROUTINE ELE01 ELE00060 
,(10M ,IUNIT ,INC ,fIR5'I' ,PRINT ELE00070 
'NDOf ,N['oAD ,~NOD ,NNODE ",<COS ELEOOOBO 

10 ,IooF' ,COORD ,COSINE ,JTCOS ELE00090 
caNST ,DISPL ,F'ORCE ,IREL ,aUG ELEOOI00 
IBUG ,ACCEL ,ICGDATA ,GRAV ,PGEOM ELE00110 
MMELD ,NELD , I ELD ,ELD , NAME ELEOO 120 
STEPID ,A.XIAL ,IELNO ,RINPUT ,fUB EU:00130 
EESE , EPSE ,DAJoVIGE ,DUCfAG EL£00140 
IELTl'P ,IELOOf ,PICG ,H ,Q ELE00150 
AI ,AJ .C • !!II ,S..1 ELE00160 
S22 ,526 ,5212 .533 ,535 ELE:OO 17 0 
5311 .R ,RT .F .FT ELEOOIBO 
LM ,CTS ,CTE ,Bs ,BE ELE00190 
D ,NaDEl ,NODEJ ,JOINTI ,JOINTJ ELE00200 
REL ,LENGTH, ICGOOF ,LICG • LMItG E:LE00210 
lSE: ,ENGDAT, FMAJ: ,KAT ,SE:, ELE00220 
S'TU'F E[.E:00230 
FEM E[.E00240 

IMPLICIT REAL(A-H,O-Z) 

COMMON IRSA/ICOMN,RSAF( 12) 
REAL ICOMN 

EJ.,E00250 
EJ.,E00260 
ELE002iO 
E:LE00280 
ELE00290 
ELEOO)OO 

LOGICAL ERR, FIRST, PFUNT. eUG, FEMrLG, FALSE. AXIAL, BT'EST ELEOOJI0 
CHARACTER"BO NAJoIE EJ.,E00320 
CHARAC'rER"(") STEPlD EJ.,EOOJJO 
C HARACTER-6 IRELC ELEOO J4 0 
DIMENSION ItGOATA(3) ELEOOJ50 
DHIENsION I OOF( KAJ.NOO, 6 J ,COORO( MAXNOD, 6) ,COSIN E( J, ], NcaS) ELEOO HO 
01Jo(ENSION CaNST (!ltAXNOO, 15). ID( I'IAXNOO) ,J"J'COs(MAXNOD) ELE00370 
DIMENSION .ll.SAT(12 , 12),S.II.T(12,12),STIFF(1515) ELE003BO 
DlJo(ENslON A(12,lJ), S(IJ,lJ),L.)oI(IJ),L.MT(IJ),L)oIIC:G(IJ).FMAX(lJ) ELEOOJ90 
OIJo(ENSIOt>l AI IJ, 12.), SI 1J, 12), LM( IJ), LMT (IJ), L.JoIIC:G{ 12), FKA.X( 14 ~) ELE00400 
DIMENSION CTS( 3, J),CTE( 3, 3),cos["OC(3,3),VX(J),1IT(3),vZ(3) ELE00410 
DIME:NSION as( 3, 3),BE( J, :3),SE(15),ENGCAT(2) ELE00420 
DIMENSIoN R( 12), DISPL{NOOF, NLOAD), F( 12) ,RT( 1::1), F"l' (12), FUB( NOOF) ELEOOOO 
DIMENSION FORCE( NOOF, NLOAD) , I ELD( S, MAXELO) , ELC( 14 ,MAXELD) ELE0044 0 
01 MENSloN ASA t 14,1::1) , RI NPUT ( 100) ,FE","( 1J. NLOAD) , CiFEM t IJ ) ELEOO~ SO 
DIME!oISION DUCT(3).ElI:CR(6) ELEOOHiO 
DIMENS10N V(IJ),VL(12) E.LEOOOO 
REAL LENGTH ELE004eO 
REAL IX, I!. I Z, ICI 1 Z, IC:J'J'Z, ltIJ'Z .ItI IT, 1t...1J'T, IGJT, ItTI .T1J ELE00490 
INTEGER REL, RELT i.LEOO!lOO 
DIMENSION ","O( 13) ELE00510 
DATA 1010/1,2,4,7.11.16.22,29,37,415,515,67,191 ELE005:o10 

C ELE00530 
C - -- - - ----- - - - --- --- - - - -- -- - -- - - - --- - - ------- -- - ---- -- -- - --- - - - -- - --- ---ELEO 0 5 4 0 
C VARIA8LESI ELE00550 
C _ --------- - - ___ - - - ____________________________ ------- - ---- - - _______ ----ELEOO 56 0 
C __________ GLOBAL VARIABLES EL£00570 

C IOPT • 1, I!oIITIALIZE BEAJoI COLUJoIN ELEMEN"l' ELE00580 
C • J, CALCULATE GEO","ETRIC STIFFNESS ELEOOS90 
C • 3, FORJol STI fFNEsS ELE00600 
C • 4, CALCULATE INCREJoIENTAL FORCES E:LE00610 
C • 5. CALCULATE TOTAL FORCES AND ~£RGI ES Et.E00620 
C IUNIT • OUTPUT FILE UNIT' FOR PRINT1NG OUTPUT ELE006JO 
C ERR - ERR OR FLAG, IF AN ERR OR HAS OCCUREO, ERR-.TRUE. ELE00154.0 
C FIRST fLAG, FIRST •• TRUE., PRINT H~OERS ELE006S0 
C PRINT ... FLAG, PRINT·.TRUE., PRINT DATA ELE00660 
C NOOF -. OF GLOBAL COF ELE00670 
C NLOAD • f OF LOAD COMBINATIONS EL£OOISBO 
C MAXNOO •• ROW DIMENSION Of' NODE AR.RA! ELE00690 
C !IINODE ... OF NODES ELE00700 
C 10 ARIV.! or EXTE!=lNAL NODE NUHBERS ELE00710 
C rOOF • ARRA! OF DEGREES OF FFlEEOOM ELE007::10 
C COORD .. ARRA! OF CooROINATES ELE00730 
c COSINE· AFlRA! OF DIRECTION COSINES OF NODES ELEOOHO 
C CaNST • ARM! OF CONSTRAINT TRANSFORMATIONS ELE007 SO 
C OISPL .. GL.OSAL DISPLACDlENT MATRIX ELE00760 
C IZMA'I' PO LOCATIOr;l OF MATERIAL DATA IN GLOBAL STORAG£ VECTOR Et.E00170 
C NAME .. ELEMENT NAME ELE007 eo 
C IELNO • ELEMENT NUJoI8ER ELEOOHO 
C RINPUT .. !!\IPUT DATA ELEOOBOO 
C STIFF .. OUTPUT ELEMENT STIFFNESS (UPPER TRIANGULAR FORJol) ELEOOBI0 
C LM -"' OUTPUT LOCAL TO GLOBAL STIFFNESS )oQ.PPING )oQ.TFUX EL.EOOB20 
C~--------- ELEMENT V.II.RIABLES ELEOOB30 
C H,Q,AI,AJ,C,BI,BJ,sJJ,SJIS,sJ1J,s:3:3,s35,s311,O ELEOOB40 
C .. INDIVIDUAL TERJoIS IN THE ELEMENT S"l'IF'FNESS (S) MATtUX ELEOOB50 
C PltG • INPUT LOAD FOR FORMING GEOME'rRIC STIfFNESS MATRIX... ELEOOBISO 
CR.· INCRIMENTAL DISPLACEMENTS - ELEooeiO 
C RT • TO'l'Al. DISPLACE","ENTS ELE00880 
C F .. UICRIMENTAL FORCES £LE00890 
C FT • TOTAL FORCES £LE00900 
c LM '" LOCAL 1'0 GLOBAL STIFFNESS MAPPING MATRIX £LE00910 
C CTS • LOCAL TO GLOBAL ROT .... TION MATRIX START £LE00920 
C CTE .. LOCAL TO GLOBAL RO'!'ATION MATRIX END £LE00930 
C Bs • LOCAL TO GLOBAL ROTATED ECCENTRICITY/CONSTRAINT ""'TRIX STARTe:LE009~0 
C BE LOCAL TO GLOBAL ROTATED ECCENTRICITY ICONSTRAINT MATRIX END ELEOO!il50 
C STIFF ELEJoIENT STIFFNESS ELE0091S0 
C IELT!P .. ELEMENT TIPE • 10 ELE00970 
C NOOEI EXTERNAL JOINT NUMBER, END I ELE009BO 
C NODEJ • EXTERNAL JOINT NUMBER, ENO J EL£00990 

8 

C J'OINTI - INTERNAL .JOINT NUMBER. END [ ELEOI000 
C J'OINTJ - INTERNAL JOINT NUMBER, E:ND..1 ELEOIOIO 
C---------- 'TEHPROARY VARIABLES ELEOI020 
C VX • VECTOR DEFINING THE ELEMEN'J' X AXIS ELE.01030 
C VI VECTOR DEFrNING THE ELEMENT T A.XIS ELEOI0~0 
C COSLOC • L.OCAL COSINE MATRIX ELEOI050 
CA· GLOBA.[. 'TO LOCAL FORCE TRANSFORMATION MATRIX E('EOI060 
C S • ELEMENT STIFFNESS AT LOCAL COORD, A.T E:NDs OF PLEXABLE: PART £LE01010 
C SAT • PRODUCT Of' S"A' ELEOI0BO 
C A...SAT • PRODUCT all' A-SAT ELEOI090 
C - -------------- ----- ---- - -------------------- -- --- - - - - --- - - - - - _________ EL EO 11 0 0 
C ELE01110 
C------- CHOOSE OPTION ELE01120 

IF (IOPT.LT.l .0R.IOP't'.GT.14) ELE01130 
'WRITE p" .. ) 'INVALID OPTION IN ELE-Ol, IO?'I'·',IOPT ELEOll4.0 

c 

GO TO (100,200,300,400.500,600,100.1300,900,1000,1100,1200, 
, 1300,1400), lOP'!' 

100 CONTINUE 

C----- ZERO STRAIN ENERG! 

c 

ENGDAT(l) -0 
ENGDAT(J) • 0 

IF ( BTEST(IBUG,1) ) THEN 
WRITE (IS,-) NA.Jo!E 
CALL IoflItATRX(RINPUT,10, 1,'RINf'U'l") 

ENDIF 

C----- INTERPERTATE INPUT 
IELTYP- 1 

DATA 

c 

MAT • RI NPIJ'I' ( 1) 
NODEI • RINPIJ'I' ( 2) 
NODEJ • RINPUT( 3) 
VI(l) • RINPUT{ 4) 
VT(2) .. RINPUT( 5) 
IIT(3} • RINPUT( 6) 
IS • RINPUT( 7) 
XE • RINPUT( B) 
P~G - RINPUT( 9) 
RELT PO RINPUT( 10) 

C----- GE:'!' INTERNAL NODE t ASSOCIATED WITH EXTERNAL NODE .'S 
JOHiTI ·IQUICI{( NODEI • I D, NNODE) 
JOI N'l'J· IQUICIC:( NODEJ'. 10, NNODE) 
WRITE (6,-) '101',10 

C----- PRINT DATA FOR PLOTTING 
IF (BTEST(IBUG,:oI» THEN 

WRITE (7, 10) NODEJ, NOOEI, 
, (COORD{ JOINTJ, I), 1.1,3), (COORD( JOINTI. J'), ..1-1, J) 

10 f'OR)IAT (t5,IX,I5,lP,tiGIJ_4.) 
ENDIF 

c 
C- - - ---- --- - --- - --- ------------------- -- - - - - - -- -- - --- - - -- - -- -- -----
C GET GLOBAL TO LOCAL TRANSFORMATION MATRIX 

C --------- -- --- ----- ------------------ - - ------- --- - - - - - - -- - - - ------
C----- DEFINE VECTOR X. LENGTH 

101 

VIC 1 )-COORD(JOINTJ', 1)-COORD(JOIH1'I, 1) 
'IX ( 2 )·COORD( JOINTJ, 2) -COORD(.JO[NTI, 2) 
'IX (:3 )·CCORD( JOINTJ, 3) -COORD(J'OINTI, 3) 
LENGTH·SQRT( V'I( 1) "'hV'X( J) t1I2 .... VX( 3) - - 2) -XS-XE 
IF (LENGTH.LE.O) 'THEN 

WiUTE{6, 101) IELNO.JOINTI,JOINTJ.L£NGTH 
f'ORMAT(lX,20('·'),'ER','RQR - LENGTH IS LE 0',1 
SX, 'I ELMO-' ,IS, 51. 'JOINTI·' ,IS, 5X, 'JaINTJ'-',I 5, 
5X, 'LENGTH' ,1 P, G 15.1S 1 
51, 'REVISE INPUT •• _ •• _ ••••••••••••••••••••••• 'I) 
LE:NGTH·l.O 

ENDl f 
IF ( BTES"T(IBUG,I) ) THEN 

WRITE (6,") 'J01NTS' ,JOINTI,JOIN'TJ 
WRlTE: (6.") 'VJ",V'I 
WRITE (6,") 'VY',VT 
WRITE (IS,") 'LENGTH ' ,LENGTH" 

ENDIF 
C----- GET LOCAL TO GLOBAL TRANSFORMATION' MATRICIEs CT AND B 

ICS·J'I'COs( JOINTI) 

c 

I CE-J"l'COS( JOINT J) 
CALL ROTXn(V'I,VY,COSINE(I,I,ICs),CTS, XS ,o.,o.,as, 

, CONST(JOIN'TI.l),HAXNOD) 
CALL ROTnZ(VX,VT,COSINE(1.1,ICE).CTE.-XE ,O.,O •• BE, 

, CONST(J'OINTJ,I).MAXNOO) 
WFHTE( 6,·) 'LENGTH- ',LENGTH 
IF ( BTE5T(IBUG,7) ) THEN 

CALL WMATR.I.{ CTS ,:3, 3,'CTS ') 
CALL WMAT'R.I.( CTE • J, 3,'CTE ') 

ENDlf' 

C----- GET GLOBAL CONSTRAINT MATRII BS, BE 
C SS( 1,1 )-CONST( JOINTI, 1) -CTS{ 2,1 ) .... CONST (JOIN'TI, J)"CTS( 3,1) +BS( 1,1) 
C BSt 1,2 )-CONS'T (JOINTI. 1)-CTS(2, 2) .... CONS'l'( JOINTI, 2) -CTS( 3,:2) +BS( 1,2) 
C BS{ 1,J )-CONS"J' (.JOINT1. 1) "CTS( 2. J) +CONST{JOINTI,:oI) ooCTS( 3,3) tBs( 1.:3) 
C SS( 2 ,I )·CON5T( .JOINT I • 3 )*CTS( 1. 1) .... CON5't' (JOINTI, 4) "CTS{), 1) "'SS(:oI, 1) 
C 85(2. J. )-CON5T( JOIN'rI, 3 )-CTS( 1,2) +CON5't'(JOINTI, 4 )"CTS( 3,2) tBS( J,:oI) 
C BS(:oI, J )·CONS'T( JOINTl,) )-CTS( I, J) +CONST( JOINTI, 4 )*CTS{ J, 3) tBS(:oI, 3) 
C BS( 3. 1 ).CONS'I'( JOINTI. 5) *CTS( 1,1) +CONS'!' ( J'OINTI,6 )"CTS{:2, 1 )tBS( 3,1) 
C 8s( J, 2) -CONST( J'OI NT I , 5) *CTS( 1. 2)"'CONST( ..10INTI,15) "CTS{2, 2 )""BS( J. 2) 
C BS( J. J).CONST{J'OIH1'I, 5) *CTS( 1, J) +CONST( J'OINTI, 6) "CTs( 2,3) ""SS( 3,3) 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

BE( 1. 1 )-CONST(JOUfTJ, 1) -CTE( 2,1) +CONST( JOINTJ. 2) "CTE(], 1) ""BE( 1. 1) 
BE( 1,2 ).CONST( JOINT.J, 1) -CTE( 2,:il) +CONST( JOINTJ', 2) "CTE( 3,2) -+S£( 1,2) 
BE( L 3 ).CONST(J'OINTJ, 1) -CTEO,:3) tCONST( J'OINTJ'. J) "CTE( J. 3) tSE( 1,:3) 
BE( 2,1 ).CON5T( JOINTJ,3 )"CTE( 1,1) "'CONS" (J'OINTJ, 4) "C't'E( J. 1) ""eE( 2,1) 
BE( 2,2 )-CONST( J'OINTJ.3) -CTE:( 1, 2)""CONST (JOINTJ. 4) *CTE( J. 2) +BE( 2.2) 
BE( J. 3 )-CON5T( JOINTJ, 3) -CTE( 1,3 )""CONST( .JOINTJ. 4) "CTE( 3, J) +BE( 2, 3) 
BE( 3,1 )·CONST( J'OINTJ. 5) "CTE{ 1,1 ) ... CONST( JOINTJ, IS) -CTE( 2, 1) + !!IE ( J, 1) 
BE( 3,:01) ooCON~( JOIN'T'J. S) -CTE( 1,2) tCONST (JOIN'TJ, IS) -CTE( 2, J) "'BE( J. J) 
!!IE{3, 3) ·CONST (.JO[NTJ, 51"CTE( 1,) .... CONST (JOINTJ, 6) -CTE( 2. J) +B£( J, 3) 

IF ( BTE5'I'(IBUG,l) 1 THEN 
CALL WMATRX(B6, :3, 3, 'BS 
CALL WMATRJ:(BE, J, 3, 'BE: 

ENDIF 

ZERO Io4A.TRICIES 
00 ~O 1-1. 1:01 

f'XAJ:( I )"0 
F (I ).0 
n(l)·O 
R (I}.O 
RT(I )-0 
00 40 J-l, 12 

S(I, J)-O_ 
Atl,J')·O_ 

'J 
'J 

C----- AsSE","BLE TRANSFOR)oQ.TION MATRIX A 
00 50 1-1,3 

50 

c 

00 50 J'''l, J 
A(I .J )-CTS(I,J) 
A(I+3,..1t3)-CTS(I,J') 
A.( I +6, J+6)·CTE( I, J') 
A( 1+9, J-+!il) ·CTE( I ,J) 
A(I"'3,J )·8S(I.J) 
A{I+9, J+6)·8E(I • ..1) 

IF ( BTES'T(IBUG,J) ) CALL WMATRX( A 

C _____ GET H1t.TERIAL PROPEATl ES 
FALSE·. FALSE. 
L6TT!p·O 
CALL MAT LIB 

,IJ,IJ,' A 'J 

ELE01150 
ELE01l60 
ELEOl170 
£LEO I1BO 
ELEOU90 
ELEO tJOO 
ELE01210 
ELE01:2JO 
ELE.OIJ:30 
ELEOI24.0 
£LE01250 
ELEOIJ60 
ELE0l:270 
ELE01JBO 
E[..EOIJ90 
ELE01300 
ELEOl]10 
ELEO 13JO 
EL£01330 
ELE01340 
ELEOl]50 
ELEO 1360 
ELE;01310 
ELEO UBO 
EL'EO 1]90 
8LEOI4.00 
ELE01410 
ELEOI410 
ELEOI00 
ELE01440 
£LE014.50 
ELEOl4.60 
ELE01470 
ELE014BO 
ELE01490 
ELE01S00 
ELEOlS10 
ELE01520 
ELE:015JO 
ELE:OlS~O 
ELE01550 
ELE:01560 
ELE01510 
ELE015BO 
ELE01590 
ELE01600 
E:LE01610 
ELE01620 
EL£016JO 
ELE01640 
£LE01l550 
ELEOI660 
£L£01670 
ELE01680 
ELE01690 
ELE01100 
8L£01710 
ELE011JO 
ELEOl1JO 
ELEOIHO 
ELE01750 
ELE01760 
ELEOI770 
ELE017BO 
ELEO 1790 
ELEOIBOO 
ELEOIBIO 
ELEOIB20 
ELEOIB:30 
ELEOIB40 
EL£01B50 
ELEOIB60 
ELE01B70 
ELEOIBBO 
ELEO le90 
EL£01900 
ELE01910 
eLE01920 
eLE019JO 
ELE01940 
eLE01950 
ELE019 ISO 
ELE01!il70 
ELE019BO 
ELE01990 
ELE02000 
ELE02010 
ELEO:ol020 
ELEOJ030 
ELE02040 
ELEOJOSO 
ELE0201S0 
ELE02070 
ELE020BO 
EL£02090 
ELE02100 
ELE0:2110 
ELE02120 
ELE021JO 
ELEOJ 14. 0 
EL£02150 
ELE02160 
ELE02110 
ELE02180 
EL£OJI90 
ELE02JOO 
£(,E02210 
ELE0:2:220 
ELE0:2:230 
ELEO:olJ40 
ELEO:olJSO 
ELE02260 
ELE02210 
ELEon80 
ELE02290 
ELE02300 
ELE02J10 
ELE023:20 
ELE02JJO 
E:LE02J40 
ELEOJ:3S0 
ELEO:ol31S0 
ELEO:ol370 
EL.E02JeO 
ELE02390 
ELEO:ol400 
ELE02410 



c 

• I' · ..., 
• .... T 

,LS'I''l''I'P ,FALSE • !REL,FALSE,!-IAJ4E,EESE.EPSE,DUCT,EXCR. 
IF ,R't' .R ,V .VL .L.oELEM ,L)oLI.'!' , 
,P4A'l"t'TP,SE. I ELNO. DAMAGE) 

IF {IotATT'tP.Ni:.l1 THEN 
WRITE (6.190) IELNO,JoI.A.'''rYP,NOOEI.NQDEJ 

190 FORMAT (. ELE:M~'l' I ',115.' INCOMPlITI BLE MATE.R.A..L PROP. t' • t 5. 
Ii ' STMI.T JOIN1' I , ,IS.' END JOIN'!' I , ,15,1 

THE ELE)oIENT 16 REJECTED ANe ER' ,'ROR CHECI(ING CONTINUES') 
ERR- .TRUE. 
GO TO 191 

ENCIF 

EAX "SE( 1) 
GAT "SE( 2) 
GlIO!: "SE( 3) 
GIX "SE( 4) 
E:IT -SEC 5) 
EIZ "5E( 6) 

c -----. ____ • ___ - ______________________________________________ • ___ _ 

C DE:'TERMINE THE MEMBER RELEASE CODES C - ----__________ • __ - _________ -. __ - ____________________________ • ___ _ 

FlELT IS AN INPUT MEJIIBER RELF;ASE CODE 
REL 15 THE INTERNAL MEHIlER RELEASE CODE 

IlIT 6 ..uIAL - 1'RUE • ..uur. DEFORMATION CONSIDERED 

~g ~ : ~~ ~~~ ~ : --_l> TRUE-RELEASE 
BIT ] MZ AT END I 
BIT 2 ~ AT END J 
BIT 1 MY AT END J 
BIT 0 MZ AT END ,J 

Ii" [BTE5T(I8UG,:l)) WRITE (6,-) 'FlELT',RELT 
REL-O 
!RELC-' , 
IF (MOO(RELT,lD).NE.O) THEN 

REL-IBSET(REt.,D) 
I RELC( 15115)-' Z' 

ENDIF 
RELT-REt.T/10 
H' (MDD{REtT, 10) .NE.O) THEN 

REL- I B5E"l' (REL, 1) 
IRELC(515)-'T' 

E~OIF 

RELT-FIELT/I0 
IF (MOO(RELT,lD).NE.O) THEN 

REL-[BSE"1'( RE:L, 2) 
IRELC{4~4)-'X' 

ENDIf 
REt.T-RELT/lD 
H' ( ..... OD(REt.T.I.O).NE.O) THEN 

REL-IB5E'T(REL,J) 
IRELC(J:J)-'Z' 

ENDIF 
RELT-RELT/lO 
IF (J~OD(RELT.I0).NE.0) THEN 

FIEL- I BSET ( RE:L, 4 ) 
IRE1.C( 212)-'t" 

ENDIF 
REt.T-RELT/lD 
H' (MOD(RE-t.T,lO).NE.O) THEN 

REL- I BSE'T (REL, S) 
IRELC(lll)-'X' 

ENDIF 
c _________ SET STIFFNESS COIEFFICIEN'I'S ••• 
C----_____ 58't' CONSISTEN'I' IoIASS GEOME."'l'RIC STIfrNES6 COIEFFICIENTS ••• 

,l,Z-O 
BZ-O 
CZ-O 
DZ-O 
E:Z-O 
FZ-1.0 / LENGTH 

C •••••••••• BOTH ENDS RELEASED, Z-AXIS •••••••••••••••••••••• 
IF (BTEST(REL.O) .,\lIlD. BTES'I'(REL,])) THEN 

ItIIZ-O 
1t,J.1Z-O 
IU.1Z-O 

c .......... START END RELEASED, Z-AXIS ••••••••••••••••••.••• 
ELSE IF (BTE5'I'(REL,J)) THEN 

II:IlZ-O 
Jl:JJZ-J 
Jl:IJZ-O 
BZ- O. '20 • LENGTH 
EZ- 0.20 
FZ- 1.'20 / LENCTH 

c." .. "". END END RELEASED, Z-AXIS .. " ..... " ... " ...... 
ELSE IF (BTES"I'(REL,O» THEN 

ICIIZ-3 
ICJJZ-O 
ICIJZ-O 
AZ· 0.20 - LENGTH 
OZ· 0.20 
FZ- 1.20 / LE:NGTH 

C •••••••••• BOTH ENDS RE:LEASE:D, Z-,l.XI5 •••••••••••••••••••••• 
ELSE 

ItllZ-4 
IC.1JZ-4 
ItIJZ'"2 
AZ- 2 - LENGTH / 15. 
BZ- AZ 
C'Z.- LENGTH I 30. 
01.- 0.10 
EZ- 0.10 
FZ- 1.2 / LENGTH 

ENDIF 

AT-O 
Bt'-O 
CT-O 
01-0 
EI-O 
FT-l.O / ~ENGTH 

c .......... BOTH ENDS RELEASED, T-AXIS •••••••••••••••••..••• 
If (BTEST(REL,I) .AND. BTES'I'(REL.4)) THEN 

"'IIt'-O 
II:JJl-O 
"'IJl-O 

C •••••••••• START END RELEASED, l-AXIS •••••••••••••••••••••• 
ELSE IF (BTEST(REL,4)) THEN 

!l:.I IT-a 
IC.1JY'"' 3 
InJY'"o 
Bt'- 0.20" LENGTH 
ET- 0.20 
Ft- ~.20 I LENGTH 

C •••••••••• END ENO RELEASED. y-AXIS •••••••••••••••••••••• 
ELSE IF (BTEST(REL.l» THEN 

ICIIY-) 
KJJl-O 
ICIJl-O 
.I,.Y- 0.20" LENGTH 
DY. 0.20 
F'f- 1.20 I LENGTH 

C •••••••••• BOTH ENDS RELEASED, Z-AXIS •••••••••••••••••••••• 
ELSE 

ICIlt'-4 
IC.1JT-4 
ICI JY'" 2 
At'- 2· LENGTH I ~5. 
st'- At' 
ct'- LENGTH I 30. 

ELE02420 
ELE024JO 
ELE02440 
ELE02450 
ELE02t150 
ELE024JO 
e:LEO:<!4BO 
ELE024;0 
ELE02500 
ELE02510 
ELE02520 
ELE02530 
ELE02540 
ELE02550 
ELE0251S0 
ELE025JO 
ELE02580 
ELE025;0 
ELE021S00 
ELE021S10 
ELE02620 
ELE026JO 
ELE02640 
ELE026S0 
ELE02660 
ELE02670 
ELEO;J680 
ELE0:<l590 
ELE02700 
ELE02710 
ELEO:ll720 
ELE02730 
ELE02HO 
ELE02750 
ELE02760 
ELE0'2770 
ELE027B0 
Et.E02790 
ELEoaoo 
ELE02810 
ELE02820 
ELE028JO 
ELE02840 
ELE02650 
ELE02B60 
ELE028JO 
ELE0:l880 
ELE02890 
ELE02900 
ELE029l0 
ELE02920 
ELEO::l:9JO 
ELE02940 
ELE029S0 
ELE02960 
ELE:02970 
ELE029BO 
ELEO:<!990 
ELE03000 
ELEOJOIO 
ELEOJ020 
ELE030JO 
EL£03040 
ELEO]050 
ELEOJ0150 
ELE03070 
ELE03080 
ELE0.3090 
ELE03100 
ELEO]110 
ELEOJ120 
EL£OJIJO 
ELE03140 
E:LE03150 
ELEO]l60 
ELE03l70 
ELE03180 
ELEOJ190 
ELEOJ200 
ELEOJ210 
ELEOJ220 
£LE032.30 
ELE03240 
ELE03250 
ELE03260 
ELE03:;70 
ELE03::l:BO 
ELEOJ:290 
ELEO.3JOO 
ELEOJ310 
ELE0J320 
ELE03JJO 
ELE03J40 
ELE033S0 
£L£033150 
ELEOJJ70 
ELE03380 
ELEOJ]90 
ELE03400 
ELEOJ410 
ELE:03420 
ELE0343a 
ELE03440 
ELE03450 
ELE:OJ4150 
ELE03470 
ELEOJ4BO 
E:LEOJ490 
EL£0]500 
Et.e:03510 
ELE:03S20 
ELE035]O 
ELE03S40 
ELEOJSSO 
ELE03S60 
ELE03570 
ELEOJ5eO 
ELE03S90 
E:L'E:0]600 
ELE:03610 
ELE031520 
ELE0315]0 
ELEOJ640 
ELEOJ650 
ELE03660 
ELE036iO 
ELEOJISBO 
ELEO]690 
E:t.e:03700 
ELEOJ710 
ELE037:110 
ELEOJ'IJO 
ELEOJ'/40 
ELEOJi 50 
ELE0371S0 
ELEO]710 
ELE037BO 
ELE03790 
ELE03800 
ELE03810 
ELE03B20 
ELEOJ8JO 

9 

DT- O. ~O 
E:T- O.lO 
FI- 1.2 / LENGTH 

ENDIF 

IF (BTEST(REL,2) .AND. BT£ST(REL,5» THEN 
Jl:TI .0 
Jl:TJ -0 

ELSE IF (BTES'T(REL.5}) THEN 
ItT I .. 0 
~J -I 

ELSE IF (BTEST(REL,2)) Tj,\EN 
!tTl -I 
ItTJ .. 0 

ELSE: 
ItT I -1 
ItTJ .1 

ENCIF 

IF ( B'l'ES'T(IBUG,1) ) WRITE (6,·) ·!RE["c',IREt.C,'REL',REL 

C -- - - -- __ ---_______________ ---- ___ - _______________________________ _ 

C ASSEMBLE LOCAL STIf'FNESS )ltATRU 
C ---- - -- -- ---------------- ----- - -- --- - - - -------- ------____________ _ 

c 
c 

H-EAJ/LtNGTH 
Q-GIlI/LENGTH 
AI.ItIIZ.( EI2I/LENGTH) 
AJ-ItJJZ· ( EI Z /LENGTH) 
C -ICIJZ·(E:IZl1.ENGTH) 
BI-ItIl'f· (El'f /LENGTH) 
BJ-ItJJl. (El'f Ir..ENGT H) 
D -ItIn"CElT/LENGTH) 
522 - (AI+;t·C+AJ)/(Lc;NGTHU21 
S26-(AI~ C )/(LENGTH ) 
5212- ( C+AJ)/(LENGTH) 
S]] - (BI+2·0+B,J)/(LENGTH"2) 
5JS-(81+ 0 )/(LE:f'IGTH ) 
SJ1.1- ( D+BJ)/(LENGTH) 
5( 1, I) - H 
5( 1. 'I) --H 
5( 2, 2) - 522 
S( 2, 6) - S26 
S( 2. 8) --S22 
S( 2.12) - S212 
S( 3. ]) - s33 
5( 3, 5) --535 
5( 3, 9) --533 
S( 3,.I.l) --S]l1 
S( 4, 4) - Q • !tTl 
S( 4,10) --0 
S( 5, 5) - 81 
S( 5. 9) .. slS 
5( 5.11) - 0 
S( 15, 6) - A.I 
5( 6, 8) --S215 
S( 6,12) - C 
5( 'I, 7) - H 
S( B, 8) • S2:l 
S( a,12) --5412 
S( 9. 9) - 533 
5( 9,11) - 5311 
S( 10.10) - 0 • ItTJ 
5(11,11) - BJ 
5( 12 .12) - A,J 
5( 5, 3) S( J, 5) 
5( 6, 2) - 5( '2. 6) 
S( 'I. 1) - S( 1, 7) 
S( B, 2) .. S( ';i. B) 
S( 8, 6) - S( 15, 8) 
S( 9. J) - 5t 3, 9) 
S( 9, 5) - St 5. 9) 
5(10, 4) - 5( 4,10) 
S(ll. 3) - 5( J,ll) 
S( 11, 5) S( S,11) 
5( 11, 9) - S( 9,11) 
S( 12, 2) - S( 2,12) 
5(12, 6) - S( 6,1.2) 
S( 12, 8) - 5( 8,12) 
IF (FlRS'I') CALL IoI'KATRX{ S ,12,12.' S 'J 

C----- CALCULATE SAT 

60 
c 

00 ISO 1-1.12 
00 150 .1-1.12 
SA'I'(I.J)-o 

oa 60 It-l.12 
SAT (I, J)-SAT (I. J) +S( I, 1t)"A(J,It) 

C----- CALCULATE ASA'!' 
00 70 1-1,12 

c 

00 :l0 J-l,12 
",SI\T(I.J)-O 

00 70 !I:.-1,12 
'10 ASAT (I. J)-ASA.T( I, J) "'A( I. JI:) ISA'I' (It, J) 

IF ( BTES'I'(IBUG,8) ) CA.L..L WMATRX(ASAT ,1:11,12,' ASAT '1 

C----- DEGREES OF FREEOOH 
C RE)(OVE COF'S THAT ARE CONSTRAINED TO THE SAME oaF ••• 

00 75 1-1,6 

c 

IF ( lDOF(JOINTI,I).NE.IOOF(JOINTJ,11 ) THEN 
LMT(1 )-IOOF(JOINTI,I) 
LMT (1 ... 6)-1 DOF( JOIHTJ, I) 

ELSE 
t..t4T(I j.O 
LMT(I+6). 0 

ENDIF' 
75 CONTINUE 

c----- CONVERT TO HALF STORAGE MODE BT COLUMNS 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1 , , 

L-O 
I ELDOF-O 
00 90 1-1.12 

10 15 21 ;te J6 45 
9 14 20 '21 35 44 
8 13 19 26 H 43 
1 12 18 25 )) 0: 

111724nu 
162] 31.0 

22]039 
29 J8 

" 

55 615 18 NUIoiBER INDICATES 
54 65 1'1 LOCATION OF DATA 
5J 64 16 IN ARRAY srI FF 
526315 
51 62 i4 
50 lSI 73 
49 60 72 
485971 
475870 
415 57 159 

566B 

" 

IF (LH't'(I).EQ.O .DR. ASAT(I,I).LE.O) GD TO 90 
I ELooF-I ELOOF +1 
t.M(IELooF)-LM't'( I) 
00 90 J-I, 1.-1 

IF (t.M't'(J).EO.O .OR. ",SAT(J,J).LE.O ) GO TO 80 
L-L+l 
STIFF(L)-ASA'l'(I, J) 

80 CONTINUE 
90 CONTINUE 

If ( BT ES'T ( IBUG. 'I) ) THEN 
WRI'I'E (6,·) 'LMT-',LMT 
WRITE (IS,.) 'IELDOF',IELDOF,'LM -',(t.M(I),I-l.IELOOO') 
CALL t.MATRX( S"I'HF. t.l;D, IELOOF, (L+l) •• ELEMENT STIfFl'IESiS') 
WRITE (6,-) 'II::GD"TAI',ItCD"TA,' PP;GI'.PItG 

ENDIF 
C - - - - - -- - -- ---------------- - --- - - - - - -- - - - - - - - --- - ------------------
C ASSE}I(ElLE GEOJolETRIC STIFFNESS IoIATRlX FOR A UNIT LOAD ••• 

Et,EO]840 
E~EO]850 
ELE03B60 
ELE03870 
ELEOJ8BO 
ELE03890 
ELE03900 
ELEOJ910 
E:LE03920 
Et,EOJ9JO 
ELE0J940 
ELE03950 
ELE03960 
ELEOJ9'10 
ELEOJgeO 
ELE03990 
ELE04000 
ELE04010 
ELE040::l:0 
ELE040JO 
ELE04040 
ELE04050 
E1.E040150 
ELE040'l0 
ELE04080 
Et.E04090 
ELE04100 
ELE04110 
ELEO~ 120 
ELE04130 
E:t.E04140 
ELE04150 
ELE041150 
ELE041'l0 
Et.E041BO 
ELE04190 
E:LEOnOO 
E:LE04210 
tLE04220 
ELE042]O 
ELE04';i40 
ELE04250 
£LE04260 
ELE042'O 
ELE042S0 
ELE04290 
ELEOOOO 
ELE04310 
ELE04J20 
ELE04J30 
ELE0040 
ELE04J50 
E:LE04360 
ELE04J70 
ELE04380 
ELE04]!;0 
ELE04400 
ELE0ol410 
ELE04420 
ELE044JO 
ELE04440 
ELE04450 
ELE04.460 
8LE044'O 
ELE04480 
EL£OU90 
ELE04500 
ELE04 S10 
ELE04520 
ELEO~ 530 
ELE04540 
ELE04SS0 
ELE04560 
ELE04570 
ELE04SBO 
ELE04590 
ELE04600 
ELE04610 
ELE04620 
ELE046JO 
ELE04640 
ELE04650 
ELE04l560 
E:LE04570 
ELE041S80 
ELE04690 
ELE04100 
ELE04710 
ELE04720 
ELEOOJO 
ELE04HO 
ELE04'lSO 
ELE04760 
ELE041'10 
ELE0080 
ELE04'90 
ELE04BOO 
ELE04B10 
ELE04S:;0 
ELE04830 
ELE04B40 
ELE04850 
ELE04B60 
Et.£048'10 
ELE048BO 
E:LE04990 
ELE04900 
ELE04910 
ELE04920 
ELE04930 
ELE04940 
ELE04950 
ELE0491S0 
EL£04970 
ELE04980 
ELE04990 
ELEOSOOO 
ELE05010 
ELE05020 
ELEOSOJO 
ELE0504C 
E:t.E05050 
Et.E05060 
ELE05010 
ELE050BO 
ELE05090 
ELE05100 
ELEa5110 
E:LE:05120 
E:LE05130 
ELE05140 
ELE0515c 
ELEOS160 
ELE05liO 
ELE05180 
ELE;05190 
E:LE05200 
ELEOS210 
Et.EOS220 
ELE052JO 
ELE05240 
EL£052S0 



C-------------------______________________________________________ _ 
LltG-L 
IF ( PP:G.EQ.O .AND. It.GOATA(1).NE.2 ) THEN 

AXI AL-. FALSE. 
REL- r BCLFl( FlEL, 6 J 
GO TO leo 

£NDIF 

E:LEOS260 
ELEOS2'/0 
ELE:OS290 
ELEO~290 
ELEOS300 
ELEOSJIO 
ELEOS320 

C ELEOS330 C----------- DETERMINE IF AXIAL DEFOFOQ.TION IS CONSIDERED ELEOS340 
C BIT '6 Of RE:L IS TRUE IF' UlAL DEFORMATION IS CONSIDERED ELEOSJ50 

9" 

00 999 I-I. J ELECSJ60 
CS·CTS( 1,1) ELEOS370 
CE-CTE( 1,1) E:t.E05380 
IF (MS(CS).LE •. ClOOl .AND. ABS(CE).LE •• 0001 ) GO TO 999 E:LEOS390 
IS-IooF(JOINTI.1) ELE05400 
IE-IooF(JOIr.;ITJ,I) E:LE:OS410 
IF (IS.E:Q.IE:) GO '1'0999 Et.EClS420 

FlEt.·IBS~( FlEL, 15) ELE05430 
CON'TINUE E:LE05440 

AU AL- BT ES'!' [REL, 6) 
IF ( BTEST(IBUG,7) ) \l/'RITE (6.·) 'A.XIALI',AXIAL 

ELECl54S0 
ELE05460 
ELE05470 
ELEOS480 

IF (ItGOATA{l).NE.O .AND. ItGDAT"'(2).NE.0 • .-.ND. BTE:ST(REL.6)) THEN ELE05BO 
ELE05500 c---------- DETEIU4INE THE ,UIAL LOAD TO BE USED FOFl !l::G •.• 

IF (I(GD"'TA(l).EQ.l) THEN 
£LE0551.0 
EL£05520 
ELE05530 
ELE05540 
EL£OSSSO 
ELEOS51S0 

PGEOM· P!l::G 
E:LSE IF (J{GOATA(l).EQ.2) THEN 

PGEOM· 0.50-(F'(l)-F[7» 
SNDIF 

C 
C--ASSEIoI8t.E LOCAL GEOIolE'I'RIC STIffNESS MATRIX FOR ... UNIT 
C ZERO LOCAL J{G MATRIX 

:xl 998 I-l,n 
00 99B ~·l, 12 

998 S( I, J)·O 
c 
C--------- LUMPED MASS FORM DF GEOMETRIC 

c 

IF (!l::GDATA(2).EQ.l) THEN 
n·l/LENGTH 
S( :ii, :iI). Fl 
S( 2, e)· -Fl 
S( e, 2). -Fl 
S( 8, 8)- Fl 
S( J. J). Fl 
S( J, 9). -Fl 
S( 9, J). -Fl 
S( 9, 9)- Fl 

STIFFNESS 

c--------- CDNSIS't'ENT MASS FORM OF GEOMETFHC STIFFNESS 
ELSE IF (ItGDATA(2).EQ.2) THEN 

S( 2, 2)- Flo 

ElIIDIF 

S[ 2, 6). DZ 
S( 2, 8)· -FZ 
S( 2,12)- EZ 

S( 6, 2)· DZ 
S( 6, 6)· A.Z. 
S( 6, 8)· -DZ 
S( 6,12). CZ 

S( 8, 2). -FZ 
S( 8, 6)- -DZ 
S( 8, 8)· F2i 
S( 8,12)- -EZ 

S( 12, 2)- EZ 
S( 12, 6)- -ez 
S( 12. 8)- -EZ 
S( 12.12)- BZ 

S( 3, J). Fr 
S( J. 5)- -OJ 
S( 3, 9). -F1 
S( 3.11)- -Er 

S( 5, 3)· -OJ 
5( S, S)· AT 
S( 5, 9)- D1 
S( 5,11)· -CY 

S( 9, J)- -F'J 
S( 9, 5)· Dr 
5( 9. Sl)· FY 
S( 9,11)· Er 

S( 11, J). -Er 
S( 11, 5)· -CY 
S( 11, 9)· ET 
S(11.11)· 8! 

t.QAD ••• 
ELEOSS70 
ELEOSs80 
ELE05590 
ELEOs600 
ELEOS6lCl 
£LE05620 
£LE05630 
£LEOs640 
£LE05650 
ELE05660 
ELE05670 
ELE05680 
ELE05690 
ELEOS700 
ELEOS710 
ELEOS720 
ELE057.30 
ELE05HO 
ELEOS7S0 
ELE05760 
ELE05770 
ELE05i80 
ELE05790 
ELEOS800 
ELEOS810 
ELE05820 
ELEOS8JO 
ELE:OS840 
E:LEOS850 
ELEOS860 
ELE05870 
E'LEOS880 
ELEOS890 
ELEOS900 
ELEOS910 
ELEOS920 
ELEOS9JO 
Et.E05940 
ELE:059S0 
ELe:05960 
ELE:05910 
ELE059BO 
ELE:05990 
ELE015000 
ELEOlSOI0 
ELE06020 
E:LE060JO 
ELE06040 
EL£015050 
ELE060150 
ELE06070 
EL£015080 
ELE060Sl0 
£LE06100 
£LE06110 

IF (BTEST(IBUG,e») CALL WMATRI( S ,12,12,' I(G -LOCAL COORD ') £t.£061:i10 
c 
C----- CALCULATE SAT 

1060 
C 

00 10150 1.1.12 
00 1060 J.l, 12 
S"'T(I,J)·O 

00 1060 11:.1. 12 
SAT (I .~).SAT (I ,J) +S( I,ll:) -A(J, It) 

C----- CALCULATE ... SAT 

1070 

c 

00 1070 1-1.12 
00 1070 J.L12 
ASATtI ,J)-O 

00 10iO lC-l,12 
ASAT( 1. J)-AS"'T( I, J) + ... ( r ,lCl -SAT( 1t,,J) 

IF (BTES't'(rBUG.8») CALL WMATRX(A.S"'T ,12,12,' 

C----- CONVERT TO HALF S'rORAGE MODE BJ COLtMNS 

c 

1080 
1090 

ItGooF-O 
00 1090 1·1.1'2 

IF (LM'T(I).EQ.O .OFl. ASAT(!.l).LE.O) GO TO 1090 
I(GooF·!l::Goor-+l 
t.HICG( ICGOOr-)-w.rI'( I) 
00 1080 J.I,I,-1 

IF (Lfofi'{J).EQ.O .OR. ASAT{J,J).~E.O ) GD TO 1080 
L·L .. 1 
STIff( L )·ASAT (I, J) 
CONTINUE 
CONTINUE 

IF ( BTES'I'(IBUG,7) ) THEN 
WFlITE (6,-) 'I{GOOf',II:GOOF,'LMI{G ·',(LMJ{G(I),I-l,ItGOOFl 
CALL t.MATRX(S'TIFF(LI{G+I) .HD,ICGOOF, (L-LI(G), 
'ELEMENT GEOMETRIC STIFFNESS (UNIT LOAD)') 

ENDIf 
ENDIf 

C----- FlELEASE UNUSED STORAGE 
180 IREL-156-L 

PRINT CDLUMN' DATA 
IF (FIRST .DR. BTEST(IBUG,/) .OR. BTEST(IBUG,8) ) WRITE (15,192) 

191 WRITE(6, 193) NAME, I ELND,MAT ,NODEI ,NODEJ. I RELC, LE:NGTH, 
, vt(1).V1(2),VT(3),XS,-XE.PICG 

EL£061JO 
EL£06140 
ELE06150 
ELE06160 
ELE06170 
E:LE06180 
ELE06190 
ELE06200 
ELE:06:i110 
ELE06:i120 
ELE06230 
ELE06240 
ELE062S0 
ELE06260 
ELE06270 
ELE06280 
ELE:06290 
ELE06300 
Et.E06JI0 
ELE015320 
ELE063JO 
ELE06340 
ELE06J50 
ELEOISJ150 
ELE015310 
ELEQISJ80 
Et.EQi5HO 
E:LE064QO 
ELEQ6UO 
ELE064:10 
ELE064JO 
8LE06440 
ELE0i5450 
ELE064150 
ELE06470 
ELE064eo 
ELE064Sl0 
ELE0i5500 
ELE06510 
ELE065:10 
ELE065JO 
ELE06S40 
ELE06SS0 

ISl2 FORMAT(!' ELEMENT oe, 3D BEAJoI ELEMENT'II E:LE06560 
, T22, 'flo MATI.. ST ... RT END',' REL CD'.JX,'LENGTH',JX, ELE06570 
'li('-'),' J-AXIS " ELE06580 
, 12('-'),' ST ... FlT DIS"!' END DIST PltG') ELE06S90 

193 FORMAT(lX,"'IS,416,2X,A,lP,GI2.4,0?, ELE06600 
, F9.S,' 1',S?,F9.5,' J'.F9.5,' It',lP,SS,3G12.4) ELE015610 

RETURN ELE0151520 
C------------------- •• _-_. OE:'l'ER)oIINE GEOME:TRIC STIfF ---.. • .. -----......... ELE0615JO 

200 CONTINUE ELE06640 
C- ItG IS DETERJoIINE:D FOR" UNIT LOAD WITH IOPT-1. ELE015650 
C- THE ACTUAL LOAD (?GE:OM) IS DE'I'ERJoIINED HERE. ELEOlS660 
C- I(G IS MULTIPLIED aT PGEOM ."HEN THE TOTAL STIFFNESS IS ASSE:MaLED ELE015670 

10 

C- NEGATIVE PGEOM IS COMPRE:SSION •••• 
AXI AL· BTEST ( REI.., 6 ) 

c 
C---------- DSTERMINE THE AXIAL LOAD TO BE: USED FOR ItG ••• 

IF (.-.:A:IAL) TH£N 
IF (/(GDATA(l).EQ.l) THE:N 

PGEOM - PJl:G 
ELSE IF (ltGCATA(l).EC.:2) THEN 

PGEOM - 0.50"(f(1)-F(71) 
ENDIF 

ENDIF 
If (BTEST(IBUG,i)) WRITE (6,") ',uIAL '.AXIAL,' PGEOMr',PGEOM 

ELE06580 
ELE061590 
ELEOIS/OO 
ELE015710 
ELE06720 
ELE06730 
Et.E06i40 
Et.E06750 
Et.E015760 
ELE:06i70 
£LE06780 
ELE067Sl0 
E:LE06eOO 

RETURN E:LE06810 
C···---···-·----------···· OE:"!'ERMINE STIFFNESS -.-· •••••••••••• -· •••••• ·ELE068:i10 

300 CONTINUE ELE06830 

F'ORCE-FRAJoIE: DISPLACEMENT MATFl!X 
THE ST!FFHE:SS IS S't'ORED IN STIFF, THE: MAPING MATRIX IN LM 
THESE HAVE THE GLOBAL ... DDRESSES IZICE AND lZLM ••• 

EL£06840 
ELE068S0 
ELE06860 
ELE06870 
ELE06880 

RE'TURN EL£06890 
C········--······-·_··-··· DE:TER)oIINE INCRIMEN'I'AL FORCES -----*----_ •• ___ ·ELE06900 

400 CONTINUE: ELE06910 
IF (PFlINT.ANO.FIRST) WRITE (6,491) STEPID ELE069'20 

c 
C------- CALL Bt<LOA. '1'0 DE'l'ERMINE THE fIXED END FORCES 

IF (~ELD.GT,O) THEN 
CALL 8HLOA.( I ELNO, FEMFLG. LENGTH, FlEt., JoIAX ELD, NELD. NLOAD, 

, FEM,IELD,£LD) 
ELSE 

FE)I4FLG·. FALSE. 
ENDIF 

c 
C------ LOOP FOFl EACH LOAD 

00 430 t.O"o-l,NLO ... D 
c 
C------ TRANSFORM FRAME DISPL INTO LOCAL DISPL 

410 
c 

DO 410 I·l,J 
R(I )-0. 
R(I+J)·O. 
Fl( 1+6)-0. 
R( 11'9)-0. 
DO 410 J·l,3 

DI-0ISPL(IOOF(JOINTI,J ),LOAD) 
02-01 SPL( I OOF( JOINT I , J+J) • LOAD) 
DJ-DISPL(IOOF(JOINTJ,J ).LOAD) 
D4-DI SPL( I OOF( JOIN'TJ, J+3) • LOAD) 

R(I )-R(I )+CTS(J,l)-DI '" 8S(J.r)-D2 
R( 1 +3)·R(I.3 )+CTS(J, I) *02 
Fl(I+6)·R(I1'6)+CTE(J,I)-DJ + BE:(J,I)-D4 
R( I +9)·R( I +9) +-CTE( J, I) -D4 

C------ IHCIUMENTAL FORCES 

c 

F( 1)- 1-1- (Rr 1 )-R( 7») 
F( 2)- S22-(R( 2)-R( 8))+S215-Fl( 6)+5212-1<.(12) 
F( J)- SH"(R( J)-R( 9))-SJS"Fl( 5)-S311-R(11) 
F( 4)· Q- (R( 4 )-R( 10)) 
F( 5)-_S35 I (R( J)-R.{ ~))+BI"Fl( 5)+O-R(lI) 
F( 6)- S26-(R( 2)-R( 8)) ..... r-Fl( 1S)+C"R(12) 

F( 1). -H"(R( 1)-R( 7)) 
F( 8)--S2:Z"(Fl( 2)-R( 8))-S215"R( 
F( 9)--SJ3-(R( J)-R{ Sl)+SJ5.Fl( 
FOO)· -Q- (R( 4) -R(lO)) 
F(ll)·-SJll-(R( J)-R( 9)+ O"Fl( 
F(2)- S212-(I:q 2)-R{ 8))+ C·Fl( 

15)-S212"Fl( 12) 
5)+S311-R( 11) 

5) +BJ-R( 11) 
6)HJ*Fl(l2) 

C------ SUBTFl.ACT OF FIXED END FORCES 
If' (FEHFLG) THEN 

00 420 1-1.12 
no f(I)·F(I)-FEM(I,LOAD) 

ENDIF' 
c c------ DE."TERJ!fINE M.A.XIMUN VALUES FOR )«lILT I PLE LOAD CASES 

IF (NLO"'D.GT.l) T1-IEN 
00 425 1-1.12 

IF ( AB6(f'(l)).GT.ABS(fHA.l(I·12-12+I)) ) THEN 
DO 426 J-O,11 ". F)(AI( l"lJ-l1+~)·F[~+I) 

ENOIF 
425 CONTINUE 

£NDIF 
c 
C------ PRINT FORCES 

rF (BTEST(IBUG,O).ANO.PRIN'Tl 
" WRITE (6.493) IEL~O,LOAO,NOOEI,(R(J),J·l,6), 
" NDCE~,(R(J),J-7,12) 

IF ( PRIN'T) WRITE (6.492) IELNO,LOAD,NOCEI,(F(J),J-l,15), 
i NODEJ', (F(J). J-7, U) 

430 CONTINUE 
C 
C---THIS IS FOR SOLOSA USE ONLr 

IF( ICOMN .EQ. 1 .OR. ICOMN 
00 431 1-1.12 

.EQ. 2 ) THEN 

c 
c 

.31 RS ... F(I )-F(I) 
ENOIF 

C------ CALCUL ... TE ~EHBER FORCE ON JOINT, AND ... DD TO UNBALANCED FORCES 

.. 0 

.40 

THIS IS USED TO CALC UNBALANCED FORCES. 
DO 440 1-1.J 
Il-looF(JOINTI,I ) 
n·lOOF(JOINTI,I+3) 
Jl-IOOF(JoIN'l'J,I ) 
~2- I OOF( JO INTJ, I +3) 
00 440 J.l, J 

FUB( Il )-FUB( I 1) 
FUB(12)-FUB(12) 
FUB(I2)--rUB(I:ill 
FUB(J1)-FUB(Jl) 
FUB(J2)·FUB(J2) 
FUB(~:I)·FUB(J'2) 

00 440 .1·1, J 
FUB(Il)·FUB(Il)+-CTS(r,J)-(F(~ )+M(~ ) 
FU8(I2)·ruS(IJ)+ BS(I,J)-(F(J )1'FT{J )) 
FUB( 12 )·fUB( 12) +CTS( I ,J) - (F(J+3 )"'F"I' (~+3)) 
FUB( .11 )·ruB( Jl) +CTE( I ,J)" (F(J+6 )+PI"( ~+6») 
FUB( ~2 )·fUB( J2) + BE( I, J)" (F(J+6 )+F'r (J-+6») 
FUB( .12 ).FUB( J2) +CTE( 1,,J) 11 (F(~+9) +M'( .1+9) ) 

ELE0C59JO 
ELE06Sl40 
ELE06950 
ELEC6Sl60 
£LE06970 
ELE06Sl80 
ELE06990 
ELEOiOOO 
ELE07010 
ELEO/020 
ELE070JO 
ELE07040 
ELE:07050 
ELE01060 
ELE070/0 
ELE01080 
ELE010Sl0 
ELE07100 
ELE07110 
E:LE07120 
ELE07lJO 
£t.E07140 
£L£07150 
ELEO' 160 
ELE07l10 
ELE07180 
£LEO') 190 
ELE07200 
ELE07210 
ELE07220 
ELEO'/2JO 
EL£07240 
ELE07250 
ELE07260 
ELEOH70 
ELE:0i280 
ELE0i290 
ELE07300 
ELE07l10 
ELE07320 
ELE07J30 
ELE01340 
ELE073S0 
ELE01360 
ELE07370 
ELE073BO 
SLE01390 
ELE07400 
ELEOHIO 
ELEOH20 
ELEOHJO 
ELEOH40 
ELEOH50 
ELE01460 
ELE:OH70 
ELEOH80 
ELE014 90 
ELE01500 
ELE01S10 
ELE07S20 
ELE07 S30 
ELE:07540 
ELE07550 
ELE07 S60 
ELEO'/S70 
ELE07S80 
ELE07590 
ELE01600 
ELE01610 
ELE01620 
E:LE016JO 
Et.E07640 
ELE07650 
ELE07660 
ELE07iS/0 
EL£07680 
£L£07690 
ELE07iOO 
£LE07l10 
ELEO'/HO 
ELEon 30 
ELEO,/i40 
ELEon so 
ELE07760 
ELE07770 
ELEon80 
ELE07190 
EL£07800 
Et.E07810 
£LE01820 
ELE01830 
ELE01840 
ELE01850 
ELE07860 
ELE07B1a 
ELE07890 
ELE07eSlO 

491 FOR)QT (/' 3D BEAM FORCES ... ',5xI7X,,,,I, ELE:Cl7SlClO 
'" ELEMENT LOAD NODE','/X,'AXIAL',11X,'FT',13X,'F'Z', ELE07910 
"lIX,'TDRSIDN',lClX,'K1",lJX,'H~') ELE07920 

492 FORMAT (I10,I5,2x, 'FOFlCE',I6,lP,6GlS.6, ELE07Sl30 
" 1l5x ,2X,'fORCE',I6, 6Gl'L6) £LE0/940 

493 FORMAT (II0,I5,:ilX,'DISPL',I6,IP,6G1S.6, E[.£07950 
" IlSX ,2x, 'DISP~' ,tIS, 6G1S.6) EL£07Sl150 

494 FORMAT (7X,A) ELE07970 
FlE."l'URN ELE07980 

C •• ······---·_ •• -----····· DETEFlHINE TOTAL FORCES •• ___ ·················£LE07990 
500 CONTINUE ELE08000 

c 

If (PRINT.AND.FIRST) \l/'RI1E (6,491) STEPtD E:LE08010 
IF( ICOMN .NE. 1 .ANO. ICOIOI .NE. 2 ) THEN ELE08020 

£L£08030 
C------ TOTAL FORCES AND DISPL ... CEMENTS ELE08040 

ELE08050 
ELEoe060 
ELe:oe070 
ELE08080 
ELE08090 

00 510 1-1, 12 
If (BTEST(IBUG,'/» WRITE(15,s20) I,Fl(I),FlT(I),F(I),r'T(I) 
M(I)-P'I'(I)+F(I) 
RT(I)-FlT(I)+R(I) 

510 CONTINUE 



00 512 1-1. 12 
IF' ( ABSCM'el)) .GT.ABS(FMAX(I·l1-1'2.I) ) 'l'HEN 

00 511 J·O,11 

'" PMAX C I ·12-11+J)-FL'( J.1) 
ENDIF 

512 CONTINUE 
ELSE rF(tC:OMN .EQ. 

00 513 1·1,12 
513 F"I'( I )·RSAF(t) 

ENDIF 

1 .OR. ICOi'Qol .EQ. :l: ) THEN 

520 fORMAT C' f.',[),' R.',1P,G11.4,' RT.',Gl'2.4, 
, F.',1P,G11.4,' M';',G12.4) 

LDAC-1 
IF' CBTESTCIBUG,O).AND.PRINT) 

, WRITE (6,'513) IELNO,LOAO,NODEI,(RT{J),J·l,6), 
, NODEJ, (RT(J) ,J.7 ,12) 

IF' ( PRINT) WRITE (6,~921 IELNO,LOAD,NODEI,{FT{J),J.l,6), 
, NDDEJ,(F'T(J),J·',12) 

RETURN 

ELEOB 100 
E:LEOB110 
ELEOB120 
ELEOB 130 
ELE08140 
ELE08150 
ELEOB160 
ELE081'0 
ELE081eO 
ELE08190 
ELE08200 
ELEOB110 
ELEOB210 
ELEOB230 
ELEOB240 
ELEOB250 
ELEOB260 
ELEOe170 
ELE08280 
ELEOB190 
ELEOBJOO 
ELE06J10 

C ELE08J20 
C···················· ••• __ DE'I'ER1'4!~E FIXED END FORCES, AND ADD TO FORCE.ELE08JJO 

600 IF (MAXELD.LE.O) RE:'TURN ELE:OB340 
e 
C------- CALL St-tLOA TO OETERJoIINE THE FIXED END PORCES 

CALl. Bt-tLOA( I EL~O, FEMFLG, LENGTH, REL, MAXELD, NELD, Nt-OAD, 
, FEM, rELO, ELo) 

FEMFLG" FEMFLG 
IF (.NDT. PEMFLG) RETURN 

e 
C------- ADD FIXED END FORCES TO LOAD MATRIX 

610 

'" 

00 6<10 LDAC-l, NLOAo 
00 610 r-l, J 
GFEM(I )-0. 
GFEM(I ... 3)·0. 
GF'EM(I+6)·0. 
Gf'EM(I+9 )-0. 
00 610 J.1,) 

Clt·FEMeJ ,LOAD) 
D1·PEM{J+), LOAD) 
D3-PEM(J.6,LOAo) 
04- FEM( J.9, LOAD) 

GFEM(I )·GFEM(I )+CTS(I.J)·01 
GFEM(I·])·CPE"'(I+))_ BS(I,J)-D1 + CTS(I,J)·D2 
GFEM( 1+6 )·GFEM( I +6) +CTE( I, J) ·oJ 
GFEM(I+9)·GFEM(I+51)+ BE(I,J).03 • CTE{I,J)·D4 

IF (BTES'I'(IBUG,7)) THEN 
WRITE(6,·) '[ELNO',IELNO 
CALL WMATRX( FEM ,1,12, 'LOCAL FIXED END FORCES') 
CALL 'tIMATRX(GFEM ,1, U:, 'GLOBAL FIXED END F'ORCES') 

ENOl: 

00 620 J-1,6 
,n·lOOP(JOINTI,J) 
JJ. r OOF'( JOI NT.1, .1) 
FORCE( JI ,LOAD) -FORCE (Jl ,LOAD) +GFEM (J ) 
FORCE{ JJ ,LOAD)· FORCE (JJ, LOAD) .. GFEM (.1+6) 

IP (BTES'l'(IBIJG,') ) THEN 
CALL Io7MATRX(FORCE ,N'DOF,NLOAD, 'GLOBAL LOAD MATRIX') 

ENDIF 

RE:'I'URN 

ELE08350 
ELEOB160 
ELEOBJ"IO 
ELEOB)BO 
ELE08390 
ELE08400 
ELE08410 
ELEOB420 
ELE084JO 
ELE08HO 
ELEOB4 ~O 
£oLEOB460 
ELEOB470 
ELEOB480 
ELE08490 
£oLEOB ~OO 
ELEOB~10 
ELEOB~10 
ELE08~10 
ELEOB~40 
ELE08 ~ ~O 
£oLEOB560 
ELEOB~'O 
ELEOB~80 
ELEOB ~90 
ELE08600 
£oLEOB610 
BLEOB620 
ELEOB6JO 
BLEOB640 
ELE086~0 
ELEOB660 
ELE086"10 
ELE086BO 
ELE:08690 
ELEOB700 
ELE08710 
ELE08720 
ELE08730 
ELE08740 

c.· •• ----·-·········-_ WRITE MEMBER FORCES TO OUTPUT FIt.E • .... •••••• •• ---ELE087~0 
"100 CONTINUE ELE08760 

WRITE (IUNIT,7l0) NODEI, (FT(.1) ,J-1,6) ,NODEJ', (F'T(.1) ,J-7 ,12) 
WRITE etuNIT,710) NODEl, (RT(J) ,J-1,6) ,NODE.1, (RT(.J) ,J.', 12) 

"110 FORMAT (I6,IP,6G12.5) 

RETURN 
e 

ELE08770 
ELEOB780 
ELEOB790 
ELEOB800 
ELE08810 
ELE08820 
ELE06B)0 

C····_··········· .. ••• READ AND PRINT MEloIBER FORCES FROM OUTPUT FILE •••• E:LEOBB40 
800 CONTINUE 

BACXSPACE (IUNIT) 
READ (IU~IT,· J ITTPE.IELNO.IWRITE.TO.[Yl' 
WRITE (6,805) 
IS'I'EP·-IWRITE 

810 READ (IUNIT,S15.ENC)ooBJOJ 
, NODEI, (F'T(J') ,.1.1.6) ,NODE.J, (M'(.1J .J-7 ,12) 

READ (IUNIT,815,ENC-S30) 
, NODE!, (RT(J) ,J-1.6) ,NODE.1. (RT(.J) ,.1-7 ,12) 

615 PDRMAT (16,6GIJ.5) 

eee 

I STEP" [STEP+ I wRI TE 
T·TO.[Yl'·IS'I'Ep 
MDoo·MODe ISTEP. INC) 

c 

IF' eMOD(ISTEP,INC).EQ.O) THEN 
WRITE (6,820) ISTEP,T,NODEl, (FT(J) .J'-1.6), 

WRITE (6,9JO) 
ENDIF 
GO TO BIO 

NODEJ, (E'T( J). J-' ,12) 
(R1'( J'). J-1.12) 

605 FORMAT (I' 3D BEAM rORCES ••• ', / 
" STEP TIME NOOE',71:.'AXIItL'.11X,'FY',13X,'FZ', 
, 11:r,'TORSIO~'.101.'MT',13X,'MZ') 

8JO FORMAT (/,IIO.lp.G1~.5,OP,I6,1?,6G15.6, 
'/25X, 16, 6GI5.6) 

940 FORHAT ( 251. 'DI5P IP,t5G15.6, 
1311, 6GI5.6) 

8)0' RETURN 

900 CO~T!NUt 
NHYST-l 
ISE-O 

DETERMINE THE LENGTH OF THE MATERIAL DATA 

MAT .. RINPUT( 1) 
CIU.L M.ATLIB 

" (0 ,LSTTYP ,FALSE ,IREL,FItLSE,NAME,EESE.EPSE,DUCT.ExcR. 
~ ,F ,RT ,R ,v ,VL ,LELEM ,LMAT • 
MAT ,MATTYP ,SE,IE:LNO ,DAMAGE) 

15E·15E+LELEM 
RETURN 

C-··-······ .. ···· .. ·-·· DE'TERMINE THE TOTAL STRAHl ENERGY 
1000 CONTINUE 

EESE-O 
EP5E-0 

00 1010 1-1, l:i! 
1010 E:ESE·EESE + (F1'(I)+F(I))·(R(I)+R'I'(I))/J. 

ENG OAT (1) EESE 
ENGDAT(2) - 0 

RE"l'URN 
e 
C .. ••• .. ••••• .. •• .. •••••• e 

1100 Rg"I'URN 
e 
e 
C .. ••••••••••••••••••• e 

1<100 CON'l'INUE 

DUCT!Lt'l'IES AND EXCURSION RATIOS 
NO D , E RATIOS FOR ELAS'I'IC ELEMENT 

PRINT MAXIMUM ELEMENT LOADS 

E'LEOB8S0 
ELEOBe60 
ELE08870 
ELEOBeeO 
ELE08B90 
ELEOB900 
E'LEOB910 
E:LEOB920 
ELEOB9)0 
ELEOB940 
ELE089S0 
e:LEOe960 
E:LE08970 
ELEOBgeO 
ELEOB990 
E'LE09000 
ELE09010 
E:LE09020 
ELE090JO 
E:LE09040 
ELE09050 
ELE09060 
ELE09070 
ELE09080 
ELE09090 
ELE:09100 
ELE091l0 
ELE09120 
ELE09130 
ELE09140 
£LE09150 
ELEO!;Jl60 
ELE09170 
ELE05l1BO 
ELE05l1510 
ELE05l<lOO 
ELE05l210 
ELE05l<l<lO 
ELE05l2)0 
ELE05l<l40 
EL£09:;50 
ELE05l<liSO 
ELE05l270 
EL£OSl:iBO 
ELE05lBO 
ELE05l100 
EL£09]10 
ELE05l]<l0 
ELE05l))D 
ELE09)40 
ELE09]50 
ELE05l]60 
ELE09370 
ELE09)BO 
ELE09390 
ELE09400 
ELE09410 
ELE094JO 
ELE094J0 
ELE09440 
ELE09450 
ELE09460 
ELE09470 
ELE09480 

LOAD1·0 ELE09490 
IF (PIRST) WRITE(6,494)' COLUMN ( LOAD) REPRESENTS 'l'HE OOF WHICH' EL£oOHOO 

, II' HAS MAXIMUM VALUE' ELE09510 

11 

e 
e 

IF (FIRST) WRITE (6,4!i1l) HA.:U)o(lJ1rr! VALUES FOR ALL STEPS ' 
, II' NOTE. !r(AXlMUIrr! VALUES WITH THE OTHE~ OOFS FORCES' 
, II' ARE .,RINT OUT AT THE SAAE TIME' 

, 

00 JOg [.0, 11 
LOADJ·I·1 
!F( Ft-tAJ:(I·IJ+l+I) .EQ. o. 1 GO 1'0 )09 
WRITE (6,492) !E:LNO,WAD'2,NOD£oI,(FJrrI.AX(I-IJ+.J),J.l,6), 

NODEJ, (FMAJt( I - 1J-+.J) , J-I, 12) 
)09 CON1'1NUE 

RETURN 

C·····--··_--·---···· RESET ELEMENT FORCES 
e 

1300 CONTINUE 
C----- ZERO AATRICIES 

e 

1340 

00 1340 ["1,1<1 
FMAX(I-12-11)·0 
F' (I )·0 
M'(I )-0 
R (1)"0 
RT( I )-0 

WRITE (6,1330) IELNO 
1330 FORMAT (' )0 BEAM •••••••• ELEJoIENT .' ,16, 

" INTERNAL FORCES AND HYSTERESIS MODELS A~E RESE'!" 'I'D ZERO') 
FALSE·. FALSE. 
LSTTTp·O 
CALL MATLI B 

, (<I ,LSTT1'P ,FALSE ,IREL,FALSE,NAME,EESE,EPSE,DUCT,EXCR, 
E'T ,F' ,RT ,R ,V ,VL ,LELEM ,LHAT 
KAT ,MATT!'P,SE,IELNO,DAXAGE) 

R~URN 

DAMAGE INDEX 

1400 DAXAGE • O. 
e 

RE:TURN 

ELE09520 
ELE095JO 
ELE051540 
ELE09550 
ELE05l560 
ELE09570 
ELEO;580 
ELE095S10 
ELEO;600 
ELE09i510 
ELE05li520 
ELE09(5)0 
ELE05l640 
ELE05l650 
ELE09660 
ELE05l670 
ELE05l6S0 
ELE09690 
ELE09"100 
ELE09710 
ELE09140 
ELE09130 
ELE09HO 
ELE09750 
ELE097t50 
ELE09"1"10 
ELE09"1eO 
ELE09190 
ELE09800 
ELE0ge 10 
ELE098JO 
ELE098)0 
ELE09840 
ELE09B50 
ELE09B60 
ELE09610 
ELE09880 
ELE09890 
ELE09900 
ELE09910 
ELE0951'20 

END ELE099JO 
C·· .... -------------••••••••••••••• ··------------.. - .. - ........ - ....... - ...... C EL EOOO 10 
C DEBUG U~IT(t5),TR.ACE,SU8CHI:.INIT,5UeTRACE ELE00020 
C END DEBUG ELEOOOJO 
C··· .................... - •••••••••• - ........ _ •••••• - ... ---. ------------------.... -C ELEOOO 4 0 

SUBROUTINE ELEOJ ELE00050 
'(IOPT ,IUNIT ,NEWI( ,~IRST ,PRINT ELE00060 

NooF ,NLOAD ,MAXN'OD ,NNODE ,NCOS ELE00070 
10 ,looF' ,COORD ,COSINE ,JTCOS ELEoooeo 
CONST ,DIS.,L ·,IIELOC ,FORCE ,~UB ELE00090 
IREL ,BUG ,IBUG ,ACCEL ,ltGDATA ELEOOI00 
GR.AV ,"GEOM .ELS·HC ,NAME ,STEPID ELEOOII0 
IELNO ,RINPU'I' ,EtSE ,EPSE ,INC ELE00120 
DAMAGE ,ooCFAG ELEOO 130 
IELTTP ,IELOOF .NODEI ,NODE.1 .JOINTI ELE00140 
JOINT.1 ,R ,RT ,F ,FT ELE00150 
II ,\IT ,ISE ,H .LENGTH ELE00160 
MAT ,A ,t.M ,It'I'YPE ,FMA.'( ELEOOI10 
SE ,STIFF ) ELEOOIBO 

IMPLICIT REAL(A-H,D-Z) 

COJr040N IRSA/ICDfo1loI, RSAF(12) 
REAL rCOMN 

ELE00190 
ELE00200 
ELEOO.I0 
ELE00220 
ELE002JO 
ELEOOJ40 

LOGIC-'L ERR, F! RST, PRINT, BUG, FALSE, NEWlt, ELSTIC ELE00250 
t.OGICAL BTEST ELE00260 
CHARACTER-eO NAME ELE00270 
CHARACTER·(-) 6TEPID ELE002eo 
CHARACTER·9 TlPE( 6) ELE00290 
DIMENSION I OCF (MAXNOD, 6) ,CooRD( MAXNOD, 6) ,COSI NE ( ). ), NCOS) ELEOOJOO 
DIMENSION CO~S1'(I'tAXNOD,6), ID(JrrlAJ.NOD) ,JTC05(MAXNOD) ELE00310 
DIMENSION SAT(J,12),STIF'F(78) ELE00J20 
DIMENSION A(lJ,J),S(J,J),LM(12).FKA:I(J) ELEOOJ]O 
DIMENSION C'I'S( J, 3),CTE( 3, ),IIl(),VT(3),V2:(3) ELE00340 
DIME:NSION SS( J, 3),BE( 3, 3).SE(ISE) ELE00350 
DUtE:NSION DTSPL(~DOF, NLOAD) , F'UB(NOOF) ELE00J60 
DIMENSION IIELOC(NDOF) ELE00370 
DIMENSION FORCE(~OOF,NLOAD) ELE00380 
DIHE:NSION RINPUT ( 100) ,WORI(( 6) , DUCT ( 3) • EXCR( 6) ELEOOJ90 
REAL LENGTH ELE00400 
REAL II, IT, I 2:. 1(1 I '2i ,X.J.1Z, I(IJ'& ,Iun, I{JJT ,IUJT, ltTI .TlJ ELE00410 
INTEGER REL.RELT ELE004JO 
oIME:NSION MD( 1l) ELEOOOO 
DATA MD/l,2.4,7,11,16,21,251,)7,Hi,56.6',19/ ELE00440 
DATA TYPE/' AXIAL',' SHEAR-Y',' SHEAR-Z'. ELE00450 

, ' TORSION','SENDING-Y','SE:NDING-Z'I ELE00460 
C ELE00470 
C------ --------------------------- ----------. - ------ - - --------- - --------ELEOO 4 8 0 
C IIARIABLESI ELE00490 
C--------- ------ -------___________ .. _______ - _ -- ------- -. --- -. - •• ---- _ - - -- EL EOO 50 0 
C---------- GLOBAL VARIABLES ELE00510 
C IOPT 1. INITIALIZE BEAM COLU)o(N ELEME:N'I' E.LE00520 
C 2. CALCULATE GEOME'I'RIC STIF'F'NESS ELE005JO 
C ), roRJrrt STIFFNESS ELE00540 
C 4. CALCULATE INCREME:N'l'AL FORCES ELEOOS50 
C 5, CALCULATE TO'1'AL ,ORCES AND ~ERGIES ELEOO~60 
C IUNIT OUTPUT FILE UNIT t FOR PRINTING OUTPUT ELE00570 
C ERR ERR OR FLAG. IF AN ERR OR HAS OCCURED. ERR-.TRUE. ELEooseo 
C FIRST FLAG, FIRST".TRUE., PRINT HEADERS ELE00590 
C PRINT FLAG, PRINT·.TRUE., PRINT DATA ELE00600 
C NooF • O~ GLOBAL DOF ELE00610 
C NLOAD • OF' LOAD COMBINAT!ONS ELE006JO 
C MAXNOD •• ROW DIMENSION OP NODE ARRAT ELE004530 
C NNODE • OF' NODES ELE00640 
C 10 ARRAY OF EXTERNAL NODE NUMBERS ELE00650 
C IOCF ARRAY OF DEGREES OF FREEDOM ELE00660 
C COORD • ARM,. OF COORDINATES ELE00610 
C COSINE· ARRAY O~ DIRECTION COSINES OF NODES EL£o006BO 
C CONST ARRA1' OF CONSTRA1NT 'l'AANSFORMATIDNS ELE00690 
C DISPL • GLOBAL OISPLACEJoIENT JotATRIX ELE00700 
C Z. REAL GLOBAL S't'ORTAG VECTOR ELE00710 
C NZ INTEGER GLOBAL STOR'!'AG VECTOR ELE00740 
C IZM.AT .. LOCATION O~ MATERIAL DATA IN GLOBAL STORAGE VECTOR ELEOO'JO 
C NAAE • ELEJoCENT NAME ELECOHO 
C I ELNO • ELEMENT NUMBER ELE00750 
C RlNPUT - INPUT DATA ELE00760 
C STIFF' ... OUTP1.M' ELEME:NT STIFFNESS (UPPER TRIANGULAR FORM) ELE00710 
C LJol • OU'I'PUT LOCAL TO GLOBAL STIFFNESS MAPPING MATRIX ELE007BO 
C---------- ELE)O(ENT VARIABLES ELEOC790 
C H ,Q, AI ,AJ ,C, BI, BJ, S<l2, S<l6, S212. S]], S35, 5311,0 ELEOOBOO 
C • INDIVIDUAL TERJ-IS [N THE ELEMENT STIPF'NESS (S) MATRIX ELEOOBI0 
C PltG - INPUT LOAD FOR fORJo!!~G GEOME"I'RIC STIF'FNESS MATRIX... ELE008<10 

R "" INCRIMEN'l'AL DISPLACEMENTS ELEOOB)O 
RT .. TOTAL DISPLACEMENTS ELEOOB40 
P • INCRIMENTAL FOR.CES ELEOOB50 
M' - TOTAL FORCE5 ELEOOB450 
LJol "" LOCAL TO GLOBAL STI ~FNESS MAPPING MATRIX ELEOOB"/O 

C CTS • LOCAL TO GLOBAL ROTATION MATRIX START ELE00860 
C CTE: • LOCAL TO GLOBAL ROTATION MATRIX END ELE00890 
C BS .. LOCAL TO GLOBAL ROTATED ECCENTRICITY ICONSTRAINT MATRIX STARTELE00900 
C BE • LOCAL TO GLOBAL ROTATEO ECCENTRICITY/CONSTRAINT MATRIX END ELE00910 
C STl~~ - ELEMENT S'l'IFF'NESS ELE005l20 
C IE:LTJP - ELEMENT Ty.,E • 10 ELE009JO 
C NaDEl - EXTERNAL JOINT NUMBER. END I ELE00940 
C NODEJ • EXTERNAL JOIN"!' NUMBER, END J ELE00950 
C JOINTI .. INTERNAL JOINT NUMBER, END I ELE00960 
C JOINTJ • INTERNAL JOINT NUMBER. END J ELE009'O 
C---------- TEMPROARY VARIASLES SLE009BO 
C VX - VECTOR DEFINING 'I'HE ELEMENT X AXIS ELE00990 
C VT • VECTOR DEFINING THE ELEMENT l' AX!S ELEOI000 



C COSLOC • LOCAL COSINE: )(ATRIX EL[01010 
C " • Gt.oBAL TO LOCAL fORCE '!'RANSl"ORM}.TION IQ.TR!X ELEOIClJO 
C S - ELDCENT S'I'Il"f'NESI5 AT U>CAt. COORD, AT ENDS OF FLEXABLE PART ELEOI030 
C SAT - PRODUCT Of' S-A' £1.£01040 
C AS AT • PRODUCT OF A-SAT E:LEOI050 
C - ------------------------...... --------____________________ ------ - - - --- - ___ E1. EO lOIS 0 
C ELEOI070 
C EL.e;01080 
C------- CHOOSE OPTION ELEOI090 

IF (!OPT.1.T.l .OR.IOPT.GT.14) E1.EOII00 
, WRITE (IS.-) 'INVALID OPTION IN ELE-02. IOPT-·.IOF'T ELE;01110 

GO TO (100,200,100,400.500,500,700, BOO, 900,1000.1100.1200, 
, 1300,1400) ,raPT 

100 CONTIN1JE 

C----- INTERPERTPr.TE INPUT 
IElo1'f'P· :2 

DATA 

c 

MAT RI NPUT ( 1) 
NaDEl • RI NPUT ( J) 
NODEJ' .. RI NPUT ( ) 
II:T'!PE .. RINPUT( 4) 
XLEN RI NPUT ( 5) 
¥l(l) RIN'PUT( 6) 
VT(2) RINPUT( 7) 
VT(31 • RINPUT( 8) 
XS .. RINPUT( 9) 
XE .. FlINPUT(10} 

C----- GE'1' INTERNAL NODE. ASSOCIA'l'ED WITH EXTERNAL NODE .'S 
JOINT I· IQUIC!It( NaDEl, 10, NNODE) 

c 

1" , , , 

JOINTJ- IQUIC It( NOOEJ', 10, NNODE I 
WRITE (5,-) '101',10 

If (lrrlPE.I..T.l .OR. ICT'I'PE.G'l'.I5) THEN 
"riRITE(6,102.) IELNO.NODEI.NODEJ.II:'I''I'PE 
fORMAT(1:r,2.0{·-').'ER'.'ROA - INVALID ICT'I'PE',I 
sx, ·IELNO·' .15,51. 'JOINTI·' .15,51. 'JOINTJ'·· ,IS, 
sx, 'Irr'l'..-E.' ,IS, / 
5X,'REVISE INPUT 1 LE II:T'I'PE I.E 6 ............. '1) 
LENGTH"'1.0 

EN'DIf 

C----- PRINT DATA, FOR PLOTTING 
tF (BTEST(t8UG,2») THEN 

WRITE(7,10) NODEJ, NODEI, 

c 

, (COORD( JOI!""J. I). 1-1,] " (COORD( JOINTI .. :n .J-l. 3) 
10 FORMAT (I5,1l,I5,1F',6G12.4) 

ENDI F 

C - _ --- -- --- - __ - - ____ - _______ - ------_. ------ - -- - - ----. - -- -- -- - - - ----
C Gt:T GLOBAL TO LOCAL TRANSfORMATION ~TRIX 
C - -- - - - - -- --. - - - _____________ - ... ----_____________________ - - --- - --- --

C----- DEF'INE VECTOR X, LENGTH 

lOJ 

V'lI: t 1) -COORC( JOINTJ, l)-COORD(JOINTI. 1) 
VX (2 ) ·COORC( JOI NTJ, 2) -COORD( JOI NTI • :2) 
VX( 3 )·COORD(JOINTJ. 3) -COORD( JOINTI. J) 
LENGTH. SORT (VX( 1) "2 +VJ!: ( 2) "2+VX( J)"2) -XS-XE 
IF' (LENGTH.EQ.O) THEN 

00 10J 11.1.] 
VX(I1)" COSINE(l,II,.nCOS(J'OINTI» 
VT(II) .. COSINE(J.II,J'l'COS(J'OINTI» 

LENGTH-l.00 
ELSE 

LENGTH-LENGT H -IS-IE 
E:NDIF 
IF (Xt.EN.NE.O) THEN 

[,ENGTH·IC(,EN 
XS·O 
XE·O 

ENOIF 
IF' (LENGTH.LE.O) THEN 

WRITE( 6. 101) I ELNO. J'01 NTI • JOINTJ. LENGTH 
101 F'ORMAT(iX.20('-').'ER·.'ROR - LENGTH IS I.E 0',1 

, 5X •• I ELNO-'. I~. ~x, 'JOINTI-' ,I~. 5X. 'JOINT""'. I 5. 
, 5X. 'LENGTH' ,lP,G15.1S1 

5X.'REVISE INPUT ••••••••••••••••••••••••••••• ·/) 
LENGTH-l.0 

ENDIf' 
IE' ( BTE5T( IBUG, 7) ) THEN 

WRITE (6.-) 'JOINTS' ,JOI!"TI,JOINTJ' 
WRITE (!S,*) 'VJ!:',VX 
WRITE (15,-) 'VT',VT 
WRITE (6,-) 'LENeTH '.LENGTH 

ENOIF" 
C----- Gt:T LOCAL TO GLOBAL TRANSFORMATION foaTRICIES CT AND B 

ICS·.J't'COS(JOIHTI) 
rCE"·.rrCOS(JOINTJ) 
CALL ROTXYZ(V'X.VT.COSINE(l,I,ICS),CTS. XS .0 •• 0 •• 85, 

, CON$T(JOINTI.1) ,MAXNOD) 
CALL ROTXYZ(V1[,VT,COSINE(1.1.1CEl,CTE,-XE ,0. ,0 •• BE. 

, CONS1'(J"OINTJ,ll.HAXNOD) 
IF ( BTE5T(I9UG,7) ) THE:N 

CALL WMATIU:( CTS ,3, 3,'CTS 'J 
CALL 'll'MATR.J:( CTE ,3, 3,'CTE .) 

ENDIE' 
c 
C----- GE"T GLOB,I"L CONS'I'RAINT MATRIX BS. BE 
C BS( 1,1 )·CONST (J'OINTI, 1) *CTS( 2.1) +CONST(JOINTI ,2 )-CTS( 3,1) "l-BS( 1. 1) 
C BS{ 1,2) -CONST{JOINTI, 1) "CTS( 2.2) +CONS'T (JOINTI ,2 )*CTS( 3. J) "l-BS{ 1, 2l 
C es{ 1. J )·CONST (JOINTI. 1) -CTS( 2. J) +CONST( JOINTI. 2) -crs(),] )"l-BS( 1, J) 
c es( 2.1 )-CONS'T ("OINTI.]) ·CT5( 1,1) +CON5T( JOINTI. 4) -CTSe). 1 )"l-BS( J, 1) 
c BS(2, 2)·COHST( JOINT!. 3) .CTS( 1,2) "CONST( JOINTI. 4) "CTS( 3.:iI) +BS( 2,2) 
C esc 2. J )-CONST( JOINTI,] l"'CTS( 1.]) +CONST( J'OINTI. 4) -CTS( J. 3) +es{ 2,3) 
C eS(], 1) -CONST( JOIN'TI ,5) -CTS (1.1) .. CONST (JOINTI, IS) -CTS( 2.1) +es(]. 1) 
C BS( 3,2 )·CONST (JOINTI, 5) .CTSt 1,:il) +CONS"!' (JOINTI, 6) "CTSt 2. 2) +BS( 3, J) 
C es( 3,) )-CONST (J'OIN'rI, S) -CTSt 1,3) +CONS'I' (JOIN'J'I. 6) -CTS( 2. J) +BS( 3,3) 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C-----

c 

eE( I, 1) -CONST (JOIN'I'J', 1 )-CTE( 2.1) '"CONST (J'OINTJ', 2) -CTE(], 1) +BE( 1.1) 
BE( 1,2) ·CONST (JOItn'J', 1) ·CTE( 2,:Z ) TeONS"!' (JOINTJ, 2) -CTE( J, J) +SE:( 1.2) 
BEt 1, J) -CaNST (JOINTJ ,1) ·CTE(:2. 3) +CONST(JOINTJ',:I) -CTE( 3,]} "BE( 1, J) 
BE{ 2.,1 )-CDNST (JOINTJ. 3) ·CTE( 1. 1) +CON5T (JOINTJ ,4 )"CTE(].l) +BE( J, 1) 
BE{ 2.2 )-CONST (.)OINTJ, J1·CTE( 1,21 +COH5T (J'OINTJ ,-4 )1ICTE( 3,:ij) +BE( J, 2) 
BE(:2. i).CONS'T( JOIN'rJ, J) "CTE( 1. J) +-CON5T( JOINTJ. 4) -CTE{),] )+BE( J, J) 
BE(J.l)·CON5T(J"OINTJ, 51-CTE( 1, 1)+CON6T(')OINTJ.61*CTE(2, 1 )+BE{ 3,1) 
BE(]. 21-CONST( JOINTJ, 5) "CTE( 1. 2) +caNST ( JOINTJ. 6) -CTE(:2, 2) +BE{ 3, J) 
BE(). J )-coNST( .JOIN'J'J'. 5l*CTE( 1,3) +CONST( JOINTJ. 6) 1ICTE( 2. J) +BE( 3.3) 

IF ( 8TEST(IBUG.l) ) THEN 
CALL \oOoUI."RX(BS, J. ], BS 
CIILt.. W)o(ATFlI:(BE, 3, 3. 'BE 

ENDIE' 

ZERO AATRICI ES 
, -0 
F'T-O 
• -0 
RT-O 
V -0 

""-0 
FMA.X(l)",O 
F'kAX(J)·O 

') 
') 

C _____ ASSEMBLE "FlANSFORHATIO~ MATRIX A. 
C NOTEI A IS DHOIIENSIONF;D AS A. 12K2 foaTRII. BUT ONLY THE F'lRST IEt.OOE' 
C ROW'S CONTAIN tNF'ORMATION. THE BALANCE OF THE MATRIX IS 
C UNDEfINED. THE GLOBAL OOF' COORESPONDING TO THE ROW'S OF' A 
C ARE STORED IN VECTOR LM. AGAIN. ONLT THE l"IRST IELOOF' ROW'S 
C Of 1.M ARE DE:F1NED. 

fELOOF'-O 
00 50 1"'1. IJ 

ELE01120 
E'LEOIIJO 
£L£01140 
E:LE!01l50 
£LE0I160 
EI..EOl110 
EL.£01180 
ELE01190 
EL£01200 
E1.£Ol:illO 
ELE01220 
ELE01230 
ELE01240 
ELEOll50 
E1.E01260 
ELE01270 
ELE01280 
£LEOIJ90 
ELE01300 
ELE01310 
ELEOIJ20 
ELE013JO 
ELE01340 
ELE01350 
£L£01360 
ELE01)70 
£1.EOI3BO 
E1.EO]]90 
ELE01400 
E[.E01410 
ELEOlnO 
E:LE014 JO 
ELe:OlHO 
ELE014 SOO 
ELE01460 
ELE014'O 
ELE014BO 
ELE014.90 
ELE01500 
£LE01510 
EI..EOlS:;'O 
£I..EOI5,30 
E['E01540 
ELE01550 
£['EOI560 
ELE01570 
ELE01580 
ELE01S90 
ELEOHiOO 
ELEO 1610 
ELEOHi20 
ELEOHi30 
£LE011540 
£LE01650 
ELEOII5IjO 
EI..E01670 
ELEOl1580 
ELE01690 
ELE01100 
ELEOl"110 
ELE01'20 
ELEOli30 
ELEOIHO 
E:LEOliSoO 
ELE01760 
ELEOl'iiO 
ELEC17BO 
ELE01790 
ELEOlSOO 
EI..E01810 
EI..E01820 
E(.EOI8]0 
ELE01840 
ELEO IB50 
ELE01860 
ELE018/0 
ELE01880 
ELE01890 
~E:01900 
EloE:01910 
Ea.E01910 
ELE01930 
EloE01940 
ELE01950 
ELE01960 
EloE019'O 
ELE01980 
ELE01990 
&'E01000 
E1.E0:2010 
ELE02020 
eLE020JO 
ELE02040 
ELE02050 
ELEOJ060 
ELE02070 
ELE02CleO 
ELE010g0 
ELE02100 
E1.E02110 
ELE02120 
ELE02130 
ELE02140 
ELE02150 
ELE02160 
E:LE01 11 0 
ELE02180 
EloE021.90 
£LE02200 
ELE02210 
ELEOJ::Il20 
£LE02230 
E1.E02J40 
ELE02250 
ELE02260 
ELE022iO 
ELE022BO 
ELE02290 
ELE02JOO 
ELE02JI0 
EloECl2320 
EloE02J]0 
8L£02340 
ELE02350 
E1.E02360 
ELE02310 
ELE02JBO 
ELE02]90 
ELE02400 
£LE02410 
ELE02410 

12 

RD40VE OOF' 5 THAT ARE CONSTRAINED TO THE SAJoIE DOF ••• 

;0 

J-I 
IF (I.GT.I5) J'. 1-6 
IF' ( IOOF(JOINTI,J).EQ.IDoF'(JOINTJ.J') 
IF' (I.LE.IS) THEN 

LMTI.I oor (JOINT I, I ) 
ELSE 

LMTI-I OOF'( J'OIWl'J, J) 
ENDIF 

Al"O 
AJ-O 
IF (1.LE.3) THEN 

IE' (~TPE.LE.3) AI-CTS(I,pt'UPE) 
ELSE IE' (1.LE.6) TMEN 

IF (IItTTPE.LE.J) TMEN 
,,1"'SS(I-3.IrTYPE) 

ELSE 
Al-CT5 ( I -J .II:T'l'PE-3) 

£HDIY 
ELSE IF (I.LE.9l THEN 

IF' (p:rl'PE.LE.3) A2-CTE(I-6,ItT'I'PE) 
ELSE 

IF (IrUPE.LE.Jl THEN 
A2-SE{I-9.Irrl'PE) 

ELSE 

ENDIF' 
Eli'DIE' 

A2-CTE( 1-9, !CTl'PE-3) 

H' (1ILEQ.O .AND. A:2.EQ.Cl) GO TO 50 
IUDOF'-I ELDOF'+1 
A{IELCOF,I)"AI 
A{IEL.DOF,2)"A2 
LM(IELDOF'j-LMTI 

CONTIN'UE 

) GO TO 50 

IE' ( S'l'EST(IBuG,7l ) CALL NWTR%2( A .IELOOf',2.' A 
c 
C----- GET SPRING S'!'IFF'NE5S 

FALSE". F'ALSE. 
LSTTTP-O 
CALL MATloI B 

',lJ) 

(2 ,L5TTTP ,F'ALSE ,IREL,F'1I.LSE,NA)CE,EESE,EPSE, DUCT,E:XCR, 
M ,F' .RT ,R ,0. ,0. ,LELEM ,LIQ.1' , 
MAT ,MATTTP.SE.IEL.N0,01Jl4AGE) 

WRITE (6,-) 'ArTER MA'.'TLI9 IN ELEO:2 • 
III f'ORHAT tOP,' Z~TR.X('.16.·)I',I15,lp.G:20.10) 

C------- H IS THE SPRING 5TIF'F'NESS 
C 

c 

H - SEt 1) 
HH- SE(I)/LENGTH 
S( 1, 1)- HH 
5( 1, 2)"-HH 
S( 2, 1)·-HH 
S( 2, 2)· HH 

C----- CALCULATE SAT 
00 150 1·1,2 

'0 c 

co !SO J.1,Ie;LOOF 
SAT (I. J).O 

00 60 It.l,2 
SAT (I, J)-SAT( 1. J).S( 1 .It) -A( J, IC) 

C----- CA!.CU!..ATE ASAT MD CONVERT TO HALF S't'ORAGE MODE B'I' COI..UI<NS 
C 
C 
C 

c 

'0 

1 ) 
2 

L-O 

10 1 ~ 
,1< 
e I) 
,12 

11 

00 70 J-l,IELCOE' 
00 /0 I·J.l.-l 
L-L"l 
STIE'F'(L)·O 

DO iO X.l.2 

21 :lB 36 45 55 66 "lB 
JO 27 35 44 54 650 1/ 
HI 26 ]4 4] 5J 64 76 
IB :il5 JJ 42 52 63 is 
17 14 31 41 51 62 74 
16 :ilJ ]1 40 50 61 7] 

:12 30 ]9 49 60 12 
29 38 4El 59 11 

3' 47 5B 70 
4IS 57 159 

515 ISEl 

" 

5TIF'F'(L).STIF'F'( L) +1\( I, I(j-S'AT( 1(, J) 

If ( BTEST(IBUG,/l ) THEN 

NUMBER INDICATES 
LOCATION OF' DATA 
IN ARRAY S'I'If'F' 

WRI'l'E (6.-) 'IELCOF",IELOOF,'IJII "',(LH(I).I-l.IELOOF') 
CALL LMATR.X( 61'1 FF', He. IELooF, (lo+ll. 'SPRING STIF'E'NESS') 

ENDIF 

c----- RELEASE UNUSED STORAGE 
180 IR~'8-L 

PRINT COLUMN DI\TA 
IF (FIRST .OR. BTEST(IBUC.,/) .OR. STEST{!BUG,B) ) WRITE (!S,192) 

191 WRITE( 6i. 193) NAJIIE, I ELNO , IQ.T, NODEI. NODEJ.'!'TPE(~'l'PE). LENGTH, 
Ii VT(1).VY{2),VT{3),'IS,-U 

ELE024J0 
E:LE:02~ 40 
gC,E02450 
ELE02UiO 
ELE01470 
gt.E02.fSO 
ELE0:2490 
ELE02500 
ELE0:2510 
£LE0:2520 
EL£025]0 
EloE02~40 
ELE02550 
ELE02560 
ELE01570 
'ELE:025BO 
ELE02590 
E:LEO:!600 
ELEO:!EilO 
ELE0:;ll520 
ELE02630 
EloE02640 
ELE0:2650 
E[.£02660 
ELE026'0 
EL£02680 
E1.£02690 
EloE02'00 
ELEO.' 10 
ELE02720 
ELE027JO 
ELE02HO 
ELE02'50 
E:LE02760 
ELE02110 
gLE027BO 
ELE02790 
ELE02BOO 
ELE02610 
EL.ECl::ll8JO 
ELEO~SJO 
ELEO;ZB-40 
ELEO;Z850 
ELE02B60 
ELE01B70 
ELE02B80 
ELE02890 
ELEO:ij900 
ELE02910 
ELE029::l0 
ELE02930 
ELE0:29-40 
ELE02950 
ELEO::l960 
ELE029iO 
ELE02980 
ELE02990 
ELEOJOOO 
gLEOJOIO 
ELE03020 
ELEOJ030 
ELEO]0-40 
EI..EO]050 
ELEOJ060 
EloE030'0 
EloEO]080 
ELEO)090 
EL£03100 
E1.EOllI0 
ELEOJ120 
ELE031JO 
ELEOJ140 
ELEO]J50 
ELEO]160 
ELEOJl'O 
ELEO)lBO 
ELEOJ190 
ELE03200 
ELE:03210 
ELEO]220 
EloEOJ2]0 
ELE0]240 
ELE0]2S0 
ELE03:260 
ELE0J2/0 
ELEOJ2BO 
E:LEOn90 
ELE03300 
ELEOJJlO 
ELEO)J20 
ELEO)JJO 
ELEO]]40 
E:LEO]]50 
ELEO]]150 
e:LEOJJ70 
ELECl]380 
ELEt;lJ390 
ELEOJ400 
ELE03410 
EL£O]":lO 

192 F'ORKAT(/' ELEJoIENT 02. ONE (LOCAl.l OOF SPRING ELEMENT'II ELE034J0 
Ii T22." M:ATL START END·,2X,'--TfPE---',6X.'LENGTH',)X. ELE0J440 
, III '-'),' ,-AXIS '. ELE03450 
, IJ('-').' START DIST E!"D DIST', ELE03460 

19] FOR)(AT(1I.A15,4I6.21',A9,JK.lP,GI2.4,ClP, ELEO)4iO 
Ii F9.5,' 1'.SP.E'9.5,' J·,F'9.S,· pt·,lP,SS,3G12.4) ELEO]480 

RETURN ELEO]UO 
C.--"'-.... ••• ...... ·-••••• -- DETEIU4INE GEOMETRIC STIfF' • .. -_·· .. __ "' __ .. ••• .... ·ELE03500 

200 RE."l'URN ELEO)510 
C THE GEOJollE'l'RIC STIFFNE:SS M:ATRIX IS NOT AVIAtABLE fOR TH!S ELEJoIENT ELEO)520 
C £.LE035]O 
C--.-...... ---...... ·-..... ·-- DE'!'ERMINE STIE'F'NESS .··_.···········_···· .. ···EI..EClJ540 

300 CONTINUE E(,EOJS50 
c c------ H CONTAINS THE SPRING 61'IfE'NES6, WHICH WAS DE:TERJII.INED IN THE 
C LAST CALL TO ~T loIS 
C IF' H"SE( 1) THEN THE S'l'If'f'N'E65 HAS NOT CHANGED, RETURN 
C 

c 

IF (H.EQ.SE(1)} RETURN 

H • SEC 1) 
HH- SE(l)/LENGTH 
S( 1.1)· HH 
S( 1. 2)--HH 
S( 2.1)--HH 
S( 2, 2)· HH 

c----- CALCULATE SAT 
00 ]50 1-1,2 

"0 
c 

00 360 J.1. IELDOF' 
SAT{I,J'j·O 

00 ]60 pt.l,2 
SA" ( 1, J'j·SAT( 1 • ..1) ... 5 ( I ,X) -A(J ,X) 

C----- CALCULATE ASAT, STORE IN UPPER TRIANGULAR ~TRIK 
L-O 

310 

00 J/O J"I,IELOOF 
00 )'0 I"J,1.-1 
L"lo+l 
S"l'IF'F(L)·O 

00 3iO X.l.2 
5'1'IF'E'(L)-STlF'F'{L) "'A( I, I(j-SAT (pt. J') 

Elo£03S60 
EL£03570 
ELE03580 
EL£0]590 
ELEO]600 
ELEOJEil0 
ELEOJ520 
ELEO]l!i30 
ELEOJ640 
ELECl3550 
ELE03!S5Cl 
EL£03670 
ELEOJ6BO 
ELE03690 
ELEO)/OO 
ELEOJi 10 
ELEO]/20 
ELEOJ7 ]0 
ELEOJ140 
ELEOJ150 
ELEO]760 
ELEOJ170 
ELEOJ78Cl 
ELEClJElO 
EloEOJ800 
ELE03BIO 
ELEOJBJO 
ELE038JO 
ELEO]B-40 



IF' ( BTEST{IBUC,7) ) THEN 
WRITE (6,") 'I£L,toF' ,IELOOF, 'LM .'. (LI'I{I) ,I-l,IE:'OOF) 
CALL L~TR.J[( STI FF ,MD, I ELOOF, (L+ 1), 'SPRING 511 FFNESS') 

ENDIF 

ELEO]850 
ELEO]860 
ELEOJ870 
ELEOJ880 
ELEOJ890 
EL£0)900 

IO,~IJRN ELE03910 
C •• ------ ••••• --__ •••• ____ OE:TERJoIINE INCRtMENTAL FORCES --"' .... - ........... -ELE03920 

~OO CONTINUE £LEO]9]O 
IF (PRINT.MO.FIRST) WRITE (15,4'H) S'TEPIO ELE;03940 

C ______ LOOP FOR EACH (.OAO 
ELEOJ950 
ELEOJlHiO 
ELEO.H70 00 4JO LOAD-l,NLDAD 

c 
C ______ TRANSFORM FRAAE DISPL IN'l"O LOCAl.. DISPL 

ELE03!i180 
ELEOJ9r;O 
ELE04000 
£LEO~O 10 
£LE04020 

C ••. LOCAl. :JISPL ARE AT THE END ENO OF THE SPRING, 'l'HUS 
C, •• POSITIVE IS 'l'ENSION AND NEGAT1VE IS COMPRESSION 

410 
c 

R-O 
v-o 
00 410 r"l,lELOOF 

J"'LM( I) 

All- ,J.( 1.1) 
AI2_ A(1.2) 
DISP- DISPc"(J,LOAD) 
VEL_ VELOC (J) 

R" R + (A(I,2)-A{I.l) 
v- V + (A( I ,2 )-A{I, 1)) 

DISPL(J,LOADJ 
VELOC (J) 

£LE040]0 
EL£04040 
EL£04050 
EL£0401S0 
e:LE040:)0 
EL£04080 
£LE04090 
ELEO.I00 
ELE04110 
ELE04140 
EL£041]O 

C------ INCRIME:NTAL FORCES 
F'. H-R./LENGTH 

ELE04140 
ELE041S0 

c 
C ______ CHECI':: STI FF'NEsS AND CALCULATE UNB,u,A.NCED FORCES 

ELE04l!50 
ELE04170 
ELE04180 
ELE04190 
ELE04200 
ELE04210 

C THIS IS PIO,EFORMED ONLY FOR INELASTIC ANALYSIS 

415 

c 

P ·F'T+~ 

If (.NOT. ELSTIC) THEN 

ENOIF' 

-- SET UP TEMPORARY - TOTAL r.,OAOS, DISPL'S ANO VELOC 
PL-F'T 
o "[RT ... R)ILENGTH 
OL-RT ILENGTH 
VC-V't'+V 
VL-VT 

ELE042'20 
ELE042JO 
ELE04240 
E:LE04250 
ELE04260 

-- TRANSFER PEFlJotANEN'T 
I S£o2-ISE/2 
00 415 I'"l, I5E2 

SEC I+ISE2 ).SE( I) 

HTSTERESIS DATA TO TEMPROARY STORAGE •.• ELE04210 
ELE042BO 
ELE04290 
ELE04]00 

-- CA.L.L HfS'l' MODEL TO GE'!' NEW S'l'IFi'NESS MD 
'l'HE TOTAL FORCE P AT OISPL O. 

MOPT"] 
CALL MATLIS 
(MOP'!' ,LSTT'!P ,FALSE ,IREL,F'ALSE,NAJoI:E,EESE,EPSE, DUCT,EXCR. 

P ,PL ,0 ,oL ,VC ,vt. ,LELEM ,LIQ.T , 
MAT ,MATT! P, SE (I 5E2 ... 1 ) , I ELNO, OAMAGE) 

IF (SE(ISE:2+1) .NE.SE( 1») NEWI'::-.TRUE. 

C------ SAVE PEAIt VALUES F'OR MULTIPL£ LOAD CASES 

ELEOol310 
ELEOol320 
ELEOol]30 
ELEOolJ40 
EL£04]50 
£LE04J60 
£L£04]iO 
ELE04]BO 
EL£04 ]90 
ELE04400 
EL£04410 
ELE04420 
ELE044JO 

IF (NLOAD.GT.l .AND. ABS(F).GT.ABS(FMA.X(l]] ) TH£N 
FMAX( 1 )-F 
FMA.X(2]·R 

ENDIF 
c 
C------ PRINT O",TA 

HH. H/LENGTH 

ELEC4440 
ELE044 50 
ELE044!SO 
ELE04470 
ELE044BO 

IF (PRINT) WRITE (15,49'2) 

430 CONTINUE 
c 

I ELNO, LOAD, T'! PEe ..,.TPE) , NODEI ,NODEJ, F, R. HHELE04 4 90 
ELE04500 
ELE04510 

C------ THIS IS FOR SOLOS" USED ONLY 
ELE04520 
ELE04530 
ELE04540 
eLE04550 

c 

IF(ICOfo1N .EQ. 1 .OR. ICOMN .EQ. '2 ) THEN 
RSAf( 1)·F 

ENDIF ELe:04560 

C------ CALCULATE THE UNB~CED MEM.SER FORCE O~ A JOINT. 
ELE04570 
ELED458D 
ELE04S90 

, 
.40 

UBIU.- i'+M-P 
r - r 
'"' - M 
P - P 
IF (BTEST(IBUG,7)) WRITE (6,H3) F,rT,P 
00 440 I·l.IELOOF 

J·LM(I) 
.... 11- A(I ,1) 
AI'2- A(I,2) 
rUB(J)- FU8(J) ... (AO, l)-A(I ,2)) • ueAl.. 
IF (BTEST(IBUG,i)) 
WRITE (6,-4901) (lI.L"'(II).FUB(Il).II-l.IELOOF) 

CONTINUE 

ELEOoll!iOD 
ELE04610 
ELE04620 
ELE04630 
ELE04640 
£LE04650 
ELE04660 
ELE04670 
ELE046eo 
ELE04690 
ELE04100 
ELE04110 
ELE04720 

491 FORM.AT (I' SPRING FORCES ••• ',5!,AI ELE041JO 
" ELEMENT LOAD'.T17,' T!'PE',' NODEI',' NODEJ', ELE04740 
, ' FORCE ',' DISPLACM~ STU'FNESS' J ELE04750 

492 reJRJoIAT (IlO,I5,2I,A9,2Hi,lP,JGI5.6) ELE0471!i0 
49] FORMAT (' FI',lP,Gll5.B,' M,',G16.B,' P.',GI6.8) ELE04170 
494 mRXAT (' I,',I5,' LM(I)I',II5,' FUB{I)I'.lP,Gll5.8) £LE04780 

C ELE04i90 
C------ ... o.ruST F' FOR IJNBALANCED LOAO P ELE04BOO 

F·p-n E;LE04810 
RE'TUR.N ELE04S20 

C·····---···-·· •• -----•• -- DE'TERJoIINE TOTAL FORCES, ENERGIES EC'l' ····----ELE048JO 
500 CON'THIUE eLEQ4840 

IF( ICOHN .NE. I .~D. ICOMN .NE. 2 ) THEN ELE04B50 
1F' (PIUNT.MD.FIRSTl WRITE (6,491) STEPID ELE04B60 

C ELE04.870 
C ELE04.BBO 
C------ TOTAL fORCES, DISPLACEMENTS AND 'w'ELOCITIEs ELEOolB90 

~-F'T+F' ELE04900 
RT-RT+R ELE04910 
.....,..'IT+'I ELE049'20 
IF' ( ABs(F"T) .G'l" .... BS(F'J4.AX(l)) ) THEN ELE04930 

nV,X(I)·FT 8LE04940 
FMAX('2J-R'l" ELE04950 

ENDtF ELE04960 
C ELE049iO 
C------ PRINT OAT" ELE049BO 

HH- H/LENGTH ELE04990 
IF (PRTNT) WRITE(6,4Sl2) IELNO,I,TYPE(lt'TfPE),NODEI,NODEJ,F"l',R'l",HHELEOSOOO 

ELSE IF( ICOMN .EQ. 1 .OR. ICOJrO,l .EQ. :il ) THEN ELE05010 
~-RSAF'( 1) ELEOS020 
IF' (PRINT.AND.FIRST) WRITE (6,497) STEPID ELE05030 
:F (PRINT) WRITE{6,H'2) IELNO,I ,TTPE(II:T'!PE) ,NODEI ,NODEJ, FT ELE05040 

£ON DIE" ELE05050 

497 FORMAT [/' SPRING FORCES ••• ', 5X,AI 
" ELEMENT LOAD',Tli,' TYPE',' NODEI'," NODE,]', 

FORCE '] 
c c------ TRANSFEIO, TEMPROARl' HYSTERESIS 

rSE2·rsE/2 
DATA TO P£RMANEN'l" STORAGE ••• 

£LE050150 
ELE05070 
ELE050BO 
ELE05090 
EL£o05100 
ELEOSII0 
ELEC5120 

510 

IF (.NOT. ELSTIC) THEN 
00 510 1-1. ISE2 

SEC r )·SE{I+ISE2) 
ENDIF' 

RE:'l'URN 

ELE051J0 
ELE05140 
ELE05150 
ELE051.150 
ELE05170 
ELE05180 

c £L£05190 
C···-·---··· .. • ••• ------••• DETERMINE FIXED END FORCES, AND ADD TO F'ORCE-ELE05200 

600 RETIJRN ELe;05210 
C EL£05220 
c------- F'IXED £ND FORCES ARE NOT AVAILABLE FOR THE SPRING ELE05230 
C ELE05240 
C---····---------···-- WRITE MEMBER FORCES TO OUTPUT FILE -- .. ··----·····ELED5250 

JOO CONTINUE ELE05260 

13 

CALL MATLIB 
" (~ ,LS'TT'!P ,FALSE .IREL,FA.LSE.NAJo(£,EESE,EPSE, DUCT,EICR, 
, " ,F' ,RT ,R .0. ,0. ,LELEM ,LMAT 
" MAT ,JotA'I"TYP,SE,IELNO,DAJotAGE) 

WRITE (IUNIT,110) NODEI,NODEJ,IO'!'PE,FT,RT,H,E£oSE,EPSE, 
, (DUCT(I),EXCR(I),I-l,3] 

710 F'ORJolAT (JI6,1P,5GI::;Z.416G14.4) 

RE'TURN 
c 

ELE05'2iO 
ELE052BO 
ELE05490 
ELE05300 
ELE05310 
ELE05]20 
ELE053JO 
ELE05340 
ELE05350 
gtE05J60 
ELE05JiO 
ELE05JeO 

C .. ····---······.---.. - READ AND PR.INT "'EMBER FORCES FROJrrl OUTPUT FI LE .--"ELE05J90 
EL£05400 
ELE05410 
E:LE054'20 
EL£0500 

c 

BOO CONTINUE 
BACltSPACE( IUNI,.) 
READ (IUNIT," ) ITTPE,IELNO,IWRITE."O,Dl' 
ISTEP·-IWRITE 

910 READ (IUNIT.91S,END-8JO) NODEI,NODEJ,ItTYPE,F"I',RT,H,ESE,PSE, 
, (WORIt:(I),l-I,I5) 

81S i'ORMA'l" (JI6,5GI2.4/6GL2.4) 
ISTEP·I STEP"'I WRITE 
T-TO+DT*ISTEP 
IF (lSTEP.EQ.O) WRITE (6,B05) NOOE1.NOOEJ,TYPE{It'l'YPE) 
IF (MCD(1S'l"EP,INC).EQ.O) 
WR.ITE (6.820) ISTEP,T,M,R.T,H,ESE,PSe: 
GO TO BI0 

80S FORMAT (I' SPRtNG FORCES ••• ', I 
,SX,'NODEI:',I6,5X.'NOClEJI',I6,5X,'SPRING TTPE:',A,/I 
, ' STEP 'I' I JrrIE " 

~: ~~:CE :;: D1SP~~~MEN'l" ,; STIFF'NESS' 

B20 FORM.AT (I10,lP,GI5.5,6GlJ.5) 

8]0 WRITE (6,B40) (WORI'::(I),r-1.61 
940 FORMAT (/'1'10,' MAXIIo(UN DUCTILITIES AND EXCURSION RATIOS'/ 

, T 10,' ••• - •••••• ----.--•• ---••• - ••• -------•• ----, I 
, T15, 'DISPLACEMENT oEFINATIONI Ul-',lP,Gl'2.4,5X,'El-',G1'2.4/ 
, TIS, 'ENERGT DEFINA't'ION fll U2·' ,lP,GI2.4,5x, 'E2-' .GI2.4/ 
, TIS, 'ENERGY OEFINATION 1'21 U]-',lP,G12.4,5X,'E3-',GI2.4) 

RETURN 

ELE05UO 
ELE05450 
ELE050160 
ELE05410 
ELE054BO 
ELE050490 
ELE05S00 
ELE05510 
ELE05520 
EL£05530 
ELE05540 
£LE05550 
ELE:05560 
ELE05510 
ELE05580 
ELE:05S90 
ELE05600 
£LE051510 
ELEOS1520 
ELEOS630 
ELE05640 
ELE05650 
£LE05660 
ELE05670 
ELEOS6BO 

C----··.--· .. ·_· ... ---· DE:TEJUoIINE THE LENGTH OF THE MATER.IAL 0 .... '1'1. 
900 CONTINUE 

ELE05690 
ELE057DO 
£LEOS710 
ELEOS720 
ELE05i30 
ELE05i40 

NH'!ST-l 
ISE-O 

MAT - RINPU'!' ( 1) ELE057S0 
CALL MAT LIB ELE05HiO 
(0 ,LSTT!'P ,F-'LSE ,IREL,F'ALSE.NAJo(E:.EESE,EPSE, OUC:T,EXCR. ELE05770 

M' ,F ,R'I' ,R ,0. ,0. ,LELE'" ,LMAT £L£05780 
MAT ,MATT'!P,SE,IELNO, DAMAGE) £LEOS?90 

ISE-IS£+LELEM EL£oseoo 
C EL£05810 
C------- OOUBLE THE STORAGE, TO ALLOW FOR TEMPROAR!' .... ALUES... ELE05B20 

ISE.lSE"2 ELEOSB30 
RETURN ELEOSB40 

C ELE05BSO 
C .. ··-.. ---····---·· .. ·- DE'!'ERMINE THE STRAIN ENERGY ELEOS8150 

1000 CONTINUE ELEOSB70 
C ELEoseBO 
C .... --...... ----· ••• --- DUCTILITIES AND EXCIJRSION RATIO'S ELE05890 

1100 CONTINUE ELE05900 
C •••• OPTIONS 10 AND 11 HAVE THE S,I.JrrIE CODE FOR THIS EL£MEN''l'... ELE05910 

THE ENE~Y WAS CALCULATED WITH THE LAST CALL FOR tNCRIMENTAL FORCEELE059:20 
THE TOTAL FORCES HAVE NOT BEEN CALLED YE'T,THUS THE ENERGIES RESIDEELE05930 
IN THE MATRIX 5E BEGINING A'!' ADDRESS ISE'2l0 ELE059,0 

ISe:21"lSE/2 ...r 
CALL MATLI B 

, (4 ,LSTTTP ,FALSE ,IREL,FALSE,NAJoIE,E£SE,EPSE. DUCT,EXCR, 
, M' ,f .AT ,R ,0. .0. ,LELEM ,LKA'l" , 
, MAT ,MATTTP,SE(ISE'21),IELNO,DAJ4.AGE) 

IF ( DUCFAG .EQ. 0 ] TH£N 
IF( ABS(OUC'J'(lJ) .LT. 11 DUC:FAG·O 
IF( ABS(DUCT(l)J .GE. 1 ) DUCFAG-ABS(OUCT(I)) 

£NDIF 

IF (ELSTIC) EESE·(fl'+F)"(RT+R)·0.50 

Ii' (PRINT.AND.FIRS'l') WRITE (6,1191) 
IF (PRINT) WRITE (6,LI9'2) tELNO,(OUCT(I),EXCRCI).I·l,J) 

11!H FORJllAT (I' SPRING OUC'l"ILITIES MD E.lCURSION RATIOS •••• ', 5xI 
, ELEMENT',TI2,':- DUCTtLIT!' DEi'INATION Ii -: '. 

1234 56i 890AB(:DE12 J 4 567 890ASCDE 

: I: ~~~~tg; ~~~~~~i~g~ :i :: ':, 1'12, 
OUC"I'I LIT f EXCURSION 
DUCTILITY EXCURSION , 
OUCTILIT!' EXCURSION ') 

C 1 '2J4 S6Je90ABCOE1234 567 e90ABCDE 
1192 FORJolAT (IIO,lP,I5G15.6) 

C 
R.ETURN 

c 
C ... ··--••• ----••• ---- MAXlJoIUM FORCES 

c 

1200 CONTINUE 
IF' (FIRST) WRITE (6,491) 'JoIA.JlII4UM r.o .... D AND DISPL AT KA.XIMU'" LOAD 

, II' NOTE. MAltttoruM VALUES MAY NOT OCCUR SIMULTANEOUSLT' 
WRITE( 15,492) IELNO,O ,T'!PE(ICT'!PE). NOOEI. NODEJ, FMA.X( 1), F'MA.X( 2) 
RE'TURN 

C-----••• ---·· ••• -·-· RES'E:T INTERNAL FORCES 
13 0 a CONT I NUE , 

C----- ZERO MATRICIES 

c 
c 

r -0 
M-O 
R -0 
RT·O 
v -0 

""-0 
FMAX( I )-0 
FMAX(2)-0 

00 1310 I·I,ISE 
1J10 SECt )·0 

WRITE (6,1330) lEtoNa 
13JO FORM.AT (' SPRING ••••••••• ELEJrrlENT t, ,16, 

, INTERNAL FORCES AND HTSTERESIS MODELS ARE RESE"l' TO ZERO') 
CALL "I.ATLI B 

, (2 ,LSTT'fP ,fALSE. ,IREL,i'ALSE,NAJoIE,EESE,EPSE, OUCT,EXCR, 
, M ,F ,RT .10, ,a. ,0. ,LELEM ,LMAT , 
, ~T ,MATTTP,SE,IELNO,DAJotAGE) 

RE'TURN 

C-····---····-·· .. ··-· DAJoI.AGE INDEX --•• --- ••••••••• -- ...... 
1400 IF (ELS'l'IC) RETURN 

c 
FMA.X1-Ffo1AX( 1) 
FJrrlAX2·FJrrIAJ({'2) 
CALI.. MATLIB 

, (5 ,LST't'YP ,FALSE ,IREL,i'ALSE,NAJoIE,EESE,£PSE, OUCT,EXCR, 
, i'MA.X1,0. ,FMA.X'2, 0., O. ,0. ,LELEM .LMAT , 

MAT ,MATTTP,SE,IELNO,DA){AGE) 

IF' (PRINT.MD.FIRST) WRITE (15,1410) 
IF (PRINT) WRITE (1S.1420) IELNO,DAJoI.AGE,FMA..Xl,F'MAX2,EESE,EPSE 

1410 FORMA't' {/ 

ELE05950 
ELEOS960 
£LE05970 
ELE059130 
ELE05990 
ELE06000 
ELE06010 
ELE06020 
ELE060JO 
ELE060040 
ELE06050 
ELE06060 
ELE06070 
ELE06080 
ELE06090 
ELE06100 

'c;LE06110 
ELE06120 
ELE06130 
ELE06140 
ELE06150 
ELE06160 
ELE06170 
ELI:;06180 
ELI:;06190 
ELE0I5:200 
ELE06210 
ELE06'2::;Z0 
ELE06'2JO 
ELE06240 
ELE06250 

, £LE062150 
ELe;062iO 
E:LE06'280 
ELE06290 
EL5:06300 
EL5:06310 
ELE:015]20 
ELE015330 
ELE06340 
EL8015350 
ELE063150 
ELE015370 
ELE06JBO 
ELE06390 
5:LE06400 
ELE06410 
ELE06420 
ELE0600 
ELE06440 
ELE015450 
ELE015460 
ELE06470 
ELE064BO 
ELE06490 
ELE06500 
£LE06510 
ELE06520 
EL£06530 
ELE06540 
ELE06550 
ELE06560 
ELE015510 
ELED6580 
ELE06S90 
ELE06600 
ELE015!510 
ELE061520 
ELEOE6]0 
ELE06640 
ELE06650 
ELE0151560 
ELE06670 
ELE066eo 



C 

• • 
ELEMENT' .112.' :lAMAGE INDEX F ~ 

123456, 690ABCDE l2 34 567 B90 ... SCDE 
o MAX ESE 
PSE • J 

H20 rGRMAT (I10,lP,6C15.6) 

DAMAGE"DAMAGE- (EESE.;.e:PSE) 
RETURN 

ELE06690 
ELE06700 
ELE06710 
E:LE:06720 
ELE067JO 
ELE067 ~O 
EtE06' )0 
ELE06'60 
ELE06110 

END ELE015780 
C.----...... -----•••• - - ....... _ .......... - _ .................. ----•• - .......... ---... ELEO 0 0 1 0 
C DEBUG UNIT(6) ,TRACE,SUBCHJI:,UUT,SUBTRACE ELEOOO:lO 
C END DEBUG ELEOOOJO 
C---------···· - '" ........... - .... - ..... --- - --- _.- - - - - _. - .... _ ... - - .. _ .... ----.... --••• - ELEOOO 4 0 

SUBROUTIN'E ELEOJ ELEOaaSO 
(IOPT • I UNI T ,NEWlC • F! FIST ,PRINT ELE0006a 

N OOF' • NLOAD • MAXNOD • NNODE ,NCOS EI.EOOQ'IO 
10 .':OOF .COO"D .COSINE .JTCOS ELE00060 
CONST • DISPL ,VELOC • rORCE ,FUB ELE00090 
IREL .BUG ,IBUG ,,,,CCEL .KGDATA ELE00100 
GRJW ,PGEOM ,ELS'TIC .NAJoIE .STEPiO ELEOOI10 
IELNO ,RINPUT , ... .J(1AL .E:S~ .PSE ELE001:lO 

i~iTTP : ~~~ : ~~~II.G : ISES ,ISE'" ~t~~~~!~ 
ISE •• n ,n ,J] ,J4 ELEOOlS0 
MATB .MA"T'S • MAT... ,BLAN!!:.R ELEOOHiO 
RT .f .~ ,V ,V'!' ELE00170 
PKG .L!I:(; .LM .LMlCG ,... ELE00160 
SB .SS .SA .TEMPI .'rEMP2 ELE00190 
II:COOF' ,LENCTH .FM.AX .SE ,S'I'IFF ELE00200 

IM~L~C!T REAL("'-H.O-Z) 

COMJolON /RSA/!COMN.RSAF(U) 
RE.Al. !COMN 

ELE00210 
ELE00220 
ELEOOJJO 
ELE00240 
Et.EOO:l50 
ELEooao 

OOUSLE PFlECISION SX,SXX,SY,SX'f,SN E:LEOO:l70 
LOGICAL EFlR,fIRS"!',PRIN'T.BUG.FALSE.NEWF:,Et.STIC ,AXIAL,BTEST ELE002BO 
CH ... RACTER-SO NAME ELEOOJ90 
CH"'RACTER-(-) STEPiO ELEOOJOO 
ooUBLE PRECISION SAT.0S't'IFF(600) ELE00310 
DH4ENSION I OOF(MAXNOD, 6) ,COORD(MAXNOD. 6) .COSHIE( J. J. NCOS) ELE00J40 
DIMENSION CONST(MAXNOD.6), ID(M.AXNOD) .J't'COS(f04AXNOD) ELE00330 
Dlf04ENSION SAT(3.24).STIFF(600).!l:GDATA(J) .SATJ(e;.24) ELEOOJ40 
DIf04ENSION AT( 24. 6}. 1.( 24. J), S( 6,6). LM( 24 J, "'C( 6,3), Lf04!CG(24) ELEOOJSO 
DIMENSION CT(3.J),8S{3,3),LJX{3),IIT(J).V'I!!(3}.VXT(J).V'ZoT(.3),VZB(J) ELEOOJ60 
DIMENSION S€( ISE), "'1l( is. J] .... 22( 6.3),11.44 (6, J) .... JJ( 6.]1 ELE00370 
DIMENSION ~(3).R(J),V(J),rT(3).RT(3).V'I'(J),P(3) ELEOOJ80 
DIMEJoISION 01 SPt.( NOOF, NLOII.D) , FUB( NOOF) • EFUB ( :2 4 ) • ~MAX ( 6) ELEOO 390 
DIMENSION 'IELOC(NDOF) ELE00400 
DllolENSION FORCE(NOOF'.NLO"'D) ELEaa410 
DIMENSION RINPU"'I' ( lOO), WORJI:( 1). DUC'!' (J, J). EXCR( 6, J) ELE004 JO 
REAL t.ENGTH ELE00430 
DIMENSION 1'40(25) ELE:00440 
DAT ... 1'40/1. J. 4. i, 11. 16, 2J, 29, 3'1. 46, 56, 67, ELE00450 

, "I9.9J.106.1J1.13'1,154.172.191,211.2J2.254,211,3011 ELE00460 
C E:LE00410 C ---_______________________________ - ____ - - - _____ - ____ -------------------ELEOO 4 B 0 

C VARIABLES. ELE004;0 
C-------- --_________ ---____ - ---- - - - - _ - --- - - ----- -- --- - - - - - - - ------------ELEO 0 5 0 0 
C---------- GL08AL VARI II.BLES ELEOO 5 1 0 
C IOPT .. 1. INITIALIZE SEAJoI COt.UMN ELEMENT ELEOOSJO 
C • 2, CALCULATE GEOMETRIC STIFFN'ESS ELEOOSJO 
C .. 3, FORM STIFFNESS ELEOOS40 
C - 4, CALCUL ... TE INCREIoiENTAL FORCES ELE00550 
C 5. CALCULATE TOTAL FORCES AND ENERGIES ELE00560 
C IUNIT OUTPUT FILE UNIT f FOR PRINTING OUTPUT ELE:00570 
C ERr:II ERR OR FLAG. IE' AN ERR 0" HAS OCCURED, ERR-.TRUE. ELE00560 
C FIRST FLAG. FIRST-,TRlIE •• PRINT HEADERS Et.E00590 
C PRINT - FLAG. PRINT-.TRUE., PRINT D ... TII. E:LE00600 
C NOOF -,. OF GLOBAL oor ELE001510 
C NLOAD - • DE' LOAD COMBIN~TIONS ELE006:10 
C MAXNOD - • ROW DIMENSION OF NODE ARRA! ELE006JO 
C NNODE -. OF NODES ELE00640 
C 10 ARRAY OF EXTERNAL NODE NUMBEFIS ELE006S0 
C looF - "RRA! OF DEGREES OF FREEDOM ELE00660 
C COORD .. II.RRAY OF COORDINATES ELE006i 0 
C COSINE - ARRAY OF DIRECTION COSINES OF NODES ELE006BO 
C CONST - ARRAY OF CONSTRA:iNT TRANSFORMATIONS ELE00690 
C DISPL ,. GLOBAL DiSPLACEMENT MATRIX ELEOO'OO 
C Z - REAL GLOBAL STORTAG VECTOR ELE00710 
C NZ • INTEGER GL08AL STORTII.G IIECTOR ELE00720 
C IZMA,T • LOCATION or I4ATE"IAL OAT ... IN GLOBAL STORAGE VECTO" ELE00730 
C NAME - ELEMENT NII.ME ELEOOHO 
C I E:LNO • ELEMENT NUMBER ELE007 SO 
C RINPU'l' • INPUT OAT... ELE00760 
C STIFF • OUTPUT ELEMENT STIF~E:SS (UPPER TfliIANGULAR FORM) ELEoono 
C LM .. OUTPUT t.OCAL TO GLOBAL STIFFNESS J4APPING MATRIX ELE007BO 
C---------- ELEMENT VARIABLES ELE00790 
C H ,g .... I .... .J ,C. aI, a.J ,S22, S16. SJ 12, S)3, S3S. SJl1, D ELE00600 
C - INDIVIDUAL TERMS IN THE £LB)lENT STIFFNESS (S) MATflIlJ. £LEOOBI0 
C PII:G • INPUT LOAD E'OR FORJolING GEOHE:1'RIC STIFFNESS MATRIX... EL1::006.0 
CR· INCRlJoIENTAL DIS~t.AC:EMENTS EI..E:OOBJO 
C Rt' - TOTAL DISPLACEMENTS ELEOOB40 
C F ,. INC"INENTAL rORCES ELE00850 
C PI' - TOTAL FORC£S ELEOOB60 
C LJoI .. LOCAL TO GLOBAL STIFFNESS MAPPING MATRIX ELE00670 
C CTS .. LOCAL '1'0 GLOBAL R01''''TION MATRIX STII.R'I' ELE006BO 
C C'I'e: t.OCAL TO GLOBAL ROT ... TION MATRIX END ELEOOB90 
C BS LOCAL '1'0 CLOBAL ROTATED ECCENTRICITY/CONSTRAINT t4ATRIX S"I'II.RTELE00900 
C BE: .. LOCAL TO CLOBAL ROTATED ECCENTRICITY/CONSTRAINT MATRIX END ELE00910 
C STIFF - ELEMENT STIFFNESS ELE00920 
C IELTtP - ELEMENT TYPE - 10 ELE.009JO 
C NODEI - EXTERNAL JOINT NUMBER, E.ND I ELE00940 
C NODE.J ,. EXTERNAL JOINT NUMBER. END J E:LE005lS0 
C JOINTI - IN1'ERNAL JOINT NU)oISE:R, END I ELE005l150 
C JOINTJ • INTERNAL JOIN'!' NUMBER, END J ELE00970 
C---------- TEMPROII.RY VARI ... BLES ELE009BO 
C IlX .. VECTOR DEFINING THE ELEMEN'T' X AXIS E.LE00990 
C If'! .. VECTOR DEE'INING THE ELEMENT Y AXIS ELEOIOOO 
C COSLDC - LOCAL COSINE KATRllC ELEOI010 
C A - GLOBAL TO LOCAL FORCE TRANSFORJotATtON MATRIX ELEOI020 
C 5 • ELEJoIENT STH'rNESS 11.'1' LOCAL COORD, ... T ENDS OF FLEXABLE P ... RT £I..EOI0]0 
C SloT • PRODUCT or S .... ' £L£01040 
C ASAT ... PRODUCT OF .... SAT ELEOIOSO 
C - - - - -- -- - ----- - - - - - ------- ----------------- - --- ------ - -- - - -- - --- -------ELEO 1060 
C EI..E010'0 
C ELEOI0eo 
C------- CHOOSE OPTIO~ ELEOI090 

IF (IOP'I'.LT.l .OR.IOP'r.CT.14) EI.EOI100 
, WRITE (6.·) 'INVALID OPTION IN ELE-OJ. 10PTa·.IOPT EI.EOlllO 

CO TO (100.200.300.400.500,600,100.BOO.900,1000.1~00.1200. 
, 1300,1~00).IOPT 

100 CONTINUE 

c----- IN'TERPERTII.TE INPU'I' DA'I'A 
IEL'!'!P" J 

c 

MATB .. 
MATS -
MATA -
NODEI .. 
NODE2 • 
NODE3 -
NODE4 -
ALPIN .. ,.0 

RINPUT( 1) 
RINPUT( 2) 
RINPUT( .3) 
RINPUT/ 4.) 
RINPUT( 5) 
RINPUT( 6) 
RINPUT( 7) 
RINPUTf B) 
RINPUT( 9) 

C----- GE'l' IN'!'ERNAL NODE" ASSOCIATED WITH EXTERNAL NODE *'S 
JI-I QUI CII: (NODE 1. I D. NNODE) 
J2-IQUI e!C( NOOE2. I D. NNODE) 

ELEOl120 
ELE:Ol1JO 
ELEOIHO 
EI..E011S0 
£l.E011150 
ELEO 11 7Q 
ELEOIIBO 
ELE01l90 
ELEOl100 
ELE01210 
ELE01220 
ELE012JO 
ELE01240 
ELE012S0 
ELEO1:l.150 
EL£01270 
ELE012BO 
ELE01290 
ELEOIJaO 
ELEOlJI0 
ELEOlJ20 

14 

c 

J3- [QUI CJI:( N"ODE:3. I D. NNDDE J 
J4-IQUICII:{NODE4,ID,NNOoE) 

e ----- --- -- ------------ --------.. -. - - - - -- -----------------_________ _ 

ELEOl3JO 
ELE01J40 
ELEO lJ50 
ELEO lJ60 
ELEOlJiO C GET GL08AL TO LOCAL 'l'RANSFORXATION MATFHX 

C --- - -- - - - - - - - -- - --- --------------- - - - --- ----- - - ---------------___ • ELE01]60 
ELE01390 
ELEOHOO 
ELE01410 
ELE014 20 
ELE01430 
ELE01440 
ELE014S0 
ELEOH60 
ELE01470 
E;LEO 14 80 
ELE014510 
ELE01500 
ELEOlSl0 
ELEO 1520 
ELEO 15JO 
ELE01540 
ELE01SS0 
ELE01SfSO 
ELE01S70 
ELE015BO 
Et.E01S90 
ELEO 1600 
ELE01610 
ELEO 1620 
ELE016JO 
ELE01640 
ELE01650 
ELE01660 
ELE01670 
ELE01680 
Et.E01690 
ELE01100 
ELE01710 
ELE01720 
ELE01"1JO 
ELEOIHO 
ELE01'l50 
ELE01'60 
£LEOI110 
ELEOllS0 
ELEOll510 
ELEOIBOO 
ELE01910 
ELE01620 
ELE018JO 
ELE01640 
ELE018S0 
E.LE01860 
E:LE01S'0 
E:LEOIBSO 
E:LE01690 
ELE:O 1900 
ELE01910 
ELE01920 
ELE019)0 
ELE01940 
ELE01950 
8LE019i50 
ELE019'0 
ELEOl5lBO 
ELEOI9;0 
ELEOJOOO 
ELE02010 
Et.E02020 
EL£02030 
ELE02040 
E:LEO:ZOSO 
ELE02060 
ELEOJ070 
ELE02080 
ELE02090 
ELE02100 
ELE02110 
ELE02120 
Et.EO:l.lJO 
EI..E02140 
Et.E02150 
ELEOJ160 
ELEOJ170 
ELEO:l.lBO 
ELEO:Z190 
ELEOJJOO 
ELE01:Z10 
ELE02410 
ELE022JO 
ELE02240 
ELE02250 
ELE02260 
ELE022"10 
£1E02280 
ELE02290 
ELEO:i.JOO 
EL£0:l.310 
ELE01J:lO 
ELE02JJO 
ELE01J40 
ELE02350 
ELE02J60 
ELE02]"10 
ELE02380 
ELt02390 
ELE0:l400 
ELE02410 
ELE02420 
EL£02430 
ELE02440 
ELE024S0 
ELE02460 
ELE02470 
ELE024BO 
ELEOHQO 
ELE02500 
El.EOJSI0 
ELE02520 
ELE02530 
ELE02S40 
ELE02550 
ELE02560 
ELE:02570 
ELE025BO 
Et.E02S90 
[:LE02600 

C----- DEnNE VECTOR X. AT BO'l'TOM Of THE WALL 
VXS( I ).COORD( J". 1) -COORO( JJ.I) 
VXB{ 2 )-COORD( J4, 2) -COORD{.}J.;/) 
nB{ J) .COORD( J". 3) -CoaRD(.J3. J) 

c 
C----- DEFINE: VECTOR', AT TOP OF THE: WALL 

VXT (1 )"COQRD( J1. 1) -COORD( JJ. 1) 
VXT( 2 )-COORD( Jl. 2) -COORD( J1. 2) 
VXT(] )-COORD( Jl. 3) -COORD( J2. J) 

c 
C----- CALCULATE Y VECTOR ••• 

c 

Vl (1)· (COOFlD(.Jl. 1) .;.COORD( J2, 1) -COORD( JJ. 1) -COORD( J4, I» 12. 
VT (2 )·(CQORD(JI. 2 )';'COORD( J2. 2) -CCORC( J], J) -COORD(.J4.;/) 12. 
lIT (J j-(COORD( J1. J )+COORD{ J2, J) -COCRD( JJ. 3) -COORD(J4. J») 12. 

C----- CALCULATE ",VERAGE LENGTH,ALPHA AND SET ...... 

101 

LENG'I'H-SQRT (VT (1) --2.;.VT (2) uJ.;.V"!' (3 jU:I) 
IF (LENGTH.toE.Oj THEN 

WRI'l'E(6, 101) IELNO.LENGTH 
FORMAT(II.,20('·').'ER'.'ROR - LENGTH IS t.E 0',/ 
SX,' IELNO-' • IS. 5X, 5)[. 'LENGTH'. IP. GIS .61 
5X.·REVISE INPUT .•••••••••••••••••••••••••••• ·/) 
toENGTH-l.0 

ENOIF 

ALPH ... - ALP IN-LENGTH 
BET~ .. t.ENGTH-ALPHA 

C 
C----- NORMALIZE f VECTOR 

vr (I )-Vl {I )/t.ENGTH 
lIT (l )-Vl (2) ILENGTH 
lIT ( J) - Vl ( 3 ) it.ENGT H 

c 
C----- CALCULATE THE lli'IOTH 

CALL VCROSS(VZ'i'.VY ,VIT) 
CALL VCRQSS(VZB,Vl.VXB) 

c 

W'I'. SQFrr(V2;T(1)"2 .;. VZT{J)"2 
lli'B· SQRT(V:r.B(l)·-J .;. VZS{J)"2 
iii' - (WT.;.WS) I •. 0 

... VZ'I'( Jj--Jj 
+ v'ZB( J )--2) 

C----- CHECK FOR TWIS"J' 
TWI ST-ACOS( \tCOS( VZT. VZBl} -5'1. 29SB 
IE' (ABS(TWIST) .GT. 5.0) WRITE (6,10J) TWIST 

102 FORMAT(5X.10(·-·).' W ... RNING THE: WALL [S TWIS'rED-·.1P.Cl:l. .... 
, 'DEGREES. REVISE INPUT AND RE"UN' 1 

c c----- CALCUL",TE \1"1, AND NORMALIZE 
CALt. VCROSS(VX.Vl,VZB) 

c 

W'X-SQRT(V1( 1) "2+VX( 2)" "2+VX( J ) ..... 2) 
VX(1)-VX(1)/W'I. 
VX(2)"VX(:l.)/Wl[ 
VX(J)-VX(J)/W'X 

C----- CHEC!C FOR TWIST 
IF ( BTEST[IBUC,') ) THEN 

WRITE (6,") ·.JOINTS'.J1,J2.JJ.J4 
W"ITE (6,") VX'.VX 
liiRI'i't (6.") 1IT',Vl 
WRITE (6,") , VZ', .... ZB 
WRITE (6.") 'LENG't'H,ALF'HA.BE"I'II.· .toENGTH.ALPH .... SE."T1l. 

ENDIF 
C 
C----- GET t.OCAL TO GL08AL TRANSFORMATION fo4ATRICIES 
C--- JOI NT '1 

CALL ROTIYZ (VI. lIT .COSINE( 1. 1.J'l'COS{Jl») ,CT, 
O. ,0. ,0. ,BS, CONST(Jl.1) .J4AXNOD) 

00 21 1-1,3 
00 Jl J-I,3 . 

All(1 .J)"CT(I.J) 
21 ",ll(I.;.J.J)-BS(I,J) 

C--- JOINT '2 
CALL ROTXTZ(VX, Vl' ,COSINE( 1,1, J'l'COS( J.» ,CT, 

00 22 1-1. 3 
00 2:l. J-1.3 

O •• a •• 0. ,BS, CONST(J2,1) ,KAlNOD} 

"'J:l.(I ,J)-CT(I,J) 
22 AJ:l.(I+3.J)-SS(l.J) 

C--- JOINT fJ 
CALL RO'l'X'tZ (V'!, I/T ,COSINE( I, 1. J'l'COS(.J3)) .e'!', 

00 23 1-1,3 
DO 23 J-l.] 

O •• O.,O.,SS. CONST(.J3,1).MAXNOD) 

AJJ(I ,J)-C'I'(I,") 
2J A3J( I.;.J,J)-BS(I • .J) 

C--- JOINT ... 

" 

CALL RQTXTZ(VlL V"!' ,COSINE( 1,1. J'I'COS( J4) .CT. 
O.,o.,o.,as. CONS't'(J4,1).KAXNOD) 

00 J4 1-1.3 
00 J4 J"l. J 

AH(l .J)-CT(I.J) 
A44 (1+3 .J)-BS( I, J) 

IF ( 8TES'T(IBUG,1) ) THEN 

ENDIF 

WRI'i'E (6.") 'JOINT fl. Jl' .Jl 
CALL NMATRX("'ll • 6, J, '",11 ' 
\tRITE (6,'" 'JOINT 'J. J2',J2 
CALL WM.ATRX(A22 • 6, J. • ... 22 ' 
WRITE (6,", 'JOINT fl. JJ'.JJ 
CALL WHATRX(AJJ ,6, J, 'AJJ .) 
WRITE (6.·) 'JOUT'4, J4·.J4 
CALL WXATiU(A44 ,6. J, '1144 .) 

C----- ZERO MATRICIES 

" 

" 
21 

c 

00 25 1"1.] 
FMAX( 1 j- 0 
FMAX(I.;.3). 0 
F' (I )-0 
F1'(I)"O 
R (I )-0 
RT(I)-O 
1/ (I )-0 
\I'T( I )-0 

00 2' I-1. 24 
toM (I )-0 
t.MItG( I }-O 
00 :16 J-l.3 

A(l,J)-O.OO 
00 27 !C"1.6 

"'T( I, !C)·O.OO 

C----- ASSEMBLE TRANSFORMATION MATRIX A - A5 X At X AJ 
C NOTE. AT IS DIJo4MENSIONED AS ... :l4X5 MATRI!C. BUT ONLY THE fIRST 
C ROW'S CONTAIN INFORMATION. 'THE SALANCE OF THE MATRIX IS 

IELooF ELE02610 
ELE02620 
ELE02630 
ELE02640 
ELE02650 

C UNDE:FINED. THE CLOBAL OOF COORESPONDING TO THE ROW'S OF A 
C II.RE S"TORED IN VECTOR, I..M. II.GII.IN, ONLf 'I'HE: FIRST IELCOF ROW'S 
C OF LM ARE DEFINED. 

r ELOOF-O 
00 50 1-1.4 
00 SO .J .. t.6 

REf040VE ooF' S T HAT ARE CONSTRAI NED TO THE SAME ooF •.• 
IF ( (IooF{.JI.J).EQ.lOOF(J4.J)J .OR. 

(IooF(Jl,.J).EQ.lOOF(JJ,J» .OR. 
(IDOF(J2.J).EQ.IOOF(J4.J)) .OR. 
(IOOE'(J2.J).EQ.IOOF'(J3,J)) ) GO TO SO 

ELE02660 
ELE026'0 
ELE02i5BO 
ELE026;0 
ELE02700 
ELE02710 
ELE02120 
ELEOJ'JO 
ELE02HO 



I ELIXH'''' I EL!XH'+l 
IF (r.EQ.l) THEN 

LlofT'l-I OOF(.Jl ,.1) 
AT( IELIXI~.l )-All(.1,1) 
,t,T( IELIXIF. :n-All( .1.:2) 

ELSE Ii' (I-E:Q.:2) THeN 
LMTI-IOOF(.1:iI • .1) 
AT (I ELOOF' , 3) ·A:2:2 (J'.:2) 

ELSE I~ (I.Eg.J) 'T'HEN 
C"ml-r::xlF(J'3 • .1) 
AT( IELOOF, 4 ).A.JJ(J,J) 

ELSE IF (I.EQ.4) THEN 
LM'T'I-IOOF(J04 .J) 
"T (IEC"OOF. S )-,\4 4 (J, 1) 
... T (nc"OOF. 6 )-,\4 4 (.J,:2) 

ENDIF' 

LM(IELOOF)-L""'I 
I F( (AT (IEt.OOF. 1). EQ.O) .ANO. (AT( IELooF. J). EQ. 0) • .\NO. 

(AT (IELOOF. J). EQ.O) .ANO. (-'T{I ELOOF. 04). EQ. 0) .AND. 
(AT{IELOOF. 5) .EQ.O) .ANC. (AT( IELDOF.6).EQ.0» THEN 
IELOOF-IELOOF-I 

c 

ELSE IF (IELDOf'.G-T.l) THEN 
DO 49 II-I, IELOOF.-1 

IF (LJo1(II).EQ.LJo1(IELOOF» THEN 
00 48 JJ-l.6 

AT ([ I, JJ)-AT (I I • .J.J) +AT e I ELOOF. JJ) 
48 ATelELDOF,JJ)-O 

I ELOOF-t ELOOF-l 
GO TO SO 

ENOIF 
49 CONTINUE 

ENDIF 

SO CON'l'INLJE 

C------ A2 A I FOR S'l'I FF'NESS ONL 1 ••• 

c 
c 

AC( I. 1)- O. 
AC(2.1)- -l./W 
AC(J,I)- 1./'" 
AC(4,l). -1./W 
ACe S, 1)· O. 
AC(6,1)· l,/W 
AC( 1,:2)- 1. 
AC(2,2). ALPHA/'" 
AC(J,2)- -ALPHA/W 
AC(4,2)· -BETA I'" 
AC( 5, 2)- -I. 
AC(6,2)- BE'TA /w 
AC( I, J)- O. 
AC(2,J)- 1./2. 
AC( J, Jl· I. /2. 
AC( 4, J)- -1./2. 
AC( 5,3)- O. 
AC(6,3)· -1./2. 

DO SS 1-1. IELOOF 
DO 55 .J-l. J 

A(! • .J).O. 
DO 55 ,(-1. IS 

55 A(I • .1)-A(I • .1) ... AT(I.I()· ... C(I(.J') 

IF ( BTESTtIBUG.7) ) THEN 
CALt. WMTRX:;;( AT .IELOOF.IS,' AT ',:il4) 
CALt. WMATRX:{ AC ,1S.3,· AC ') 
CALt. WMTRX:il( A .IELOOF,3,' A • ,:24) 

ENDI~ 

C----- GET SPRING S'TIFFNESS 
FALSE·. FALSE. 
LSTTt'P"O 
CALL KATLIa 
(:il .LST'T''fP .FALSE ,IREL,FALSE,NMo!E, 

ESES,PSEB,DUCT( 1,1) ,EXCR( 1,1), 
F'T .F ,RT ,R ,0. ,0. ,LELEM ,LMAT • 
MATS ,MATTtP,SE(I5EB) ,IELNO,DAMAG-E) 

CALL /ltATLIB 
(2 ,LSTTtP ,FALSE ,IREL,FALSE,NM4E, 

ESES, PSES, CUCT( I, 2), EXCR( 1, '2), 
M ,F ,AT ,R ,0. ,0. ,LELEM ,LMAT , 
MATS , MATTTP, SE (I SES) , I ELNO, DAMAGE) 

CALL MATLI8 
(2 ,LSTTtP ,FALSE ,IREL,FALSE,N'AME, 

ESEA, P5EA, DUCT ( 1. 3), EXCR( 1. J), 
M ,f' ,AT ,R ,0. ,0. ,LELEM ,LMAT , 
MATA , MATTtP, SE (1 SEA) , I ELNO, DAMAGE) 

ESE"O. 
PSE·O. 

WRITE (6,·) 'M-rER MAT', 'LIB IN E:LEO'2 • 
III FORMAT (OP,' ZMATRJ:(·,IIS,·)I',I15,lP,G20.10) 

C 
C------- SET UP THE LOCAL S'TI FFNESS Jo1ATRIX 

SB" SE(ISE8) 
SS· SE(ISES) 
SAo. 5E(ISEA) 
IF ( 8TEST(UUG,7) ) THEN 

WRITE (IS,*) 'BENDING STIFFNESS I(B-' .SS 
'lliRITE (IS.·) 'S)-(EAR STIFFNESS 1(5'" ,55 
WRITE (6,·) 'AXIAL S'TIFFNES5 U"',SA 

ENDIF 
c 
C----- CAt.CULATE SAT 

SSL"'SB/LENGTH 
SSL-ss/LENGTH 
SAL·SA./LENGTH 

c 

00 60 J'·l,IELOOF 
SAT ( l, .Jj"SBL"A(J, 1) 
SAT (2, J)-SSL"A(.:I, 2) 

ISO 5AT(J,.J)"SAL*A(.J,) 

C----- CALCLJLATE ASAT AND CONVERT TO HALF STORAGE MODE 
C 
C 
C 
C 
C 
C 
C 
C 

1 J , 

L-O 

10 15 21 28 
9 14 20 27 
6 11 19 21S 
7 12 Ie 25 

11 17 24 
1623 

" 

00 10 J"l.IELDOF 
00 70 I·J, 1 ,-1 
L .. t. ... l 
DSTIFF(L)"O 
00 70 1t·I,J 

36 45 
35 44 
34 4J 
3J 42 
J241 
Jl 40 
30 J9 
29 J8 

37 

)) 66 78 
54 65 77 
5J 1S4 76 
52 IS) 75 
51 62 74 
50 61 7) 
49 60 72 
485971 
415870 
4657651 

5669 

" 

70 CSTI FF(L)-DSTI FF(Ll +A( I, '() ·SAT( JC,J) 
00 71 .J-1, L 

71 STIFF(.J)-DSTIFF(J) 

JOO. 

Bt COLUMNS 

NUM8ER INDICATES 
LOCATION OF OATA. 
IN ARRAT STIFF 

ELE02750 
ELEO:ilHiO 
ELEO:il770 
ELEO:il7BO 
ELE0:2190 
ELE0:il800 
ELEO:ilB10 
ELE0:2920 
ELEO:ilBJO 
ELEO:;;940 
ELE02BSO 
ELE02860 
ELE0:2870 
ELEO:ilSSO 
ELE028S10 
ELE025100 
ELE02910 
ELE029:il0 
ELE029JO 
ELE02940 
ELEOJ950 
ELEOJ960 
ELEOJ970 
ELE02980 
ELE02990 
ELE03000 
ELEOJOIO 
ELE03020 
ELEOJOJO 
ELE030010 
SLEO)050 
ELEOJ060 
Et.EOJOiO 
E:LEOJ080 
ELEOJ090 
E:LEOJIOO 
ELEOJIIO 
ELEOJ120 
Et.EOJIJO 
ELEOJ140 
ELEOJ150 
ELE0J160 
ELEOJ170 
ELE03l60 
ELE03190 
ELE0):200 
ELE03210 
ELE03220 
Et.E03230 
ELEOJ240 
ELEOJ2S0 
ELE0321S0 
ELEOJ270 
ELE03280 
ELE03290 
ELE03300 
ELE03310 
ELE03320 
ELEOJJJO 
ELE03J40 
ELE03J50 
ELEOl360 
ELE033iO 
ELE03J90 
ELE03J90 
ELE03400 
ELE0J410 
ELEOJ4JO 
ELEOJ4JO 
ELE0304 40 
ELEOJ04S0 
ELEOJ0460 
ELE03470 
ELEOJ-480 
ELE03490 
ELEOJSOO 
ELEOHIO 
ELE03Sl0 
ELEOJSJO 
ELE03540 
ELEOJ5S0 
SLEOJ560 
EL£03570 
ELEOJSeO 
ELEOJ590 
SLE03600 
ELEOJISI0 
ELE036:;:O 
E:LE031530 
ELEOJIS40 
ELE03650 
ELEOJIS60 
ELE031570 
ELECJISBO 
ELEOJ690 
EL.EOJ700 
ELEOJ710 
ELE03120 
E'LECl730 
ELE03HO 
ELE037S0 
ELEOJ7150 
ELE03770 
ELEOJ780 
ELEOJ7S1C 
ELE03800 
ELEOl810 
ELEOJ8JC 
ELEOJ9JO 
ELEOJ804C 
ELEOJ95C 
ELE03860 
ELE03B70 
ELE038BO 
ELEOJ890 
ELEOJ900 
ELEOJ910 
E:LEOJ920 
ELE039J0 
ELEOJ940 
ELEOJ950 
ELEOJ960 
Et.ECJ970 
ELEC)980 
ELECJ990 
ELEC4000 
ELEC4C10 
ELE04C20 
ELE04CJO 
ELE:0404C 
£LE0040S0 
ELE00401S0 
ELE004070 
ELE004080 
ELE04090 
ELE04100 
ELE04110 
ELE04120 
Et.E041JO 
E:LE04140 
ELEO~ ISO 
ELE04160 

15 

c 

IF' ( STEST(IBUG,il 1 THEN 
WRITE (6,·) ·IELOOF·,IELOOf',·!.H .·,(UI(I).1-1.IELOOF) 
CALL L)(,I.T~( STIFF ,MD, IELCOF, (L+l). 'WALL S"!'IPFNESS' J 

ENDIf' 

C ------------- - - - -- ----------------_______________________________ _ 

C ASSEMBLE GEOME..'TRIC STIFFNESS MATRIX FOR A UNI'T LOAD ••• C _________________________________________________________________ _ 

LKO-L+I 
IF ( PItG.EQ.O .ANC. ItOOATA(1).NE.2 ) GO TO 180 
IF' (ItODATA(l).EQ.O .OR. ItGO"'TA(:il).EQ.O ) GO TO 180 
AXIAL- .TRUE. 

C---------- CE'TERMINE THE AXIAL LOAO TO BE USED FOR JCG ••• 
IF (I(GOATA(l).EQ.l) THEN 

c 

PGEOJo1 - PJCG 
ELSE IF (I(GDATA(1).EQ.2) THEN 

PGEOM - -F( 3) 
£NDIf 

C----- ASSE"'SLE TRANSFORXATION MATRIX A 

ELE04170 
EL£04180 
ELEC4190 
£LE04:il00 
ELE:C4:ill0 
ELEC4220 
ELEC4:ilJO 
E;LE04HC 
E:LEC4:ilSO 
ELE:04260 
ELE04270 
E:LE04280 
ELE04290 
ELE04 JOO 
ELE04JIO 
ELE04J20 
ELEOO)O 
ELE0040 
ELE04350 
ELE04JISO 
ELE04370 

C NOTEI AT IS OIMMENSIoNED AS A 12XIS MATRIX, BUT Ot-lt.t' THE nRST 
C ROW'S CONTAIN INFORMATION. THE BALANCE Of' THE MATRIX IS 

IELOOF ELE04)80 
E'LE04J510 
ELECUOO 
ELEOUIO 
EL£OU20 

C UNOEFINED. THE GLOBAL ooF COORESPONDING TO THE ROW' S O~ A 
CARE 5'l'ORED IN VECTOR U". AGAIN, ONLt THE FIRST IELooF ROW'S 
C OF LJo1 ARE DEFINED. 

140 

H. 

H' 

145 
c 

00 140 I"1,J4 
00 140 JC"1,6 

AT(I ,It) .. o .00 
It:GooF-O 
00 145 1-1,4 
00 145 J·1,6 

ItGOOF -JCGOOF .;.1 
IF (LEQ.l) THEN' 

LM'I'I"IDOF"(J'l, J) 
,t,T(ItGOOF, 1 ).Al1( J.1) 
AT(ltGOOF,2 )-UI( J, J) 

ELSE IF (I.EQ.2) THEN 
LMTI-I OOF(J2, J) 
AT( ItGooF, 3 )·A22 (J, J) 

ELSE IF (LEQ.J) THEN 
t.MTI"IDOF(J3, J') 
AT( ItGDCF, 4 )"AJ3 (J, J) 

ELSE IE' (I.EQ.4) THEN 
UfJ'I-IDOF(.JoI,.J) 
AT( ItGOOF, 5)-A44 (J, 1) 
"'1'( ItGOOF, 6 ) • .-.04 4 (J, 3) 

ENDIr 
t..MItG( JCGooF) .. t.Jon'I 
IF( (AT( ItGIXIF.l).EQ.O) .ANO. (AT(I(GOOF. 2) .EQ.O) .AND. 

( ... T (II:GOOF, 3). EQ. 0) .AND. (AT (I(GOOF, 4). EQ. C) . AND. 
(AT( ItGDOF, 5). EQ.O) .AND. (AT( ItGOOF, 6). EQ. C) THEN 
I(GIXIF-itGOOF-l 

ELSE IF (ItGCOF.GT.l) THEN 
00 149 II-l.ItGDOF-l 

IF (LMItG(II).EQ.LMJCG(ItGOOF» THEN 
00 14B JJ-1.1S 

AT (I I, .1J)"AT( t I ,.JJ) +AT( ItGDOF, J'J') 
AT(ItGIXIF,JJ)-O 

ItGOOF·ItGooF-l 
GO TO 14S 

ENOIf' 
CON'I'INUE 

ENDIF 

CONTINUE 

C----- LOCAL GEOJo1ETRIC STIFFNESS MATRIX 
DO 150 14"1.1J 

c 

00 ISO .:11"1.12 
ISO 5( [2,.1I )"0.0 

5(1,1)- 1.0/LENGTH 
5(2,2)- 0.5/LENGTH 
S(J,3)- O.S/LENGTH 
5(4,4)- 0.5/LENGTH 
5(5,5)- I.O/LENGTH 
5(6,6)- O.S/LENGTH 
S(l,S)- -1.0/LENGTH 
S(2,1S)- -O.5/LENG'l'H 
5(3,4)- -O.S/LENGTH 
S(5,1)- -1.0/LENGTH 
15(6,2)- -O.S/LENGTH 
S(Ll}- -O.S/LENGTH 

C----- CALCULATE SAT 

160 
c 

00 160 I-LIS 
00 HiO .1-I.III:GDOF 
SAT2(I,J)-0 
00 11S0 111:·1.6 

S"T2 (I, J)-SAT2( I ,J)"'S( I, lit) '"AT( J', It) 

C----- CALCULATE .ASAT MiD CONVERT TO HALF STORAGE MODE S1 COLUMN'S 

170 
c 

J:D 170 J-l,JC.GOOF 
00 170 I·J, 1.-1 
L"L+l 
STIFF(L)-O 
00 170 1("1,15 

STIFF( L)"6TIFF( t.l +AT( I ,It) *SATJ (JC, J) 

C----- PRINT GEOJIoIE."TRIC STIFF DATA FOR DEB UGGING 

c 

IF ( STES"t'{ISUG,7) ) THEN -
CALL IofMTRI2("'T ,JCGDOF,6,' AT ',24) 
CALL WMATRX( 5 ,1S,6,' III:G-S ') 
CALL IIfMATR.I(SAT2 ,I5,ItGOOF,'SAT2 ') 
WRITE (6.·) ·ItGOOF·,It:GOOF,'t.MItG ·',eLJo1I1tG{I),I·I,I(GooF) 
CALL LMATRI(STIF'~(LJC.G) ,IrID,I(GOO~,JOO, 'WALL GEOMETRIC STIrt.') 

ENCIF 

c----- RELEASE UNUSED S'I'ORAGE 
180 IREL-600-L 

PRINT COLUMN' OATA 
IF (FIRST .OR. BTEST(IBUG.7) .OR. BTE:S'T(IBUG,S) ) WRITE (6,194) 

191 WRITE(!!i, 193) NAME, I ELNO , )(.I.TIL KATS, MAT A , 
Ii ID(JI),ID(J4),ID(.13),ID(J4), 

t.EN'GTH ,111, ALPI N, PltG 

19J FORM.I.T(/' ELEMENT 03, RIC SHE.a.R WALL ELEMEN'r'// T17, 
Ii 'ELEM',' BEND',' SHEAR'.' gIAL',' .1OINT',' JOINT', 
Ii .1OINT',' JOINT',' LENGTH , WIC1I'H 
, ALPHA, PltG '1,1'17. 
, •••• MATL',' M1o.TL'.' MATL·.· 
, 'l' , • '4' /) 

19J F'ORMAT(lX,AlS,BIIS,2X,lP,4G12.4) 
IOPT"IOPT 
RETURN 

'1'.' '2'. 

ELEOUJO 
Et.E004440 
ELE044S0 
ELE04460 
ELEOH70 
ELE04490 
ELE04490 
ELE04 SOC 
ELE04 S 10 
ELE04510 
ELEO~ 530 
ELE04540 
ELE04SS0 
ELE04S60 
ELE04570 
ELE045BO 
ELE04590 
ELEOHOO 
ELE04610 
ELE:0H520 
ELE046JO 
ELE046010 
ELEOol1550 
E:t.E04660 
EL£04670 
ELE04680 
ELE04690 
ELE04100 
£LE04110 
ELEC412C 
ELE047JO 
ELE04740 
ELE04750 
ELE047150 
ELg04i70 
ELE004790 
gLE004190 
ELE004900 
ELE004810 
ELE04920 
ELE048JO 
ELE04840 
ELE04850 
ELE04860 
£LE04870 
ELE04890 
ELE04 B90 
ELE04900 
ELE04910 
ELE04920 
ELE04910 
ELE04940 
ELE049S0 
ELE0491S0 
ELE04970 
£LE04980 
ELE04990 
ELEOSOOO 
ELE05010 
ELEO)020 
ELEOS,OJO 
ELEO~040 
ELEOS050 
Et.E05060 
ELEOS070 
ELEOS080 
ELEO)090 
ELE05100 
ELE05110 
E:LEOS120 
ELEOSIJO 
E:t.E05140 
EU:OSI50 
ELEOSIISO 
ELE05170 
ELE:OSIBO 
ELEOS190 
Et.EC5200 
ELEOS210 
ELE:OS:il20 
Et.EOS2JO 
Et.EC5:il40 
ELEC5:il50 
ELE05:260 
ELEosno 
ELEOS:il8C 
ELE052510 
ELE05JOO 
EL£05310 
ELE05J20 
ELE05JJO 
ELE05340 
ELE05350 
ELEOSJISO 
ELEOSJ70 
ELE05JBO 
ELE05390 
Et.E05400 
E:t.E05410 
Et.E05420 
Et.E0500 
ELE05440 

C·_·.·· ...... •••••••• .. •• .. _-. DETERJoIINE GEOJo1E'l'RIC STI FF ... __ .. _-_ ...... - .. _-_ .... ELEO 5 4 50 

200 CONTINUE 
C- JCG IS DETERMINED FOR A UNIT LOAD WITH 10PT-I, 
C_ THE ACTUAL LOAD (PGEOJlol) [S oE'TERMINED HERE. 
C- III:G IS MULTIPLIED BT PGEOM WHEN THE TOTAL STIFFNESS IS ASSEMBLED 
C- NEGATIVE PGECJo1 IS CO"'PRESSION •••• 
C 

A..:II AIr-. TRUE. 
C __________ OETERJoIHIE THE ,UIAL LOAD TO BE USED FOR ItG ••• 

IF (ItGDATA(l).EQ.l) THEN 
PGECJo1" PItG 

EL6E IF (ItGO"TA(1).EQ.:2) THEN 
PGEOM • -F( l) 

ENOI~ 

ELECS4tiO 
ELEC5470 
ELEOS490 
ELE054<;10 
ELEOS500 
ELE05S10 
Et.E05520 
ELE05530 
EL£055010 
ELEOS550 
£L£05560 
ELE05S70 
ELE05580 



IF (aTES'l'(laUG.l)} WRITE (6.·) 'AXIAL ·.AXIAL.· PGEOMI·.PGEO,", ELE05590 
ELE05600 
ELE05610 
E['E056:20 

C------····---·.··--······ DETERMINE S'I'lFFNESS •••••••• --•• ---•••• ----•• ELE05630 
300 CONTINUE 

5S-S8 
55·55 
SA·SA 
1f' (BTEST(IBUG.i)) WRITE (6,402) IELNO.SB.SS.SA 
IF (aTEST(IBUG,1)) WRITE (1S.401) IELNO,SE(I5EB).SE(ISES),SE{ISE.II) 

ELE05640 
ELE05650 
ELE05660 
ELE056"'10 
ELE05680 
ELE05690 

C ELE05700 
C~~~~~~ sa. S5 -'No SA CONTAIN THE S'1'H'FNE5SES. WHICH WERE DETERMINED IN ELE05710 
C THE L"51 O.LL 10 KA TLI8 E:LE05720 
C IF S8-5E(1SE8) MD SS·SE(I5ES) !\NO SA-SE(ISEA) EL£OS730 
C THEN THE S1'IFF~ESS H~S NOT CHANGED, Fl.E'TURN ELEOSHO 
C ELEOS750 

IF (S8.EO.SE(ISE8).AND.SS.EQ.Se:(ISES).~D.S".EQ.SE(ISEA)J RETURN 5:LE05760 
c 
C---~~-- SE't' UP THE LOCAL STIFFNESS JotATRIX 

SS. 5E(I5e:8) 

c 

55" SEC ISES) 
SA· SE(ISEA) 
IF (BTEST(IaUG,i)) WRITE (6.402J IELNO.S8,SS.SA 
sav .. SEC ISEB1/LENGTH 
SSL- SEC I 5ES) ILENGTH 
SAL= SE( I SE") ILENGTH 

C-~-~- C"t.CULATE S~T 
00 360 J"'l,IELOOF 

SAT ( LJ) .. S8[. .... (J.l) 
S~T(:t..J)·S5[. ..... (J.1) 

360 SAT(J.J)·SAL· ... (J.J) 
c 
C---~~ CALCULATE ASAT. STORE IN UPPER TRIANGULAR I!tATRIX 

L-O 

370 

371 

DO J70 J-l.IELDOF 
DO J70 I-J,1. ~1 
L·L+l 
DSTIE'E'(L)·O 
00 J70 ~"'1, J 

DSTI FF( t. ).DSTIFF( [.) +.II( I ,It) ·S"T (lit, J) 
00 J71 J-1,L 

5'I'lE'~(J)·DS'TIFF(J) 

IF ( BTEST(IBUG,1) ) THEN 
WRITE (6.*) ·IELOOF·.IELDOF.'Lf04 ·'.(Lf04(!).I·l,IELooF') 
CALL LMATRX( S't'I FF .MD, IELDOF. (L"'I),' WALL S't'IFFNESS') 

ENOIF 

RETURN 

ELE05770 
EL£OS180 
ELEOS190 
ELEOS80C 
ELE05810 
ELEOS820 
£LEOS8JO 
ELEOSB40 
EL£OSBSO 
ELEOSB60 
£['EOS870 
ELE05880 
E[.EOS890 
ELE05900 
ELE05910 
ELE05920 
ELEOS930 
ELE05940 
ELE05950 
ELE05960 
E:LE05970 
E['EOS9BO 
ELEOS990 
ELE06000 
£LE06010 
ELE06020 
ELE06030 
ELE06040 
ELE060S0 
ELE06060 
ELE06070 
£LE060BO 
Et.E06090 

C-----... • .. ---···.·---.... -- DETE~INE INCRIMENT.t.L FORCES 
400 CONTINUE 

.... ··············EL£06100 

H (PRINT.A.ND.FIFl.S"l') WFl.ITE (1S,491) STEPID 
IF (B1'ES1(IBUG.7») THEN 

WRITE (is,401l IELNO 
401 FOfUotAT (lX.JO(·.·), 'SHEAR WALL, ELEMENT" ,lIS. lX, ]O( '.') ) 

ENOIF 
c 
c~--~~~~ SET UP THE COMPONENT STI FFNES5ES 

S8. SE (I SEB) 

c 

55- SE(ISESl 
s .... SE(!SEAl 
IF (aTEST(IBUG,7)} WRITE (6,402) IELNO.SB,SS.S" 

402 FORMAT(' lE1.HOI',Il,' SBI',lP,G12.5,' SSI',GI2.S,· 

C~~~--- LOOP FOR E"CH L.OAD 
00 430 LOA"" 1. NUlAD 

c 
C~~---- TRANSFOf\M FRAJIIE DIsPL INTO LOCAL DISPL 

410 
c 

00 410 r·l, J 
R(I )-0 
VI I )·0 
00 410 J-l,IELooF 

K-LM( J) 
R( I) -R( I HA( J, I) ·DISPL( lit, t.o"D} 
1/( I )-V( I) +"(J.l ).VELOC( It) 

C-~~--~ INCFlIME:NTU rOFlCES 
F( 1 )·SB·R( 1) IL.E:NGTH 
F(:i! )·SS*R( 2l/LENGTH 
F( J) ·S~1IRf.3) IL.ENGTI{ 

c c------ CHECIit S"l'I FFNESS AND O:ALCULATE UNBALANCED FOPCES 
C THIS 15 PREFORJolED ONLT FOR II11EL"STIC ANALYSIS 

P(l) -FT(l)+F(l) 
P(:t.J -FT( '2) +F( 2} 
PO) .F"I'( J) +F(3) 
IE' < .NOT. ELSTIC) THEN 

SA:' ,CI2. 5) 

£LE06110 
ELE06120 
ELE06130 
ELE06140 
E[.E06150 
ELE06160 
ELE061"10 
E1.E06180 
ELE06190 
ELE06200 
ELE06210 
ELE06220 
ELE06230 
ELE06240 
ELE06::1l50 
£LE06260 
ELE062"'10 
ELE06280 
ELE06290 
E1.E06300 
ELE015310 
ELE0I5320 
ELE0153JO 
ELE063'0 
ELEOISJSO 
ELE06360 
ELE06.370 
ELE06.3BO 
ELE06J90 
ELE06400 
E1.E06410 
ELE06420 
ELE0600 
ELE0I5440 
ELE015450 
ELE06460 
ELEOlS470 

-- TFlANSFER PERM.ANENT 
ISE:i!-ISE/2 

H!S1'ERESIS D~T~ TO TEMPROARY STORAGE ••• £L£06480 

415 
00 415 l.l,ISE:i! 

SE:{I+ISE1)·SE(I) 
-~ SENDING ---------~~~~~~ 
-- SET UP TEMPORART .. TOTAL LOADS, DISPL'S AND VELOC 
PL·M'( 1) 
o -(RT(l)+R(lllILENGTH 
OL-R't'(ll ILENGTH 
VC-\lT(1)+V(11 
VL-V'I'( I) 

-~ CALL HYST I(QDEL TO ~E'!' NEW S1'IFFNESS ,\ND 
'l'HE TOT,I..[" FORCE P ~T DISP[. D. 

MOPT·J 
C ... LL MATLI8 
(MOPT • LSTTT P. FALSE • I REL, FALSE. NAJoIE, 

ESEB. PSE8, DUCT ( I, 1) , EXCR( 1. 1) , 
P(l),PL.D.DL.VC.VL,LELEM .LMAT • 
.... ATB .MATTYP. SEC ISE2+ISES}, IELNO. DAMAGE) 

IF (SE(ISE2+ISE8).NE.5E(ISEB)} tH:WIt·.TRUE. 
-- SHEAR --~-~~~-~~---~~~-
-- SE."T UP TEMPORART - 'l'O'I'AL Uljl"DS, DISP[.'S AND VELOC 
P[.--F'T(:i! ) 
D ·(RT{:l)+R(2)/LENGTH 
DL· Fl.T (2) /LENGTH 
VC"V'I'(2)+V(2) 
VL-'II"'[' (2) 
-~ CALL HYST MODEL TO G~ NEW STtFrNESS AND 

THE TOT.t.L FORCE P ~T DISPt. D. 
MOPT-J 
CIU.I. MATLIB 
(HOP", t.S1'TTP, FALSE ,IREL, FUSE, NAJoIE, 

ESES, PSES, DUCT (1.2), EXCR( 1. 2), 
P(:() ,Pt..,D,DL.vC,VL.LELEM .LMA1' , 
MATS, r-tATTT P, SE (I SE2"'1 SES) • I ELNO. DAMAGE) 

IF (SE(ISE2-dSES).NE.SE(ISES)) NEWJ{·.TRUE. 
-- AXIAL -~~~---~~~---~~--
-~ SET UP TEMPORARY ~ TOTAL LO"OS, DISPL'S AND VELOC 
PL"fT( JJ 
D =(RT(3}+R(J)}/LENGTH 
Ot.= R1' ( J) ILENGT H 
VC·VT(3l+V(Jl 
Vt. .. V'l'{3 ) 
~- CALL I-ITST MODEL TO GET NEW STIFFNESS AND 

THE TOTAL FORCE P AT DISPL D. 
fo40PT-.3 
CALL MATLI B 
(MOPT, LSTT1 P, FALSE ,I REL, rALSE. NAME, 

ESEA, PSEA. DUCT ( 1, 3). EXCRt 1,3}, 

ENDIF 

P(J),PL,D.DL.VC.V'L.LELEH .LMAT • 
HAT" • MATTTP. SEC ISE::il+ISEA), I ELNO. DAMAGE} 

Ir (SECISE2"'ISE~).NE.SE(ISE"'») NEWIt·.TRUE. 

ELE06490 
E['E06S00 
ELE06'510 
E1.E06510 
ELE06S30 
c:LEOISS40 
Et.e:015550 
ELE015560 
ELE06570 
ELE06~80 
ELE06590 
ELE06600 
ELE06610 
ELE06620 
ELE066JO 
ELE06640 
ELE066S0 
ELE061S60 
ELE06670 
ELEOlSlSeo 
EL£01S1S90 
ELE06100 
ELE06110 
ELE06120 
ELE06i30 
E1.E06HO 
E:L£067 '50 
£L£06760 
ELEOti710 
£['EOIS180 
ELEOISHIO 
E['E06eoo 
EL£06el0 
ELE06820 
ELE06e30 
ELE06e40 
Et.E06B50 
ELEOISBISO 
ELEOlS870 
£LEOIS8BO 
ELE06890 
EL£06900 
ELE06910 
ELE06920 
ELEC6930 
E1.E06940 
ELEC69S0 
ELE06960 
ELE0697C 
ELEOlS980 
ELEOIS;9Cl 
ELE01000 

16 

c 

IF (ELS"!'ICl THE~ 

ESEBaO.SO·(F'T(1)"'F( 1) )·(RT( 1 )"R( 1)) 
ESES-O. 50*( rT(2) +F'(2) }·(RT(1 )"'R( 2)) 
E5E ... ·0 .50·( rT( Jl"F(3»)" [R'I'(J) +R{J)) 
ESE- ESEB+ESES+ESEA 
PSE·O.O 

ELSE 
ESE· (ESEB+E5ES+ ESE,,) ·LENCTH 
PSE· (PSEB+PSES+PSEA) ·LENGTH 

ENOl F 

C----~- SAVE MAXIMUM [.OADS 
If (NLO.llD.GT.l) THEN 

00 389 1-1, J 

c 

IF (ABS(F(I)}.GT.ABS(FJoIAX(I)) 
FIQJC(I ). F'(I) 
FMA1( 1+))- R(I) 

ENDIF 
JB9 CONTINUE 

ENDIF 

) THEN 

C-~~~-- PRINT DAT~ 
IF (PRINT) WRITE (IS.H:2) IELNO.LO"D. 

" tD(.:n).ID(J2).ID(J3),ID(J4). 
" (F( 1 J. R(!), 1"1. J) 

J9:;Z f'OR)4AT (IlO,15.2X.4I5,IP,ISGI5.6) 
c 
C-~~--- CALCUt.~TE THE UN8ALANCED ME)II8ER FORCE ON " JOINT. 

c 

'" 

Ir (L.OAD.EQ.l) THEN 
USM· -( F(lJ+F'T(I)-P[l) ) 
USS· ~( F(2)+FT(2)~P(2) ) 
UB~ • -( F(J)+M'(J)~P(J) ) 
00 440 I·l.IELOOF 

I(-Lt-1(I) 
EFUS[I)· ~(I,1)*U8H + A(I.2PUB6 + "(I..31-UBA 
FUB(IC)· F1JB(It) + e:ruB(l) 

IF (BTEST(IBUG,7») THEN 
W"RITE (6.49.3) (I.FtI),FT(I),P(I).I-1.3) 
)IIFHTE (6.11) 'UBI )II,S,'" ·',UB)II,UBS,UBA 
WRITE (6,~94) (I.t.M(I),EFUS{I),I.l,IELooF) 

ENDIr 
ENDIF 
F( 1)·P( 1 )~F"'I'( 1) 
F(2)·P[2 )-P!'(2) 
F( 3)-P(Jl~F1'(Jl 

4]0 CONTINUE 

C-~---~ THIS IS FOR SOLOS ... ON[.! 

01 

IFf ICOMN .EQ. 1 .OR. ICDIOIN 
00 431 1-1.J 

RS~r( I )-F( I) 
ENDlf' 

.EO. 2 ) THEN 

491 FORMAT (/. RIC SHEAR WALL FORCES ... '.5x.AI 
'" ELEf04EN'l' ['Ojl"D'.Tll, 
" JNT-l',' JNT-:i!',, JNT-]',' JNT-4', 
" MOMENT , ' RO'1'A1ION • 

:: ~~~ :;: ~~~ g~~~t: ,i) 
492 FORMAT (IlO,I5,2X,U5.1P,6GI5.6) 
493 FORMAT (' 11',11.' FI·.IP,Gl:2.4.' MI',G1:t..'" PI',G12.4j 
494 FDRKAT (' Il·.IS.· LM(I)I',16,' FUB(I)~',lP.G12.4) 

IOPT·IOP'T 
RE'TURN 

ELE07010 
ELEO"l020 
ELE070JO 
ELE010010 
ELE07050 
ELE07060 
ELE07070 
ELE070BO 
ELE:07090 
ELE01100 
ELE07110 
£LE01120 
ELE07130 
ELEO"llolO 
ELS07150 
ELE01160 
ELE07170 
ELE011BO 
ELE07190 
ELE01200 
ELE01210 
ELEO"l2:i!0 
ELEOi 2JO 
E["E07140 
ELE07250 
ELE.01260 
ELE07270 
ELE07:i!80 
ELE01290 
ELE07300 
ELE07JIO 
ELE01320 
ELEO"'lJJO 
ELE01J40 
ELE01350 
E["E01J1S0 
ELE07JiO 
ELE07J80 
ELE01390 
ELE01400 
SLE01410 
ELEOH20 
ELE0700 
ELEOH40 
ELEOHSO 
ELEOHISO 
ELEO"/4 "'I 0 
ELE014BO 
ELE0"/490 
ELE01500 
ELE07S10 
ELE07520 
ELE:07530 
EL£0"l540 
ELEOi550 
ELE01560 
ELE07510 
ELE07seo 
ELE07590 
ELE07600 
E'LE07610 
ELE071S20 
ELE011SJO 
E[.E01640 
ELE01650 
ELEOi660 C----·---.. ···········--· .. - DETERJoIINE TOTAL FORCES. ENERGIES ECT •• ······ELEOi6iO 

c 

500 CONT I NU£ 
IF( ICOMN .NE. 1 .AND. ICOMN .NE. 2 ) THEN 

IF (PRINT.AND.f'!RS'J') W"RITE (6,491) S'l'EPID 

C~~---- TOTAL FORCES. DISPLACEMENTS ~D IIELOCITIES 
00 S10 1-1.J 

c 

n'(I) - PT(I) ... F{I) 
R'I'{I) • Fl.T(I) + R(I) 
'IT(I) • VT(I) + vel) 
IF ( ~85(i"T(Il).GT.ABS(FMAX{I)) ) THEN 

FMAX(I )·F"I'(ll 
FMAX(I+J)·RT(I) 

ENOIF 
510 CONTINUE 

C---~~- PRINT OAT ... 
IF (PRINT) WRITE (1S,49:i!) IE:LNO,LQAD, 

IO(JI) ,ID(J2), ID(J3) .ID(J4), 
, (M( I) ,RT( I), I-I, J) 

513 

ELSE Ir( ICOMN .EQ. I .OR. ICDMN' .EO· :i! ) THEN 
IF( PRIH"'I' .AND. FIRST) "~ITE(6.491) 5TEPID 

00 513 1-1. J 
M(l )·R5.11F( I) 

IF (PRINT) WRITE (6,492) IELNO,LOAD, 
ID(Jl}, ID(J2), ID(JJ), ID(J4) • • • (FT(I }.I-l.J) 

ENDIF 
497 FORMAT (/' RIC 5HEAR W1I.LL FORCE5 ••• ',SX,'" 

, ELEMENT LO ... D' .'1'11. 
, • .nIT-1',· .]NT-2',· JlM'~]',' JNT~4', 

,. MO~fN..1 ' I) SHEAR • 

c 
C-~~~~~ TRANSFE.R TEJoIPROAFl.T HISTERESIS DATA TO PERMANENT 

ISE:;Z·ISE/1 

"0 
IF (.NOT.ELS1'lC) THc:N 

00 520 l-l.ISE:2 
SE(I)-SE(I+I5£:;Z) 

ENDIF 

S't'ORAGE ••• 

ELE01680 
EL£Oi 690 
ELE01100 
ELE077 10 
ELE07720 
ELEO'130 
ELEO"~O 
£LE077S0 
ELE07HO 
EL£07770 
e:LEC77 80 
e:LE0179C1 
E[.EO"'lBOO 
ELEO"'l810 
ELE01820 
ELE078JO 
ELE'07840 
ELEOiB50 
ELE07860 
ELE07e70 
SLE07 BBO 
ELE07B90 
E'LEOHOO 
ELEOH10 
ELE019::l0 
ELE019JO 
EL£07940 
ELE01950 
ELEOH60 
gr,E07970 
ELI::01980 
ELE07990 
ELEOBOOO 
ELE08010 
ELEOB020 
ELEOB030 
£LEOB040 
ELEOB050 
ELE08060 
ELEoeOiO 

RETURN ELE080eo 
c ~~~~ 

C--•• • ••••• ••• •• ---•• ··-·. DE'TERfilINE FIXED END F'ORCE'S. MO ADD TO FORCE'"ELEOBI00 
600 RE'TURN ELE08110 

C £LEOB120 
C----~-~ FIXED END FORCES ~RE NOT 1I.V"ILA8LE FOR RIC SHEAR WALL ELEOBlJO 
C ELE08140 
C •••••• - ..... --••• ••• •• WRITE IOIE:MBER FORCES To OUTPUT FILE ··--.. ·········ELE081S0 

"'100 CONTINUE ELE08160 
C E[.E081iO 
C •••••••••• B~OING ENERGT. DUCTI[.I'l'T AND EXCURSION ELEOBleo 

IF {ELSTIC} THEN ELE0819C 
ESE8·0. 50*( FT( 1) +F( 1))· (RT [1 )+R( 1)) ELE08200 
ESES·O. 50. (rT (2) +F( 2))· (RT (21"'R( 2» 5:L£08210 
ESEA·O. 50· (M (J) +F( 3)) * (RT( 3) "'FI( J)) £LE08220 
ESE· ESE8+ESE5+ESE:A ELEOB230 
PSE-O.O ELE08140 

ELSE E'LE082S0 
CUI. MATLI B ELE08260 

, (~ ,LSTTTP .FALSE ,IREL,rALSE.NAJoIE, ELE:Oe270 
" ESEB.>'SEB,DUCT(I.1).EXCR(1,1), ELEOB2eo 
" M .F ,RT .R ,0. .0. .LELEJoI .LHAT, E:LEOB'290 
" MATS ,HATTTP,SE(ISE8).IELNO.DPJotAGE) ELEOBJOO 

C •••••••••• SHEjI"R E:'NERGT. DUCTILITY AND EXCURSION ELE08JIO 
CALL MAT['I8 e:LEOB320 

" (4 ,LSTTTP ,FALSE ,IREL,FALSE.NAME. Et.E08J30 
" ESES.PSES,DUCT(1.2).EXCR(1.2), E[.E09340 
" FT ,F ,RT .R ,0. ,0. ,LELEM ,L!4A'1'. E['EOBJ50 
" HATS ,IQ,TTTP,SE(ISES).IELNO,DAM1I.GE) ELE08Jli0 

C •••••••••• ,t.,XIAL ENERG'F. DUCTILIT! !\NO EXCURSION ELE08.3iO 
CALL HATLI9 F::LE08J80 
(' ,LS"t'TTP .FALSE .IREL,FUSE,NAHE:. ELE08J90 

ESEA, P5E:A, DlJC'I'( 1. J). EXCR{ 1. 3). ELEOB400 
FT ,F .RT .R ,0. .0. ,LELEH ,L)o{AT, EL£08410 
r-tATA ,MA'l'TTP.SE(ISEAJ,IELNO.ClAMAGE) Et.E08420 



ESE-( ESEB+ESES+ESeAj*LENG'TH 
PSE· (PSEB+PSES+PSEA) -Lc:NGT H 

ENDIF 

IF (PRINT) WRITE (IVNI'!',710) IO(Jl),IO(JJ),ID(JJj,ID(J~) 
WRITE (IUNIT,111) (F'"!'(I),R"(I),I·l,J),ESE,PSE 

, « DUC'T(I, J) ,aCR(I ,J) ,I·l.J) ,J. L,J) 
710 FORMAT (4I5,lP,iSEI0.J/(8EIO.J) ) 
H1 fORJ(AT (1P,BEI0.) 

ELE0800 
ELE09440 
ELE08450 
ELE09460 
ELE09470 
ELE09490 
ELE094510 
£LE09500 
ELE08510 
ELE08'520 
ELE08530 
ELE08540 

RE:'rURN ELE08550 
C ELE08560 C-----·---·····-····. READ AND PRINT foIIEfoilSER PORCES FROM OUTPUT ~ILE ··--ELE08510 

800 CONTINUE ELE08580 
51 .0 ELE085510 
SXX-O ELE08iSOO 
SY ·0 ELE08610 
SU·O ELE066:10 
SN -0 ELE08630 
BAC]I{SP"'CECIUNIT) ELE06640 
RE ... D (WNIT.- ) ITTPE.lELNO,IWRITE,TO,OT ELE06650 
READ (IUNIT,1 10) N'ODEl,NODE2,NOOEJ,NODE4 ELE:08660 
ISTEP--[WRITE ELE06670 
AVEMV.O EL£08660 
I COUNT-O ELE086510 

C EI..E08700 
CC810 READ (IUNIT, 61), EN~830 )NOD£1. NODEl, NODE3, NOoE4, (F( 11, R[ 1),1.1, J), ELE06710 
CC' ESE, PSE, « DUCT ( I, J), EXCR( I, J), 1-1, 3), J-l, 3l ELE08720 
CC815 ~ORMAT (US, 6EI0.J/(8E:I0.3) ELE08DO 

c 

810 RE ... O (IUNIT,815,EN~830) (~(l),R(I),I-l.J),ESE.PSE ELE087~0 
815 FORJ(AT (8EI0.J) ELEOB750 

ISTEP.1STEP+IWRITE ELEOBHiO 
T.TO+CYY'''ISTEP ELE06nO 
I~ (ISTEP.EQ.O) WRITE (6,805) NODEl,NODE2,NODE3,NODE4 ELE087BO 
IF (MOD(ISTEP.INC).EQ.O) ELEOB790 
WRITE (15.620) ISTEP,T,(~(I),R(I),1.1,Jj,ESE,PSE ELE08800 
SX .. SX + ~(2) ELE08810 
SU - axx + ~(2)-F(2j ELEOBB:ilO 
ST .. ST + ~(l) ELE08930 
SU - SKY + F{i)-F{2) ELE09940 
SN • SN + 1 ELEOB850 
I~ (F(2).NE.0) THEN ELE08860 

RAT)!fV- F(l)/F(:Z) ELE08870 
IF (i\SS(RAT)!fV).LT.25) THEN ELE08880 

AVEJo(V· ... VEMV+RATMV ELEOB890 
ICOUN'T·ICOUNT+l ELE08900 

ENDIF ELE08910 
ENDIF ELE089JO 
GO TO BI0 ELEOe9JO 

9JO CONTINUE 
AVE)(V-AVE)(VI MAX{ICOUN", 1) 
WRITE (6,831) AVEMV,ICOUNT 
IF (SY.NE.O ) THEN 

RM·SY tsx 
ICOUNT·SN 
WRITE [6,e33) RM,ICOUNT 

ENOI~ 
OM • SN*SII - SX·SI 
DB • 5X· SI - SXX.SH 
IF [DM.NE.O .AND. D8.HE.0) THEN 

RS • ( SXPSX • 51-SIX) I DS 
AM • ( SN·SXT - SX-ST ) I 0" 
lCOUNT·SN 
WRITE (15.832) RM.RB,ICOUN'T 

ENOIE' 
ell FORMAT(/T10, 'AVERAGE I«IHENT/SHEAR A.ATIO-'.IP,CiI2.4,SX,OP.I6, 

, ' POINTS WERE USED, " 
, POINTS WITH V-a ARE EXCLUDED') 

832 E'ORJ(AT( TI0, 'R~RESSION MOMEN'I'-SHE:AR EQUNI " 
, ' M .', 1P,G12.4, '. v +', G12.4,SI, 
, OP,16,' POINTS WERE USED') 

e3) ~OFI.MAT( TI0,'REGRESSION MOMENT-SHE ... R EQUNI , 
, ' M .'. IP,GI2.4, '. V ',121: ,5X, 
, OP,16,' POIN'I'S WERE USED') 

WRITE (6,6J5) 

WRITE (6,840) 'SENDING COMPONENT'. (DUCT(I ,1) ,EXCR(I ,1) ,1-1,) 
WRITE (6,840) 'SHEAR COMPONENT' ,(DUCT[l.2).£XCR(I,2),I·l,3) 
WRITE (6,840) 'AXIAL COfoilPONENT' ,(DUCT(I.J).EXCR(I,J),I·l,3) 

B05 FORMAT (/' RIc SHEAR WALL FORCES ••• ',I 
5X, 'NODEll', liS, 5X, 'NODE21 '.16, 5X. 'NODE)I ',Hi, 5X, 'NODE4 I' ,16, II 

'f040~~~ T~IoIE ~ATION , 
SHEAR '.' SHEAR DISPL. " 

Ii AXIAL'.' AXIAL DiSPL. " 
'ESE ,?SE' I) 

820 E'ORJ(AT (I6,1?G12.4,6G14.5,JGI2.4) 
835 FORMAT (/'1'10.' MAXIMUH DUCTILITIES AND EXCURSION RATIOS'I 

, T 10. ' ....... -.-.... --.-----.-••••• -.----........ -- ' ) 
840 FORMAT (/1'10,AI 

, T15.'DISPLACOIENT DEFINATIONI Ul-',IP,GI2.4,5X,'E1-',G12.41 
, T15,'ENER,,1 DE~INATION fll U2-',lP,GI2.4,5x,'E:Z·',G12.41 
, T15.'ENERGl DEFINATION ':ill U3-',1.P,Gl:1.4,5X,'EJ-',G12.4) 

RE"I'URN 

C· .. ---------.......... DE:TERJoIINE THE LENGTH O~ THE KATERI"-L DATA 

ELE08940 
ELE085150 
ELE08960 
ELE08910 
ELE069BO 
ELE06990 
ELE09000 
EL£09010 
ELE090JO 
EL£090JO 
ELE05l040 
ELE09050 
ELE090150 
ELE09070 
ELEO)lOaO 
ELEO)lO)lO 
ELEO)l100 
ELEO)l110 
ELE05l120 
ELE09lJO 
EL£09140 
ELE09150 
ELE09160 
ELE09170 
ELE09180 
ELE09190 
ELE09100 
ELE09JIO 
ELE05l':il10 
ELE09230 
ELE09240 
ELE09J50 
E:L£09260 
ELE09270 
£LE09280 
ELE05l290 
ELE09JOO 
ELE09J10 
ELE09320 
ELE09JJO 
ELE09J40 
ELE09350 
ELE093150 
ELE09310 
ELE093BO 
ELE09390 
ELEOSl400 
ELE05lUO 
EL£05l4:il0 
£LE09430 
ELE09440 
EL£09450 
ELE09460 
EL£09470 
ELE09480 
ELE09490 
£LE09500 
£LE09510 
ELE09520 
ELE09530 
ELE09540 
ELE09S50 
ELE09560 
ELE09570 
ELE09580 
ELE095510 
£1..£09600 
EL£09610 
ELE09620 
ELE09630 
'£LE09640 
ELE09650 
ELE09660 
ELE09610 
ELE096BO 
ELE09690 
E:LE09100 
ELE09710 
EL£091JO 
ELE09130 
ELE0914.0 
ELE09750 
EL£09160 
'£LE09110 
ELE09180 
ELE05l790 
ELE09BOO 
EL£05lB10 
ELE09820 
ELE09BJO 
ELE05l840 

5100 CON'TINUE 
I5E-0 

C------- LOOP ~OR EACH AATEIAL -------
00 910 1·1, J 

H' (I.EQ.I) THEN 
ISES·ISE.l 

ELSE IF (I.Eg.2) THEN 
ISES·ISE+l 

ELSE IF (I.Eg.)} THEN 
ISEA"'ISE+1 

£NDIF 
MATI - RIN?UT( I) 
CALt, MATLIS , , , , 
(0 ,LSTTTP. ~AL5E ,IR.EL, ~AI.SE,NAXE, 

ESE, ?SE,DUCT(1.2),EXCR(I,2), 
F"T ,~ ,R'!' ,R ,0. ,0. 
MATI ,I(ATTTP, SE,IE:LNO, CA..'O.GE) 

910 ISE-ISE + LELEJII 
c 

,LELEM ,LMAT 

C------- ooUSLE THE STORAGE, TO ALLOW FOR TEMPROi\RT VALUES ••• 
ISE-ISE-::il 

RETURN 

DE."I'ERMINE THE STRAIN ENERGY 
1000 CONTINUE 

c ... •• ... ····,..········ .. •• DUCTILITEI5 AND EXCURSION RATIOS 
1100 CONTINUE 

C NOTE ELE03 WAS LAST CALLED TO CALC INCIRMENTAL DISPL, 
C THE ENERGiES ASSOCIATED WITH INCR DISPL ARE STORED IN 

THE ADDRESSES I ISEB+ISE/2 
I SES .. I SEt2 
ISEA+lSEI2 

C •••••••••• BENDING ENERGT, D£,JCTILITY AND EXCURSION 
lSE2"'ISE/2 
CALL """TI..l B 

, (4 ,LSTTTP ,~ALSE ,IREL,~ALSE,NAME, 
, ESEB.PSE8,DUCT{1,1),EXCR{1,1), 
Ii fT ,~ ,RT ,R ,0. ,0. ,LELEJoI ,LMAT , 
Ii MAT 8 ,M.ATT!P,SE(ISES.ISE2),IELNo.DAJotAGE) 

C •••••••••• SHEAR EN ERG! • DUCTILIT! AND EXCURSION ••••• 

17 

C"-LL MA'l'LIB 
(4 ,LSTT1P ,FALSE ,IREL,FALSE,NA)(E, 
ESES, PSES, DUC'l'( 1,2) .EICR( 1 ,2), 
~ ,~ ,RT ,R ,0. ,0. ,LE:L£)c ,LMAT • 

, MATS ,MATTTP,SE(ISES.ISE2),IELNO,DA.KAGE) 
C •••••••••• AXIAL ENERGY. DUCTILITY AND EXCURSION 

CALL IolA'I'LIS 

ELE09850 
ELE09860 
EL'£09810 
ELE09B80 
£LE09890 
ELE09900 
ELE09910 
ELE09no 
ELE099JO 
ELE099~0 

ELE05l5l50 
ELE099150 
ELE09970 
ELE:095180 
ELE05l990 
ELEI0000 
ELEI0010 
ELE10020 
ELEI0030 
£LEI0040 
EL£10050 
ELE10060 
ELEI00'J0 
ELE100eo 
ELEI0090 
ELEI0I00 
EL£10110 
EL£10120 
ELE10130 
ELEIOUO 
E:LEI0150 
ELEI0lf50 

C 

(~ ,L5'l'TTP ,~ALSE .IR£L,FALSE,NI'JoIE, 
ESEA, PSEA. OlICT( l.J) ,EXCAt I, J), 
~ ,~ ,RT ,R ,0. ,0. ,LEI..EM ,LHAT 
I4A.T... ,MATTY P, SE( I SEA.I SE2) • I ELNO, DA}I(AGE) 

IF( DUC~AG .EO. 0 1 THEN 
IF{ ASS(OUCT(1.1) .GE. 1 .OR. ABS(CUCT{1.2)) .G£. 1 

.OR. i\8S(OlICT(l.l)l .GE. 1 ) THEN 
OUCE' ... G·ABS( DUCT ( 1. III 
IF( OUC~AG .LT .... eS(DUCT(1.2» ) DUC~AG.ABS(OIJC'l'(1.2» 
IF( OUC~AG .LT. AeS(DVCT(l,J) ) DUC~"'G"ABS(DUCT(I,J» 

ENDIF 
ENDIF 

IF (ELSTIC) THEN 
ESE8-0. 50. (FT( I )+~( 1» -( Fn'( 1)+R( 1)) 
ESES-O. 50·(n"(2) +~( 2» -( Fn'( 2)+R( 2) ) 
ESEA-O. 50- (f"I'(J) .. ~( 3) ).( RT( J)+R( J)) 
ESE- ESES.ESES.ESEA 
PSE·O.O 

ELSE 
ESE- ( ESE! +ESES.ESEA) -LENGT H 
pst. ( PSE!+PSES+PSE"') - LENGT H 

E:NDI~ 

IF (STEST(IE!UG,7)) THEN ELEI0170 
"RITE (6,·) 'ESES ESE'S ESEA ',ESE8,£SES,ESEA ELEI01BO 
WRITE (6,-) 'PSES PSES PSEA ',PSEe,PSES,PSEA ELEI0190 
WRITE (15,·) 'ESE PSE LENGTH',ESE ,PSE ,LENGTH ELEI0:l00 

ENDIF ELEI0210 
IF (PRIN'l'.AND.nRST) WRITE [6.1191) ELEI02Jo 

IF (PRIN'l'j WRITE (!5,1192)IELNO.((OUCT(I,J),EXCR{I,J),I-l,J),J-l,J)ELE10230 
1192 FORHAT (lJ..IS,18F7.J) £LEI0240 
1191 ~ORMAT (I' RIc SHEAR WALL DUCTILITY AND EXCURSION RATIOS'/6J., ELEI0250 

, ' :-------- 8ENDING COfoilPONEN'1' ------------:', ELEI0260 
, ' :---------- SHEAR COM?CNENT ------------:', ELE10270 , ' l---------- .uIAL COM?ONENT ------------1 '/.' ELEfoII.·, EL£10;;)90 

123456785101234567 B90 12 J 4 561890 123~ 561 690 l::il ELE 1 0251 0 
: -- DEFN 1--- --- DE~N 2--- --- DEFN l--:', ELE10JOO 
:-- DEFN 1--- --- OErN 2--- --- DEFN 3--1'. ELEI0310 
:-- DEFN 1--- .-- DE~N 2--~ ~.- DEFN J--I'16X, ELEI0340 

DUCT. nCR. DUCT. EXCR. DUCT. EXCR.'. ELEI0JlO 
DUCT. EXCR. DJCT. EXCR. DUCT. EXCR.'. ELEI0l40 
DUCT. EXCR. CUCT. EXCR. DUCT. EXCR.') ELE10JSO 

12J~ 567 890 1234 567 890 12 34 5E1890 1:1 J~ 567 a90 12 ELEI0360 
RE:TURN ELEI0J10 

ELEI0J80 
e······ .. -·-·-······----··· WRITE MAXI)(\JfoII MD MINlMUfoil V~UES 

1:il00 CONTINUE 
ELEI0)90 
ELEI0400 

, ELEI0410 
ELEI04:10 
ELEI0430 
ELEI0440 
ELE104S0 
ELEI0460 
ELEI0470 
ELEI0480 
ELEI0490 
EL810500 
ELEI0510 
ELEI0520 
ELEI05JO 
£1..810540 
ELEI0550 
EL£10560 
ELEI0510 
ELEI0580 
ELEI0590 
ELEI0600 
ELEI0610 
ELEI0620 
ELEI0630 
ELEI0640 
ELEI0650 
ELEI01560 
ELE10670 
EL810680 
ELEI0690 
ELEI0100 
ELEI0110 
ELEI0720 
ELEI01 JO 
ELEI0HO 
ELEI0150 
ELEI0760 
ELEI0170 
EL£10780 
ELEI0790 
ELEI0aoo 
ELEI0BI0 
ELE10BJO 
ELEI08)0 
ELEIOB40 
ELEI0850 
ELEI0860 
ELEI0B70 
ELEI0B80 
EL£10890 
EL8105100 
ELEI0910 
ELEI0920 
ELEI0930 
ELEI0940 
ELEI0950 
ELEI0960 
ELEI0970 
ELEI0980 
EL£10990 
ELEII000 
ELEII0I0 
ELE11020 
ELEl10JO 
ELE11040 
EL811050 
ELEI10LSO 
ELEl1010 
ELEll080 
ELE11090 
ELEI1100 
ELEl1110 

c 

IF (~IRST) WRITE(iS,491)'HA..XIIo(IJM LOADS.\NO DIS?L AT MAXIMUM WADS 
Ii /I' NOTEI IltAXIMUM Vr\LUES IO.Y NOT OCCUR SIMULTA.NEOUSLY' 

WRITE (6,49J) !ELNO,LOAD, 
ID(Jl), ID(JJ) .ID(J3) ,ID(J4), 

(FKA.X(I) ,FJ4Al[(J+I), 1·1 ,J) 

RETURN 

C·······--·· .. ···---------· RESE."t' INTERNAL FORCES 
lJOO CON'I'INUE 

C 
C----- nRC MATRICIES 

00 1310 1.1, ISE 
1JI0 SEn )-0 

1325 

DO 13J5 I-I,) 
FMAX(I )-0 
FfoIIAX.{I-d)·O 
F (I )·0 
~(I)·O 

R (I )·0 
RT(I )-0 
V (ll-O 
\IT ( I )-0 

WRITE (6,1130) IELNO 
IJ30 roR)(AT (' SHEAR WALL ••••• ELEMENT ",Ii!i, 

Ii' IN'I'ERNAL FORCES AND H1STERESIS 1400ELS ARE RESE."t' TO ~ERO') 

CALL MATLIS 
, (2 ,LSTTTP ,FALSE .IREL,FALSE,NA..ME, 

ESES, PSEB. ruCT( 1,1), E:XCR( 1, I), 
~ .~ ,AT ,R ,0. ,0. 
KATB ,MATT1P.SE(ISES) ,IELNO,DA.XAGE) 

CALL MATtIS 
(2 ,L6TTTP ,FALSE ,IREL.FALSE,NI'JoIE, 

ESES, PSES, DUCT ( 1,2), EXCR, 1,2), 
F'"!' ,~ .AT ,R .0. ,0. 
IO.'!'S ,JIO.T'I'TP,SE(ISES),IELNO,DA.HA.GE) 

CALL MATLIS 
(:I ,LSTTlP ,FALSE .IREL,FALSE.NAJ.IIE. 

ESE.'., PSEA, CUCT( 1. 3), EXCR( 1,3). 
F'1' ,F ,R'J' • R ,0. ,0. 
foIIATA ,MATTTP, SE( I SEA). I ELlIO , DAMAGE) 

RETURN 
C·------••••• ·····-.. • DAMAGE INDE:X 

1400 IF (ELSTIC) RETURN 
~MAX1.FI4AX( 1) 
E'HAX2-FI4AX(J) 
ntAJI:J- F'MAX ( 3 ) 
FHA..X4-FMAX(4 ) 
M<AX5-~MAX(5) 
~1(A.X6-~JotA.J.( 6) 

C •••••••••• BENDING ENERGY, AND DAMAGE INDEX 
CALL MATLI a 

Ii (5 ,LST'1'TP ,FALSE ,IREL,FALSE,NAHE, 
, E5E8,P5EB.OUCT{l,l),EICR(1,1), 
, FMAXl,O. ,Ffo4A%4,O. .0. ,0. 
, MATe ,MATT1P,SE(ISEB) ,IELNO,DAJoIB) 

C •••••••••• 8ENDING ENE:RGT, AND Dr\MAGE INDEX 
CALL MATLIB 

Ii (5 ,LS'TTTP .FALSE ,IREL,FALSE,NA)(E, 
, ESES.P5ES,OUCT(1.2).EXCR(l,2). 
, Ffo4A.I:il,O. ,FI4AI5,O. ,0. ,0. 
, MATS ,MAT'I'TP,SE(ISES).IELNO,DAHS) 

C •••••••••• AXIAL ENERGY, AND OAJIIAGE INDEX 
CALL MTLIB 
(5 ,LSTT!P ,FALSE ,IREL,E'ALSE.NAME, 

ESEA, PSE ... , QUCT( 1,3), EXCR( 1. 3), 
~MA.J:J,O. ,FMAXiS, O. ,0. ,0. 
MATA ,MATTYP, SEC ISEA) ,I ELNO, DAMA) 

,LELEIol , LMAT , 

,LELEM ,LMA" • 

,LELEM ,LMAT , 

,LELEM ,LJotAT • 

,LELEM' ,LMAT , 

,LELE'" • LMAT , 

ESE- ( ESEB+ESES+ESEA). LENGTH ELEll 120 
PSE. ( PSES+PSES+PSEA). LENGTH ELE 11130 
DAMAG E· ( OAJolS" (ESES+PSES) +Oo\}llS· { ESES+PSES} "Dru-tA.- ( ESEA+?SEA) 1 -LENGTHELEll14 0 
H (rIFlST) WRITE (is,100) ELE11150 
WRITE (6, 1~ 10) IELNO, OAJolB, ESES, PSES, D0V4S, ESES, PSES, DA.XA, ESEA, PSEA ELEllliSO 

1410 FORMAT (lX,IS.IP.3(Fl'4.5,JG14.5» ELElllIO 
1420 FORJ(AT (/iSx, ELE11lBO 

: : i::::::::.~E~~~~~ ~g=~~:~ ::::::::::::!:: ~t~~~~~~ 
Ii ' : •• _______ ~ MIA!.. COMPONENT ------------: 'I,' ELE"'.' , ELE:11210 

1:il34567B901:1H 5618901:1l4 567 8901234 515799012 ELE:11220 
• : __ DAKAGE -. ---- ESE ---- ---- PSE ---I', ELE11230 

, : \:: ~~~~ :: :::: ~~~ :::: :::: ~;~ :::!:) ~~gi~~~ 
RETURN ELE1l2!50 



END ~LEll:2iO 
C - - _ ... _ .. - - - _. - _ •••• - ••••• -----...... --- •••••• ---••• ----.-•• _. - - - - - .. - _ •• "-C E:L EOOO 1 0 
C ;:lE9UG UNIT(tS) ,TRACE,SU9CH!!:, INIT,SUBTRJ.CE ELE000:20 
C END DEBUG ELEOOOJO 
C - _ •• -- - _. - - _.- - .... - •••• -----...... ----..... --...... ------- .. - ••••• - -- --- _.C E:1.e:0 0 0 ~ 0 

SUBROUTINE ELEOB ELE00050 
,(IOPT ,IUNIT ,NE'II!!: ,~IRS"I' ,PRINT ELEOOOISO 
'NOOF ,NLOAD ,I4AXNOD ,NNODE ,NCOS ELE00010 
'10 ,IOOr' ,COORD ,COSINE ,.:rrCOS ELEOOOBO 

CaNST ,DISPL ,VELOC ,FORCE ,FUB ELE:00090 
IREL ,BUG ,leUG ,ACCEL ,!!:GDATA ELE00100 
GRAV ,PGgQM ,ELS"I'IC ,NAME ,STEPID ELtOOl10 
IE.LNO ,RINPUT ,EESE ,EPSE ,INC ELE00120 

~~;~ :~~~; :NODEI ,NODEJ ,JOINTI ~~iggi!g 
JOINTJ ,R ,RT ,F ,fT ELE00150 
V ,V'!' ,ISE ,H ,LENGTH ELEOOl1S0 
MAT ,A ,LM ,"ItT!PE ,F~ ELEOOUO 
SE ,STIFF) ELECOIEIO 

IMPLIC!T REAL(A-H,O-Z) 

C0JolJo10N IRSA/ICOKN, RSAF( 12) 
COM,""ON IrOSTEP/ISTEP 
REAL i.COI'tN 

ELE00190 
ELE00200 
ELE00:210 
ELE00220 
ELE002JO 
ELE00240 
ELE00250 

LOG rCAL ERR. n RST , PRINT, BUG, FALSE, NEW!!:, ELST IC ELEOO:;; is 0 
LOGICAL STEST ELEOO:;;70 
CHARACTER*BO NA>oIE ELEOO:il80 
CHAR.ACTER*(*) S'T'EPID ELE00:2g0 
CHARACTER-9 T!PE( 1) ELEOOJOO 
DI,",ENSIoN I OOf (MAXNOO, 15 ) ,coaRD( IoIAXNOD, 6 ) , COSINE (J , 3 , NC05) ELE00310 
OIMENSION CONST(JllAXNOO,6), ID(MAXNOD) ,J'I'CDS(MAXNOO) ELEoono 
DIMENSION SAT(2,12) ,STIFFt'lS) ELE00330 
DIMENSION }I.,(.2,::I) ,S(2,2),L)oI( 12) ,FMAX(:2) ELE00340 
OIIo4ENSION CTS( J, J),CTE( 3, 3),VX(J),Vl(J),VZ(3) ELEOOJSO 
OIMENSION BS( 3, 3),BE( ), 3),SE(ISE) ELE:00360 
01 MENS I ON 01 SpL (NOOF, NLOAD) , Fue (NooF J ELE00370 
DIMENSION VELOC(NOOF) ELE:OO)BO 
DIMENSION FORCE( NooF, NLOAD) ELE00)90 
DIMENSION RINPUT( 100) ,WORK( 6), DUCT (3), EXCR( is) ELE00400 
REAL LENGTH ELE00410 
REAL IX, IT ,1 Z.!!:IIZ ,!!:JJZ, !!:IJ'Z" !!:IIT, KJJT ,!!:IJ'T .IC:TI ,TT..J ELEOO .. 20 
INTEGER REL, RE:LT ELEOO .. 30 
OIMENSION MD( 13) ELEOOUO 
D"T" ,",0/l,2,4,1,11,liS,22,29,37,otIS,5iS,61,79/ ELEOO"SO 
O.-.T.-. TYPE/' AXIAL' / ELE00460 

c ELE00470 
C --- - -- - -- - - - - ---- - ----------------------------- ---------- - - - -- - - ---- - -- EL E004 60 
C V'-RI ABLES: ELE00490 
c-----------------------------------------------------------------------ELEOOSOO 
c---------- GLOBAL VARIABLES ELEOOSlO 
C IOPT 1, INITIALI ZE BEAM COLUMN ELEMENT ELE00520 
C - 2, CALCULATE GEOJII£'TRIC STIfFNESS EU:00530 
C • 3, FORJo\ STIFFNESS ELE00540 
C .. ~, CALCULATE INCREMENTAL rDRCES ELEOOSSO 
C - 5, CALCULATE TO'J'AL FORCES .&.NO ENERGIES £L£00560 
C IUNIT - OUTPUT f!LE UNIT' FOR PRINTING OUTPUT ELE00570 
C ERR ERR OR FL'-G, IF AN ERR OR HAS OCCUREO, ERR-.TRUE. ELEOOSBO 
C FIRST FLAG, FIRS'l' •• TRUE., PRINT HEADERS ELEOOS90 
C PRINT .. fLAG, PRIN'l'- .TRUE., PRINT DATA ELE00600 
C NooF j/ Of GLOBAL OOF ELE001510 
C NLOAD • * OF LOAO COMBINATIONS ELE006::10 
C M.AJ:NOD - • ROW DIJo1ENSION OF NODE ARRAY ELE006JO 
C NNODE -. OF NODES 8LE00640 
C 10 - ARRAY OF EXTERNAL NODE NUJo1BERS ELE006S0 
C IooF - ARRA'! OF OEGREES OF FREEooJo1 ELE00660 
C COORD .. ARRAY OF COORDINATES ELE00670 
c COSINE - ARRAY OF D1RECTION COSINES OF NODES ELEOOiSBO 
C CONST .. ARRAT OF CONSTRAINT TRANSFORMATIONS ELEOOiSl}O 
C OISPL - GLOBAL DISPLACEMENT MATRIX EL£00700 
C Z ,. REAL GLOBAL STORTACi VECTOR ELE00110 
C NZ. .. INTEGER GLOBAL STORTAG VECTOR ELEOO 1::1 0 
C IZMAT - LOCATION OF IoIATERIAL DAT'- IN GLOBAL STORAGE VECTOR ELEOO7)O 
C NAME - ELEMENT NAME ELEOOHO 
C IELNO - ELEHEN'T NUIo(BER eLE007S0 
C RINPUT .. INPUT DATA ELE00760 
C STIFF - OUTPuT ELEMEN'!' S"l'H'f'NESS (UPPER TRIANGULAR FORM) ELEoo770 
C LM .. OUTPUT LOCAL TO GLOBAL STIFFNESS JoIAPPING MATRIX ELE007BO 
C---------- ELEIo4ENT VARIABLES ELE00790 
C H,g, AI, AJ ,C, BI, BJ, S:22, S26, S212, S3J ,S35, S311, 0 ELEOOBOO 
C '" INDIVIDUAL TERMS IN THE E:1.EHENT STIFFNESS (S) MATRII E:LE00810 
C plI;G - INPUT LOAO FOR FORMING GEO'""E'l'RIC STIFFNESS Io4ATRIX... ELEooe:;zo 
C R - INCRIMENTAL DISPLACEMENTS EU:006JO 
CRT· TOTAL OISPLACE,.;ENTS ELEooe40 
C F - INCRIMENTAL FORCES ELEooeSO 
CIT" TOTAL FORCES ELEooeiSO 
C VI - LOCAL TO GL08AL STIFFNE66 MAPPING MATRII ELEOOB70 
C CTS • LOCAL TO GLOBAL ROTATION JoIATRIX START ELEOOB80 
C CTE • LOCAL TO GLOBAL ROTATION MATRIX END Et.EOOB90 
C BS - LOCAL TO GLOSAL RO'J'ATEO ECCENTRICITY/CONSTRAINT MATRIX STARTELEOO!ilOO 
C SE LOCAL TO GLOBAL RO'1'ATEO ECCENTRICITT/CONSTRAIN'I' MATRIX END ELE00910 
C STIFF ELEMENT S"I'IFFNESS ELE00920 
C I ELTY P - ELEIooIE;N'l' 'I"! PE • 10 ELE00930 
C NODEI - EkTERNAL JOINT NUMBER, END I ELE00940 
C NOOEJ • EX"l'ERNAL JOHn NUJo1BER, CND J ELE009S0 
C JOINTI - IN'TERNAL J'OINT NUIo4BER, ENO I ELE00960 
C JOINTJ - INTERNAL J'OIN't' NUMBER. END J ELE00970 
C---------- TEIo4PROARY VARIABLES ELE00geo 
C vx - VECTOR DEFINING THE ELEMENT x AXIS ELE00990 
C VT - VECTOR DEFINING THE ELEMENT J AXIS ELE01000 
C COSLOC • LOCAL COSINE IoIATRIJI: ELEOI010 
C A - GL08AL TO LOCAL FORCE TRJ\NSFORMATION MATRIX ELEOI020 
C S .. ELEMENT S'TIFFNES6 '-T LOCAL COORD, AT E:NDS Or' FLEX,t"BLE PART ELEOI030 
C SAT - PRODUCT OF 5*11.' ELEOI040 
C ASAT • PRODUCT OF A.SAT ELEOI050 
C - - ____ - - - --_. ______________________________ ------ -- - --- - - --- - --- - ------ ELEO 1 0 6 0 

C ELEOI070 
C ELEOI0eo 
C------- CHOOSE OPTION ELEOI090 

IF [IOPT.LT.l .0R.IOP't'.GT.14) ELEOII00 
, WRITE (6,") 'INVALID OPTION IN ELE-08, IOPT-',10PT ELEOl110 

c 

GO TO (100,200, JOO. 400, SOO, 600,100, BOO, 900,1000,1100,1:200, 
, lJOO,I400),IOPT 

100 CONTINUE 

C-- ___ INTERPE:RTA"E INPUT 
IELTTP- 8 

OATA 

c 

Jo1AT RINPUT( 1) 
NODEI - RINPUT( 2) 
NODEJ - IUNPUT( J) 
!!:THE - RIN?UT( 4) 
SL!!: RINPUT( 5) 
VY(l) RINPUT( IS) 
'IT(2) RINPU'I'( 1) 
VT(3) RtNPUT( B) 
XS .. RINPUT( 9) 
IE - RINPUT(10) 

C----- GET INTERNAL NODE. ASSOCIATEO WITH EXTERNAL NODE: "S 
JOINTI - IQUICIC( NODEI , I D, NNODE) 

102 , 
• 

..JOI NTJ- IQUICK( !«IODEJ', I 0, !«INODE) 
WRITE (6,·) 'tDI',IO 

IF (ICTTPE.LT.I .010.. ltTTPE.GT.l) THEN 
W'RI'1'E(6.102) IELNO,NOOEI,NODEJ,1r.TPE 
FORXAT(lX,20('·').'ER','ROR - INVALID ltTTPE',1 
SIC, '! ELNO-' ,IS, Slt,' JOINTI-' ,IS, SIC, 'JOIlIITJ-' ,15, 
sx, '~YPE-' ,15,/ 

ELEOl120 
ELEOlllO 
ELEOll~O 

ELEOllSO 
ELEOI160 
ELEOl17Cl 
ELEOI180 
ELEOU90 
ELEO 1200 
ELE01210 
ELEOI::l20 
ELE012JO 
ELE:OI240 
ELE01:250 
ELE01260 
ELE01210 
ELE012BO 
ELE01290 
ELE01300 
ELEOlllO 
ELEOll20 
ELEO 1330 
ELE01340 
ELEOIJ50 
ELEOIJ60 
ELEOlJ70 
ELE01380 
E:LEOl390 
ELEOHOO 
ELE01410 

18 

, SX,'REVISEINPUT FORIt'T'!PEEQl .............. '/) 
ENOl r' 

c 
C----- PRIN'T OAT" FOR PLOTTING 

IF (BTEST(IBUG,::I)) THEN 
WRITE(1,lO) NODEJ, NODEI, 

, (COORO( JOINT..J', I) ,1-1,3), (COORD( JOIN't'I, J), J-I, 3J 

c 

10 FOJUotAT (I5,lX,lS,IP,6G12.4) 
ENDIF 

C .---------------- - --- ---------------------~ ----- -- - - - - ---- - - -- ----
C GET GLOBAL TO LOCAL TRANSFORMATION MAtRIX 
C - -- ------------ --- - - --- --- - ------------------------ --- - ---- ______ _ 
C----- DEFINE VECTOR It, ~ENGTH 

V1C( l)-coaRD(JOINTJ,l)-COORD(JOINTI ,I) 
VI (2) -COORD( JOINT J, 2) -COORO( JOINTI ,2) 
V1C ( 3)-CooRO( JOINTJ, .3 ) -COORD(,JO INTI, J J 
LENGTH-SQRT ('IX( 1) "*2+V'J: (2) **2+VX( 3 J ""2) -XS-XE 
SEC 51-LENGTH 
SEt 2)-SLII:: 
IF (LENGTH.LE.O) THEN 

WRIT E ( 6, 101) I ELNO, JOINTI , JOINTJ, LENGT H 
101 FORJolAT(lX,20(···),·ER','ROR - LENGTH IS LE 0',/ 

, 5K, 'I ELNO-', IS, S:x, 'JOINTI-', IS, 5X,' JOINTJ-'. IS, 
SIC, 'LENGTf{', IP,G1S.61 
51',' REVISE INPUT •••••••••••••••••••••••• "".,. '/) 
LENGTH-l.0 

ENOtF 
IF C BTES"'1'(I8UG, 7) ) THEN 

WRITE (6,") 'JOINTS' ,JOINTI.JOINTJ 
WRITE: (6,·) 'V"X" ,VI 
.... RITE (6,") 'Vl',V1 
WRITE (6,-) 'LENGTH '.LENGTH 

ENDIF 
C----~ GST LOCAL TO GLOBAL TRJ\NSFORJolATION KATRICIES CT AND B 

ICS-J'TCOS(JOINTI) 
ICE-J'TCOS( ..JOINTJ) 
CALL ROTXY:I.:(VX,VT,COSHIE(I,I,ICS),CTS, XS ,0 .• 0 •• 8S, 

, CONST(J'OINT1,1) ,Io4AXNOD) 
CALL ROTI'Y:I.:(VX,Vl,COSINE(1.1,ICE),C'1'E,-XE .0. ,0. ,BE, 

, CONST(JOINTJ,I),HAXNOD) 
IF ( BTES"l'(IBUG.1) J THEN 

ENOIF 
C 

CALL IriMATRl:( eTS ,J, J, 'CTS .) 
CALL IrfMATRlI:( CTE ,3, 3, 'CTE ') 

C----- GET GLOBAL CONSTRAINT ""'TRIX SS, BE 
C SS( 1. 1 )-CONST{JOIN'I'I ,1) -CTS( 2 .11 +CONS'T( JOIN'I'I, 2) "CTS( 3, 11 +I!JS( I, 1) 
C SS( 1, 2)-CONST (JOIN'I'I, 1) -CTS( 2,2) +CONS'T( JOINTI, 2) ·CTS( 3,2) +BS( I, 2) 

BS( 1, 3)-CONST(JOIN'n ,1)-CTS( 2,3) +CONST( JOINTI, 2) "CTS( 3, J) +BS( 1, J) 
BS( 2, ll-CONST( JOINTI,) )*CTS( I, 1) +CONS"!' (JOINTI, ~) -CTS( J. 1) +SS( 2,1) 
8S( 2, 2}-CONST(JOINTI, J )"CTS( I, 2 )+CONST (JOINTI. 4) *CTS( 3,:iI) +SS( 2,2) 
BS( 2, J )-CONST( JOIN't'I, 3) *CTS( 1,3) +"CON'S'!' ( JOINTI, 4)·CTS( 3,3) +8S( 2,3) 
SS( 3,1 )-CON'ST( JOINTI, S) *CTS( 1,1 )+CONST (JOINTI,!5) *CTS( 2,1) +BS( 3,1) 
BS( 3,::1 )-CONST( JOINT!, S) ·CTS( 1 ,2) "'CON'S'I' (JOINTI, is) *C"l'S( 2,::1) +es(.3, 2) 
BS( 3,3) -CONST (JOINTl, S) "CTS( 1, J) +CONST (JOINTI,!5) *CTS( 2,3) +es( J, 3) 

c 

BE( 1, 1 )-CON'S'T'( JOINTJ, 1) ·CTE( 2,1 J +CONS'[' (JOIN'1'J,:2 )"C'1'E( 3,1 )+9E( 1,1) 
BE( 1. 2 ).CON'5't' (JOINTJ, 1) "CTE( 2, 2) +CONST (JOINTJ, 2) -CTE( 3,:iI) +BE( 1,2) 
BE( 1. J )-CONST (JOINTJ ,1) *CTE( 2, 3) +CONST (JOINTJ, 2) ·cTE( J, J )+BE( 1. J) 
8E(2.1 )·CO!<lST(JOINT..J', 3) *CTE( 1.1) +CONST(JOINTJ,4 )*CTE(3, 1 )+BE(::I.l) 
SE( 2, 2 )-eO!<lST( JOIN'I'..J' , 3) *CTE( 1,2) +CON6T( JOINTJ, 4) -CTE(3,:il) +BE(:iI, 2) 
BE( 2, 3) -CONST(JOINTJ, 3) -CTE( 1, 3) -K:ON5T( JOINT..J', 4) ·CTE( 3,J) +BE( 2, 3) 
BE( 3,1 )-CONST (JOHlTJ, 5) -CTE( 1. 1) +CONST( JOINTJ. 6) ·CTEe 2. I) +BE( J, 1) 
8E( 3, 2j-CONST(JOIN'TJ, 5) "CTE( 1, 2) +CONS"I' ( JOI N't'J , 6) "CTE( 2,::1) +BE( 3,2) 
BE( 3, J )-COr.lST(JOINTJ, 5) *c'TE( I,:!) +CONST( JOI NTJ' , 6) "CTE(::I. J) +I!JE( 3,.3) 

IF ( BTEST(IBUCi.7) ) THEN 
CALL W'MATRJE(BS. 3, 3,'BS ') 
CALL W'MATR.I'(BE, 3, J,'BE ') 

ENDIF 

C----- lERO MATRICIES 
• 00 

c 

"'00 
• 00 
""00 
v 00 
"00 
FHAX( 1)·0 
fMAl:('2)-O 

c----- fl.6SEJorBLE TRANSFOIUU.TION )4ATRII' A 
C NOTEI A 16 DIMJIIENSIONED AS A 1:;;.lt2 KATRU, BUT ONLJ 'THE FIRST IELOOF 
C ROW'S CONTAIN INFORMATION. THE BALA.NCE OF THE MATRU IS 
C UNDEFINED. THE GLOBAL COF CoaRESPONDING TO THE ROW'S OF A 
C ARE STORED IN VECTOR L"'. AGAI N, ONLY THE FI RST I EtooF RO~' S 
C OF t.M ARE DEFINED. 

I ELOOF-O 
!Xl SO 1-1,12 

REMOVE OOF'S THAT ARE CONSTRAINED TO THE SA)CE OOF ••• 

c 

Jo, 
IF (I.GT.6) J- I-!5 
IF ( IIXlF(JOIN'I'I.J).EQ.lOOF(JOINTJ,..J') ) GO TO SO 
IF (I.tE.6) THEN 

LMTI-I!XlF(JOINTI ,I 1 
ELSE 

LMTI.t DOF(JOINTJ,..J') 
ENDIr' 

A1-0 
A:2-0 
IF (I.l.E • .3) THEN 

IF (~YPE.LE:.J) AI-CTS(I.ICT'tPE) 
ELSE IF (LLE.iS) THEN 

IF (ICTYPE.LE.3) THEN 
AI-BS(I-] ,!crYPE) 

ELSE 
Al-CTS (I -3, In'TPE-31 

EHDIF 
ELSE If (t.LE.9) THEN 

U" (ICTTPE.LE.J) A2-CTE(I-6,IcrTPE) 
ELSE 

IF (ICTTPE.LE.J) THEN 
A2-SE(I-9,JCTlPE) 

ELSE 

E!fCIf' 
ENDIF 

,-2·CTE( 1-9 ,ICTTPE-3) 

IF (Al.EQ.O • .\NO. A2.EQ.O) GO TO 50 
I ELIXlF-I ELOOF+l 
A( IELOQF,I)-Al 
A( IELIXlF,2)·A2 
LM( I ELooF)-LMTI 

50 CONTINUE 
IF ( BTES'T(IBUG,7) ) CALL WM't'RX2( A ,IELDOF, 2,' A 

C----- GET GOEL STRUT STIffNESS 
FALSE·.FALSE. 
LSTTtP-O 
CALL Jio1ATLIB 

',12) 

, (2 ,LS'l'TYP ,FflLSE ,IREL,FALSE,N1JoIE,EESE,EPSE, OUCT,EKCR, 
, E'T ,F ,RT ,R ,0. ,0. ,LELEJo1 ,LJoIAT , 
, MAT ,MATTYP,SE,IE'LNO,DAMAGE) 

WRI'TE (6,") 'AnoER MA', 'TLIB IN ELEoe ' 
III FORMAT (OP,' ZMATR.I'(',I6,')I',I15,IP,G20.10) 

c------- H IS THE STRUT S'l'IFF"NESS 
C 

WRITE{ 6, -) 'AFTER MATLI B-2, S'1'I F-' ,SE( 1) 

ELE01420 
ELEO 1430 
ELE01440 
ELEOl4S0 
ELEOIUO 
ELEOU70 
ELEOIUO 
ELE01490 
ELEOI500 
ELEOlS10 
ELE01S20 
E:LEOlS30 
£1.E01540 
E1.E015S0 
ELEOlS60 
ELEOlS10 
ELEO lS60 
ELE01590 
ELEO 1600 
ELE01610 
ELE01620 
ELE01630 
ELEO 16~0 
ELEOliSSO 
ELE01l5iSO 
ELE01570 
ELE01l5BO 
E[.,EOltigO 
ELEOl100 
ELE01710 
ELEOli~O 
ELEO 17 JO 
ELEOIHO 
ELE01750 
ELEOl760 
ELEOl770 
ELEOl1eO 
£:LE01190 
ELEOleOO 
ELE01810 
ELE01920 
ELEOIB30 
ELEOIB40 
E:LEOI8S0 
ELE018iSO 
ELE01870 
ELE016BO 
ELE01890 
ELEO 1900 
ELE01910 
ELE01920 
ELE01930 
e:LE019~O 
ELEOl!ilSO 
ELE01960 
ELE01970 
ELE01960 
ELE01990 
ELE02000 
ELE02010 
ELE020::10 
ELE02010 
ELE02040 
ELE020S0 
ELE020EiO 
ELEO:;;'070 
EL£:020BO 
ELE02090 
ELE02100 
ELE02110 
ELE02120 
ELE02130 
ELE02HO 
E1.E02150 
ELE021150 
ELE02170 
ELEO::l180 
ELE0:2190 
ELE02200 
ELE0:2210 
ELE0:2220 
ELEO::l.::I.30 
ELE02240 
ELEO::l2S0 
ELE02260 
ELE02:;;.70 
ELE02260 
ELE02290 
ELE02300 
ELE02JlO 
ELE01J20 
ELE01330 
ELE02340 
ELEO:i.3S0 
ELE023iSO 
ELE0:2370 
ELE02JBO 
ELE02J90 
ELE02~00 
ELEO:l:410 
ELE02~20 

ELE:02430 
ELE02UO 
ELE02"SO 
£LEO::l460 
ELE0:2470 
ELE02460 
ELEO~490 
ELE0:;l:500 
E1.EOJ:SI0 
ELE025::10 
ELE025JO 
ELE02540 
ELE025S0 
ELE02S60 
ELE:02510 
ELE02seo 
ELE02S!il0 
ELEO:;;6ClO 
ELEO::l610 
ELE026::10 
ELEO,ti30 
ELE02640 
ELEO::l6S0 
ELE02660 
ELE02670 
ELE026BO 
E:LE02iS90 
ELE02100 
ELE02110 
ELE02720 
ELE02130 
ELEO::l140 
ELEO:;;7S0 
ELE02760 
ELEO::l770 
ELE02760 
E1.E02790 
ELE02800 
ELE02810 
ELE02920 
ELE02BJO 



c 

H· SEn) 
HH· 5E{ 1) 
S( 1,1). HH 
S{ 1,:;Z ).-HH 
S{2, 1 )·-HH 
5(2,2). HH 

c----- C.u..cULATE SAT 
DO 60 1"1. 2 

60 
c 

DC 60 .J-1,IELOOF 
SAT( I, J)-O 

DO 60 1C-1,2 
SATe I, J)·SAT (I ,.J)+se I, it)· ... (J, IC) 

C----- CALCULATE ASAT AND CONVERT TO HALF STORAGE HODE 
C 

8'( COLUMNS 

10 

c 

1 , , 

L-O 

1015:11:1.836 
51 142027]5 
9 IJ 19:1.634 
712182533 

Ii 17 24 32 
16 23 31 

n 30 ,. 

00 10 J.l,IELOOr 
00 70 I'"J,l,-1 
1.-1.+1 
511 FF'(L)·O 

00 70 1C·1, 2 

45 55 ISIS 78 
44 54 65 71 
4J 53 64 715 
4:1 52 153 75 
41 51 6:1 H 
40506173 
)9 49 60 7:1 
38 ole 59 71 
37 n 5870 

415 57 69 
56 6e 

" 

5TI fFe L j-S'l'I ff( L) ;.A( I ,It) -SAT (IC,.J) 

IF ( BTESTeIBUG,7) ) THEN 

NUHBER IND!CATES 
Loc ... nON OF D"TA 
IN "'RRAY STIFF 

'oIRITE (6, -) 'IELOOf', IELOOF, 'L/oI: ,,' ,( LM( I J, I-1. IELooF) 
CALL LMATR.X{STIF'f.HD,IELDOF.(L ... l),'51'RUT STIFFNESS') 

ENDIF 

C----- RELEASE UNUSED S'I'ORAGE 
180 IREL·78-L 

PRINT COLU)(N DATA 
If (F'IRST .OR. BT£S't'(IBUG,7) .OR. B1'EST(IBUG.8) ) OfRI'rE (6,192) 

191 OfRI'rE( 6,193) NAME, I ELNO,MAT ,NODEI ,NOoE.J, UPE( 1tT't' PE), LENGTH, 
, Vl'( 1) ,Vl(2) ,V1(3) ,XS,-XE 

ELE02840 
ELE02B50 
ELE02S60 
ELE02670 
ELEC28eo 
ELE02890 
ELE02900 
ELE02910 
EL£02920 
EL£02930 
EL£02940 
ELE02950 
EL£025160 
ELE025170 
EL£025180 
EL£025190 
EL£OJOOO 
£LE03010 
ELE030:;Z0 
EL£03030 
ELE03040 
ELE03050 
ELE03060 
ELE03010 
ELEOJ080 
EL80J090 
ELEOJlOO 
ELE03110 
ELEOJl20 
ELE031JO 
ELE03140 
ELE03150 
ELE03160 
£LE03110 
ELE03180 
ELE031510 
ELE03:1.00 
ELE0]210 
ELE03::l:20 
£LE03230 
ELE03240 
8LE032S0 
8LE03260 
ELE0]21Q 
ELEOJ280 
8LE03290 
ELE03300 
ELEOJJIQ 
ELEO]J20 

192 fORMAT(/' ELEMENT 08, ONE (LOCAL) OOf STRUT ELEMENT'II ELEOJJJO 
, T22,'. MATL START END·.2X,'--TtPE---',6X,·LENGTH·,JX, ELEO)HO 
'11('-'),' 't'-AXIS " ELE03350 
" ~2('-'),' ST ... RT DIST END DIST') ELE0J360 

193F'ORMAT(lX,A15.U6.2X,A9,JX,lP,G12.4,OP, ELE:-OJ370 
" 1"9.5,' I',5P,F9.5,' .J',F9.5,' 1C',lP,SS,JG12.4) ELE033BO 

IOPT·IOPT ELE03J90 
RETURN ELE03400 

c ... ••••• .. ····---·.···------ DE:TEFUoIINE GEOHE"rRIC STIFf -·· ........ - .. ··---.. -···ELE03410 
200 RETURN ELEO34:i10 

C THE GEOHETRIC STIFFNESS MATRIX IS NOT ... VIALABLE FOR THIS ELEHENT ELE03430 
C ELE03HO 
C····---- .. -----···· •• ••••• DE'TERMINE STI fFNESS .-•••••••• ----••• ""----••• ELE034 50 

JOO CONTINUE ELE03460 
c 
C------ H CONTAINS THE STRU'I' S'I'IFFN'ESS, WliICH WAS oE."'l'ERMIN'ED IN THE 
C LAST CALL TO MAT LI B 
C IF H·SE(1) THEN THE STIFFNESS HAS NOT CHANGED, RETURN 
C 

c 

If' (H.EQ.SE(l» RETURN 

H - SEC 1) 
HH· SEe 1) 
SO,I). HH 
S[ 1,2 )·-HH 
S(2,l)·-HH 
5(2,2)- HH 

C----- CALCULATE SAT 
00 )60 1-1.:2 

,.0 
c 

Do 360 .J-l,IELooF 
SAT(I,.J)-O 

00 360 1C-I,:I 
S ... T( I, J}-SAT( I ,.J) +S( I ,It)-A( J,It) 

C----- CALCULATE "'S"T, STORE IN UPPER TRIANGULAR IO.TRIX 
L-O 

310 

00 310 J·l,IELOOF 
00 370 I·J, 1.-1 
L·L+l 
STIFFeL)-O 

00 370 1(·1,2 
S'I'IFF(L.)·STI FF'(L) +A( I ,IC) ·SAT (IC,.J) 

IF ( BTES'I'(IBUG,1) ) THE:N 
WRITE (6,·) 'IELOOE",IELOOF,'UI ·',(LJro1(I),I·l,IELDOF) 
CALL LMATRX( STIFF, HD, I ELooF, (t.+l), 'STRUT S'T'I E'FNESS' 1 

ENDIF 

IOP't'-IOPT 
RETURN 

ELE03470 
8LE0]480 
8LE03490 
ELE03500 
£LEOJS10 
£LE03520 
~E03530 
EL£03540 
ELE03550 
ELEO)560 
ELE:03510 
ELE03580 
ELE03590 
E'LE03600 
ELE03610 
ELE031520 
ELE031530 
ELE03640 
E:L£03650 
ELE03660 
8LE03610 
ELE03680 
ELE03690 
ErLE03700 
ELE03710 
E:LEOJ720 
ELE037 ]0 
Et.£O)140 
ELE03750 
ELC:03160 
EL£03110 
ELE03780 
ELE03190 
£['E03800 
ELE03el0 
ELE038:10 
EL£03830 C----.. ······-··------····- DETERJoIINE INCRHf~AL FORCES ·-· ... -------· ••• ELE03840 

400 CONTINUE 
no (PRIN".»ID.FIRS't') WRITE (6,491) S'l'EPID 

c c------ LOOP FOR EACH L.OAo 
00 430 LOAD-l,NL.OAD 

c 
c-~---- TRANSFORM FRIJolE DISPL INTO LOCAL DISPL 
C ••• LOCo\[, DISPL ARE AT THE END END OF THE STRUT, THUS 

410 
c 

POSITIVE IS TENSION AND NEGATIVE IS COMPRESSION 
R-O 
v-o 
00 no .. ·l.lELOOF 

J-LH( I} "Il- ... ( I.l) 
AI.· A( 1.2) 
DISp· DISPL( J, U)AD) 
VEL- 'V8LOC (J) 

R. + ( ... ( I, 2 )-~{I.l) 1 
v + ("'(I,2)-A(I,I» 

DISPL(J,LOAD) 
VELOC (J) 

c------ INCRIMENTo\L FORCES 
F· H"R 

c 
C------ CHECIt STIFFNESS AND CALCULATE UNBALANCED FORCES 
C THIS IS PREFORJo(ED ONLJ FOR. INELASTIC ANALYSIS 

P -fT+F 
IF (.NOT. ELSTIC) THEN 

-- SET UP TEHPORARY - TOTM. LOADS, DlSPL'S -'NO VELOC 
PL-F'T 
o .( RT+R) 
Dt·RT 
VC.VT +-V 
VL-V'l" 

ELE03850 
ELEOJ860 
ELE03B10 
ELE03880 
ELE03890 
8L803900 
ELE03910 
ELEOJ920 
ELE03930 
ELE03940 
ELE03950 
ELE03960 
EL£03910 
ELE03980 
ELE0351510 
EL£04000 
ELE04010 
£LE04020 
ELE040JO 
ELE04040 
ELE04050 
EL804060 
ELE04070 
£L804080 
ELE04090 
ELE:04100 
ELE04110 
ELE04120 
ELE.041JO 
ELE041.0 
ELE04150 
ELE04160 
ELE04170 
ELE041S0 

-- TRANSfER PERMANENT 
ISE2"ISE/2 
00 415 r.l,ISE2 

SE(I+ISE2)·SE(I) 

HlS'I'ERESIS DAT ... TO "EMPRQARJ STORAGE ••• £LE04190 
ELE04:;Z00 
ELE04210 

'1' -- CALL H't'ST MODEL TO GET NEW STIFFNESS AND 
THE TOTAL fORCE P AT 01 SPL D. 

ELEO~ 220 
ELE04230 
EL804240 
ELE04250 

19 

c 

CALL "V.TLI9 
(MOPT ,LST'I''t'P ,FALS£ ,IREt., FALSE,NAAE,EESE, EPSE, OUCT,EXCR, 

P ,PL ,0 ,DL ,IIC ,VL ,LELEM ,LMAT , 
MAT ,MATTl P, SEC I SE:iI+ 1) , I ELNO, DAJIL'o.GE) 

IF (SE(ISE2+1).NE.SE{1» NEWIt·."RUE. 

WRITE(6.·)'M'TER HATLIB-2, S'l'IF·',SE:(ISE:i!+l) 
ENoIf' 

C------ SAVE PE"'1t vALU8S FOR MULTIPLE LOAD C"SESe FOR ST"'TICS CASE) 
IF (NLO~D.GT.1 .AND. ABS{F).GT .... SS(FM.A.X(l)} ) THEN 

FM.A.X{ 1 )·F 
FMAX(2)·R 

ENDlf 
c 
C------ PRIN1 DATA 

HH. H 

ELE04260 
ELE:04270 
ELE04:180 
ELE04290 
ELE04)OO 
ELE04JIO 
ELE04J20 
ELE04))0 
8LE04)40 
EL804)50 
ELE04360 
ELEO~ 370 
ELE04 J80 
E:L804390 
ELE04400 
ELEOUI0 
ELE04420 

IF (PRINT) WRITE: (ei,492) 

430 CONTINUE 

I ELNO, LOAD, T't' PEt ItTY PE) ,NODEI , NODE.J, F, R, HHELEO 4 4 30 
ELE04440 
ELEOHSO 

c c------ THIS IS FOR SOLOS ... USE ONLY 

c 

IF( {COHN .EQ. 1 .OR. ICOMN .E~. 2 ) THEN 
RSAF( 1)-1" 

E:NDIF 

C------ CALCULATE THE UN9ALANCED HEH8E~ FORCE O~ A JOINT. 

c 

• ." 

UBAL· F+f"l'-P 
, - F 

'"' - FT 
P - p 
IF (BTEST(IBUG,7» WRITE (6,493) F,PT,P 
00 440 1-1.IELOOF 

J-LM( I) 
All· A( LIJ 
AI2- "'( 1,2) 
fU8(J)· rU8(JJ + (A(I,I)-A(I,:I.)j " uaAL 
WRITE(60,*)UBAL,FU8(.J), ~(I,l)''''(I,2) 
If' (8TEST(IeUG,1)} 
IF (STE5'T(leUG,1» 
WRITE (15,494) (II,LH(II),FU8(Itj,II·l,IELOOF) 

CONTINUE 

491 FORMAT (I' GOEL FORCES ... ',5X,AI, 
iii ELE)oIENT LOAC',T17,' TYPE',' NaDEl',' NODEJ', 
, ' FORCE ',' DISPLACIoIENT STIFFNESS') 

4512 roRMAT (IIO,15,2X,A9,216,lP,3G15.6) 
4513 FORMAT (' FI',lP,c;I6.B,' rTl',G16.8,' P",G16.8) 
494 fORJoolAT (. 1;',15,' LM(I)r',I6,' FU8(Ijl',lP.G16.8) 

C------ ADJUST F FOR UNBALANCED LOAD P 
r·p-M 

IOP'T·IOP1' 
RE'I'URN 

ELEOU60 
EL£04470 
£L£OH80 
ELE04490 
ELE04S00 
E:LE04S 10 
ELE04520 
ELE04530 
ELE04540 
ELE04550 
ELE04560 
ELE04570 
ELE04580 
ELE.04590 
ELEOHOO 
ELEOH10 
ELEOHi20 
EL(046)0 
ELE04640 
EL£04650 
ELEOH60 
ELE04610 
ELE04680 
ELE046£10 
ELE04700 
ELE04710 
ELEOf.720 
ELE041 30 
ELE0040 
ELE04150 
ELE04160 
E:LE04i10 
ELE04180 
ELE04190 C---········- .. ······----·· OETERJro1INE TOTAL FORCES. 

500 CDNTINUE 

c 
c 

IF( ICOMN .NE. 1 .AND. lCOMN .NE. 2 ) THEN 
IF (PRHlT.AlIIo.f'lRS'T) WRIT8 (6,491) STEPID 

ENERGIES ECT ••• .... ···ELE04800 
ELEOf.810 
ELE04B:il0 
ELE04930 
EL£04840 

C------ TOTAL FORCES, DI5PLlICEMENTS AND VELOCITIES 

c 

VT·VT+V 
If' ( ... as(f"l').GT.ABS{FKAI{l» 

FMA.J:( 1}·F'T 
E'NDIF 
If' ( 1I8S(RT) .GT.ABS(fMAJl(2» 

FMAI(.)·RT 
ENDIF 

) THEN 

) THEN 

C--·--- pR.INT DATA 
HH· H 

c 

IF (PRINT) WRITE(6,492) IELNO,I,T't'PE(II:T't'PE),NOOEI.NODE.J,M'.RT,HH 
ELSE H( ICOHN .EQ. 1 .OR. ICOHN .EQ. 2 1 THEN 

IF (PRINT.AND.f'IRST) WRITE (6,497) ST£PID 
F"T-RSAF( 1) 
IF (PRINT) WRlTE(6,492) IELNO,1,T't'PE(ItT't'PE),NODEI,NODEJ,M',HH 

ENDIF 
497 FORMA'!' (I' GOEL FORCES ••• ',5X,A/, 

'" ELEMENT U)AD',T11,' TYPE',' NaDEl',' NODEJ', 
" • FORCE ST I FFNESS ' J 

C------ TRANSFER TEJro1PROARY HlSTERESIS 
ISE2-ISE/2 

DATA TO PERMANENT S'l'ORAGE ••• 

'10 

IF (.NOT. ErLSTIC) 'l'HE:N 
00 510 l-l,ISE~ 

SE(I)-SE(I+ISE:l:) 
ENDIF 

ELE04850 
EL£04860 
£LE04870 
EL£04B90 
ErLE04890 
ELE04900 
ELE04910 
ELE04920 
8LE049)0 
8LE04940 
8LE049S0 
ELE04960 
ELE04970 
8LE04980 
ELE04990 
ELE05000 
ELE05010 
ELE05020 
EL£.05030 
ELE05040 
E:LE050S0 
ELE05060 
EL£05010 
EL£05080 
£LEOS090 
ELE05100 
ELE05110 
ELE05120 
EL£05130 
ELE05140 
ELE05150 

RE't'URN ELE05160 
C ELEOHiO C-.-···· ...... ·- .. • ••.• ----- OE'l'ERJoIIINE FIXED END FORCES, AND ... Do TO FORC8-ELEOSleo 

600 RETURN ELEOS190 
C ELEOS200 C------- FUED END roRCES ARE NOT AVAILABLE FOR THE STRUT ELE05210 
C EL805220 
C----••••• ••••• ••••• •• WFU'I'E ME)lBER FORCES TO OUTPU'!' FIL.E ······_-···--·ELE052)0 

c 

100 CONTINUE ELEOS240 

CALL MATL! 8 
" (4 ,LS'!'T'fP ,F'.\LSE ,IREL,FALSE,NAJIIE,EESE,EPSE, DUcT,ExeR, 
" FT ,F ,RT ,R ,0. ,0. ,LELE", ,LMAT 
iii HAT ,MJ.TT't'P,SE,IELNO,DAJoCAGE) 

WRITE (IUNIT,710) NODEI,NODE.J,"'PE.M',RT,H,EESE,EPSE, 
, (DUCT(I),El(CR(I),I-1.J) 

710 FORJoolAT (316,lP, 5GI2 .416G12.f.) 

RE"l'URN 

ELE:05.S0 
ELE05260 
ELE05:270 
ELE05280 
ELE05290 
ELE05JOO 
ELE05310 
ELE05320 
ELE05330 
ELE05340 
ELE05350 
8LEOS360 C.······ •.. ·····--••• READ AND PRINT MEMBER FORCES FROM OUTPUT FILE --··ELE05J'l0 

BOO CON'rINUE 
BACItSPACE( IUNI"r) 
REAC (IUNIT,· ) ITTPE,IELNO,IWRITE,TO,OT 
lSTEP--IwRITE 

810 READ (IUNIT,815,END-830) NOD8I,NoDEJ,II:TTPE,n',RT,H,ESE,PSE, 
" (WORIC( 1),1-1.6) 

915 FORMAT (3I6,SG1:l:.41I5GI2.4) 
I ST8P-I S'l'EP+IWRIT E 
T-To+t7t'·ISTEP 
IF (ISTEP.EQ.O) Pl'RITE (6,805) NODEI.NODE.J,'I'JPE(lt't'lPE) 
IF (HOO(ISTEP,INC).EQ.O) 
WRITE (6,920) IS'I'EP,T,M',RT,H,ESE.P5E 
GO TO 910 

805 fORMAT (I' G08L MEMBER fORCE:S ••• ',1 
,SX,'NODEII',I6,5X,'NODE.JI',I6,5x,'GOEL'S TYPE.',A,II 
, ' STEP TI)o(E ' , 
'" fORC E ' " DI SPLACM£N'l' STIFFNESS' , 
'" ESE ' , PSE ') 

820 FORJro1A'r (IIO,lP,G15.5,6GI3.5) 

8)0 WRITE r6,840) (WORIC(I),I-1.6) 
1'140 FORJolAT (/T10,' MAlIMUN DUCTILITIES AND EXCURSION RATIOS'I 

" T 10, ' ••••• - ••• ----•••• --••• - .................... ' I 
iii TIS, 'olSPLACEJro1ENT DEFlNATIONI Ul·' ,IP,G12.4 ,5X, ·El-· ,G12.41 
iii T15,'ENERGY DEFINA,.ION fll U2-·,lP,G12.4,5X,'E2··,G12.H 
, T15,'8NERGY DEFINATION .21 UJ··,lP,G12.4,SX,'EJ-',G12.4) 

RE"TURN 

E:LEOSJeo 
ELEOS)90 
ELE05400 
ELE05410 
ELEOS420 
ELE054JO 
ELEOSHO 
ELE05450 
ELE05460 
ELE05470 
ELE05480 
EL£OS490 
£LE05S00 
ELE05510 
ELE05520 
ELE05530 
ELE05540 
ELE05550 
ELEOS560 
8LE05570 
ELE05S80 
ELE05S90 
EL805600 
ELEOS610 
ELE05620 
ELE.05630 
ELE05640 
ELE05650 
ELEOS660 
EL£OS61O 



c·· .. ••••• ...... •• .. ••• .. •• DE'I'ERHINE THE LENGTH OF THE ~TERIA.L DATA 
~OO CONTINUE 

£LE0'5680 
£LEOS690 
ELE05"100 
£L£05110 

IS£·O 

MAT • RINPUT ( 1) EL£05"120 
CAl..L MATLIB £LEO '5 "/3 0 
(0 ,["ST'I'YP ,FALSE .IREL.FALSE.NAME.£ESE,£PSE, DUC'T,EXCR, EL£05"140 

fT ,F' ,RT ,R .0. .0. ,[..ELE>-I ,LMAT EL£05"/50 
i-lAT ,>-IATTYP,SE.IELNO,DAMAGE) ELE05760 

1SE·!5E+LELEM ELE05110 
C £LE0'5"180 
C------- COUBLE THE STORAGE. '1'0 ALt.OlrI' FOR TEMPROARY VALUES... ELEOSHO 

15E·I5E·2 ELEOS800 
RE:TURN ELEOS810 

C ELEOS820 c···················· OE'I'ERJ04INE THE STRAIN ENERGY ELEOSe30 
1000 CON'!'INUE EL£OS840 

C ELEOS850 
C .. •••••••• .. •••••• .. ••• DUCTILl'l'I£S AND EXCURSION RATIO'S ELEOS860 

1100 CONTINUE ELEOS870 
C •••• OP1'IONS 10 A.ND 11 HAVE THE SAME CODE F'OR THIS ELEMENT... ELEOS880 
C •••• 'THE: ENERGY Of AS CALCULATED WITH THE LAS'!' CALL F'OR INCRIMENTAL F'ORCEEL£OS890 

THE TO'T.I..L F'ORCES HAVE NOT BEEN CALLED 'I'E."I',THU5 THE ENERGlES RE51DEELEOS900 
IN THE MATRIX SE BEGINING AT ADDRESS ISE21. ELEOS910 

ISE2l·ISE/2 +1 
CALL MATLIB 

, (4 ,(,STTtP ,FALSE ,IREL,F'ALSE,NAME,EESE,EPSE, DUCT,EXCR. 
, fT ,F' ,RT ,R ,0. ,0. ,t.ELEM ,LMAT • 
, ,)oIATTTP,SE(ISE21).lELNO,DAJo(}.GE) 

IF'(AB5(DUCT(1» .t.T. I ) DUCT(l).O 
IF( DUCF'AG .EO. 0 ) THEN 

I f( AeS( DUCT (l» • L.T. 1 ) DUCFAG·O 
!F( ,l,BS(DUCT{l» .GE. 1 ) ruCFAC.ABS(OUCT(I» 

ENDIF 

IF' (ELSTIC) EESE·(f"I'+F')·[RT+R)·0.50 

IF' (PRINT.AND.F'IRS'i') WRITE (15,1191) 
IF (PRINT) WRITE (15,1192) IELNO.(OUCT(I),EXCR(I),I-l,l) 

C1l91 F'ORKAT (/' STRUT DUCTILITIES AND EXCURSION RATIOS .... ', 5XI 

C 

c 

" E:LEMENT',T12,':- DUCTILITY DEF'INATION l1-i 
1234567 890ABCDE12J4 5 6 7 8 9 OAe<: DE 

':- OUCTlt.ITY DEF'INATIOIII '4 -: 
':- DUCTIL.ITr DEF'INATION '3 -: ',I T12. 

DUCTILITY EXCURSION ' 
DUCTILIT'I' EXCURSION , 
DUCTILn'l' EXCURSION ') 

123456189 0 ... BCDE12 34 51S1 890ABCDE 
!F (PRINT) WRITE (6,1192) IEt.NO,DUCT(l),EXCR(l) 

1191 FORMAT (/' STRUT DUCTILITIES AND EXCURSION RATIOS .... ', 5XI 
" ELE:"'ENT',TI2,':- DUCTILITt D£F'INATIDN fl -: ',/'1'12, 
, DUCTILITY EXCURSION ') 

ll92 fORJolAT (rlC,IP,6GI5.15) 

C·····_···· .. • .. •••• ••• MAXII4UIo1 f'ORCES 
1200 CONTINUE 

IF (FIRST) WRITE (6,491) 'Jr4AX.Hfl.H4 LOAD AND DJ;SPL A'1' )4AXIMUM LOAD 
, 1/' NOTEE P4AJ[II'TUIo1 VALUES MAY NOT OCCUR SHruLTM£ouSLr' 

WRITE( I!i, 4 9:il) IELNO, 0 ,Tt PEt ItTYPE) , NODEI, NODEJ, F'KAX{ 1), F'14AX( 2) 
RSTU~ 

C········ .... ·"'········ REiSET IIIITERNAL fORCES 
1300 CONTINUE 

C 
C----- ZERO KATRICIES 

• -0 

c 
c 

1310 

""-0 
R -0 
RT·O 
V -0 

""-0 
FJQ..X(l)·O 
FMAX(2 )·0 

SU:"SE(2) 
00 lHO l·l,ISE 

S£( I )·0 
SE( 2)·SL~ 
SE:(5) .. t.ENGTH 

WRITE (15,1330) IELND 
1330 F'ORKAT (' GOEL .......... ELEJIIENT "',I6, 

" IN'TERNAL FORCES AND HYSTERESIS MODELS ARE RESE'I' TO ZERO') 
CALL MATLIB 

, (2 ,L.STTtP ,f'ALSE ,IREL.F'ALSE.NAME,EESE,EPSE, DUCT,EXCR, 
, F'T ,F' ,RT .R .0. .0. ,t.ELE'" ,L.MAT , 
, MAT ,MATTtP,SE.IELNO.CAMAGE) 

RSTURN 

C .. ••••••••••••••••••• DAMAGE INDEX ....................... . 
1400 IF (ELSTIC) Rf.Wl'URN 

C 
F'MAXl·FKAX( 1) 
F'P4AJ[4·F'MA.I( 4) 
CALL MATL.IB 

, (5 ,t.S'I'TYP .F'ALSE .IREL.F'ALSE.N ...... E.EESE.EPSE. DUCT,EXCR, 
, F'AAXI,C. .F'MAX2. C •• O. ,0. .LELEJol .LJIIAT • 

MA'1' .MATTTP.SE.LELHO.DAJo(AGEJ 

IF' (PRINT.AND.FIRST) WRITE (6.1410) 
IF' (PRINT) WRITE (6.1420) IE:LN0,DAJo(AG£.FMAJ:l.F'MAX1.EESE,EPSE 

1410 F'ORMAT (I 
,. ELEMENT' ,'1'12,' DAMAGE INOEll: f MAl: 

• . 1134561 a90ABCDE12J4 567 990ABCDE 
o MAX ESE 
P5£ ') 

Ino FORMAT (IlO,lP.ISG15.15) 

CAJoI.AGE-DAJoI.AGE"( EESE'+£P5E) 
RETURN 

EL£05920 
ELE05930 
ELEOSHO 
£LE059S0 
£LEOS960 
£L£05970 
ELE059BO 
ELE05990 
ELE06000 
EL£06010 
ELE060:il0 
EL£06030 
£LE06040 
ELE06050 
£LE06060 
£LE06070 
ELE06080 
£LE06090 
ELE06100 
EL£06110 
ELE06120 
ELEOIS130 
£LE06140 
ELEOEi150 
£LE06160 
ELEOIS170 
ELEOEi180 
EL£06190 
ELE06200 
£LE06210 
£LE06440 
ELE06230 
£L£06240 
£LE06450 
£LE0641S0 
ELE06210 

, ELE06480 
£LE06290 
ELE06300 
ELE06310 
ELE06320 
ELE06J30 
ELE06340 
ELE063S0 
ELE06360 
ELE06370 
ELE06J80 
ElLE06390 
£LE06400 
£LE06410 
ELE06420 
£L£06430 
£L£06440 
£LE064S0 
£LE06460 
ELE06410 
ELE06490 
£L£06490 
ELE06500 
£L£06510 
£L£06520 
£L£06530 
EL£06540 
EL£06S50 
£L£06560 
£L£065"10 
ELE:06580 
£LEOel590 
ELEOUOO 
£L£06610 
ELE06620 
ELE06630 
£L£06640 
ELE06650 
E:LE06660 
EL£06610 
ELE06680 
ELE06690 
ELE06700 
ELE06710 
ELE06720 
ELE06730 
ELE06140 
EL£06750 
ELE06760 
ELE06770 
EL£06780 
ELE06790 
ELE06800 
E:LE06810 
ELE06820 
ELE06B30 

EHD ELE06B40 
IiIPROCESS SOUMP GOSTM'T XREF' ELE00010 
C··· ....................... _ •• _ ••••••••••••••••• _____ ............. - .......... ELEO 0 0 20 

C DEBUG UNIT(I5).TRACE.SUBCHIt.HHT,SUBTRACE: ELE00030 
C END DEBUG ELE00040 
C·· ......... _ .................................. ----••••• - •• -.-.. - .................. ELEO 0 0 50 

SUBROUTINE ELE09 ELE000150 
, ([OPT ,rUNIT ,INC ,NE:WIt ,nRST • PRINT ELE00070 

NooF ,NLOAD ,JoIAXNOD ,NNODE: ,NCOS £LE00080 
10. ELSTIC ,I 00F' ,COORD ,COSINE • J"I'COS ELE00090 
CONST ,DISPL ,FORCE ,IREL ,BUG EL£OOlOO 
IBUG ,,,"CCEL ,ItGDATA ,GRA" ,PG£OM ELE00110 
MAXELD ,NELD ,IELD ,ELD ,NAJoI£ &LE00120 
STEPID ,AXIAL ,IELNO ,RINPUT ,PUB ELE00130 
EESE ,EPSE,DAMAGE,OUCFAG ,IELTrp ,IE:LooF ELEOOHO 
MYA ,MYB ,MZA ,M:iil9 ,HXI' ELE00150 
MFXI' ,STIF'l! ,STIF:2! ,STIFlZ ,STIF2Z ELE,00l!50 
fILCXi.J, fILDEA, fILDH, 'I' ILD:i!'I', 'l'ILD1Z, 'I'I (,D2Z, £LEOOI70 
I SE:K'I' A, 1 SEMY B, I SEMZA, I SEIoIZB, I SEM:Jt:A, I SE:PXA. P'ltG Et.EOO 180 
R,RT ,F',F'T ,L!OI,CTS,CTE ,BS ,BE ELEOOl\ilO 
NODEI ,NODE.J ,.JOINTI ,.JOIN'I'J ELE00200 
REL ,(,ENGTH ,'ltGCOF' ,LItG ,LMItG &LE00210 
ISE ,ENGDAT, FMAX ELE00220 
ISE ,ENGDAT ,f'P4AJ[ ,IAF'AG ,STBFAG ELE00230 
MATHYA ,MATK'I'B ,)oIATMZA ,MATMZB ,MATHJCA ELEOO:il40 
)o(ATF'XA, H, 522, S215, S212, S33. SJ5, S311, 0, B'I', Dr,,I,Z ,CZ, erT, AZZ £LEOO::il:50 

20 

ROI EY A. ROIErB, ROI EZA, ROI EZ8. 
A ,5E .STIF'F 

IMPLICIT REAL(A-H.o-Z) 
COMMON /IDSTEPI JS'1'EP 

COJoOliON IRSA/ICOHN, RSAf( 12) 
R.EAL ICOMN 

,F'EM 
ELEOO.150 
ELE00:210 
ELE00280 
ELE00290 
ELE00300 
ELE00310 
Et.£00320 
EL£00330 
ELEC0)40 

LOGICAL ERR, FIRS'!', PRINT. aUG, FEMFLG .F'ALSE, A.J:I AL, 8TES1' EL£00350 
LOGICAL NEW~, ELSTIC ELE00360 
INTEGER IAFAG,S"I'8FAG ELE00370 
CHARACTER·80 NAJoIE ELE00380 
CHARACTER·!·) S'TEPID ELE:OOHO 
CHARACTER-iS IRELC ELE00400 
DI"'ENSION I(GDATA{J) ELE00410 
D! Io1ENS!ON I cor (MAXNOD, 6) • COORD( MAXNOD, 6) ,C05INE( J, 3, NCOS) ELE004 2 0 
DI"'ENSION CONS'T(MAINOD.6) , IC(MAXNOD) ,J'I'COS(MAXNOD) ELE00430 
DI"'ENSION A5AT( 12.12) ,SAT( 12.12) .STIfF"(156) ELEOOUO 
DIMENSION A(12,l:il), S(12.12).LIo1(12),LMT{12),L.M~G(12),FMAI(12) ELE00450 
DIMENSION A(12,12). S(12.12).LM{12),LMT(12),LI4~G(12),FM.AJ[(IU) ELE00460 
DI!o4EIIISION CTS( 3, 3).CTE( J. 3).COSLOC{3,3),\I'X(3),VT(3),VZ(J) EL.£00410 
OU4E:NSION BS( J. l),B£( J. J).SE(ISE).ENGDAT(2) EL.E00480 
DIMENSION R{ 12), DISPL(NOOF.NLOAD), F( 12), RT( 12) ,f"I' (12) ,FUB( NCOF') EL.E00490 
DI"'ENSION F'ORCE(NOOF. NLOAD). I ELD( S, MAXELD) , ELO( 12, MAXE.t.D) EL.E00500 
01 MENSION ASA( 12, 12) • RINPUT ( 100) ,f'EM( 12, NLOAD) ,GFEM( 12) ELEOO 51 0 
DIMEIIISIDN DUCT(3.6).£XCR(6.6).P(I5) ELEOOS:ilO 
DIMENSION V(l2),VL(12),EFU9(12),UF'(12) E:L.E00530 
REAL L.EN'GTH EL£00S40 
INTEG£R REt., REL'T EL.EOOS50 
DIMENSION 140(13) ELE:005iSO 
DATA "'10/1,2,4,1,11.115,22.29.31,415,56,67,791 ELEC0570 

C ELE00580 

C - ----- -- ------- - - ----- - ------- --------------- - -- - - - -- -- ----- - --- -------ELE:O 0 5 9 0 
C VARIA8LES. ELEOOiSOO 
C ---------------. ---- •• - ------- --- --------- -- - --- ------- -. - - - - - --- - --- --ELE:O 0 151 0 
C·--------- GLOBAL VARIA8LES E:LE00I520 
C 10PT • I, INITIALIZE 8EAJoI COLUMN ELEI4EN'I' ELE001530 
C • 4. CALCULATE GEOMETRIC STIFFNESS £LE00I540 
C • J. F'ORM S'TIFPNE5S E:LE00650 
C • 4. CALCULATE INCREMENTAL F'ORCES ELE001560 
C • 5. CALCUt.ATE TO'l'AL FORCES AND ENERGIES E:LEOOEi70 
C IUNIT • OUTPUT F'ILE UNIT' F'OR PRIIII'TING OUTPUT ELE00!580 
C E:RR • E~R OR F'LAG. IF AN E~R OR HAS OCCURED. ERR·.TRUE. Et.EOOI!i90 
C F'IRST • FLAG. FIRST·.TRUE •• PRINT HEADERS ELE00700 
C PRINT - F'LAG. PRINT·.TRUE •• PRINT DATA £LE00710 
C HOOF ... OF' GLOBAL COF ELE00740 
C NLOAD • t OF' LOAD COMBINATIONS ELE00730 
C HAXNOD • tROW OIMENSION OF NODE ARRAY £LE00140 
C NNODE •• OF' NODES £LE00150 
C 10 • ARRAY Of' EXTERNAL NODE NUMBERS ELE00760 
C rOOF • ARRAY OF DEGREES OF FREEOOM ELE00770 
C COORD • A~RAl OF COORDINATES ELE00780 
C COSINE. • ARRAY OF DIRECTION COSINES OF NODES ELE00190 
C CONST • ARRAY OF' CONSTRAINT TRANSFORMATIONS ELE00800 
C DI5PL • GLOBAL DISPLACE:MENT MATRIX ELE:OOBI0 
C IZKAT • LOCATIOIII OF' KATERIAl.. DATA IN GLOBAL STORAGE VECTOR £LE00840 
C NAJoIE • ELEMENT NAME ELE00930 
C I ELNO - ELEMENT NUMBER ELEooe~o 
C RINPU1' • INPUT DATA ELE008S0 
C STIFF • OUTPUT ELEMENT STIFFNESS (UPPER TRIANGUt.AR F'ORM) ELE00860 
C we • OUTPUT LOCAL TO GLOBAL STIF'F'N£SS MAPPING rotATRIX £LE00870 
C---------- £LEJIIEN'I" VARIABLES ELE008eo 
C H,Q .... I, AJ.C. BI. BJ, S2::i1:, 52iS, 5212,533.535. S3 11. D ELE00890 
C • INDIVIDUAL TERMS IN THE ELEJ!I:£NT STIFFNESS {S) MAT~IX ELE00900 
C PItG • INPUT LOAO FOR fORMING GEOJ!l:ETRIC STIF'F'NESS MATRlI... ELE00910 
C R .. INCRIMENTAL DISPt..ACE..MENTS £LE00920 
CRT· TerrAL DISPLACEMENTS ELE00930 
C F' • INCRIMENTAL FORCES ELE00940 
C F"I' • TOTAl.. FORC£S E:LE00950 
C LM • LOCAL TO GLOBAL STIFFNESS MAPPING MltTRn ELE00960 
C CTS .. LOCAL TO GLOBAL ROTATION MATRIX START EL£00910 
C C'TE • LOCAL TO GLOBAL ROTATION MATRIX END ELE00980 
C 8S • LOCAL TO GLOBAL ROTATED ECCENTRICITt ICONSTRAINT MATRU S'i'ARTELE00990 
C BE • LOCAL TO GLOBAl.. ROTATED ECCENTRICITt ICONSTRAINT MATRIX END ELE01000 
C STIFF • ELEMENT STIFF'NESS ELEOI0I0 
C IELTYP • ELEJ'.ENT THE· 9 ELE01020 
C NODE:[ • EXTERNAL JOINT NUMBER, tHO I ELE01030 
C NODEJ • EXTERNAL JOINT NUMBER, END J Et.£01040 
C JOIN'I'I .. INTERNAL JOINT NUMBER, END I EL£01050 
C JOIN"I'J • INTERNAL JOIN'i' NUMBER, END J ELEOI0150 
C---------- TEJooIPROARr VARIABLES ELE:OI010 
C VI • VECTOR DEFINHIG THE: E:LE"'EN'I' I: AXIS ELEOI080 
C VT • VECTOR DEFINING THE ELEJoIENT Y AXIS ELEOI090 
C COSLOC • LOCAL COSINE MATRII £LE01100 
C A .. GL08AL TO LOCAL F'ORCE TRANSFORMATION MATRIX ELEOIII0 
C S • E:LE:J!!EN'I' STIF'F'NESS AT r..ocAL COORD. AT ENDS OF FL£XABLE PART ELE01l20 
C SAT • PRODUCt' OF' S·A' Et.EOl130 
C ASAT .. PRODUCT OF A.SAT EtEOl140 

IAF'AG • 1 lIND£][ F'OR PI NO-SUAREZ COLUMN COIIISID£RING LOCAL 8UCIQ.,IN'G EL.E01150 
2 PI NO-SUAREZ COLUIo(N A END LOCAL 8ueICLING OCCURRED ELEOlHiO 
3 PI NO-SUAREZ COL.UJoIN' B eND LOCAL BUCItLING OCCURRED Et.E01170 
4 PINO-SUARE'Z COLUMN A AND I! £NDS LOCAL BUCItLHIG OCCURRED ELE01180 
5 • IHDEX F'OR CHECItING SOl COt.UMN STRENGH CJUTERIA ELE01190 
6 • BOI: COLUMN A END REACH TO ruLLr PLASTIC E:LE01200 
1 • BOX COLUMN B END R~H TO FULLr PLASTIC £LE01210 

C 8 I BOX COt.UMH A AND B ENDS REACH TO fULLY PLASTIC ELE0l:220 
C------------- --------- _____________ -------------- ---------------------- ELEO 1 2 J 0 
C ELEO 124 0 
C------- CHOOSE OPTION EL£01450 

IF (IOPT.LT.l .0R.IOPT.GT.14) £LE01260 
, WRITE (6,") 'INVALID OPTION IN ELE·09. IOPT·'.IOPT ELE01470 

c 

GO TO (100.200.300.400,500,600,700,800.900,1000.1100.1200. 
, 1300.1~00) .IOPT 

100 CONTINUE 

C----- ZE:RC STRAIN ENERGY 
ENGDATt1) ·0 
ENGDAT(2) ·0 

c 

IF' ( B'i'EST(IBUG.7) ) THEN 
WRITE (6,") NAME 
CALL WMATRX(RINPUT,14, 1, 'RINPUT') 

E:NDIF' 

e----- IN'!'ERPERTA'l'E INPUT 
IELT'!'P- 9 

DATA 

)oIATMlA· RINPU'l' ( 1) 
P4ATHYB • RIN"UT( '2) 
MATI4ZA • RINt'UT( 1) 
MA'!''''1za • RINt'UT( 4) 
MATMXA • RINPUT( 5) 
MATFXA • RIN?UT( 15) 
NODEI RINPUT( 7) 
NODEJ RINPU'I'( aJ 
VT(l) RINPU'I'( 9) 
V'J(2) RINPUT(lO) 
V'J(3) FHNPUT(ll) 
XS RINPU'i'( 12) 
XE RINPUT(ll) 
PXG RINPUT (14) 

IAFAG ·0 
ST~F'AG-O 

C----- GET IN'I'ERN.I..L NODE' ASSOCIATED WITH EXTERNAL tJODE t' S 
JOI NTI ·IQUICIt( NODE:I • I D. NNODE) 
.JOI NTJ·IQUICIt( NODEJ. I D. NNODE) 
WRITE (6,'1) '101'.10 

ELE:01280 
£LEO 1290 
ELEOl300 
£LE01310 
£LEO lJ20 
ELEOIJ]O 
£L£01J40 
ELEOlJ50 
ELEOl360 
ELEO lJi 0 
Et.£011aO 
ELEO lJ90 
EL£01400 
ELEOl410 
EL£01420 
ELEOIOO 
E:L£01440 
ELEOl4S0 
EL£0146C 
ELEOI00 
EL£014aO 
ELE01490 
EL£01'500 
£L£Ol510 
EL£01520 
EL£015JO 
E:L£0IS40 
ELE015)0 
ELE015150 
ELE015iO 
Et.E01590 
ELE01590 
ELEOlEiOO 
ELEOlEil0 
ELEOl1520 
ELE01630 
Et.EOHi40 
Et.E011550 
EL.EOliSiSO 
£L.£01l570 



C----- PRINT DATA rOR PUJ'l'TING 

c 

Ir (8TE:ST(IBUG,2» THEN 
WRlTE(7,lO) NODEJ, ~ODEI. 

, (COORD(JOINTJ,I) ,'I-l.]). (COQRD(JOINTI ,J) ,J-1,3) 
10 FORMAT (l5,lX,I5.1P.6Gl:il.-4) 

E:N'Dlr 
C __________________________________ • ______________________________ _ 

C GET GLOBAL TO LOCAL TRAN6FORMATION KATRIX c------___________________________________________________________ _ 
c----- DEf'INE VECTOR X. LeNGTH 

VX( 1 JaCOORD( JOIN'l'J. 1) "";:OORD( JOINTI. 1) 
VX( 2l-COORD( JOINTJ, 2) -CCORD( JOINTI. 2) 
VX ( 3) "'COO RO( JOINTJ, :3 ) -COORD( JOl NT I, J) 
LENGTH-SORT (VX( 1) ":il +VX ( 2) ··:il+-VX( J) ·-2) -IS-IE 
IF (LENG'!'H.t.E.O) THE:N 

WRIT E( 15 , 101) I E.LNO. JOINTI • JO'lNTJ, t.ENGT H 
101 fORJoLl.T(lX,20('··),'ER·.·ROR - LENGTH IS LE 0',1 

, 5X, 'IELNO-' .IS. SX. 'JO!NTI-'. IS, SX. 'JOINTJ-' ,IS, 
5X. 'LENGTH' .1~,GlS.61 
5X.·REVISE INPUT ••••••••••••••••••••••••••••• ·J) 
LENGTH-l.O 

ENOIF 
If ( BTEST(I I!IUG , 7) ) THEN 

WRITE (6.·) 'JOINTS',JOINTI,JOINTJ 
WRITE (6.·) 'V'X',VX 
WRITE (6.·) 'VT',VT 
WRITE (6,"') 'LENGTH " LENGTH 

ENDIF 
C----- GtT LOC-'L TO GLOBAL TRANSFORMATION MATRICIES CT F\NO S 

ICS-JTCOS( JOINTI) 
IC E-J'TCOS (JOI NT .1) 

C,l.LL ROTXYZ(VX,V'!.COSIN'E(l.l.ICS),CTS. XS ,0.,0.,85. 
, CONST{JOINTI.l) .MAXNOD) 

CALL RO'l'XyZ,(VX,Vl.COSINE(l.l.ICE).CTE,-XE .O.,O.,BE, 
, CONS"r(JOINTJ.l) .MAXNCD) 
IF ( BTEST(IBIJIj.1) ) THEN 

CALL Io7MATRX( CTS ,.3. J. 'CT5 ') 
CALL Io'MATRX( CTE • 3. 3. 'CTE .) 

ENDIF 
C 
C----- 1jE'T GLOBAL CONSTRAINT MATRIX BS. BE 
C BS( 1.1 )-CONST(JOINTI, 1) "CTS( 2.1) +CONST(JOINTI .2) "CTS(). 1 ) ... SS( 1.1) 
C SS( 1. :1.j-CONST( JOINTI, 1) -CTS( 2.2) +CONST( JOINTI. 2) ·CTS( J,:1.) "'BS( 1,2) 
C BS( 1. J )-CONST( JOINTI. 1) ·CTS( 2, J) +COl<lST( .::rOINTI. 2) ·CTS( J.) +-BS( 1.) 
C BS( 2.1 )-CONST(JOINTI. J) "'CTS( 1.1) +CONST( JOINTI, 4) ·CTS(). 1) +-BSC 2,1) 
C BS( 2.2j-CONST( JOINTI,) "'CTS( 1,2 ) ... CONS'1'( JOINTI. ~ )"CTS( J. 2) +B5(2,:2) 
C 8S( 2. J )-CONST (JOINTI, J) "CTS( 1,.3) +CONST (JOINTI. 4) "CTS( 3. J) +BS( 4:,3) 
C SS( 3.1 )-CONST (JOINTI, S) ·CTS( 1. 1) +-CONST (JOINTI, 15) *CTS( '2.1) +BS().1) 
C BSC 3. 21-caNST (JOIN'1'I, 5) *cTS{ 1,2) +-CONST( JOINT I ,5) ·C1S( 2.2) +BS(]. 2) 
C 8S(], J j"'CONST (JOIN'TI, 5) ·CTS( 1. J ) ... CONS'!' (JOBITI, 15) ·C1S( 2.:3) +8S( 3. 3) 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

BEt 1. 1) -caNST (JOINTJ, l) ·CTE(:;j!.l) +CONS'!' (JOINTJ.:il) "C'l'E:(:3, 1) +8E( 1. 1) 
BE( 1,2) -CaNST (JOIN't'J. 1) .CTE(:iI.:2) +-CONST{ .JOHfTJ. 2) ·CTE( J, 2) +BE( 1. 2) 
BE( 1,:3) -CONST (JOINTJ .1).CTE( l. 3) +-CONST (.JOINTJ, 2 )·CTE{ J,:3) +BE( 1, J j 
BEt2.1 )-CONST[JOIN'TJ. 3)"CTE( 1.1)+CONST(JOINTJ.4 )-CTE(), 1 )"'BE( 2,1) 
BE( 2.2 )-CONST (JOINT,], J) oCTE( 1.:1. J +CONST( J'OINTJ'. 4) "CTE(.3, 2) +-BE( 2,2) 
BE( 2, J )-CONS'!' (JOINTJ. J) -CTE( 1. J) +CONST( JOIHTJ. 4) ·CTE( J.) +-BE( 2,:3) 
SE( J. 1 )-CONST (JOINTJ.:') -CTE( 1. 1) +CONST( JOINTJ. 6) "CTE(:1..1) +BE(], 1) 
BE( J.:2 )-CONS'T( JOINTJ.:') "CTE( 1. 2) +CONS"r( JOINTJ .15)"CTE(:1..:1.) +SE(), 2) 
bE(). J )-CONST( JOINTJ. S) -C1E:( 1,3) +CONST( JOINTJ. 6j"CTE( 2.)) +-BE(].) 

IF ( BTEST(18UG.7) ) THEN 
CALL WMATRJI.(B5, 3, J,'BS ') 
CALL W'MATRX(BE:, J. J.·SE ') 

E:NOlf 

C _____ 'IlERO MATRICIES 

00 40 1"1,12 
F)o(AX( I )-0 
F (I)-O 
i"'T'(I )-0 
R (I )-0 
RT(I )-0 
V (1)-0 
VL( I )-0 
oo40J-l,12 

S( t,J)-O. 
40 A(I.J)-O. 

c----- ~SSE:H6LE: TRANSFORMATION MATRIX ~ 
00 50 1-1. 3 

c 

00 SO .1-1,:3 
AtI ,.1 )-CTS(I,J) 
A( 1+3, J+J )-CT5{ 1 • .1) 
A(I+-6,J+6)-CTE(I.J) 
A( 1+9, .1+9 )-CTE( I. J) 
~(I+).J )-as(I.J) 

50 A(I+9.J+6)-BE(I..]) 
IF ( bTEST(H~UG.7) 1 CALL WMATRX( ~ .12.12.' PI. 'J 

c----- GET ~ATERIAL »RQPE:RTIES 
FALSE". rALSE:' 
LSTTH-O 
CALL MATLIB 

'(2 ,LS'I'TTP ,FALSE .IREL.FALSE.NAJoiIE.EESE.EPSE,CUCT(I.1),EXCR(1,1). 
, F'T ,F ,RT .R .V .vt. .LELEM .LKAT 
, MATMl' .... KATTTP. SEC I5EMYA). I ELNO. DAMAGE) 

~A-!oU.TT!P 

IF( !oU.TT!P .NE. 9 .AND. KATT!P .NE. 10 .AND. MATTYP .NE. 11 
.AND. MATTTP .NE. 6 J 

WIUTE( 6.190) t ELNO. KATTY p. NOOEI. NOOEJ 
CALL MATLll!1 

'Cl .LSTTYP ,fALSE .IREL.FALSE:,NAME,E:E:Se;,EPSE,DUCT{l.2).EXCR(I.2), 
, fT .F ,RT ,R ,v ,VL ,LELEH .LMAT 
" HATMT B. HAT'!'YP, 5E( 1 SE:)(! 9) • IE'LNO. DAMAGE) 

MTB-IQ.TTYP 
IFf MATTYP .NE. 9 .ANC. J!(ATTYP .NE. 10 .ANC. KATTYP .NE:. 11 

.ANC. MATTt~ .NE. 6 ) 
WI'UTE(6, 190)IELNO.MATTYP,NODEI .NODEJ 

CALL !oU.Tt.I8 
'(2 ,LSTTYP .f'ALSE .IREL.FAL6E.NA.Jo(E.EESE.EPSE,DUCTC1,J),EXCR(1,:3). 
, f"l' .F .AT .R .v .vt. .LELEM .LMAT 
, MATM'IlII.)l(ATTTP. SEC I SE:MZA). IEL.NO. DAMAGE) 

M'IlA-M.A.TTTP 
IF( MATTI'" .NE. 9 .MD. !r4AT'TTP .NE. 10 .AND. MATTYP .NE. 11 

.MD. !r4AT'TTP .NE. tS ) 
WRITE( IS, ISlO ) IELNO,I'lATTY».NODEI ,NODEJ 

CALL MATt..I 8 
'(2 .LSTTY» ,FALSE ,IREL.FALSE.NAME.EESE,EPSE.DUCT(1,4),EXCR(1,4), 
, f"l' ,r ,RT ,R .v ,V't. ,LELEJo( ,t.MAT 
, M,I,TM~B, MATTY p. SEI I SEMZB) • I Et.NC. DAMAGE) 

M'IlB"!oO..TTlP 
IF( MAT't"Y~ .NE. 9 .AND. MATTYP .NE. 10 .AND. MATTTP .NE. 11 

.AND. Jro<ATTYP .NE. 6 ) 
'fiIAl TE ( 6. 1901 I ELNO. ).(ATT' p. NODEI ,NODE:J 

CALL M.ATt..rS 
&(2 .LS'I'TYP ,E"ALSE .IREL,fALSE:,NANE,E:E:5E.EPSE.DUCT(1.5).EXCA(I.S). 
, E"T .F ,RT ,R ,v ,vI. .LELEM ,LMAT , 

MATMXA.IQ.TTY~, 5E( ISE~A), IELNO, DAMAGE) 
!o(XA-M.AT'1'TP 
IF( MIIT"l'T~ .NE. 1.0 ) WRITE(6.190)IELND.MATTYP,NODE:I.NODEJ 

SE C I SEFX,\-..-4 ) -LENGTH 
c ... LL MATt.IS 

'(2 .LSTTYP .FALSE .IREL.FALSE.t>lAJoIE.EESE.EPSE.DUCT(l.6).EXCR{1,5), 
, n' .F .RT .R ,v .VL .LEt-EM .LMAT 

MATFXA,M.ATTY». SE( ISEfX~), IELNO. OAMAC;E) 
MFXA-KATTl P 
IF( !-tATTY» .NE. 10 .AND. /ltATTTP .NE. 13) 
WRI T E( 6 • 190 ) I ELNO, MATTY P. NODEI ,NOOE:J 

ELE015BO 
ELE01590 
E:LE:01100 
ELEOl1l0 
ELEOl7l0 
ELE01130 
ELe;OI740 
ELE:OIHO 
ELE01i60 
E:LEOl770 
ELE017eo 
ELE01790 
ELE01BOO 
ELEOIBI0 
Et.EO l820 
Et.EOIB:30 
ELEOIB40 
ELEOIB50 
ELEOIB50 
ELEOIB10 
ELEOIBBO 
ELE01690 
ELE01900 
ELE01910 
E:LE01920 
ELE019)0 
ELE01940 
ELE:015lS0 
ELE01960 
ELE:01970 
E:LE01980 
ELE01990 
ELE02000 
ELE02010 
ELE02020 
ELEO:il030 
ELE02040 
ELE02050 
ELE02060 
ELE020iO 
E:LE02060 
ELE02090 
ELE:02100 
E:LE02110 
ELe;02120 
ELE02130 
ELE02140 
Et.E02IS0 
ELE0211S0 
ELEO:ill70 
ELEO:il180 
Et.E02190 
ELE02:200 
ELE0'2210 
ELE02220 
ELE02230 
ELE02240 
e;L£0'2250 
ELEO::Z2150 
ELE02270 
ELE02280 
ELE02290 
ELE0:2:300 
ELEO:il]10 
ELS02)20 
ELSO:il:330 
ELEOJ)40 
ELEO:il]SO 
ELE02J60 
ELEO:il:310 
ELE02JBO 
SLE02)90 
E:LE02400 
E:U02410 
E:LE02420 
ELE024J0 
ELE024-40 
ELE02450 
ELE0241S0 
ELE0:2410 
ELE0:2-480 
ELEO:il490 
EtE02S00 
ELE0:il510 
EtE02520 
E:LE025JO 
E:.LE02S-40 
ELE:O;H50 
ELE025150 
ELEO:ilS70 
ELE025BO 
ELE02S5I0 
ELE021500 
ELE02610 
ELEO:ilI5:20 
ELE026)O 
ELE0:2640 
E:LE02Ei50 
E:LE026M 
5:LEO.1510 
E:LE02660 
E:LE:026g0 
ELE02700 
ELE0271.0 
ELE02120 
ELE021]0 
ELE02Ho 
ELE02150 
ELEOJ160 
E:LE0:2110 
ELE02ieo 
[LEOli90 
ELE:02600 
ELE:02810 
EU02B20 
ELE02BJO 
E'LE02840 
ELE02850 
ELEO:il81S0 
ELE02870 
ELE02SBO 
ELE02890 
E:LE02900 
E:LE025110 
ELE:02920 
ELE:029JO 
ELEOH40 
ELE:02950 
ELE02960 
ELE02910 
EL£0:ilgeO 
ELE0291ilO 
ELEO)OOO 
ELEO)OlO 
ELEO)020 
E:LEOJO)O 
E:LEOJ040 
ELEOJOSO 
ELE:0]060 
ELE:03070 
ELEOJOBO 
ELE0:3090 

21 

c 

190 FORJ4A.T (' ELEMENT. ·.rEi.· INCOMPATISLE MATERIAL ~ROP.",15, 
, • START JOtNT;',t5,' END JOINT:',15,1 

• THE ELEM.ENT 16 REJECTED AND ER'. 'ROR CHECItING CONTINIJES') 

•••• CHECIt IN'TERACTIVE OPTION 
IFe MYA .EO. 10 .ANO. JoITB .EQ. 10 .AND. 

, MZA .E:O. 10 .AND. M'IlB .E:O. 10 .AND. MfXA .EO. 10 ) THEN 
IF( SE(ISEMYA+-4) .EO. 2 . .a.ND. SE(ISEM'TB+41 .EO. .AND. 

SE(ISE;MU+-4) .EO. 2 .AND. SE(ISEMU+4) .EQ. ) THEN 
tAF",,-l 

ENDI r 
IF( SE(ISEMYA"'4) .EO. .ANO. SE(ISEKTB+4J .EO. J .ANO. 

SEiISEMZA+4) .EQ. .AND. SE(ISE)oi:'Il8+4) .EQ.) ) THEN 

ENDIF 
ENDIF 

I ... fllG-5 

C------___ NO END RELE",SE: FOR THIS ELEIo4ENT 
REL-O 

C C------ ___ SET STIFFNESS COIE:FFICItNTS ••• 
C 
C 
C FOR BENDING IN 1 AXIS. 

Ire (MlII .EQ. 9 .AND. MYB .EO. 91 .OR. 
, (Ml'A .EQ.ll .ANC. MY8 .EO.11) .OR. 

(MT" .EQ. e .AND. MlB .EQ. 5) ) THE:N 
STH'll-SE( ISEMTA) 
ST1F2Y-SE( ISEMTBj 
IF( MYA . E:O. 51 ) THE~ 

S ... l--SE:( ISEMTA ... eOl 
s ... :iI- SEC I SE:MI 6+150) 

ELSE H( MYA .EQ.ll) THEN 
SAl-SE( I SEMT A+ JO) 
SA2-SE(ISE:MTB+30) 

ELSE IFe MTA .EQ. 5) THEN 
S,U-SE (1 SEMl A+-41 ) I LENGTH 
SA2-SE (I SEMYB+41 ) /LENGTH 
5TI f'l1-ST IF IT ILENGTH 
ST I f2T-5TI F2y It.ENGTH 
EI-SE:( ISE:MTA+48) 
TE:RM1- (LENGTH- -:;:) '( 12· EI * EI ) 
TERM2--LtNGTH I ( J. Ell 

ENCIF 
IF ( SAl .E:Q. 0 ) THEN 

FLXl-O 
ELSE IF ( sAl .NE:. 0 ) THEN 

FLXl- (I JSTIF1T) -( l{SAl) 
ENOIF 
IF ( SA2 .Eg. 0 ) THEN 

FLX'J-O 
E:LSE If' C SA2 .NE. 0 ) THEN 

FLX2- (l/STIF:i!Y) -( I/SA2) 
ENDlr 
IF ( MIll .EQ. 6 ) THEN 

OCOF-TER)!l .. TERM:;j!·(FLXl+-FLX~) ... FLXl"'rtX2 
ELSE IF ( MYA .NE. 6 ) 't'HE'N 

OCOP'-Cl{(SAl"2)) + (2/SAl)-(FLl1+-FLX2) + FLX1·FLX2 
ENDlf' 

ceOF- 11 DCOF 

If' ( JoITA .EQ. 6 ) THEN 
BY -OCOF·{TEFUoI2 + FLJ:'2) 
Byt-OCOF-CTERM:il + fLI1} 
OT-ceOf'· (0. S·TERM2) 

E:LSE IF ( MlA .NE. IS ) TH~ 
ST -OCOF·«21SAl)+Ft.X2) 
BTT-OCOF· ( (2/SA:iI) +-Ft. .. 1 ) 
DY"OCOF·(l{SAl) 

ENDIF 
ELSE IF( !('fA .E:O. 10 .AND. Ml'B .Eg. lO ) THE:N 

ELAS-SE( ISE!('fA+4) 
SP -SEC ISC;MT"'+5) 
Ell -SE(ISEMTA ) 
TI LOI Y-SEt 1 SEMI ,I,+J) 
TI LD:il:Y-SE( I SE:MT B+ J) 
IF( TlLDlT .Eg. 1 .OR. TlLD2T .EO. 1 ) STBFAG-l 

SEC I SEMT A+-I:iI) -SEC I SEMT A+l ) -LtNGTHI (6· Ell) 
SE:C I SEMTB+ 12) -SEC I SEMl8+-1 ) ·t.ENGT HI ( 15 - E:1l) 

Ir{ ELAS .EO. 0 ) THE~ 
BY -4·EIl{LENGTH 
Bn-4 "ElY (LENGTH 
OY -2"EIY /LENGTH 

ELSE IF( ELAS .NE. 0 ) THEN 
IF( TILOlJ • EQ. 0 .AND. TILD:ilY .EQ. 0 ) THEN 

BY -, "ElY {LENGTH 
Bn-4·E:lT/LE:NGTH 
Dt' -2"E:lT /LENGTH 

ELSE IF( TILDlJ .EQ.1 .AND. TIL02t' .EQ. 0 ) THEN 
BT -Sp·(4-E:IYJt.E:1'lGTH) 
BU-SP* (4 - En ILE:NGT H) + ( 1-5P) - ( J .. EIl ILENGTH) 
OY -SP*(:il·EIl/t.e:NGTH) 

ELSE IF( l'ILClT .EO. 0 .AND. TILD2l ·E:O. 1 ) THEN 
BT ·SP" (4 *EU {I..ENGTH) +( I-SP)· (J. E:IT /LElIlGTH) 
SYY- SP" (4 "EI Y ILENGTH) 
DY -SP-C2·EIT/LENGTH) 

ELSE 1F( TILDIY .EO. 1 .AND. TILO:ilY .EO. 1 ) THEN 
et' -SP· (4· EIl {LENG'l'H) 
BTT-5P" ( 4· EI Y ILENGTH) 
DT -SI='·(2·EIT/LENGTH) 

ENDIF 
ENDIf' 

~LSE 
WRITE( 15 .69 )Ml .... MlB, I ELNO 

159 rORMAT(IX.· ... !NVA1..1D MATERIAL TlP£ H'TA, ••• I2 •• M"t'S .. ·.I2. 
, • fOR ELEM.EN't' NO. '.IS,' .--') 

ENDIF 

FOR BENDING IN Z AXIS. 
IF( (HZ'" .E:Q. 9 .AND. MZB .EQ. ~) .OR. 

, (MZA .EO.11 .MD. MU .Eg.ll) .OR. 
, O~ZA .EQ. 15 .ANO. MZB .EQ. 15) ) THEN 

STIFIZ,-SE:( ISEkZA) 
STt F:iI S-SE: ( I SEM'IlS) 
IF( MU .EO. 9 ) THEN 

SA1-SE (I SEMZA+ 150) 
SA2-SE (I SEMZS+IS 0 ) 

ELSE IF( MZA .Eg.l1 ) THEN 
SAl"'SE (I SEMZA+-30) 
SA,2"SE( ISEMU+-JO) 

ELSE: IF( ":ZA .EQ. 6) 'l'HEN 
S,I,l-5£( ISEMZA+-41) ILENGTH 
5":;; - SE ( I SE:)oi:ZB+4 i ) ILENGTH 
S'l'IFlz-srI nz/tENGTH 
S'l'I F2 Z- S'TI f'2 'Il {LENGTH 
EI-SE(ISE:M.ZA+48) 
'l'EFU41- (LENGTH··2) I( 12*EI·EI) 
TEFU42-LENGTH I (3· E:I 1 

END1F 
IE" ( SAl .EQ. 0 ) THEN 

FLXI-O 
E:LSE If ( SAL .NE. 0 ) THEt>I 

fLXl-( 1{S"TlnZ)-( l/S ... 1) 
ENDIF 
IF ( SA2 • E:Q. 0 1 THEN 

ELEonoo 
E:LE:OlllO 
£L£OJ120 
ELEOJ lJO 
ELEOJ140 
ELEO]150 
ELEOJ11S0 
ELEOJ170 
ELEOJ180 
ELE03190 
ELEO)200 
ELEOJ2l0 
ELEOJ2:i10 
ELE03'JJO 
ELEO):il40 
ELE03250 
El.EOJ260 
ELEOJ270 
ELEon60 
ELE0]290 
ELEO])OO 
ELE03]l0 
ELE03320 
ELEOJ)':;O 
Et.E:0:3:340 
ELEOJJ50 
ELEO])60 
Et.EO)J10 
ELEOJ360 
ELE03J90 
ELEOJ400 
ELEO)~ 10 
ELE03420 
ELEOJOO 
ELE:0,H40 
ELE0:34S0 
Et.EO)460 
ELE03410 
ELE03-460 
ELEOJ490 
ELEOJ500 
E:LE03S10 
E:LEOJS20 
ELEO:3SJO 
ELEOJ540 
ELEO)SSO 
ELEO)S60 
ELSOJS10 
ELEO)SElO 
ELEO)S90 
ELEO)600 
ELEOJ510 
ELEOJ5JO 
ELEO)tS30 
ELEOJ640 
ELEOJ650 
ELE:OJ660 
E:LE0]l570 
Et.E:OJISBO 
Et.EOJ590 
E:LEO)700 
ELEOJ110 
ELEO)1JO 
E:LEO)1 ]0 
E:LEOJHo 
ELE031SO 
ELEOJ160 
ELEOJ770 
ELEOJ7BO 
ELE03790 
ELE03BOO 
ELEOJa10 
ELE03820 
ELEOJ8JO 
ELEOJB40 
ELEOJ850 
ELEOJ8150 
ELEOJ610 
ELE03BeQ 
ELE03B90 
ELE0.3900 
ELEO)5110 
ELEOJ5I20 
ELEOJ9)0 
ELE03940 
ELE03950 
ELE0351150 
ELEO)970 
ELE039BO 
ELEO)990 
E:LE04000 
ELEO~010 
E:LE:04020 
ELE040:30 
ELE04040 
ELE0-40S0 
ELE04060 
ELE04010 
ELE040BO 
ELE04090 
ELE04100 
E:LE04110 
ELE:04120 
ELe;OU:30 
ELEOU40 
ELEOUSO 
ELE04160 
ELE04110 
ELE04160 
ELE041510 
ELE04200 
ELEonlO 
ELE04220 
ELE042JO 
ELE04240 
E:LE04250 
E:LE04250 
ELE04270 
ELE04ao 
ELE:04290 
E:t.EO,JOO 
ELE0-4310 
Et.E04)'20 
ELE04)JO 
ELE0-4J40 
ELE04)50 
ELE04J60 
ELE:0070 
E:LE04JBO 
ELE:04J;0 
E:LEOHOO 
E:LE:04UO 
ELE04420 
Et.EOH30 
Et.EOH40 
ELEOH 50 
ELE044150 
ELE04410 
ELEOH!!O 
ELE04490 
ELE04500 
ELE04 :'10 



7' , 

FLX2-0 
ELSE IF ( SA ... NE. 0 ) THEN 

f'LX2- (liST] F2Z1 -( 1/SA2) 
ENCIF 
IF ( JolZA .EQ. 6 ) THEN 

OC'OF-TERJoIl .. TERM2"(FLXl"'FLJ:2) ... FLX1"FLX2 
ELSE IF ( JolZA .NE. 6 ) THEN 

OCOF-eJ/(SAl .... 2J) + (2/SAl)-eFLJ:1..-FLX.2) .. f'LXI-FLX2 
ENtlIF 

OCOF"'I/DCOF 

IF ( JolZA .E:Q. 6 ) THE:.N 
"''Ii -OC'OF"(TERM2 ... FtX2) 
AZZ-OC'OF-CTERM2 + FLXl) 
C'Ii- OCOF" (0. S"TERJoI2) 

ELSE IF e M'liA .NE. 6 ) THEN 
AZ -OCOF'"«21SA1)--FLX2) 
AZ Z- OCOF- e (21SA2) +FLX 1) 
CZ-OCOF-Cl/SAl) 

EHOIF 
ELSE IF( M'IiA .EQ. 10 .AND. M'liB .EQ. 10 ) THEN 

ELAS-SE(!SEJol'IiA+4) 
SP "SECISEf04ZA"'S) 
EIZ -SE(ISE,",ZA ) 
TI LDI Z-SE( I SEf04ZA+J) 
T I LD2 Z-SE( I SE,",Z8+J) 
IF( TILDlZ .EQ. 1 .OR. TILD2Z .EQ. 1 ) STBFAG-l 

SEC I SEJolZA+ 1.2 ) ·SE(I SEf04ZA ... 1)" LENGTHI (6 *EI 'Ii ) 
SE (I SEMZB+ 1.2 ) .SE( ! SEf04ZB+ 1 ) .. LENGTH I (6*EI Z) 

IF( ELAS .EO. 0 ) 'l'HEN 
AZ -4 *EI Z ILENGTH 
A 'liZ- 4 *EI ZlLENGTH 
CZ .2*EIZILENGTH 

ELSE IF( ELAS .NE. 0 ) THEN 
IF( 'l'ILDlZ .EO. 0 .ANC. ULD2Z .EQ. 0 ) THEN 

AZ • .... EIZILENGTH 
AU· .. * EI ZlLEN'GTH 
CZ "2*EIZILENGTH 

ELSE IF{ 'l'ILDlZ .EQ. 1 .AND. 'l'ILDJ'Z .EO. 0 ) THEN 
"'Z ·SP*(4-EIZ/LENGTH) 
"''IiZ- SP* {4 * EIZ ILENGTH)'" ( l-SP)· ( 3· EI 'IiILENGTH) 
CZ -SP*(2*EIZ/LENGTH) 

ELSE IF( TILDIZ .EO. 0 ."-NC. TILD2Z .EO. 1 ) THEN 
"''Ii -SP" ( "* EIZ ILENGTH)"'( I-SP). ( 3 .EI Z ILENGTH 1 
A'IiZ- SP· ( "* EIZ ILENGTH) 
CZ -Sp·(2·EIZ/LENGTH) 

ELSE IF( TILDIZ .EO. 1 .AND. 'l'ILD2Z .EO. 1 ) THEN 
... z -SP·("·EIZ/LENGTH) 
A'IiZ- SP - ( ". EI ZiLENGTH) 
cz .Sp·(2-EIZ/LENGTH) 

ENDIF' 
ENOl F' 

ELSE 
WRITE( 15.79 )MZ"'. MZB. IELNO 
FORMAT(U.· .. HI .... ALID ""'TERIAL T'I'PE ,",ZA-'.12.· MZB .. ·.!2. 

• FOR ELE:}IIENT NO. ',IS.' _.') 
ENDIF 

C FOR ,l"XIAL IN I AXIS. 

c 

IF( MFXA • EQ. 10 ) THEN 
ELAS"SE( ISEFIA+4) 
SP -SE(ISEFXA+5) 
EA -SEC lSEn:... ) 
TILDEA-SE( I SEFXA+ 3) 
IF( TILDEA .£0. 1) 5"I'BF'AG-l 

SE ( I SEFIA+ 12) -SE( I SEFX~+ 1) -LENGT HI EA 

IF( ELAS .EO. 0 ) THEN 
H-EA/LENGTH 

ELSE IF( ELAS .NE. 0 ) THEN 
IF( TILDE .... EQ. 0 ) THEN 

H-EA/LENGTH 
ELSE rF( 'ILDE;:A .EQ. 1 ) THEN 

H-SP- (EA/LENGTH) 
ENDIF 

ENDIF' 
ELSE IF( MF'IA • EQ. 13 ) 'THEN 

H-SE( ISEFXA) 
ELSE IF( JolFXA .NE. 10 .OR. JolFXA .NE. 13 ) THEN 

WRITE ( 15. e9) MFIA. I ELNO 
89 FORMAT(LX, .... INVALTo MA'l'ERTAL TTPE JolF''XAa·.12. 

, ' FOR ELEMENT NO. " IS,' •• ') 
ENDIF 

FOR TORSION IN :It AXIS. 

•• , 

IF( fo4XA .EQ. 10 } THEN 
ELAS-SE (I SEM:XA+4 ) 
SP - SE (I SEMXA+ S) 
GJ -SE(lSEKltA J 
tILCGJ-SE( ISEMlA+]) 
IF( lIL~J' .EQ. 1) S'TI!FAG-l 

SE (I SEIoIXA+ 12 J -SEC I SoexA+ 1 J - LENGTH IGJ 

IF( ELAS .EQ. 0 ) THEN 
Q-GJ/LENGTH 

ELSE IF( ELA5 .NE. 0 ) THEN 
H( IILClOJ • EQ. 0 ) 'THE.N 

Q-GJ/LE.NGTH 
ELSE IF( TILO:OJ .EO. 1 ) THEN 

O-SP· (GJ ILE.NG'T H) 
ENDIF 

ENDIF' 
ELSE 

WRITE( 15.99 ) KIA ,I ELNO 
rORJolAT(lX.'*· INVALID MATERIAL TTPE MXA-' ,12. 

'FOR ELE:)oIEN'T NO. '.IS,' •• ') 
ENDH' 

522- (AZ+2"CZ+AU) I (LE:NGTH":2) 
S26- (AZ"C Z) /LENGTH 
5212- (AZZ+<: 2i) /LENGTH 
S33-( 8'+2-0l+BIY) I (LENGTH··2) 
S35- ( 8Y +01) It.ENG'T H 
S.311- (BH+OT) ILENGTH 

C--------- SET CONSISTENT MASS GEOMETRIC STIFFNESS COIEFFICIENTS ••• 
GA.Z- 2" LENGTH I IS. 

G" 
GCZ- LENGTH I 30. 
GDZ- 0.10 
GEZ- 0.10 
GF'Z- 1.2 I t.ENGTH 

GAY- 2· LENGTH I 15. 
GBY- GA.Y 
GCY'" LENGTH I 30. 
GDY- 0.10 
GET- 0.10 
GFl- 1.2 I LENGTH 

c 
C - -- -- - - - - - - - ----- - -- - - - --___ - - - -- - - - - - - - - - --- ------ - - - - -----------
C ASSEM8LE LOCAL STIFFNESS MATRIX 
C --- -. --- -- - - - - - - - - --- ------------- --- - - - - -- --- --- -- -- - - --- --------

S( 1. 1) - H 
B( 1. 7) --H 

ELS04 ~20 
ELE:04S]0 
ELE04S40 
ELE04SS0 
ELE04560 
ELE04S"/0 
E:LE04SBO 
E:LE04 S90 
ELE04600 
ELE04610 
ELE04620 
ELE04t5]0 
ELE04t5 .. 0 
ELE04t550 
ELE04660 
ELE04t5"/O 
ELE04t560 
ELE04t590 
ELEOOOO 
ELEOOI0 
ELEOn:20 
ELEOOJO 
ELE04HO 
ELEOn SO 
ELEOn60 
ELE0010 
ELEOOeO 
ELEO .. 790 
ELEO .. 600 
ELE04610 
ELEO .. 620 
ELE04830 
ELEO .. B40 
ELEO .. B50 
ELE0481S0 
ELEO .. 810 
ELE04B80 
ELE04B90 
ELE04900 
ELE04910 
ELE04;20 
ELE04930 
ELE04940 
ELE04950 
ELE0491S0 
ELE04970 
ELE04980 
ELE049S10 
E:LE05000 
ELE05010 
ELE05020 
ELE050]0 
ELE05040 
ELE05050 
ELE0501S0 
ELE05070 
ELEO'!iOBO 
ELEO'!i090 
ELE05100 
ELE05110 
£[.£05120 
E['E051:30 
E['E05140 
ELE05150 
E['E051t50 
ELEO'!i170 
EL£05180 
ELE051510 
ELE05200 
ELE05210 
ELE052:20 
ELE05230 
ELE05240 
ELE05250 
E['EOS2t50 
ELE05270 
ELE052BO 
E'LE05290 
ELE05300 
ELE05310 
ELEOSJ20 
ELEOS:330 
ELE05]40 
ELE05350 
ELE05Jt50 
ELE05370 
ELEOS3BO 
ELE05)90 
ELE05400 
ELE05410 
ELE05420 
ELEOSOO 
ELE05440 
ELE05450 
ELE0541S0 
E:LE05"70 
ELE05480 
ELEOS4!i10 
E:LE05500 
ELE05Sl0 
ELE05520 
ELE05530 
ELE05540 
ELE05SS0 
ELE055t50 
ELEOSS70 
ELE055BO 
ELE05590 
ELE05600 
ELE051S10 
ELE051S20 
ELE056JO 
ELE05t540 
ELE05650 
ELE0515t50 
ELE05t570 
ELE0515BO 
ELE056S10 
ELE05700 
ELE051l0 
ELEOS720 
ELE057JO 
ELE05HO 
ELE05750 
ELEOS760 
ELE05770 
ELE057BO 
ELE05790 
ELE05BOO 
ELE05BIO 
ELE05820 
ELE05BJO 
ELE05840 
ELEOSB50 
ELE05Bt50 
ELE05810 
ELE05SBO 
ELE05B90 
ELE05900 
EL£05910 
ELE055120 
ELEOSSl30 

22 

S( ,. " - S21 
S( '. OJ -S" 
S( ,. " --S22 
S( 2.12) - 521.2 
S( '. 'J -S)) 
S( ,. 5J --5J5 
S( '. 'J --53) 
S( 3,11) --5Jll 
S( .. 'J -Q 
S( 4.10) --0 
S( 5. 5) -B' 
S( 5. 'J - 535 
S( S.ll) -"' S( O. OJ - AZ 
S( .. 'J --526 
5( 6.12) -C, 
S( 7. 7J - H 
S( '. 'J -s" 
5( 6.12) --5212 
5( '. 'J - S33 
S( 9.11) - S311 
5( 10,10) -Q 
S( 11.11) -B" 
S( 12.12) .zz 
S( 5. J) S( '. S) 
S( 6. " S( '. " S( 7. 1) S( 1. n 
S( '. " S( '. " 5( '. OJ S( O. " S( '. J) 5( ,. 'J 
5( " 5) S( 5. " S( 10, 0 S( 4.10 ) 
S( 11. " S( 3,11) 
S( 11. 5, S( 5.11) 
S( 11. 'J S( 9.11) 
S( 12. " S( 2,12) 
S(l2, " S( 15,12) 
Se 12. B, S( 8,12) 

C IF (FIRS"I') CALL WMA'T'RX ( S .12,12,' S 'J 
C 
C----- CALCULATE S>T 

00 60 1-1.12 
00 00 J-l,12 
5AT(!.J)·0 

00 00 1(·1.1:2 
00 SAT (I, J)·SAT( I. J) +S( I ,It) '"A(J. It) 

c 
C----- CALCULATE ASA' 

00 10 I·1.12 

c 

00 10 J-l. 12 
ASAT(I, J)-O 

00 10 1t'"1.12 
70 ASAT( I. J}-ASAT( I. J).A( I .!C)*SAT (II:. J) 

IF e BTEST(IBUG,B) ) CALL WHA.'l'RX(ASJ.'I' ,12.12.' ASAT ') 

C----- DEGREES OF FREEDOM 
C REMO .... E OOF'S THAT ARE CONS't'IU.INED '1'0 THE SAJIIE ooF ••• 

00 75 I·l,lS 

c 

IF ( lOOF(JoINTI.I).NE.IOOF(JOINTJ,I) ) THEN 
L/IfI'{1 )'"IooF(JOINTI.I) 
LM'I'{I+6)-IOOF'(JOIN'l'J'.I) 

ELSE 
LI4T( I )- 0 
LMT(I.6}- 0 

ENDIf' 
75 COWI'INUE 

C----- CONVERT TO HALF STORAGE MODE 
C 

8f COLUMNS 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1 J , 

L-O 
IELOOF-O 
00 510 I-l.12 

10 15 21 28 ]Ei .. 5 55 1515 7B 
9 14 20 2"/ J5 44 54 155 77 
B 1] 19 26 ] .. 4) 53 154 715 
7 12 18 25 3J 01.2 52 153 75 

11 17 l4 J:2 oil 51 152 H. 
lIS 23 31 .. 0 SO 151 73 

22 )0 39 49 60 7:1 
'29 38 48 551 71 

.37 .. 75670 
415 57 1S5I 

56 1S6 

" 

NUMBER INDICATES 
LOCATION OF DATA 
IN A"'-RAY STIFF 

IF (LH'T(I).EQ.O .OR. ASAT(I.I).LE.O) GO TO 90 
IF (LJon'(I).~.O ) GO TO 90 
IELOOf'-1 ELOOF+l 
LJol( I ELOOF)'"LM'I' (I ) 
00 SO J-I.l.·l 

IF' (LMT(J).EQ.O .OR. ASAT(J,J).LE.O GO TO eo 
IF' (LMT(J).EQ.O CiO TO 80 
L-L+1 
S"I'IrF(L)-ASAT(I,J) 

80 CONTINUE 
90 CONTINUE 

IF ( BTEST( I!!UG. 7) ) THEN 
WRITE (15,·) 'LIoIT-' ,LMT 
III'RITE (15.·) 'IELOOF',IELOOF,'LM -'.(WI(I).I'"l.lELD:lF) 
CALL LMATR:X( STI FF,,",D, IELOOF. (L"'l). 'ELE:}IIENT STIf'F'NE55') 
III'RITE (15.-) 'ItGDATAI',II:GDAT .... ' PII:G.',?ItG 

ENDIF 
C-----------------------------------·····-·------------------------
C ASSEMBLE GEOMETRIC S'T'IFF'NESS MATRIX FOR A UNIT LOAD ••• C------------····-·-···--------------------------------------------

c 

LItG'"L 
IF ( PItG.EQ.O .AND. ItGDATA(I).NE.2 ) THE:N 

AJ:IAL-. F.t..LSE. 
REL- I BCLR( REI.. 6) 
GO TO IBO 

EHDIF 

C----------- DE."I'Ei=U4INE IF AXIAL CEFDfUo(ATION IS CONSIDERED 
C BIT '6 OF REL IS TRUE If' AXIAL DEFORMATION IS CONSIDERED 

c 

00 9519 1'"1. 3 
CS-CTS( 1.1) 
CE"CTE( I ,I) 
IF (AaS(CS).LE •• 0001 .AND. ABS(CE).LE •• 0001 ) GO TO 999 
15-1 OOF( JOINTI. I) 
IE·lOOF'(JOIN't'J,I) 
If' (IS.EQ.IE) GO TO 999 

REL-JBSE'T(REL.6) 
999 CONTINUE 

AXIAL-BTEST( REL, 15) 
IF ( STES"'I'(I8UG.7) ) WRITE (6.*) ·AXIAL.'.AJI.t..L 

IF' (II:GDATA(l).NE.O .AND. ItGDA'I'A(2).NE.0 .AND. BTEST(REL,t5)) THEN 

C---------- DETERMINE THE UIAL LOAD TO BE USED FOR ,o;:G ••• 
IF (ItGDATA(I).EQ.l) THEN 

PGEOM - PICG 
ELSE IF (ICGDATA(1).EQ.2) THEN 

PGEOM - 0.50-(F'(1)-F(7» 
ENDIF 

C 
C--ASSEMBLE LOCAL GEOME'TRIC STIFFNESS MATRIX fOR A UNIT LOAD ••• 
C ZERO LOCAL ICG MATRIX 

00 99B 1-1,12 
00 99B J"1.12 

99B S( I, J)-O 

ELE05940 
ELEOS950 
ELE05S160 
ELE055170 
ELE05!1BO 
ELE05!190 
ELE015000 
ELE0t5010 
ELEOlS020 
ELE015030 
ELE0t5040 
ELEOlS050 
ELE0t501S0 
e:Le:OIS070 
ELE0t50BO 
ELE0150Sl0 
ELE:015100 
ELE06110 
ELEOlS120 
ELEOlSlJO 
ELE06140 
ELEOlS150 
ELEOlSlt50 
ELE06170 
ELE0t51BO 
ELEOlS190 
ELEOIS:iiOO 
ELE06210 
ELEOlS220 
ELEOlS230 
E"~e:0t52"O 
ELEOlS250 
ELEOlS21S0 
ELEOlS270 
ELEOlS2BO 
ELEOIS2S10 
ELE06]00 
ELEOiS]10 
ELE015]20 
ELE0t5J30 
ELE0t5340 
ELE06]SO 
ELEOIS:3t50 
ELEOlS370 
ELEOIS380 
ELEOIS3510 
ELE0t5400 
ELEOIS410 
ELEOlS420 
E:LE:OISOO 
ELE:01S440 
E:LE0t5450 
ELEOIS4ISO 
ELE:01S410 
ELE:01S4BO 
E:LEO IS 4!il0 
ELEOlS500 
ELE06510 
ELEOlS520 
ELEOlS530 
ELE:01S540 
ELE0t5550 
ELEOlS51S0 
ELEDt5570 
ELEOlS560 
ELEOIS5510 
E:LEOISISOO 
ELEOIS1510 
ELE0151520 
ELE0151530 
ELE0151540 
ELE0t5650 
ELE06660 
ELE06670 
ELE06680 
ELE061590 
ELE0t5700 
ELE015"/10 
ELE015120 
E[.E06"/ ]0 
ELE06HO 
ELE06750 
ELE067t50 
ELE06770 
ELE067BO 
ELE06190 
ELE06S00 
ELEOEiBI0 
ELE015820 
ELE06BJO 
ELE06B40 
ELE06B50 
ELE015B60 
ELEOEie70 
ELE06BBO 
ELE06BSlO 
ELE06900 
ELE06910 
ELE06920 
ELE0159JO 
ELE0t5940 
ELE0159S0 
ELE06960 
ELE06970 
ELE06S1BO 
ELEOEi990 
ELE07000 
ELE07010 
ELE07020 
ELE070JO 
ELE07040 
ELEOi050 
ELE070150 
ELE07070 
ELEO"/OBO 
ELE07090 
ELE01100 
ELE07110 
E[.E07120 
ELE011JO 
ELE01140 
ELE071 SO 
ELE071t50 
ELEOi 110 
ELEOi 180 
ELEO'190 
ELE07200 
ELE0/210 
ELE07:ii20 
ELEOi2JO 
ELE0/240 
ELEO"/250 
ELE072150 
ELE07270 
ELEOi2BO 
ELE07290 
ELE07 )00 
ELEOi 310 
ELE07 J20 
ELEOiJJO 
ELEOiJ40 
ELE07JSO 



C _________ ["UHPE:D MASS f'ORM Oi' GEOME"'l'RIC STlf'f'NESS ELEC736C 
ELEC7370 
ELEC7380 
ELE0735l0 
ELEOHOO 
ELEOHI0 
ELEOH20 
ELEOH30 
ELE01440 
ELE01450 
£oLEOj 460 

c 

If' (II:GOA1A(21.£:0.1) THEN 
n-lIr..e;NGTH 
5( 2. 2) .. F'l 
5( 2. 8) .. -Fl 
S( 6. ;l:) .. -F'l 
5( 8, 8).. Fl 
S( J • .3).. P1 
S( ). 9). -f'1 
S( 9. ) .. -F1 
S( 9. 9)- Fl 

c _________ CONSISTENT M.ASS FORJol OF GEOMETRIC STI FFNE5S 
ELE074jO 
ELE01480 
E:LE01490 

c 

ELSE IF (Jl:GDATIt(2).EO •• ) THEN 
S( 2, 2).. GFZ 

ENDIF' 

5( 2. 6)_ GDZ 
5( 2, Ell- -GF'Z 
5( 2,1'21"" GEZ 

5( !5, 2). GOZ 
S( 6, 6)- GAZ 
5( 6, 8)- -GOZ 
S( !5, 1'2)- GCZ 

5( B, '2) .. -GF'Z 
5( B, 6)- -GDZ 
S{ 8, B).. GFZ 
S( 8.12)- -GEZ 

S( 12. 2).. GEZ 
s( 12, 6) .. -GCZ 
S( 12, 8) .. -GEZ 
S{ 12.12)" GSZ 

St ). )- GFl 
S( ). s) .. -GOl 
S( ), 9) .. -GFT 
5( ).11)" -GET 

S( 5, 3)" -GOY 
S( S, 5)· GAr 
S( 5, 51)- GOY 
B( 5,11)" -GCT 

s( 9, 3)- -aFY 
S( 5l, 5)- Got 
S( 5l, 9).. GP1 
s( 9.11)- GET 
S{ll, 3). -GET 
S{l1. 5) .. -GCl 
5(11. 9) .. GEl 
S( 11.11)- G!!l 

Ii' (BTEST(IBUG,8» CALL WKATRX( S 

EU:01500 
ELE07 )10 
ELE07520 
ELE075JO 
ELE07540 
£L£07550 
ELE07560 
ELE07570 
ELE01580 
£LE0155l0 
£LE01600 
EL£01610 
£L£07620 
ELE016)O 
ELE07640 
ELE076S0 
ELE07660 
ELE07670 
£LE07680 
ELE07Ei90 
ELE07700 
Er..E07110 
Er..E07120 
ELE07130 
ELE07HO 
ELE07750 
EL£01760 
Er..E01170 
ELE01180 
ELE01190 
ELEOj 800 
ELE07810 
ELE07820 
ELE078JO 

.12.12.' Jl:G -LOCAL COORD') ELE07840 

C----- CALCULATE SliT 
ELE078S0 
£LE07860 
£LE07870 
ELE07880 
ELE07890 

DO 1060 1-1,12 
DO 1060 J-l,12 
SA.T( I, J)-O 

00 1060 11:"1,12 
1060 

C 
SAT( I, J]-Si'.T( I, J)+S(I ,III:).A.( J ,II:) 

ELE075l00 
ELEOHIO 
ELE07920 

C·---- CALCULATE ASAT ELEOH30 
ELE07940 
ELE07950 
ELE01960 

1070 

c 

CO 1010 1-1, lOI 
00 1010 J-1, 12 
"'SAT {I ,.])-0 

CO 1070 JI:"1, 12 
ASIIT (I .J)"ASAT (I. J) +A( I, II:)-SAT [11:, oJ) 

IF (STEST[ISUG.6)) CALL WKfITRX(ASAT .12,12.' 

C----- CONVERT TO HALF STORAGE MODE al COLUMNS 
Jl:GDOF'-O 

ELE01910 
EL£01980 
ELE07990 
ELE08000 
ELEOBOI0 
£:LEOB020 
ELE080JO 
~E08040 
£L£08050 
ELE08060 

c 

DO 1090 [-1,12 
IF (LMT(I).EQ.O .01'1. ASAT(LI).LE.O) GO TO 1090 
IF (LM'l' ( I ) • EO. 0 ) GO TO 1090 
KGDOF-II:GooF+1 
LM)(G ( )(GOOf}-LMT ( I ) 
00 1080 J-I,l.-l 

IF (LMT(J).EQ.O .OR. ASAT(J,J).~E.O GO TO lOBO 
IF' (L)ofi'{J) .EQ.O GO TO lOBO 
L"L+l 
STIFF(L)"ASi'.T(I,J) 

1080 CONTINUE 
1090 CONTINUE 

Ii' ( 8TEsr(I8UG.7) ) THEN 
""RITE (6.-) 'Jl:GOOP·.II:GDOF.'LMII:G .. ·.{LMII:G{I)'.I .. 1.!(GOOF') 
CALL LM.ATRX(STIFF(LII:G+l) ,MD,Jl:GOOF. (L-LII:G). 
'ELEMENT GEOMETRIC STIFFNESS (UNIT LOi'.D)·) 

ENDIF 
ENDIF 

ELE08070 
ELE08080 
ELE0805l0 
ELE08100 
ELE09110 
ELE091::10 
ELE081JO 
ELE08140 
ELE081S0 
£LE08160 
ELE08110 
ELEOB180 
ELE08190 

C----- RELEASE UNUSED STORAGE 
180 IREL-156-L 

ELE08200 
ELE08210 
ELE08220 
ELE08230 
ELEOB::I40 

PRINT COLUIrrIN DATA 
IF (F'IRST .OR. BTEST(IBUG,7) .OR. BTEST(I8uG.B) ) WRITE (6,192) 

191 WRITE(6,193) NA/o1E,I EI.NO.NODEI ,NODEJ,L'ENGTH, 
, 1fT ( 1 ) • Vl (2) • Vl' [ 3) .15. -XE. PJl:G 

irlRITE{ 6.194) MA'I'FXA.MATMXA,MATMTA.MATMT8.MATMiA.MATM18 

ELE08::150 
ELE08::160 
ELE09270 
ELEon80 
£LE08290 
ELE08JOO 

192 FORMAT[/' ELEMENT 09, IEJD!!EAJiiI ELEMENT'II E.LE08JI0 
, T2::1,'. START E'ND',JX,'LENGTH',JJ:. E:LEOB)10 
'11('-').' l-A,:1:I5 " E:I.EOBJ]O 
, 1::1('-').' START OIST DiD OI5T ?Jl:G', ELE08.340 

19] FORMAT ( lX, AlS, .IEi, 1X. I t5.lX, 1? .GIO. 4, OP. ELE06350 
i F9.S,' I',SP,F'9.5,' J',P51.5,' 1I:'.lP.SS.JG12.4j Et.E.08360 

194 FORJolAT(16IL'MATEFI.IAL' I {i'X )-',12,11:,',00: )-',I4,lX. ELE08370 
i ',(Ml-A)-',I:Il,l.l.', (Irfr-B)·',l'2,lX, ELEOB3BO 

'.(M'li-A)-·,12.U,', (MZ-B)-',I'2 ) ELEOB390 
RETURN ELE08400 

c ................................. • ........ DE'l'ERJIIINE GEOME'I'RIC S'rIFF .... • ........ ·-···--·--ELEoeollO 
200 CON'l'INUE ELE0800 

C- III:G IS DETERMINED FOR It UNIT LOAD WITH IOP't'-1. ELE0800 
C- THE ACTUAL LOAD (PGEOM) IS DETERIUNED HERE. ELE08440 
c- II:G IS MULTIPLIED Bl PGEOM WHEN THE TOTAL STIFFNESS IS ASSEMBLED ELE080150 
C- NEGATIVE ?GEOM IS COMPRESSION.... ELEOB460 

AXIAL"BTEST(REL,6) ELE08470 
c ELE084E10 
C---------- DETERMINE THE .uIAL LOAD TO BE USED FOR ItG.,. ELE08490 

ELE08500 
£L£08510 

IF (lUUAL) THE'N' 
IF (!I;GDATA(1).EQ.1) THEN 

PGEDM" P!(G 
ELSE IF (III:GOATi'.(l).£Q.~) THEN 

PGEOM" 0.SO"(F(I)-F(1» 
ENOIF 

ENOIi' 
Ii' (B'l'EST(18UG.7» WRITE (6,-) 'AXIAL ·,AXIAL.' PGEOMI',PGEOM 

ELE085~0 
ELE085)0 
ELE06540 
ELE08550 
EL£06560 
ELE06S70 
ELEoe580 

RETURN ELEoeS90 
C .... • ................. ------... -.... DE'TERMI HE ST I FFNESS ...... ------........................ ELE08600 

)00 CONTINUE ELE08610 
ELE08620 

STI Fl T, STl ~'2T, S1'I F'lZ, STI F:2Z, TILDGJ. T ILDEA,l ILOI Y, T ILOH. ELEOB6JO 
TILOIZ, !'\NO TILD:2Z CoNTIUN 5TIFFNES5E5. WI-lICi-1 WERE OETERI-IINED IN ELE08640 
THE LAST CALL TO MA_TLIB ELE06!5S0 

IF S"'TIFlY .. 

o. 

STri':a -
S'l'Ii'lZ -
STIF2Z .. 
TILDeJ .. 
TILDEA -

SE(ISE)(!'AI 
51::(I5£,,"B) 
SEC rSEMU) 
SE(ISE:MZS) 
SE(ISEMXA+J) 
SE(ISEFXA+J) 

FOR MAT09,M.ATll,MAT0!5 
FOR MAT09. MAT 11, ""'T06 
FOR MAT09.MATll,,,,",T06 
FOR MAT09 .MATll, "'"'TO 6 
FOR AATI0 
FOR MATI0 

IF lILDll • SE(ISEM'TA+]) i'0A. MATI0 
lIL02l • SE(lSEMTS+]) F'OR MATIO 
lILDIZ - SE(ISEHZA+3) FOR MATI0 
lIL02Z - SE(ISEHZB+3) FOR )rrlATI0 

ELEOBI5!50 
ELEOB670 
ELE08680 
ELE08690 
ELE08100 
ELE08110 
ELEOB7::Z0 
ELE087 )0 
ELE08740 
ELEOB750 
ELEOB760 
ELE08710 

23 

c 

TIL~J • SE(ISEMXA+) FOR ""''rlO 
lILDE~ .. SE(ISEFXA+]) FOR MATI0 

THEN, 
THE srIi'i'NES6 HAS NOT CHANGED. R~URN 

I' 

ELEOB180 
ELE08190 
ELE00600 
ELEOBBIO 
ELE08B20 

IF( ,,",A .EQ. 5l • .\NO. MTB .EQ. 9 1 THEN £LE088JO 
IF(5't'If"lT .NE. SE(ISEM'TA) .OR. STIF2T .NE. SE(ISEMYB))CO"O J ELE08840 

ELSE 1Ft M'Ti'. .EQ.l1 • .\NO. HYS .EQ.ll ) THEN EL£OB8S0 
IF(STIFll .NE. SE(ISEIrfrA] .OR. ST[F'2l .NE. SE(ISEM'lB»CO TO 3 ELEOBB60 

ELSE IF( M'TA .EO. !5 .MO. HTB .SQ. 6 J THEN ELE08870 
IF(STIFll .NE. (SE(ISEMTA)/LENGTH) .OR. ELEOBB80 

STIF21 .NE. (SE{ISEMTB)Ir..ENGTH) )GO TO ) ELEOBB90 
ELSE IF( HTA .EO. 10 .MO. MTB .EQ. 10 ) THEN ELE08900 

IF'(TILOll .NE. SE(ISEMTA+3) .OR. TILD2T .NE. SE(ISEMYB'd»GO TO JELE08910 
ENOl F ELE099::10 
H( MU .EQ. 9 .AND. MZB .EO. 9 ) THEN ELE089JO 

IF{STIF'lZ .NE. SE(ISEMU) .OR. STIPn .NE. SE(ISEMZB»CO TO J ELE08940 
E~SE IF( MZA .Eo.l1 .AND. MZB .EO.11 ) THEN ELE08950 
IF(BTIF"lZ .NE. SE(tSEMZAl .OR. STIF::IZ • 'olE:. SE(ISEMO'.B»GO TO) ELE08960 

ELSE IF( MZA .EQ. 6 .AND. MZB .EQ. 6 ) 'l'HEN ELECl8970 
IF(S"I'IPIZ .NE. (SE(ISEMZA)/LENGTH) .OR. ELE08980 

i STIi'2Z .NE. (SE(lSEM0'.8)/LENGTH) )GO TO .3 ELE08990 
ELSE IF( MZA .EQ. 10 .AND. MZ8 .EQ. 10 ) 'l'HEN ELEOSlOOO 

IF(lILDlZ .NE. SE(ISEJoIZA+3) .OR. lILD2Z .NE. SE(ISE}I4ZB+3»)GO TO 3ELE09010 
ENOIF ELE090:il0 
IF(lILDGJ .NE. SE(ISEMXA+)} ) GO TO J ELE09030 
IF( MFXII .EQ. 10 ) THEN 'ELE09040 

IF(TILDEA .NE. SE(ISEFXA+)) ) GO TO ) EL£09050 
ELSE IF( MFXA .EQ. 13 ) TH'EN ELE09060 

IF( H .NE. 5E(ISEi'XA) ) GO TO J ELE09070 
ENDIF ELE090eo 

RE"'l'UFl,N 
) CONTINUE 

C--------- SET S'TIFF'NESS COIEF'FICIENTS ••• 
C 

£L£09090 
ELE09100 
ELE09110 
EL£09120 
ELE09130 
ELE09HO 
ELE09150 
ELE09160 
ELE09110 
ELE091BO 
ELE09190 
ELE09200 
E:L£09210 
ELE09240 
ELE092)O 
ELE09240 
EL£092S0 
ELE09260 
ELE:09.70 
ELE09280 
ELE09290 
£LE09300 
ELE09310 
ELE09320 
ELE093)0 
ELE09340 
ELE09J50 
ELE09J60 
ELE09J10 
E:LE09JeO 
ELE09J90 
ELE09400 
ELE09410 
E'LE094.0 
ELE09430 
ELE09440 
ELE094S0 
ELE094!50 
ELE09470 
ELE09480 
ELE09490 
ELE09500 
ELE09510 
ELE095::10 
EL£095)0 
£LE09540 
ELE095S0 
tLE09560 
ELE09510 
ELE09~eo 
EL£.09S90 
ELE09600 
ELE09610 
ELE05l620 
ELE09630 
ELE05l1S40 
EL£09!550 
ELE05l IS ISO 
ELE09670 
£L£09680 
ELf;09690 
EL£09100 
E:LE09710 
EL£097010 
ELE09130 
ELE09140 
EL£09150 
ELE09160 
EL€09710 
ELE091BO 
ELE09790 
ELE09800 
ELE09BIO 
ELE098:ilO 
£LE09830 
EL£09840 
£LE098S0 
ELE09960 
ELE09610 
ELE098eo 
e:LE09890 
ELE09900 
ELE09910 
ELE09920 
ELE09930 
ELE09940 
ELE09950 
EL£095160 
ELE09910 
ELE09980 
ELE09990 
ELEIOOOO 
ELEIOOI0 
ELE10020 
£LEI00)0 
ELEI0040 
ELEI0050 
ELEI0060 
ELEI0010 
E.U:l0080 
ELEI0090 
ELE10100 
EI.EIOllO 
ELEI0120 
ELEI0130 
ELE10140 
ELE10150 
ELEI0160 
ELE10liO 
ELEI01eo 
ELEI0190 

C FOR BENDING HI Y AXISI 
IF'( (MYA .EQ. 5l • .\NO. lofT!! .EQ. 9) .OR. 

i (MYA .EQ.l1 .AND. IofTB .EQ.ll) .OR. 
, (MYA .EO. 6 • .\ND. MTB .EQ. 6) ) THEN 

STIF'11"SE(I5EI(fA) 
STI F21-SE (I SEMl B) 
IF( MlII .EQ. 9 ) THEN 

5Al"5E (I SEMl A+ISO) 
SA2-SE (ISEMTB+ISO) 

ELSE IF( HTA .EQ.11 ) THEN 
SU-SE ( I SEMY 11+30 ) 
SA2-SE( ISEMYB+30) 

ELSE IF( MfA .EQ. 6) THEN 
SAl-SEC I SEMT A+4' ) ILENGTH 
SII:il·SE( ISEMTB+4i) ILENGTH 
srI FH-S"J'IF11/LENGTH 
S"l'I F;n"S'TI F::Il/LENGTH 
EI"SE(ISDlTi'.+40) 
TEfQ(l" (LENGTH- -2) I (14· Er-EI) 
TERM2-LEtoiGTH/( J-EI) 

END[F 
IF ( SAl .EQ. 0 ) THEN 

FLXI-0 
ELSE IF ( SAl .NE. 0 ) THEN 

FLU" (1/STIFll) -( I/SAl) 
ENDIF 
IF' ( 5112 .EQ. 0 I 'l'HEN 

FLX2-0 
ELSE Ii' ( SII4 .NE. 0 ) THEN 

FLX2- (l/STI FOIl )-( I/SA2) 
ENDIf' 
IF' ( MTA .EO. 6 ) THEN 

DeOF.TERMl + TERM::Z"(FLXl+F'LX::I) + FL.ll·f'LX2 
ELSE IP ( MYA .NE. 6 ) THEN 

DeOr-(3/(SA1"2)1 .. (2/SA1)-(FLXl+PLX2) + PL.ll·FLJ:2 
ENDIF 

1);;OF-1/O::0f' 

IF ( MYA .EQ. 6 ) THOl 
BT -oeOF.(TER)(OI ;. F'LX'2) 
Bn.teop" [TERM. + F'LU) 
Dl-oeOF''' (0. 5"TERM::I) 

ELSE IF ( MTII .NE. IS ) THEN 
BY -oeCF. « lISAl) +FLX::I) 
Bn.oeoF*( (21SA'2) 4-FLU) 
of-oeOF'*( 1/SAl) 

ENDIP 
ELSE IF( MTA .Et!. 10 .AND. MTS .EO. 10 ) THEN 

ELAS·SE( ISEMTAH 1 
SP "SE(IS£MYA+5) 
Ell "SE{ISEIrfrA ) 
'ILDl1-SE{ I SEMT A+J) 
lILD1T"SE( I 5EMT B+3) 
IF( lILDll .EQ. 1 .OR. TILO.T .EQ. 1) BTBFAG"1 
IFe ELAS .EQ. 0 ) THEN 

Bl .4-EIt/LENGTH 
Bn-4·EI1/LENGTH 
OT -2"EIl/LENGTH 

ELSE IF( ELAS .NE. 0 ) THE'" 
IF( TILOll .EQ. 0 .AND. lIt.D~l .EO. 0 ) THEN 

BT -4 -EIlILENGTH 
6TT .. 4 -EIl/LENGTH 
OT -2·EIlILENGTH 

ELSE IF( TILDIT .EQ.l .AND. lIL04T .EO. 0 ) THEN 
Bl "SP*(4-EIT/LENGTH) 
BU"Sp·( 4 "En ILENGTH) + (l-SP) - ()"EIl/LENGTH) 
01 "Sp·(2·EIt/LENGTH) 

ELSE IF( TILOlT .EQ. 0 .MO. llLO::ll .EQ. 1 ) THEN 
BY "SP" (4 "EIT /LENGTH) +( 1-S?)" ()"EI, ILENGTH) 
B".SP" (4" EIT / t.ENGTH) 
Dl -SP"(2"EIT/LENGTH) 

ELSE IF( tILDll .EO. 1 .A.. .. O. TILD2Y .EQ. 1 ) THEN 
Bl "SP" (4"EIT/LENGTH) 
Bn-SP- (4 -EIl/~ENGTH) 
01 -SP-(2"EIl/LENG'TH) 

ENOIF 
ENOIP 

ELSE 
WRI'l'E( 6,6;' )MTA.MlB. I ELNO 

ENDIF 

F'O~ IlENDING IN Z .uIS. 
IF( (JoIZA .EQ. 9 • .\NO. Mza .EQ. 9) .OR. 

, (H'ZA .EO.ll .ANO. MZB .EQ.l1) .OR. 
(MZII .tQ. 6 .AND. MZB .E:Q. 6) ) THEN 

S"TI FU"SE( ISEM'Z.A) 
S'1'IF.Z-SE( ISEJo1Z8) 
IF( MZA .EQ. 9 ) THEN 

SAl"SE ( ISEM'ZA "60) 
SA:il.SE:( ISEM.Z!!+601 

ELSE IF( MZII .EQ.l1) THEN 
6Al- SEC I SEM'ZA+ JO) 
SA." SEt I S£l'4Z B+30) 

ELSE IF( MZA .E:Q. 6) THEN 
SAl"SE( I SEMZA+41 ) ILENGTH 
SII2"SE(ISEMU+47 )/t.ENGTH 
BTl F 1 Z-STI F1 Z/LENGT H 
ST I F'2 Z-S't'I F::l Z I~ENGT H 
EI"5E (I SEM'U,+oI8 I 
TERJrU" (LENGTH".) I (l:l."EI-EI) 
TERM2·LENGTH/(3"EI) 

ENDIP 
IF ( SAl .EQ. 0 ) THEN 

FLI1"0 



c 

~SE H' ( 5"'1 .NE. 0 ) THEN 
fL:U· (lISTH'13) -( i/SA!) 

ENDlf 
If ( S",:2 .EQ. 0 ) THEN 

FLI:i·O 
ELSE IF ( 5",:2 .NE. 0 ) 'l'HEN 

fL12- (l/STI F::2Z) -( 1/51.::2) 
ENDI'E' 

WRITE{6,"')·1.·.STIFIZ, S'l'IF::2Z 
WRITE( (5, 'II)' 2.' ,SAl ,51.2 
W'RI'l'E(6,')' 3.'. FLXl ,FLX2 

rf ( MZA .EQ. 6 ) THEN 
OCOF·TERJoIl ... TERM2'11(FLX1 ... fLX2) '" F'LXl"'FLX2 

ELSE IF ( M1.A .NE. 6 1 THEN 
OCDF·p/(SU"2» ... (21SU)"(FLXl"'FLX2) + FLXPfLX';l 

ENDIF 

OCOF-l / OCOF' 

IF' ( MZA .EQ. 6 ) THEN 
AZ ·OCOF·{TERM::2 ... FLX2) 
An·ceoF'" (TERM::2 + FLU) 
CZ·OCOF'" (0. S·'1'ERM2) 

ELSE IF ( MZA .NE. 6 ) THEN 
A'll ·ceoF- {( 2/SA1) "'FLI::2) 
AZZ· OCOF" ( (2/SA2 ) +FLU ) 
C'll·OCOF- (l/SA!, 

ENDIF 
ELSE IF( MZA .EQ. 10 .AND. MZ8 .EQ. 10 ) THEN 

ELAS-SE( ISEMZA ... ") 
SP -SEt ISEMZA ... 5) 
EIZ ·SE{ISEMZA ) 
'fILDl z- SE (I SEMZA+J ) 
,. I LD2 Z- SEt I SEM'llS+3) 
rF( fILDI'll .EQ. 1 .OR. ULDa .EQ. 1) ST8F'AG-l 
H'( ELAS .EQ. 0 ) THEN 

A'll -""'EIZ/LENGTH 
,a,z Z-" '" EI Z /LENG'l'H 
C'll -2-En/LENGTH 

ELSE IF{ ELAS .NE. 0 ) THEN 
H{ fILDlZ .EO. 0 .AND. ULD2Z .EO. 0 ) THEN 

AZ """'EIZILENGTH 
A'll 'll· 4' EI Z ILENGTH 
CZ ·::2"'EIZ/LEN'GTH 

ELSE IF'( tILDlZ .EO. 1 .AND. !ILD2Z .EO. 0 ) THEN 
AZ ·SP-(PEI'll/LEN'GTH) 
AZZ·SP'" (4_ EI ZiLENGTH)'" ( I-SP) - ( J .. EI ZiLENGTH) 
CZ '"SP'" (2-EU/LEN'G'l'H) 

ELSE IF( 1'rLDlZ .EO. 0 .AND. ULD:;IZ .EO. 1 ) THEN 
A'll ·SP- (4 "EI VLEN'G'l'H)'" (l-SP) - (3·EI Z/LENGTH) 
A'll Z·SP'" (4" EI Z /LENGTH) 
CZ -SP-(2-EIZILENGTH) 

ELSE IF( TILDIZ, .EO. 1 .AND. tILD2Z .EO. 1 ) THEN 
AZ ·SP"'(4-EIZ/LEN'GTH) 
AZ'Z·SP" (4" EI Z ILEN'GTH) 
CZ ·SP" (2-EI ZlLENG'l'H) 

ENDIF' 
ENDIF 

ELSE 
WRITE( 15.79 )MZA, MZB, I ELN'O 

EN'DIF 

FOR AXIAL IN X AXIS. 
H'( JoIFXA .EQ. 10 ) THEN 

ELAS- SE (I SEnA+4 ) 
SP ·SE(ISEFlA+5) 
E'" ·SE(ISEFIA ) 
rI LDEA· SEC I SEFXA+J) 
IF( fILDEA .EO. 1 ) STBFAG-l 
If( ELAS .EQ. 0 ) THEN' 

H-EA/LENGTH 
ELSE IF( ELAS .NE. 0 ) THEN 

IF( TILDEA .EO. 0 ) THEN 
H-EAiLENGTH 

ELSE IF( TILDEA • EO. 1 ) THEN 
H-SP" (EA/LENGT H) 

ENDIF 
ENDIF 

ELSE If( /'IFJ.A .EQ. 13 ) THEN 
H·SE{lS£FXA) 

ELSE IF( JoIFXA .NE. 10 .OR. MFIA .foIE. 13 ) THEfoI 
V'RITE ( 15,89) MF'XA, I ELNO 

ENDIF 

FOR TORSION IN I. AXIS. 
IF{ !-IXA .EO. 10 ) THEN' 

ELAS- SE (I SEMXA+-4 ) 
SP ·SE(ISE!MXA+5) 
GJ ·SE( ISEMXA ) 
TILCCJ·SE( ISEMXAd) 
IF( TH .. CCJ .EQ. 1 ) STBFAG-l 
IF( ELAS .EO. 0 ) THEfoI 

Q·GJ/LENGTH 
ELSE IFe ELAS .NE. 0 ) THEfoI 

IF( TILOGJ .EO. 0 ) THEfoI 
O·GJ/LENGTH 

ELSE IF( TILDGJ .EO. 1 ) THEfoI 
o·spw (GJ/LEfoIGTH) 

ENDIF' 
ENOIF 

ELSE 
WRITEr6, 99 )MXA, I ELNO 

ENDIF 

522- (A Z+2 -C Z,+AZZ) I (LENGTH"·2) 
S26-(A'l.+CZ)ILENGTH 
S212"'(AZz+CZ) /Lc:NGTH 
53)· (8T"'2" OT "'9TT) I ( LENGT H"- 2) 
S) 5- (8Y+DY )/LENGTH 
SJ II'" (BTY +OT) ILENGTH 

C ------------------ - --- •• -- -. - •• --- - --- .-- - --- -- - -- --- - - - ----------
C ASSEJoIBLE LOCAL STIF'FNESS JoIATRIX 
C -.- --- -------------.- •••• - -.-. --- ------------ ---- --- -- ------------

DO 894 1-1.12 
DO 894 J""1,12 

B94 S(LJ)-O 

S( 1. 1) - H 
S( I, 7) --H 
S( 2. 2J .. S22 
S( 2, 6) • 5215 
S( 2. 8) --522 
S( 2,12) .. 5212 
S( J. J) • SJJ 
S( J. 5) "-5J5 
S( J, 9) ·-5JJ 
S( J.ll) --SJll 
S( 4. 4) .. 0 
S( 4.10) "-Q 
S( 5, 5) • BY 
5( 5, 9) • SJ5 
5( 5,11) • oT 
5( 15, 6)· AZ 
5( 6, 9) ·-526 
S( 6,12) • CZ 
S( 7, 7) • H 
S( 9, 6) .. S22 
5{ 6,12) ·-s:;In 

ELE!0200 
ELE10210 
ELEI0:l20 
ELE10-:2JO 
ELE10240 
ELE10-:250 
£LEI02150 
ELE10270 
ELE10280 
ELEI0l90 
ELEI0JOO 
ELE10JIO 
ELEI0no 
ELEI0)JO 
ELE10J40 
ELEI0HO 
ELEI0J60 
ELEI0J,O 
ELEI0J80 
EL£10J90 
ELEI0400 
£LEI0410 
ELEI0no 
£LEI000 
ELEI0440 
ELE10450 
EL£10460 
ELEIono 
£LEI0480 
ELEI0490 
ELE10500 
ELEI0510 
EL£10520 
ELEI0530 
ELEI0540 
ELE10550 
£LEI0560 
£L£10570 
ELEI0580 
ELEI0590 
ELEI0600 
£LEI0610 
£LEI0620 
ELEI0630 
ELEI0640 
£L£10650 
EL£10660 
ELEI015iO 
£LEI0680 
ELEI0690 
ELE10'00 
£LEI0i 10 
ELEI0i20 
ELEI0i30 
ELEI0i40 
EL£10i 50 
ELE10i60 
ELE10iiO 
EL£10i80 
ELEI0i90 
£L£10800 
ELE10810 
ELEI0820 
£L£10830 
£L£10840 
ELEI0B50 
£L£10860 
£LE108,0 
EL£10880 
EL£10890 
£L£10900 
£L810910 
ELEI0920 
ELEI09JO 
ELEI0940 
ELEI0950 
ELEI0960 
ELE109'l0 
£LEI0980 
ELEl0990 
ELEII000 
ELEI1010 
ELE1I020 
ELEll0JO 
ELEl1040 
ELEl1050 
ELEI1060 
ELEll0,0 
ELEll080 
£LEll090 
ELEI1100 
ELEll110 
ELEll120 
ELE1llJO 
ELEl1l40 
E:LE11150 
EL£11160 
ELE11170 
£L£11180 
ELE11190 
EL£11200 
ELE112l0 
EL£11220 
ELE:ll2JO 
EL£11240 
ELE11250 
ELE11260 
ELE11270 
EL£11280 
£LE11290 
ELEllJOO 
£LEI1J10 
ELEllJ20 
ELEIIJJO 
ELEllJ40 
ELE11350 
£L811J60 
£LEllJ70 
£L£11360 
ELEIIJ5l0 
£LEl1400 
EL£11410 
ELEl1420 
ELEl14JO 
EL£ll 44 0 
£L£I1450 
ELE11460 
ELE11470 
ELEl1490 
ELE11490 
ELE1l500 
ELE11510 
ELEllS:ilO 
ELE11530 
ELE11540 
ELE1l550 
ELE11560 
EL£11570 
£LE11560 
ELEI1590 
£LE11600 
ELE11610 
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5( 9, 9) • SJJ 
S( 9, II) • SJll 
5( 10.10) • 0 
5( 11.11) -- 8Tl 
5(11,12) .. AZZ 
5( 5, J) .. 5( J, 5), 
5( 6, 2) .. S( 2, 6) 
5( 7, 1) • S( I. 7) 
5( 8, 2) .. S( ::I, 8) 
S( 8, 6) .. S( 6, 6) 
S( 9, 3) • S( J, 9) 
5( 9, 5) • S( 5, 9) 
5(10, 4) • S( 4,10) 
5(11, J) .. S( l.ll) 
SOL 5) - S( 5,11) 
SOL 9) .. S( 9.11) 
5( l2, 2) .. S( 2,12) 
5( 12, 15) .. S( 6.12) 
5(12,8) .. S( 6,12) 
IF' (rlRS1') CALL WKATRJ:( 5 

C----- CALCULATE SAT 
00 62 1-1.12 

DO 152 J-l, l2 
SAT( r ,J)·O 

00 62 It-I, 12 

.12,12,' 5 

152 SAT(I,J)·SAT(I,J)t5(I.it:)"A(J,It:) 
c c----- CALCULATE ASAT 

DO n 1-1,12 
00 72 J-l, 1:;1 
ASAT( I ,J)-O 

DO '2 It· 1 , 12 
'2 ABAT (I ,J)· ... SAT (I. J) +A( I. it:) -5AT( It: , J) 

') 

IF ( BTEST(IBUG.6) ) CALL WJotATRX(ASAT ,12,12,' 
c 
C----- DEGREES OF FREEDOM 
C REMOVE OCF'S THAT ARE CONS'TRAINED TO THE SAJoIE 

DO 77 1-1,6 

c 

IF ( IDOf'(JOIN"!'r.I).NE.IooF'(JOINTJ,I) ) THEfoI 
LMT(I )·IOOF(JOIN'I'r.l) 
LMT( I +6)· IooF( JOINTJ, I) 

ELSE 
LJofI'(l ). 0 
L...,.(1 .. 6)· 0 

ENDIF 
71 CONTINUE 

C----- CONVERT TO HALF S't'OFlAGE JoICDE BY COLUMNS 
C 

coo 
I ELOOF-O 
00 92 1-1.12 

IF' (LHT(I).EQ.O .OR. ASAT(I,lj.LE.O) GO TO 92 
IF (LM'I'(I).EO.O ) GO TO 92 
I ELOOE'-- I ELDOF+l 
LM(IELDOF)-LM'I'(I) 
DO 82 J·I,I,-1 

ASAT ') 

DCF ••• 

IF' (L,,",(J) .£0.0 .OR. AnT(J,J) .LE.D GO TO B2 

" " 

IF (LM'I'(J) .EQ.O GO TO B2 
L-L"'l 
5TIFF(L)-ASAT(I,J) 
CONTINUE 
CONTINUE 

If' ( B'l'ES'l'( IBUG,') ) THEN 
WRITE: (15,·) ·LM'r·' .LM'!' 
WRITE (6,") ·IELOOF".IELooF,'[,)oI ·',(LM(I),I-I,IELDOF) 
CALL LMATRX(STIFF,MD,IELooF, (L+l),' ELEMENT STIF'FNESS') 
WRITE (6, ") 'ItGD"TA.', It:GD ... T .... ' PIt:G.·, P~G 

gNDIF 

£LE1l6::20 
EL£1l630 
ELE1l640 
ELE111550 
ELElll5e;O 
ELE111570 
ELE116BO 
ELEl1690 
£LE11700 
EL£11710 
£LE117:1:0 
ELE11730 
ELEIIHO 
ELE1l750 
ELEli760 
ELE11770 
ELE11780 
ELE11790 
ELEl1600 
EL£11610 
ELEll6:;10 
EL£11630 
ELEllB40 
ELE1l8S0 
ELEllB60 
ELE:118iO 
ELEl18eo 
ELE11890 
ELE11900 
ELE1.910 
ELE11910 
£LEl19JO 
E:LE11940 
ELEll9')O 
ELE119150 
ELE119'0 
ELE11980 
ELE11990 
ELEl:l:OOO 
ELEI::IOIO 
ELE120:20 
ELE120JO 
ELE1:;1040 
ELE12050 
ELE12060 
£LE12070 
ELE1:I:060 
ELEI ::1090 
ELE14100 
£LE12110 
ELEll120 
ELE12lJO 
EL£12140 
ELE12150 
ELE12160 
ELE121'l0 
ELEl2leo 
ELE12190 
EL£12200 
ELE1:l:210 
ELEl41:;120 
ELEI22JO 
ELE124140 
ElLEl2250 
ELE1:l:260 
EL£12270 
ELE122BO 
ELE12290 
ELE12300 
ELE12JI0 
ELE12320 

RE'I'URN EL£12330 
C·_····· __ .. _ .. _ .. _ ............ DETERMINE INCRIMENTAL FORCES ··············--£LE1:1:J40 

400 CON1INUE: ELEl:I:J50 
IF (1='IHN'T.1t.ND.FIR5'!') WRITE (15,491) STEPIo ELE 1:1: J60 

c 
C------- CALL BMLOA TO CE'l"ERJoIINE THE f'IXED END FORCES 

IF (K1t.XELD.GT.O) THEN 

c 

CALL BMLOA( I ELNO, FEJo1FLG, LENGTH. REL. KAXE:LD, NELD,foILOAD, 
, FEM, I ELD, EtD) 

ELSE; 
FO(FLG-.F1t.LSE. 

ENDIF 

C------ LOOP FOR EACH LOAC 
00 430 LOAD-1.foILOAD 

c 
C-----· 1'R.MSF'OR)( fRld(E DISPL I!fTO LOCAL DISPL 

00 410 1-1. 3 

410 
c 

R( I )-0. 
R(I+J)-O. 
R( 1 .. 6)-0. 
R(I+9)-0. 
00 410 J-l. J 

Dl-oISPL(IOCF(JOINTI,J ),LOAD) 
02-01 SPL(1 DOF (JOI NTI , J+3) • LOAD) 
DJ-DISPL(IOCF(JOINTJ,J "LOAD) 
D4- 01 SPL( I OCF (JOIN't'J, J+3) ,LOAD) 

R(l )·R(I )+CTS(J,I)"OI + as(J.IpD:;I 
R(I+3).R( I .... 3)+CTS(J,1 )-C2 
R(I+I5)-R(1+6)+CTE(J,I)wC3 + 8E(J.I)-D4 
R( I +!iI)-R( I +9)+CTE(J, I) -Dol 

c:.----- INCRHIENTAL FORCES 

c 

F( 1). HW( A( 1)-R( 'l)) 
F( 2). 52:2-(R( 2)-R( 8»+S26"R( 6)+S212-R{12) 
F( J)- SJJ-{R( JJ-R( 9»-SJ5-R( 5)-SJI1"R(11) 
F( 4)- 0-( R( 4 J -R( 10)) 
F( 5)·-SJ5-(FI( J)-R( 9))+BY.R( 5)"'D!-R(11) 
F( 6)- S26"(R( 2)-R( 8»+U·R( 6)+cz-R(l:l) 
F( 7). -H"(R( i)-R( i» 
F( 6)·-S2:2"(R( 2)·R( 8))-S215"R( 15)-S212"R(12) 
F{ 9)·-S3J"(R( J)-R( 9))+SJ5"R( 5)+S31l"R(1l) 
F(lO)· -Q"(R( 4)-Fi(10» 
F(11)·-S311"(R( 3)-R( 9»+ DY"RC 5)+sn-R(1l) 
F(l2). S21:2"(R( 2)-R( e»+ CZ,.R( 6) .... AZZ .. R{l2) 

C------ RELATIVE RD'J''''1'ION fOR 8ENOINGS 
Fir 5 )·R( 5) -( R( J) -R( 9)) ILENGTH 
R(6 ,·R( 6)-( R( 8 )-R( 2» /LENGTH 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 

IF, 

• 

R( 11 ).R,( 11)-( FI( J) -R(9» /LENGTH 
R( 1:2 )-R( l:il) -( R( 6) -Fl( 2)) ILENGTH 

(MlA .EO. 5l .OR. MfA .EQ. 11) 
(MlB • .Ee. 5l .OR. MfB .EO. 11) 

F( 5)·S'I'IFlT"R( 5) 
F'( i1 )-STlf2PFI( il) 
F{ 9)·(F( 5)+F'(11))/LENGTH 
F( 3,·-F( 9) 

ENOIF 

IF( 

• 
(MZA .EQ. 9 .OR. MZA .EO. 11) 
(MZB .EO. 9 .oR. MZB .EO. 11) 

F( 15)-STIFIZ-R(6) 
F( 12 )·s,-IF::2Z"R( 12) 
F( 2).(F( 5)+F(11»)/LENGTH 
F'( 8)--F( 2) 

ENoIF 

C------ SUBTRACT OF' FUED END FORCES 
IF (FEMFLG) THEN 

.ANC. 
) THEN 

.ANO. 
) THEN 

ELE12JiO 
ELE1:1:J80 
EL£I:1:J90 
ELE12400 
ELEl:1:410 
£LE12420 
ELEl:1:00 
ELEI2440 
ELE12450 
ELEI:;I460 
EL£12410 
EL£12460 
ELE12490 
ELE12500 
£L£12510 
£LE12520 
ELE125JO 
EL£12540 
£LEI2.550 
£L£12560 
EL£I:l:5'0 
ELE1:1:580 
ELE12S90 
ELE121500 
ELE12610 
ELE121520 
ELEl2.630 
ELE12640 
ELE12i550 
E:LE12660 
ELE12670 
ELE12660 
EL£12690 
~E12'00 
ELE12710 
£LE12'20 
ELE:l21 JO 
ELE12i40 
£LE1:il750 
ELE121150 
=:LE12710 
ELEl:2790 
E:LE12190 
ELE12800 
ELE:12910 
ELEl2920 
£LE128JO 
ELE12840 
ELE12B50 
ELE128i50 
ELE12870 
EL£12860 
ELE12690 
ELE12900 
EL£12910 
ELE12920 
EL£I29JO 
EL£12940 
ELE:129S0 
ELE1::Z960 
ELE12970 
EL£12980 
ELEl2990 
ELEIJOOO 
EL£lJO 10 
£1..£IJ020 
EL£lJOJO 



c 

00 420 r-1,12 
IF( I .EO. 5 .OF!.. I .EO. L1 .OR. 

r .EO. 3 .OR. I .EO. 9 ) THElli 
F( I )-F( l)-n:M( I. (.QAD) 

IF( taA .II1E. 10 .0F!.. ""6 .NE. 10 1 GO TO 420 
ENOl F 
IF( I . EQ. IS .OR. I . EO. t:2 .OR. 

I .EO. 2 .OR. I .EO. 8 ) THEl'l 
IF( HZ"" .NE. 10 .OR. HZB .NE. 10 ) GO TO 420 

Fe I )-F( I )-FEM( I, LOAD) 
ENOl F 

420 CONTINUE 
ElIIOtF 

c-- ____ DE:'TEAJIIINE .oQ.XIMUN VALUES FOR MULTIPLE LOAD CASES 
U" (NLOAD.GT.l)o THEN 

00 425 1"1,12 
IF ( ASS(F(I»).G'LABS(FMAX(I"12-12+I) ) THEN 

00 426 .J-O,ll 
4215 FtotAX( 1* 12-11"'.J)-F(.J+i) 

ENDIF 
425 CON'T'INUE 

ENDIF 
c c------ PRINT FORCES AND DEFORMATIONS 
C IF (STES'I'(IBUG,O) .AND.PRINT) 

If' ( PRINT) 
, WRITE (6,H3) IELNO,LOAD,NODEI.(R(J),J-I,6}, 
, NODE.J,{R{J),J-l,12) 
If ( PRINT) WRITE (6,492) IELNO,LOAD,NODEI,(F(.J),J-L,I5), 

, NODEJ,(F(J),J-l,12), 
, STaFAG 

430 CONTINUE 

------THIS IS FOR SOL05A USE ONLT 
11"( ICO~ • EQ. I .OR. ICOMN • EO. 2 ) THEN 

00 431 1-1,1:1: 
01 RSAF{I)-F(I) 

ENOtF 
C 
C -------cHECIIC STI FFNES6 
C THIS IS FERFQRJoIEO ONLT FOR INELASTIC ANALTSIS 

P( I)-F"!' ( 5) + F( 5) 
P(2)-MOl)+ FOI) 
P(J)-FT( 6) + F( 15) 
P( 4 )-r'I'( 1:1:) + F( 12) 
P( 5)-M( 10)+ F( 10) 
P(I5)-E'T( 7) + F( 7) 

IF( .NOT. ELSTIC) THEN 
c 
C ••••• CHECX INTERACTIVE STRENGTH CRITERIA 

PT .. SEC ISEFIA .. +ll) 

c 

'I'MPT- SEt ISEMTA+ll) 
TMPZ- SEC ISEJoIZA+ll) 
TMPI A-SE ( I SEta A+ 1) 
TMPI B-SE ( I SEtaB+l) 
TMPZA-SE.( ISEMZA.+l) 
TMPZB- SE ( r 5EMZ B+l) 

IF' ( IAFAG .EO. 1 ) THE;N 
CALL ITERS( p(I5), P( 1), P( 2) ,T,",PI, pr ,TMPTA.THPTB, 

P( 3), P( 4) ,TMPZ, 'l'MPZA, TMPZB. IAFAG) 
IF( IAFAG .EQ. 1 ) GO TO 377 
I F( IAE'J\G • EO. 2 ) 'THEN 

SEC ISEHYA+l )· ... 86(1'( 1) ) "SE:{ISE)(fA"'S) 
SE( I SEMZA+l ) -ASS (I' (3) ) .. SEC I SEM'ZA+B) 
SEt ISEHY "+4)· -6E( I SEMI A+l ) 
SEt I SEMZA+2)--SE( I SEMZA ... 1 ) 

Et.6E H'( IAFAG .EQ. J ) THE~ 
SEt I SEHl' 8+ 1) ·ASS( P{ 2) ). SEn SEHl'S"'8 ) 
SE(lSEMZB+l )· ... 8S{P[4) )·SE(ISE:Jo1'Z.B+8) 
SE (I SEHYS+:I: ) --SE (I SEMlS+ I) 
SEC I SEHZB+2) --BE (I SE:Jo1ZB+l ) 

ELSE IF( IAF ... G .EO. 4 ) THEN 
SE (I SEHY A+ 1) -TMPI A.SE (I SEMI A+8) 
SEC I SEHu ... l) -TMPZA-SE (I SEMZA ... e) 
SEC I SEMT 8+ 1) -TMPTS"SE (I SE)(fB"'B) 
SEC I SEMZ8 ... 1) -TMPze"SE ( I SEMZB+B) 
SEt 1 SEMI A+2) --SE (I SEMT A+ 1) 
SEt I SEMilA+2) --SE (I SEJoIZA+ 1) 
SE (I SEMI B+2)--6E (I SEMT 8+ 1 ) 
SE (I BEMZB+2) --SE (I SEMZB+ 1) 

EN'DIF 

C ••• ASSIGN' AXIAL RESlOOAL STRENGTH 
C 

c 

IF( SE(ISEFXA+l) .EQ. -SE(ISEFXA+2) .AND. tAFA(; .NE. 1 ) THEN 
BE (I SEFXA+ 1) -SEC I SEFXA+l) 
SE ( I SEFXA+2) --ASS ( P (15) ) -SEc I SEFXA+B) 
WRITE( 6,705) 1 ELNO, .J5TEP .1AF ... G 

70S FOR)(AT(lX,'· E:LE)IIEN'I' '.15. t.OCAL BUCKl.ING OCCURRED', 
, ''''T STEP ',15,' I"FAG-',15,' -') 

ENDIF 
ELSE I F( IAFAG • EO. 2 ) THEN 

CALL I'I'ERS( PI 15), P( 1). P{::l.) ,'I'MP!, P! ,TMPT"','I'MP!8, 
P(J),P(4),TMPZ, TMPZ",'I'MPZB,I ... FAG) 

IF( UFAG • EO. 4 ) TH~ 
SEC I SE:M'! B'" 1 )-"B6( P{ 4) )·SE( ISEIofTB+B) 
SEt ISEMZB+l) • ... SS( 1'( 4) ) "SE( ISEMZB+B) 
SE ( I SEMT s+2)· -SEC I SE,," B+ 1 ) 
5E ( I SE .... Z 8+::l. ) --SEC I SEHZS"'1 ) 
WR1'I' E( 6.705) I ELNO, .JSTEP, IAFAG 

ENDIF 
EL6E H( !AFAG .EO. J ) THEI'I 

CALL ITERS{p(I5), P( 1), P( 4) ,T""PT, PI ,TMPTA,TMPI8, 
P(l),P(4),TMPZ, TMPZA,TMPZ8,IAFAG) 

IF{ IAFAG .EQ. 4 ) THEN 
SE (I SEta A+ 1)-AB6 (P ( 1) ) ·SE( T SEm A+B) 
SEC ISEMU+l)-A8S( P( 3)) "SE( rSEJIIZA+B) 
SE (I SEta A,.2) --SE ( ISEMT A+ 1 ) 
5E (I SEMZA+ 1) --SEt I SEJ4ZA+ 1) 
WRITE( 6. 105) I ELNO, .J6'rEP. IAFAG 

ENOl F 
ELSE IF( IAFJ\G .E:Q. 5 ) 'I'HEN 

CALL ITERS2( P( 15), P( 1), P( 2) ,TMPT, PT ,'I'MPIA,'I'MPIB, 
P(J).P(4),THPZ, TMPZA,TJIIPZS,IAFAG) 

IF( IAFAG .GT. S ) THE:N 
WRITE( 6.7015 ) I E:LNO, .JSTEP, IAFAG 

iOI5 rORJ(AT(IX.'" ELeMENT '.15. I«lDEt._OVERSTRENGTH 
, '''T STEP ',IS,' IAFAG-',15.' "'j 

ENDI F 
ENDIF 

----- TRANSFER PERMENANT HYSTERESIS DATA TO TEMPERAR'f STORAGE. 
]17 ISE2'"ISE/2 

00 522 1-1,ISE2 
522 SEC I-+ISE2 )·SE(I) 

C---- CALCULATE INELASTIC ROTATION 
Il"{ (MYA .EQ. 9 .AND. MTB .EQ. 9) .OR. 

, (MY'" .EQ. 11 .AND. M'YB .EQ. 11) .OR. 
(MlA .EQ. 6 .AND. MfS .EO. 6)) 'l'HEN 

STI F' t I. SE (I SEMT A) 
ST I Fa-SE (I SEtaB) 
IF( MIA .EQ. 9 ) THEN 

SAI-SE ( I SEMT A+60) 
SAl-SE ( I SEMTB+150) 

ELSE IF( MYA .EQ.ll ) THEN 
SA I-SE ( I SEta A+ 30 ) 
SA2"SE( ISEta6+30) 

ELSE :F( MfA .EQ. 6 ) THEN 
SAl-SE ( I SEM'! 11.+4 7 ) It.ENGTH 

ELE13040 
ELEIJ050 
ELE130150 
ELE13070 
ELE130BO 
ELE13CSlO 
ELE13100 
£LE13110 
ELE13120 
ELE13130 
E1.E:13 140 
ELE13150 
ELE13 115 0 
ELE1317C 
ELE13180 
ELEIJ1SlC 
ELE13200 
ELE13::.!10 
ELE13220 
ELELJ:230 
E:LEIJ::.!40 
ELE1J450 
ELElJ~150 
ELE:lJ::.!70 
ELE13~eo 
ELEl34S10 
ELEIHOO 
ELEIHIO 
ELE1Jl40 
ELEIJJ30 
ELELJJ40 
ELE13J50 
ELELJJ60 
ELEIlJiO 
ELEiJJ80 
ELEIJ]SlO 
ELEiJ400 
ELEIJ410 
ELE13420 
ELE13430 
ELE13440 
ELEl3450 
ELEIH60 
ELEIH70 
ELE134BO 
ELE13490 
ELE13S00 
ELE13S10 
ELEIJ520 
E:LE135JO 
ELE13540 
ELE13550 
ELE13S60 
ELE13570 
£LE13580 
ELE13S90 
ELE136CO 
ELE13151C 
ELE1315:;;0 
ELE1315JO 
ELElJ640 
ELElJ650 
ELEIJ660 
ELElJ670 
E:LEIJI580 
ELE 1.315 Sl 0 
ELE:IJ"IOO 
ELEIJ710 
ELElJnO 
ELE:13i 30 
ELElJi40 
ELE:13/s0 
ELEIJi60 
ELEIJ770 
ELE1l180 
ELEll790 
ELE13BOO 
ELElJBI0 
E:LElJ820 
E:LE1J8JO 
~EIJB40 
ELE13B50 
ELEIJB150 
EL5:l3B70 
ELEl]BBO 
ELE13BSlO 
ELE13S100 
ErLEl3910 
ELEl3920 
ELE13S130 
ELE13940 
ELE:IJ950 
ELE13Sl60 
ELEI3970 
ELE139S0 
ELE13Sl90 
ELE14000 
ELEU010 
ELE140:1:0 
ELE140]O 
ELE140tO 
ELE14050 
ELE14060 
ELE14010 
ELE140BO 
ELE14090 
ELE14100 
ELE14110 
ELE14120 
ELE141JO 
ELE14140 
ELE:l4150 
ELE141150 
ELE14170 
Et.E141BO 
e;t.E:l4190 
ELE14200 
ELE14210 
ELE14:;;20 
ELE14230 
ELE14:240 
ELE14::l.50 
ELE14260 
ELEI4270 
ELElt:l:BO 
ELEI4290 
ELEI000 
ELE14]10 
ELEl4J20 
ELE14]JO 
ELE14J40 

,ELEI4J50 
ELE14J60 
ELE14J70 
ELEI080 
ELE14J90 
ELE14400 
ELE1HIO 
ELE:1H20 
ELE14 UO 
ELEH440 
ELE14450 
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c 
c 

SA2-SE( 15EtaB·4 "I) ILENGTH 
srI Fll-STI E'1 I ILENGTH 
S"1'1 F:2I-STI E'2I ILENGTH 

ENDIF 
IF ( SAl .EO. 0 ) THEN 

FLU·O 
ELSE If' ( SAl .NE. 0 ) 'l'HEN 

Ft.Xl-( 1/S'I'IFIT) -( I/SAI) 
ENDIF 
IF ( SA:;; • E:C. 0 ) THEN 

FLJI[:2-0 
ELSE IF ( SA2 .NE. 0 ) THEN 

Ft.l2- ( 1/S'I'TF2f) - ( 11 SA2 ) 
ENOIF 
FL:U- (l/STl FIT) -( I/SAl) 
FLX2-( 1/S'I'IF2f)-( I/SA2) 
RIEIA-ROIETA + FLXl"F(5) 
RIEIB-ROIETB + FLX2*F(l1) 

ENOIF 

IF( (MU .EQ. 9 .l\JIlD. loin .EQ. 9) .OR. 
, (MU .EQ. 11 .AND. lila .EQ. II) .OR. 
, (IoIZA .EO. 6 .A./IlD. MU .EQ. 6)) THEN 

STIFIZ·SE{ISEMZA) 
STI F:2Z-SE( I SEMZ B ) 
IF( MZA .EQ. !iI ) THEN 

S,U-SE( ISEMZA+150) 
SA'2-SE( ISDlZB+60) 

ELSE IFf MZA .EQ.ll ) THEN 
SA I-SE( I SEMllA+30) 
SA2-SE{ ISEMZB+30) 

ELSE IF( MZA .EO. 6 ) THEN 
SA1-SE (I SEMZA+4 7) ILENGTH 
SA2-SE (I SEMZB+4 7) 1t.E.NGTH 
BTL F 1 Z-STI Fl Z It.ENGTH 
BTl FlZ-STI F2Z/LENGTH 

ENDIF 
IF ( SAL .EQ. 0 ) THEN 

E'LXI-0 
ELSE IF ( SAl .NE. 0 ) THEN' 

FLU- (l/STI FIZ) -( liSA!) 
ENDIF 
IF ( SA2 .EO. 0 ) THEN 

Ft.X2-0 
ELSE IF ( SA2 .NE. 0 ) THEN 

FLX2-( l/STIFlZ)-( I/S"'4) 
ENDIF 
FL.lI- (1/S'I'IFlli!i)-( I/SAl) 
FLX:I:- (l/5'I'IF'2Z) -( I/SA2) 
RIEZA-ROIEZA + FLXI-E'(6) 
RIEze-ROIEZ6 + FLX2·F( 12) 

ENDIf' 

C---- BENDING HI " END I DIRECTION 
C SET UP TEHTERAR! - TOTAL LOADS.OISP·S 

PL-n-(5) 
D -RT(5)+R(5) 
DL-R'I' (5 ) 
IF( MfA .EQ. 9 ) THEN 

D-RIEIA + P(1)/SE(ISEMlA+60) 
DL-ROIEYA + PL/SE(ISEXfA+60) 

ELSE: IF( NY" .EO. II) THEN 
c.RIEI" + p(I)/SE(ISEtaA+JO) 
DL-ROIEIA + PL/SE(lSEHTA+JO) 

ELSE: 1Ft NYA .EQ. 15) THEN 
IF( SEtISEMfA+47) .NE. 0 ) THEN 

c.(RIETA/t.ENGTH) + P(1)/SE(ISEtaA+47) 
DL-(ROIEIA/LENGTH) + PL/SE( ISEHT-'+41) 

ENDIF 
ENDIF 
KlPTa) 
CALL "'-'TLI8 

'(HO~, LSTTTP, FALSE, I Re;L , FALSE, NAJoIE, EESE, EPSE ,!:'JCT( 1, I), EXCR( I, 1 J , 
Ii pel) ,PL ,0 ,DL ,v ,IlL .LELE)I: .LMAT 
, IoIATtaA.MATTIP, SEt ISE2+ISEHTA), IE:LNO. DAXAGE) 

IF( MATTTP .EQ. Sl ) THEN 
IF(SE( ISE2+ISEMY") .NE.SE(lSEM'!A) ) NE'liX-.TRUE. 
FlO I ET A-C-P ( 1) ISE{ I SEMI 11.+150) 

ELSE IF( KATTIP .EQ.l1 ) THEN 
IF(SE([SE2+ISEMTA) .NE.SE:(ISEMlA) ) NEWIt-.TRUE. 
FlO I ET A-C-P ( 1) ISEH I SEta 11.+30) 

ELSE IF( MATTTP .EO. 6 ) THEN 
IF(SE(ISE2+ISEMTA) .NE.SE(ISEM'YA) ) NEWJ{-.TRUE. 
IF( SEC ISEMTA ... 47) .NE. 0 ) THEN 

ROIET"--( D-P( 1) ISE(ISEMTA+47) )*LENGTH 
ENOIF 

e;LSE IF( I'IAT'l'TP • EQ. 10 ) THE:N 
If'(6E(ISE2+1SEMTA+J) .NE.SE(ISEMTA+J) ) NE:l(IIC-.TRUE. 

£NOlI" 
C---- I!ENCING IN I! END' DIRECTION 
C SET UP TEH'l'ERART - TOTAL LOADS,DISP's 

PL-F'T( 11) 
D -RT(ll)+R(ll) 
DL-RT{ 11) 
IF( Mfl! .EQ. 9 ) THE:N 

C-RIEIB + P(2)/SE(ISEMlB+150) 
OL-ROIEIS. PL/SE(lSEJoITB+60) 

EL6E IF( P1T8 .EQ. 11) THEN 
D-RIEI8 + P(4)/6E{ISEtaB+30) 
DL-ROlEII! + PL/SE(ISEMTB+30) 

ELSE IF( P1T8 .EO. 15) THEN 
IF( SE(ISEMTS+47) .NE. 0 ) THEN 

D-(RlEI8/LENGTH) + P{2)/SE(16EHTS+O) 
DL-(ROIEIS/LENGTH) + PL/SE(ISEMTB+41) 

ENOIF 
ENOIF 
CALL MATLI B 

'()110M, LST'I'1P, FALSE, I REL, FAL6E, N ....... E. EESE. EPSE, DUCT ( I, 2). EXeR( 1. 2}, 
, P(2) .PL ,0 ,DL ,v ,IlL .LELEJ04 ,LMAT 
, MATta6, MATTIP,SE(ISE2+ISEMYB), I ELNO , OI\.HJl.GE) 

IF{ MATTIP • EQ. 9 ) THEN 
IF(SE(ISE2+ISEMTB) .NE.SE(ISEMTS) ) NE..,!t-.TRUE. 
ROI ET B- D-P (2)/SE t I SEMTB+60) 

ELSE IF( MATTTP .EO.1I 1 THEN 
IF{SE(ISE2+ISEJ4T8) .~E.SE(ISEMTS) ) Ne:WIt-.TRUE. 
ROI E'T B- D-P( 2) 15E (I SEMTB+JO) 

ELSE IF( MATTTP • EQ. 6 ) THEN 
IF(SE{ISE2+ISEMlB) .NE.SE(ISEHTB) ) NEWJI::·.TRUE. 
IF(SE(ISE"'-TB+41) .NE. 0 ) THEN 

ROlEI B- ( O-P( 2) /SE (I SEMT 8+4 7 ) ) -LENGTH 
ENDIF 

ELSE IF( MATTIP .EO. 10 ) THEN 
IF(SE(!SE:I:+ISEMTB+3) .NE.SE(ISEMTB+J) ) toIEWI{-.TRUE. 

ENDIF 
C---- BEND1NG IN A END Z DIRECTION 
C 5~ UP TEMTERARY - TOTAL t.OADS,DISP·S 

PL-n-(6) 
D "RT(6)-+R(I5) 
Dt.-RT(6) 
IF( HZA .EQ. 9 ) THEN 

D-RIEU + P(3)/SE(ISEMZA+60) 
DL-ROIE'Z.A + PL/SE(ISEMZA+60) 

EL6E IF( MZA .EQ. 11) THEN 
DooRIEZA + p(J)/SE(ISEMZA+30) 
Dt.-ROIEtA ... PL/SE{ISEMilA+30) 

ELSE IF( ,",ZA .EQ. 15) THEN 
IF( SEC ISEJIIZA+47) .NE. 0 ) THEN 

C-(F!.IEZA/LENGTH) + P(J)/SE{ISEHZA+Oj 
DL-{ROIEZAILENGTH) ... PL/SE(ISEMZA+O) 

ENDIF 
ENDIF 

ELE14460 
ELEl4410 
ELE14480 
Et.EI4490 
ELEH500 
ELE14510 
ELE14520 
ELE145JO 
ELE14540 
ELE14550 
ELE14560 
ELE14570 
ELE145BO 
ELE14590 
ELE14600 
ELE141510 
ELE14620 
ELEl4630 
ELE14640 
ELE146S0 
ELE141560 
ELE146"10 
ELEI-I6BO 
ELEI41590 
ELEI000 
ELEIOI0 
ELE14 720 
ELE14 7]0 
ELE14HO 
ELE14i 50 
ELEl4i60 
ELElti 70 
ELEHi80 
ELE14i90 
ELE 14 BOO 
ELE14810 
ELE14820 
ELE14B]O 
£LE14B40 
ELE14850 
ELEH86C 
Et.E14870 
ELE148S0 
ELE14S90 
ELE14900 
ELE14S110 
Et.EIU20 
Et.E145130 
ELE14!HO 
ELE149S0 
ELE14960 
ELE14517C 
ELE149BO 
ELE14990 
ELE15000 
ELElS010 
ELE15020 
ELE1S030 
ELE15040 
ELE15050 
ELE150150 
ELE15070 
ELE150BO 
ELEI ~090 
ELE:lSI00 
ELE15110 
ELEl!:ol20 
ELE151JO 
ELEI5140 
ELE15150 
EL£15160 
ELE15170 
ELE151110 
ELE15190 
ELElS200 
ELE15210 
ELE15220 
ELE15230 
ELE15240 
ELE15250 
ELE15260 
ELE15270 
ELE15180 
ELE15290 
ELE15JOO 
ELE15JIO 
ELE15J20 
ELEl~JJO 
ELE15J40 
ELE15J50 
ELE15J60 
ELE15JiO 
E'LE15J80 
ELEl5390 
ELE15400 
ELEI5410 
Et.E15420 
ELE15430 
ELEI5440 
ELElS4S0 
ELEI5460 
ELEI500 
ELEl'H80 
ELE15490 
ELElS500 
ELE15510 
ELE15520 
ELE155JO 
ELE15540 
Et.ElS550 
ELEl5560 
ELEl5510 
ELE15580 
ELE1559Q 
ELE151500 
ELElS610 
ELE151520 
ELE15153Q 
ELE151540 
ELE151550 
ELE151560 
Et.E15157Q 
ELE1S6BO 
ELEISI5S10 
ELE15iOO 
ELEI5110 
ELE15720 
ELE157JO 
ELElS74D 
ELE15750 
Et.E15760 
ELE15710 
ELElS1BO 
ELE15190 
ELE15800 
ELEI5810 
ELE15B20 
ELE1S8]O 
ELE15B40 
Et.E15850 
Et.ElS8150 
ELE15870 



CALL Jro4ATLI B 
Ii (MOPT, L51''T'TP. FALSE, IREL. FALS£.NAAE. EEsE, £PSE, CUCT (1,]), EXCR( 1,] 1, 
, P(]) ,PI. .0 ,DL ,V ,VL ,LELEM ,LJro4AT 
, ~TMU, Jro4ATTYP, sE( I SE2+[S£)I:aA), I ELNO. DAMAGE) 

IF( Jro4ATTTP .EO. 9 ) THEN 
IF(SE(ISE:II+I5EM'tAl .NE:.S£(IS£MZA) ) NEWJ{·.TRUE. 
ROI EZA· D-P (3) IsE (I S£)I:ZA+fiO) 

ELSE IF' ( Jro4ATTY P • EQ. 11 ) THEN 
IF(S£(ISE:2+IsEMZA) .NE.SE(tSEMZA) ) N'EWJ{·.TRUE. 
ReI EZA·O-P (3) ISE (I sEJoIaA-+JO 1 

ELSE IF( MATTTP .EO. fi ) THEN 
IF'{SE(ISE::Z+ISEJ04ZA) .NE.SE(ISEMZA) ) NEWIt·.TRUE. 
IF( SE(ISEIooIU+n) .NE. 0 ) THEN 

ROI EZA. (o-P (J) ISE ( I SEMZA+O ) ) *LENGTH 
ENDIF 

ELSE IF( Jro4ATTTP .EO. 10 1 THEN 
IF(SE(ISE2+IS£~ZA+3) .NE.SE(ISEIooIZA·..]) ) NEWJ{·.'l'RUE. 

ENDIF 
C---· BENDING IN BEND Z DIRECTION 

£L£lS880 
£L£15890 
£L£15900 
£L£15910 
£L£15920 
E:L£159JO 
£LElS940 
£L£IS950 
E:LE15960 
£L£IS970 
£LE15980 
ELE15990 
£LE16000 
ELEI6010 
ELEi6020 
£LE16030 
ELE16040 
ELE16050 
ELE16060 
ELE160"/0 
£LE16080 
£LE16090 
£L£16100 
ELE16110 
£LE16120 
£LEI61JO 
EL£16140 
£LE16150 
£LE16160 
ELE161"/0 
ELEliS180 
ELE16190 
£LE1'6200 
ELE16210 
ELE16220 
ELE16230 
ELE16::140 
ELEHi250 
ELEI6260 
ELE16::Z70 
ELE162BO 
ELEHi290 
ELE16JOO 
ELE16JI0 
ELE16J20 
EL£16JJO 
£LE16J40 
£L£16J50 
ELEliSJ60 
£L£163"/0 
EL£16JBO 
£L£16J90 
EL£16400 
EL£16410 
ELE16420 
£LEHi4JO 
ELE16UO 
ELE16450 
ELE16460 
ELE164,,/0 
ELE164BO 
EL£16490 
ELE16500 
ELE16510 
ELE16520 
EL£16530 
ELE16540 
ELE16550 
ELEI6560 
ELE165"/0 
ELE165BO 
ELE16590 
ELE16600 
ELE16610 
ELE16620 
ELE166JO 
ELE16640 
ELEI6650 
ELE16660 

e SE'T UP TEM'I'ERART - TOTAL LOADS,DISP'S 
PL"'F"I'{ 1'2) 
D ·RT(12)"'R{l2) 
DL·RTO::Z) 
IF( MZB .EQ. 9 ) THEN 

D-RIEZB + P(4)/SE(ISEMZB+60) 
DL·ROIEZe .. PL/SE(ISE~ZB+60) 

ELSE IF{ !oIZB .EO. 11) THEN 
D-RIE:ZB ... P(4)/SE{ISEMZ8+30) 
DL·ROI£Za ... PL/SE(ISEMza+30) 

ELSE If{ MZB .EO. 6) THEN 
IF( SE{ISEMZB+4"/) .NE. 0 ) THEN 

D-(RIEZB/LENGTH) ... p(4)/SE(ISEMZB+47) 
DL.(ROIEZa/LENGTH) + PL/SE(!SEMZB+4"/) 

ENDIF 
ENDIF 
CALL MATLIe 

'( MOPT, LSTTTP, FM.SE, IREL, FALSE, NAJiIIE, EESE, EPSE, DUCT (1,4) ,EXCR( 1,4). 
Ii P ( 4 ) , PI. , D ,DL ,V ,VI. ,LELEM', t.IQ,T 

MATMZ B, MATT! p, SE (I SE2+I SEIoIIZB) ,I E['NO, DI\JotAGE) 
IF( MATTTP .EQ. 9 ) THEN 

r.(SE(ISE2+ISE"'ZB) .N'E.SE(ISEIoIIZB) ) NEWIt·.TRUE. 
ROI EZ e. D-P (4 ) ISE( I S£"'Z8+60 ) 

ELSE IF( MATTrP .EO.l1 ) THEN 
If(SE(ISE:2+ISEMZB) .NE.SE(ISEMZBl 1 NEWIt·.TRUE. 
ROI EZ B. D-P (4 lISE (I S£MZ8+]0) 

ELSE If( MATT!'P .EO. 6 ) THEN 
IF(SE(ISE;I+ISDlZB) .NE.SE(ISEMZB) 1 NEWIt·.TRUE. 
If(SE(15EMZB+4"/) .NE. 0 ) THEN 

ROI EZ B· ( D-P( 4 ) 15E (I SEMZB+41 ) ) - LENGTH 
ENDIF 

ELSE I F( MATTTP • EO. 10 ) THEN 
IF(SE(ISE';i+I5EMZB+3) .NE.5E(ISEMZB+]) ) NEW!t-.TRUE. 

ENOl. 
C---- TORSION IN II, END X DIRECTION 
C 5ET UP TEMTERART - TOTAL LOI\D5,DI5P's 

PL-FT( 10) 
D '"'RT(10}+R(10)-RT(4)-R(4l 
DL·RT( 10) -R'I'( 4) 
CALL Jro4ATLI B 

Ii( MOPT, LSTTTP, FALSE, IREL, FA.LSE, No\ME, EE5E, EPSE, DUC"!' (1,5), EXCR( 1. 5), 
, peS) ,PL ,D ,OL ,v ,V'L ,LELEH ,LJro4AT 
Ii MATMXA, )(ATT'TP, 5E( ISE2+ISEI4J[A), I ELNO , DAMAGE) 

IE'(5E(ISE:2+ISE.MXA+]) .NE.SE(I5EMXA+]) ) NEW~·."!'RUE. 

C---- AXIAL IN A END I DIRECTION 
C SE:T UP TEMTE:RART - TOTA.L t.OADS,OISP'S 

e 
c 

PL-FT( 7) 
o -RT(,,/)+R(7)-R'I'{l)-R(1) 
DL·RT(i)-RT(I) 
CALL MATLI B 

'( MOP't', LS't'T!'P, FALSE, IREL, FA.LSE, NAME, EESE, EP5E, DUCT (1,6). EXCR( 1.6), 
" P(Ei) ,PI.. ,D ,DL ,v ,VL ,t.ELEM ,t.KAT 
, MATFIA, MATT!P, SEt ISE2+ISEFXA), ULNO, DAMAGE) 

IF( M~ltA .EO. 10 1 THEN 
U( SE(lsE2+ISEFXA+]) .NE. SE(ISEf'X1r.+3) ) NEW'J{·.TRUE. 

ELSE IF( MFX1r. .EQ. I] ) THEN' 
IF( SE(ISE:;l+ISEF'XA) .NE. SE(ISEF'XA) ) NEWIt·.TRUE. 

ENDIF 
ENDIF' 

£LE16670 
C------ CALCULATE THE UNBALACED IoIIEJIII8ER FORCES ON THE JOINT 
e 

£LE16680 
£LE16690 
£LEH5700 
ELEI6"/10 
ELEI67::z0 
£LEI6"/30 
ELEI6HO 
£LEI6"/50 
ELE16"/60 
ELEI6"/"/0 
ELEI6,,/BO 
ELE16"/90 
EL£16800 
EL£16BI0 
ELE16B20 
ELE16BJO 
ELEHiB40 
ELE16B50 
£LE16860 
£LE16B70 
ELE16BBO 
ELE16B90 
ELE16900 
ELEI15910 
£LE169::Z0 
ELE16930 
ELE16940 
£L£16950 
£LE16960 
ELE169"/0 
£LEI69BO 
ELEi6990 
ELEI"/OOO 
EL£17010 

.. 0 

440 

e 

UF( 5)- -( FT( 5)+F( 5)-P(I) ) 
Uf(ll)- -( FT(1l)+F{1l)-P(2) ) 
UF( 6)· -( FT( 6)+F( 6)-P(J) ) 
U.(l2)- -( FT{l2)+F(12)-P(4) ) 
UF(lO)· -( FT(lD)+F(10)-P(S) ) 
UF( 7)- -( FT( 7)+F( 7)-P(6) ) 
UF( \ill-(UF( 5)+UF(li))/LENGTH 
UF( J)- -UF( !ill 
UF( 2)-(UF( 1S)+UF(l2»)/LENG'I'H 
UF( Bl- ·uF( 2) 
UF( 1). -UF( 1) 
UF( ~) .. -UF(10) 

00 440 I-l,IELOOF 
~·LJ.( I) 
EFUS( I )-0 
00 460 J-1.12 

EFUB(I)·EruS(I) + A(I.J)·UF(J) 
FUe( II::l-FUB( "1 +EFUB( I) 

CONTINU£ 

IF (BTEST(IBUG,7» THEN 
WRITEC!5.-)' UNBALANCE FORCES FOR ELEMEN'T' 
WRITE(Ei, 49"/) (I, P(I), 1·1,6) 
WRlTE(IS,49S) (I,F(I),M'(I),UF(I),I·l,t::z) 
WRITE(6, 496) (I ,!..M(I). EFUB(I). I·l, IELtoF) 

ENDIF 

, ,IELNO, 

C------ "'DJUS'T F FOR UN8ALANCEC LOAD P 
00 H5 1.1.1;1 

445 F{I)·F(I)+UF(I) 

4!H .OFUQ,:r (I' IE3C B£AJiII FORCES ••• ·.511"/1,A/. EL£17020 
Ii' ELEMEN"I'LOAO NOOE·,1J:.·A.J:IAL',lll:.'Fl',I.JJ:, '.Z'. £LE1"/OJO 
Ii Ill, ''l'ORSION',101..''''''',IJI..'MZ STBFAG') ELEl"'I040 

4!jI2 FORJot.l.T (/,IlO.I5,::II,·FORCE',I6,IP.6G15.6. £LEli050 
Ii 115X ,::II,'FORCE',IIS. 6G15.6.JI.II) EL£17060 

4!jIJ FORMAT (/,II0,I5.2X,'DISPL',16,IP,6GI5.6, £LEliO"/O 
Ii 115x ,21.'OI5PL·.I6, 6G15.6) ELEliOBO 

4!H O'ORMAT ("/X,"') EL£17090 
4!i15 .ORMAT(' 1:',12,' p,',IP,GI2.4,' F'T':',GI2.4.' UF,',Gi';i.4j EL£17100 
4!i16 fORHAT(' I:',I::Z,' LM(I):',IP,GI2.4,' EFUB(I)I',G12.4) £LEl1l10 
4!;7 .ORMA,,!,{' 1:',12,' P[!):',IP.GI2.4) ELElii20 

RETURN ELElilJO 
C .. ••••• .. • .. ••••• .... ••••••••• DE:TERMINE TOTAL F'ORCES •••••••• .... • .. ·········-£LEI7140 

SOO CONTINUE ELEli 150 
IF' (PRINT.ANC.FIRST) WRITE (6,491) STEPID £LEli160 
IF(ICO~ .NE. 1 .AND. !COJolN' .NE. ::I ) THEN £L£liI70 

e £LEI71BO 
C------ TOTAL. FORCES AND DISPLACEMENTS E:L E:l 7 190 

ELE:li200 
E:L£I7::z10 
ELE17220 
ELE17:11JO 
ELE17240 
EL~a 7250 
ELEIJ260 
ELE:li270 
ELE17280 
£LEli290 

00 510 I-I, l2 
IF' (BTEST(IBUG.7» WFUTE(6.520) I,R{I),RT(I),f'(I),FT{I) 
F"I'(I )·F"T'(I )+F(I) 
RT(I )·R'I'(I) +R( I) 

510 CONTINUE 

00 512 I·l,12 
IF ( ABS(M'(I».GT.ABS(FMAX(I·12-1::l"'I» ) THEN 

00 511 J-O.11 
III FKAX( I *1';i-ll+J) -FT( J-d) 

26 

£NDIF 
512 CONTINUE 

113 

ELSE IF(ICOMN .EO. 
00 513 1·1,1::1 

FT(I)·RSAF(I) 
ENDIF 

1 .OR. ICOMN • EO. 2 ) THEN 

S';iO rORJotAT (' 11',1],' RI',lP,GI2.~,' RT:',GI2.4. 

411 

Ii FI',lP.G12.L' FT:',G12.4) 
LOAD-I 
IF (BTEST(IBl1G,O).MD.PRINT) 
I~ ( PRINT) , , 
"( , 

WRITE (6.~93J IELNO.LOAD.NODEI,{RT(oJ),J·I,6), 
NODEJ, (R1'(oJ) ,oJ·7, 1:2) 

PRINT) WRITE (6.492) IELNO.LOAD,NDCEI,(F'T(J),J.I,6), 
NODEJ, (E"'l'(oJ) ,J·i ,12), 
sTBFAG 

.-.-- TRANSFER TEMPERAR! H.l5TERESTS 
ISE2·ISE/2 
IFe .NOT. ELS'T'IC) THEN' 
00 415 1·1, I5E2 

S£(I)·SE(I+ISE:II) 
ENDIF 

OAT ... TO PERMANEN'I' STORAGE 

ELEl7]00 
ELEI "/]10 
ELEI "/320 
ELE17JJO 
ELEl1]40 
ELEl1J50 
ELE17360 
ELEl1J70 
ELE17]BO 
£LE11J90 
E'LEl1400 
ELEI1410 
ELEl1420 
ELE174]0 
ELEIH40 
EL£17450 
ELEIH60 
ELEIHiO 
EL£IHBO 
ELEIH90 
ELEl1500 
ELE11510 
EL£175:110 
ELE175JO 
ELE17540 
ELE17550 

C ELEli560 
c· •••••• __ .................. DE:TEPJIIINE FIXED END FORCES. ANO ADD TO FORC£-ELEI7S70 

600 rr (MAXELD.LE.O) RETURN ELE17S80 
e c------- CALL BJotLOA TO DE'I'ERMINE THE FIXED END FORCES 

CALL BMLOA( I ELNO, FEMFLG. LENGTH. REL. MAXELD. NELO, NLOI\O, 
, FE~.IELD,ELD) 

FEMFLG·FEMFt.G 
IF (.NOT. FEIoIFLG) RE."TURN 

e 
C·---·_- ACC FIXED END FORCES TO LOAD KATRIX 
C IFe MYA .EO. 9 .OR. MYA .EO. II ) THEN 

H' 

H. 

010 

"0 

00 7 4 3 LOAD- 1 ,NLOAD 
H( FEM(5,t.OAD) .NE. 0 .OR. FEM( 11,LOAD) .NE. 0 ) THEN 
WRITE(6.·)' ••• INVALID FTXEO END FORCES INPUT IN " 

'ELEMENT NO. '. IELNO, , ***' 
ENDIF 

CONTINUE 
ENDIF 

IF( MZA .EO. 9 .OR. MZA .EO. 11) THEN 
00 i44 t.OAD-l,NLOJI,D 

IFe FEM(6,LQAD) .NE. 0 .OR. FEM(12.LOAD) .NE. 0 ) THEN 
WRITEC6.-)' -*. INIIALIO FIXED END FORCES INPUT IN '. 

'ELEMENT NO. ',1 £LNO, , ••• ' 
ENDIF 

CONTINUE 
£NDIF 

00 620 LOAD-I, NLOAD 
00 610 I·l,J 
GFEM(! ).0. 
GF~(I+J)·O. 

GFE~(I+6)·0. 

GF£H(I+9)·0. 
00 610 oJ· 1 ,J 

Ol·FEM( oJ ,t.OAO) 
D2.FEM( oJ+J, LOAD) 
DJ-FEM( J+6, t.OAO) 
04·FEM(oJ+9,t.OAD) 

GFEM(1 )·GFEM(I )+<='I'S(I,J)"OI 
GFEM(I+J).GFEM(I+])+ 85(l,oJ)*01 + CTS(I.J)*D2 
GFEM( I +6 )·GFE:M'( 1+6) +CTE( I, J) ·DJ 
GFD4(I+9).GFE)(1+9)+ 8E(LJ)-DJ + CTE(l.oJ)*D4 

IF (8TEST(IBUG,7») THElIl 
WRITE(45,·) 'IELNO' ,IE:I..NO 
CALL WMATRJ.{ FE.H .1 ,12, 'LOCAL FIXED END FORCES') 
CALL WJr4ATRJ:{GFEM .1 .12. 'GLOBAL FIXED END FORCES') 

ENDIF 

00 620 oJ.I,6 
JI-IIXIF(JOIN'I'I, oJ) 
JJ-I OOF(JOIN'I'oJ, oJ) 
FORCE(JI, LOAD) .FORCE( oJI. LOAD) +GFE:M(J ) 
raReE (JoJ. LOAD). FORe E (JJ, LOAD) +GFEaoI( J .... 6) 

IF (BTEST(I8uG,1) ) THe:N 
CALL WMATRI(FORCE ,NooF,NLOAD. 'GL08AL LOAD MATRIX') 

ENDIF 

RETURN 

EL£li 590 
ELEli600 
ELEI'610 
ELE1I6:110 
£LEI76JO 
ELE17640 
ELE116S0 
ELEli660 
ELEI7610 
EL£lH60 
ELElHi90 
ELEI7700 
ELEli110 
ELEI i1:i!0 
ELEI77JO 
ELE17HO 
ELE17750 
EL£I7160 
ELEl77"/O 
ELEl"/760 
ELE1"'90 
ELEli800 
ELE17810 
ELEl1B20 
ELE176)0 
ELE17840 
ELE17650 
ELE17660 
ELEI7B10 
ELE17680 
ELE17890 
ELE11900 
EL£11910 
ELE17920 
ELE179JO 
ELE17940 
ELE17950 
ELE17960 
ELE17970 
ELE179BO 
EL£I7990 
ELEIBOOO 
ELEIBOIO 
ELElS020 
ELEI110JO 
E:LE18040 
ELEIBOSO 
ELE16060 
EL£16070 
ELEIB080 
ELEIB090 
ELE18100 
ELEIB110 
£LEI61:i!0 
ELEIBIJO 
ELEIB140 
ELE18150 

C EL£18160 
C-------------····--·· WRIT E: M£MBER FORCES TO OUTPUT FI I.E ···-····-· .... --ELE 18 1 "/ 0 

e 

700 CONTINUE ELEIB160 
EL£IBI90 

WRITE (IUNIT, "/ 10) NODEI, (M'( J), J.I.6) ,NODEJ. (FT( J), J."/, 1:11), STBFAG ELE16200 
WRITE (IUNIT,710) NODEI, CRT(J) ,J-1,6) ,NODEJ, (M(J) ,oJ·1, 1;1) ELE18210 

ELE18220 
WRITE (I UNIT, "/ 1 5) SE: ( I SBMT A) • SE (I SDfTB) ,SE( I SEMI A+4 ) ,SE( I SEMl B+4 ) ,ELElB2JO 

, SEt ISg)(JA+64) ,SE(ISEMTA+65). ELEI6240 
SEC I 5EMT 8+64) ,5E (I 5E:Ml B+65) ELE 1 8;;) 50 
SEC I 5EJ11ZA) ,SE (ISEMZ8) ,SE{ I SEHZA+4 ) ,SE( I SEMZ8+4) ELE 18::160 

710 FORKAT (IiS',IP,ISGl:ll.5/, 
, 16, IP, 6G12. 5,11) 

71S FORMAT (6X,lP,4G12.5/, 
, 6X.IP, 4G12. 5) 

RETURN 

£LEIB210 
ELE18;180 
£LEIB::Z90 
£LEI6JOO 
ELEIB310 
ELEIB]20 
ELEIBJJO 
ELEIBJ40 
ELE18]50 

C· •• _ ........ ••• ....... • READ AND PRINT ~EJo!BER FORCES FROM OUTPUT FILE ····£LEIB]60 
ELEIBJ70 
ELE18J80 
ELEIBJ90 
EL£18400 
ELE18410 
ELEIB420 
ELE1S4]0 
ELEIB440 
ELEIB450 
ELEIB460 
ELE16470 
ELEI6.tSO 
ELEIBHO 
ELE16500 
ELE16510 
ELE16520 
ELEI8S]0 

600 CONTINUE 
eACJ{SPACE (I UNIT l 
READ (IUNIT,. ) IT'TPE,IELNO.IWRITE.TO,[JT 
WRITE (6.805) 
I5TEP--IWRITE 

810 READ (IUNIT,615,END-6JO) 
Ii NaDEl. (F'l'(oJ) , oJ.1,6). NODEJ. (F'I'(J) .J-7 .12) ,S't'BFAG 

:;IEAO (IUNIT,BlS,END-9JO) 
Ii NaDEl. (RT(J), J.l, IS) ,NODEJ, (RT(J) .J-7 .12) 

915 FORMAT (16,6Gl;l.5/, 
Ii I6.6GH.5,Il) 

~EAD (IUNIT,116,END-830) 5E:(ISEMTA+4).SE(ISEMt8+4), 
, SEC ISEJ04ZA+4) .SE( ISEMZB+.t) 

C 716 FORMAT (541,lP,2GI2.5/, 

eee 

, 5U,IP, 2Gl';i. 5) 

I STEP-I STEP+IWRIT E 
T·TO+[JT*ISTEP 
MODU-MOD( I STEP, INC) 
IF (MOD(IS1'EP,INC).E::Q.O) THEN 

WRIT£ (6,B:IIO) 15TEP,T,NODEI,(~(J).J-1.6), 

NODEJ, (FT(J), J·7 .12) .STBFAG 
WRITE (6,9::Z0) (RT(J).J-1,12) 
WRITE (6,111) 5E(ISEMTA+41. SE(ISEWl'B+n, 

5E( I SEMZA+4), SEC ISEJ04(IB+4) 
ENDIF 
GO TO 610 

805 fORMAT (I' IE]D BEo\M FORCES ••• ',I 
, STEP TIME NODE',1X,'A.X!AL',l1X,'fT',UX.'FZ', 
'llX,'TORSION',10X,'",",',lJX,'!oIZ 5TBFAG'l 

B20 FORMAT (/.!10.IP,G15.S,OP,IIS,lP,6GlS.6, 
"251'. 115, 6GlS.6, ]X,11) 

ELEIB540 
ELEIB550 
ELEIB560 
EL£IBS10 
ELE16S80 
ELE16590 
ELEIB600 
EL£IB610 
£L£18620 
£LEIB6]0 
ELEIB640 
£L£IB650 
ELE18660 
ELE186iO 
ELEIB6eo 
EL£18690 
ELEIBiOO 
ELEIB710 



9::i!0 FORMAT ( ::i!SX,'OISP 
, IJ lX, 

C 7t1 FORMAT ( 2SX,'RULE 

°lP.6GlS.6, 
6G1S.6) 

IP.60X.:lGlS.6. 
60X.2GlS.6) , I31X, 

BJO RE"I'URN 
c 
C----·----- .. ----.. ---_ DE:TE:RJoIINE THE: LENGTH OF THE: MATERIAL DATA 

900 CONTINUE 
ISE:-O 

C---- LOOP paR EACH KATERIAL -------
00 910 1·1.15 

c 

IP( I. EQ.1) THEN 
ISE:MY ... ·ISE+I 

E:LSE: :f( I.Ee.2) 'THEN 
I SEJoIYB·ISE ... 1 

ELSE: H( I.Ee.J) THEN 
ISE)oI'~"'·ISE+1 

ELSE IF'{ I.EQ.<I) THEN 
15EM~B-ISE+l 

ELSE H{ LEQ.S) THEN 
ISEMJ: ... ·ISE+l 

ELSE IF{ I.EQ.I5) THEN 
I SEfX ... ·I SE+ 1 

ENDH' 
MATI" RINPUT( t) 
CALL MATLI B 
(0 .LSTTTP .FALSE .IREL.F"-LSE.NAJoIE.EESE.EPSE.DUCT,EXCR, 

FT .F .RT ,R .v .VL .LELEM .LMAT , 
, MATI .M.ATTTP.SE,IELNO,DoVotAGE) 

910 ISE-rSE+LELEM 

C----- OOUBLE THE STORAGE, TO ALLOW FOR TEMPO",RT VALUES 
ISE-ISe:-2 

RETURN 

C-· ...... --- .. ----- .. ---·. DE:TERMINE THE TOTAL STRAIN ENERGT 
1000 CONTINUE 

I::I::S E" 0 
E:PSE-O ° 

,- ENERGY FORMUL. ... TION IS NOT ... v ... ILABL.E FOR EL.ECl9 ELEMENT -I 
IF( E:LSTIC) THEN 

00 IClIO 1·1,12 
1010 EESE.E:ESE + (FT(I)+F(I»-{R(I)+RT(I»/2. 

C ENDIF 
C 

ENGDAT ( 1 ) EESE 
ENGDII.T(2) • 0 

RETURN 
c 
C ........ ••••••••••• .. ···- DUCTI LITI ES( BASED ON DEFINITION ONE ONLY 

1100 CONTINUE 
C NOTE ELE09 WAS LAST CALLED TO CALC UICIAAENTAL DISPL, 
C THE ENERGIES ASSOCIATE:D WITH INCR DISPL ARE STORED IN 
C THE ADDRESSES. ISEMTA+ISE/2 
C ISEJoITB+ISE/2 
C ISEMZA+ISE/2 
C ISEHZB+ISE/2 
C ISEMJ[A+ISE:/2 
C ISE:FXA+ISE:/::i! 
C •••••••••• BENDING ENERGY, DUCTILITY AND EXCURSION 

ISE;.2"ISE/2 
C---- BENDING IN A END T DIRECTION 

MOPT-4 
WRITE:(40,·)'· ---MEMBER', IELNO,' ----------------., 

C"Lt, MATLIB 
'( MOPT, LSTTTP, FALSE:, IREL, FALSE , NAJo1E , EESE, EPSE, DUCT (I, 1), EXCR( I, 1), 
, F'T ,F ,R'!' ,R ,v ,VL ,LELE'M ,L.M.AT , 
, HATM'TA,MATT'!P, SE( ISE::i!+-ISEMYA),1 ELNO, DAMAGE) 

c---- BE:NDING IN BEND Y DIREC't'ION 
CALL MATLIB 

'( MOPT, L.S,"l'TP, FALSE, I REL. FALSE,NAJoIE. EESE, EPSE. OUCT (1,:2), BXCR( l,:i!). 
, n ,F ,RT .R ,V ,VL ,LELEM ,LMAT , 
, MATMTB, M.ATTTP. SE (I SE2 +1 SEMTB) , I E:LNO. DAMAGE) 

C---- BENDING IN A END Z DIRECTION 
CALL MATLI B 

'[MOPT, LS'l'TYP, FALSE.] REt. FALSE, NAJIIE. E:ESE. EPSE, DUCT ( 1, J) ,EXCR( I, J), 
, F'T ,F .RT .R ,v .VL ,LELEJoI .LHAT , 
, MATMZA.MATTTP, SEC ISE2+ISEMIiliA). I ELNO. DAMAGE) 

C---- BENDING IN BEND Z DIRECTION 
CALL ........ TLIB 

'(MOPT. LSTTTP, FALSE, IREL, FALSE. NAJoIE, EE6E. E:I='SE, OUCT( 1,4). E:J:CR( I, 4), 
, FT , F , RT , R , v . VL ,t.ELEM, LMAT , 
, M.ATMZ8, MATTTP, SE ( I SE2 +1 SEHZB) , U:LNO. DA.l4AGE) 

C---- TORSION IN 1\ END X DIRECTION 
CALL MATLI B 

'( MOPT, LSTTTP. FALSE, IREL, FUSE,NAJIIE, EESE, EPSE, DUCT ( 1,5), e:xCR( 1, S). 
, F'T ,F ,RT ,R ,V ,VL ,LE:LEH ,LMAT , 
, IolATIaA,HATTTP, SEC ISE:i!+ISEMXA), I ELNO , DAMAGE) 

C---- AXIAL IN ... END I DIRECTIO!>l 

C 

CALL MATLIB 
'(MOP'T, LSTTYP, FUSE, IREL, FA.LSE,NAJo1E. EESE, EPSE, DUCT (1 ,IS), EJ:CR( 1,15). 
, F'T ,F ,AT ,R .v ,VL ,LELEM ,t.MAT , 
, MATFXA, MATTY P, SEC I SE:I+I SEFXA) , t ELNO, Do\MAGE) 

WRITE{ <I 0, • )' • -----------------------------------------
00 1109 1-1,6 

H( ASS(DUCT(1.I») .LT. 1) DUCT(1.I)-O 
1109 CONTINUE 

IF( DUCF"G .EQ, 0 ) THEN 
IF( ABS(DUCT(l.l» .GE. 1 .OR. ABS(DUCT(I,2» 
.OR. ABS(OOC"['(1,3)) ,GE. 1 .OR. ABS(DUCT(1,4» 
.OR. MS(DUCT(1,5)) .GE. 1 .OR. "B5(ooCT(1.6» 

QUCFAG- ... B5( DUCT ( 1 ,1» 

.GE. I 
,GE. I 
.GE. 1 ) THEN 

IF( DUCFAG .LT. ABS(DUCT(I.2» 
~F( DUCFAG .LT, ABS(DUCT(I,J» 
IF( DUCFAG .LT. ABS(OUCT{l,4» 
H'( DUCF'AG .t.T. ABS(DUCT(l,S» 
rF( DUCFAG .LT. A8S(ooCT(1,6» 

OUCFAG- ... BS( DUCT ( 1. 2) 

ENDlF 
ENDIF 

IF (PRINT.ANC.FIRST) WRITE: (6.1191) 

DUCF ... G· ... BS ( DUCT ( I, J) ) 
DUCFAG· ... BS( DUCT (1.4» 
DUCF"'G·ABS( DUCT (1,5» 
DUCFAG"ABS ( DUCT ( 1,6) ) 

IF (PRINT) WRITE (6,l192)IELNO. (DUCT( l.J) .J-l,6) 
1192 FORMAT (EX.I').lx,6Fll.5) 
119l FORMAT (i' tEJOBE.AJII: DUCTILITT(BASEO ON DEFINITION 1)I'/6X, 

, • ELEMt',' :MTA: :M1B: : .... ZA:', 
, :MZB::MX: FX :') 

RETURN 

C .. -----· .. •••• ...... ---· .. PRINT MAJliI)o(lJI't E:LE:}oIE:ST LOll,DS 
C 

1200 CONTINUE 
LOAD2"0 
IF (FIRST) WRITE(ti,494) , COLUMN ( L.OAO) RE:PRE:SEN'l'S ":'HE DCF WHICH' 

, II' HAS !o(AJ(IJoruM VALUE' 
IF I FIRS'!') WRITE (6,<191) , MAXIMUM VALUE5 FOR ALL S'l'EPS 

, II' NO'l'EI MAXIMUM VALUES WITH 'l'HE OTHER OOFS FORCE:S' 
, II' ARE PRINT OUT AT THE SAJo1E TIME' 

00 309 1-0,11 
LOAD4-I+l 
IF( FMAX(t·12 ... 1 ... Il .EQ. O. ) GO TO J09 
WRITE (6.49"2) IELNO,LOAD2,t'lODE:l, (FMAX(I"12+J), .1-1,6), 

, NODEJ. (FM.AX( I -12+,), J-7, 12), STBFAG 
J09 CONTINUE 

RETURN 

E:LE1BnO 
ELEIB1JO 
ELE:1B740 
ELE187S0 
E:L.E1B760 
EL.E18770 
ELEIB7S0 
ELEI8190 
£[..E18800 
ELEI8810 
ELE18820 
ELElS83Cl 
ELEIBB4Cl 
ELE188S0 
EL.EIB860 
E:LE18e70 
ELEle8S0 
ELE18e90 
ELE1B900 
E:LE19910 
E:LEIB920 
ELEIB9JO 
ELEIB940 
ELE19950 
E:LE18960 
ELEIB970 
ELE:1egeO 
E:LEIB990 
ELE19000 
ELE19010 
ELE19020 
ELE190)0 
ELEl5l040 
ELE151050 
ELEI5I060 
ELEI9Cll0 
£LE19080 
ELE19Cl90 
ELE191ClCl 
ELE19110 
ELE191:1Cl 
£LEI9130 
ELE19l<10 
ELE191S0 
ELE19160 
E:LE19170 
ELE19190 
ELE19190 
E:LE19200 
ELE19210 
E:L£19220 
E:LE19230 
ELE19240 
ELE:192S0 
ELE:19260 
ELE:19::i!10 
ELE192BO 
ELE19290 
ELE1!DOO 
EL.EI9310 
ELE19320 
ELE193JO 
ELE19340 
ELEI93'!iCl 
ELE19J60 
ELEI9J10 
ELE19JeO 
ELE19J90 
ELE19400 
ELE:l9410 
ELE19420 
ELE1900 
ELE19HO 
ELE194 SO 
ELE19460 
ELE19470 
E:L£19<1BO 
E:L£19490 
ELE:H~SOO 
ELE19S10 
ELF;19S20 
ELE19530 
ELE19540 
ELE19550 
ELEl!iI5tSO 
EL.E19570 
ELEI9'!iBO 
ELE19590 
ELE19tSOO 
EtE19610 
ELE196::i!0 
ELE19630 
ELE196<10 
ELE196S0 
£'LE19660 
ELE196iO 
E:LEI96BO 
E:LE:19690 
ELE:19iOO 
ELE19i 10 
E:LE19720 
ELE19730 
ELEI9740 
EL&151750 
ELEI5I760 
£LEI5I770 
EL£151780 
ELE197510 
E:LE19800 
ELE19910 
ELE19B::i!0 
ELEI99JO 
ELE19840 
ELE198')0 
ELE:19860 
ELE19BiO 
ELEI98eo 
ELE19BSlO 
ELE:19900 
ELE19!H0 
ELE19920 
ELE199JO 
ELEl51940 
ELE19950 
ELEI51960 
ELE19910 
EL£19980 
ELE1999Cl 
ELE::i!OOOO 
ELE20010 
ELE200::i!0 
E:LE20030 
ELE20040 
8LE200')0 
E:LE20060 
ELE20070 
ELE20080 
E:LE20090 
ELE20100 
E:LE20110 
ELE20120 
ELE:10lJO 

27 

c 
c 
C····-······· .. ------· RE:SET ELEMENT FORCES 
C 

ELE20l<lCl 
Et.E::i!OlSCl 
ELE::i!0160 
ELE201iO 
ELE20180 
E:LE20190 
ELE20200 
ELE20210 
E:LE:20220 
ELE20230 
ELE20HO 
ELE20250 
ELE20;Z60 
ELE20270 
ELE202BO 
E:LE2Cl290 
ELE';;I030Cl 
ELE::i!OJ10 
£LE;ZOJ20 
ELE203JO 
ELE20J40 
ELE20HO 
ELE20J60 
ELE20J70 
ELE20J80 
ELE'20J90 
E:LE20400 
E:LE20410 
ELE20420 
E:LE204JO 
E:LE20HO 
ELE:20450 
ELE:20460 
ELE:20470 
ELE204BO 
ELE20490 
ELE2ClSClO 
ELE2ClSICl 
ELE20S20 
EL.E2Cl5JO 
ELE20540 
ELE::i!0550 
ELE20560 
ELE::i!0510 
E:LE:20580 
ELE20S90 
ELE20600 
ELE20610 
ELE20620 
ELE206JO 
ELE:20640 
ELE2Cl15S0 
ELE20iStSO 

1)00 CONTINUE 
~----- ~ERO KATRICIES 

1340 

1310 
C 

00 lHO 1-1,12 
FM.U (1-12-11)-0 
F' (I)·Cl 
~(I)·O 
R (1)-0 
R'l'(I ).0 

DO 1310 I·LISE 
SE(I )·0 

WRITE (6,lJ30) ULNa 
IJJCl FORJQ,T [. IEJD BEAJo1 •••••••• ELEMENT t' ,16, 

" iNTERNAL FORCE:S MD HTSTERESIS MODELS ARE RESET TO ~ERO') 
FALSE-.FALSE. 
LSTTTP-O 
CALL MAT LIB 
(2 ,LSTTYP ,FAL5E ,IREL. FAl.SE:.NAJIIE:,EESE, EPSE,DUC'l',EXCR, 

F'T ,F ,RT ,R ,v ,VL ,LELEM ,LMAT , 
M.ATMTA ,MATT'!P,SE(ISE"""'}.IE:LNO,DAJo(AGE) 

CALL MATLIB 
(2 ,LSTTYP ,FALSE ,IREL,FALSE,NAME,EESE.EPSE,DUCT,EXCR, 

FT .F ,R'T ,R .V ,VL .LELEM ,LMAT , 
MATMTB .MATT!P,SE(ISE""B), IE:LNO, DAJoIAGE) 

CALL )(ATLIB 
(2 ,LSTT'fP ,FUSE ,IREL,FA.LSE,NAJoIE,E:ESE.EPSE.DUCT,EXCR. 
~ ,F .RT ,R ,v ,VI. ,LELE:M .LM.AT • 
KATMZ'" ,HATTTP,SE( ISEMZA) ,IELNO, DoVotAGE:) 

CALL. MATLIE! 
(:;l ,t..STTYP .FAL5E ,rREL,FALSE,NA)(E:.E:E:SE,E:PSE,DU~T,EXCR. 
n ,F • RT ,R ,v ,VI. ,LE:LEM, LM.AT • 
MAT}oIZB ,MATTTP. SE( ISE .... ZB), I ELNO, DoV4.AGE) 

CALL. AATLI B 
(2 ,L.STTTP ,FALSE .IREL,FAL..SE,NA)(E,E:E:SE,E:I='SE,OOCT,E:XCR, 

FT ,F ,RT .R ,'I ,VL ,LELE:M ,LMAT , 
JoiATMJtA • MA'l'TY 1='. SEC ISEJo<XAl. IELNO, DAMAGE) 

CALL MA'I't.IB 
'- (2 ,LSTTYP ,FALSE ,IREL,FALSE.NAJoiE.EESE,EPSE,DUCT,EXCR, 

F'"l' ,F ,RT ,FiI ,v • VI. ,LELEM ,LMAT , 
JoiATFXA ,MATTlP, SEC ISE:FX") , I ELNO, DAJoIAGE 1 

c 
C····· ... ··-·· ••• ----·- DAMAGE INDEX 
C 

1<100 DAMAGE - O. 
C 

RE'!'URN 

END ELE';;I067a 
C--··········· .---•••••• -------............. - •••••••• -- •• _ ................. - EL.EO cl cl I 0 
C DEBUG UNIT(tS).TRACE,SUBCHIt,aHT,SUBTRACE ELEOOO';;lO 
C END DEBUG EL.EClCl030 
C----•••••• - ........... ----......... - ....... - ••••••••••• _ •••••••••• - ...... --. EL.EO 0 0 4 0 

SUBROUTINE ELE12 ELEOOO')O 
'[10M' ,IUNIT ,INC,NEW'II: ,FIRST ,PRINT ELE00060 
'NooF ,NLOAO • MAXNOO ,NNODE ,NCOS ELE00010 

10, ELS"I'IC , I oor • COORD ,COSI NE , J'I'C05 ELE00080 
CONST ,DISPL • FORCE ,I REI. ,BUG ELE00090 
IBUG ,"'CCE:L .ItGOATA ,C;RAV ,PGEOM ELEOOI00 
MAXELD ,NELD ,IELD ,ELO ,NAME ELEOOII0 
S'!'EPID ,IELNO .RINPUT ,FUB ELEOOl:10 
EEB! ,EPSE, DAHAGE:, OOCFAG .IELT'fP ,IELDOF E:LE001]0 
R ,RT ,F'.F-!' ELE00140 
Llol ,CT5 .CTE ,BS ,BE E:LEOOlS0 
NODEI ,NODEJ • JOINT! ,JOINT.;r ELEOOl60 
Rm. ,LENGTH ELE:00170 
ISE ,ENGD ... T ,FKAX ,5 ,A E:LE:00180 
KAT ,SE ,STIFF ) E:LEOOUO 

IM.PLICI'r REAL(II.-H,O-Z) 

COI'OUlN IRSA/]COMN,RSAF(I:1) 
REAL ICO)Qoi 

E:LED0200 
E:LE00210 
Et.ECl0220 
ELE002JO 
E:LE00240 
ELE00250 

LOGICAL ERR, F'I RS'!', PRINT ,aUG, FU5E. BTEST E:LE00260 
LOGICAL NEWIt, E:LSTIC E:LE00270 
CHARACTER-SO N»tE ELE002BO 
CHARAC'!'ER- (-) STEP] 0 E:LE:00290 
CHARAC'I'ER.6 IRELC E:LEOOJOO 
DIMENSION ItGDA'T"'(J) ELE00310 
01 MENSION I OOF( MAXNOD. 6) • CCORD( MAJ[NOO, 6) ,C05INE( J, J, NCOS) ELEClOJ 20 
OIMENSIO!ol CONST(MA.l.NOD.6). ID(MIoXNOD) ,J'I'COS(KAXNOD) ELECl0330 
DIMENSION ASAT(12,12),SAT(12.12).STIFF(1B) ELEClCl340 
01111ENSION A( 1:1, 12). S( 12,12). LM( 12) ,LMT (l::i!), W4'11:G( 12). FMAX( 1';;1) ELECl0350 
DT)oIENSION A( 1::i!, 12), S( 12,12), LH( 12), LMT( 1:2), LM'II:G{ 1::i!), FI'tAI:( 144) EL.ECl03150 
DIMENSION C'TS( 3, J),CTE:( J, J),COSLOC(3.J),VX{J),VT(J),VZ(J) ELEOOJ70 
DIMENSION BS( ), 3),BE( 3. 3),SE(ISE).ENGOAT(:1) EL.EClClJ80 
DIMEN5ION R( l::i!), CI6PL( NOOF ,NI..oAD), F( 11). RT( 12), no (12) ,FUB{ NOOF) ELECl0390 
DIMENSION FORCE( NOOF, ~LOAD), I E:LD( S ,MAXELD). ELO( 12 ,MAXELD) Et.EOCl400 
D]ME:NSION ASA{12,1::i!),RINPU'J'(100) EL.EOCl4ICl 
DI}oIEN6ION DUCT(J) ,El'CR{I5) ELEOCl42Cl 
DIHElIISION V( 12) ,VL( 1::i!) EL£00430 
DIME:}IISION P(1::i!l,PL(1::i!),D(I:iI),DL(12) ELEOOUO 
REAL LE:NGTH ELEOO<l50 
INTEGER REL, RELT ELE00460 
DI}oIENSION HO( IJ) ELE00470 
DATA MD/1.2,4,7.11.16,::i!2,2Q,J1.46,SI!i,67,791 E:LEOO~BO 

C ELE00490 C _______________________________________________ - - - - -. --- -- - - - - -- - - - - -- - ELEOO SOO 

C VARIABLESI ELEOOS10 
C _________________ ---- __________________ .:. ___ •• --------- - - --. - - - - -- - - - - - - EL EO 0 S 2 0 

C---------- GLOBAL VARI"'BLES ELE005JO 
C 10l='T • I, INITIALIZE: BEAJo1 COLUMN ELEMENT ELE00540 
C • 2, CALCULATE GE:OME'I'RIC STIFFNESS ELEClO')SO 
C • J, FORM STIFFNE:SS EL.EClClSiSCl 
C .. 4, CALCUL ... TE INCREJ4ENTU FORCE:S ELEOOS7Cl 
C • S. CALCUL ... TE TOTAL FORCES AND ENERGIES ELEOClseo 
C IUNIT - OUTPUT FIt.E UNIT' FOR PRINTING OUTI='UT ELECl0590 
C ERR - ERR OR FLAG, IF AN ERR OR HAS OC~URED. ERR-.TRUE. ELEOOtSOO 
C FIRST FLAG. FIRST •• TRUE •• PRINT HEADERS ELE00610 
C PRINT FLAG, PRIN'T'''.TRUE •• I='RINT DATA ELE006::i!0 
C NOOF • OF GLOBAL DOF ELE00630 
C NLO ... O • OF LOAO COMBINA'nONS E:LE006<10 
C MAXNOO •• ROW Ol)olENSION OF NODE "RRAY EL.E006')0 
C NNODE • , OF NODES ELE00660 
C 10 ARRAY OF EXTERNAL NODE NUMBERS ELE00670 
C I !:OF ARRAY OF DEGREES OF FREEOO}ol ELE00690 
C COORD • ARRAY OF COORDINATES ELE00690 
C COSINE .... RMY OF DIRECTION COSINES OF NODES ELE:00100 
C CONST ... RRAY OF CONSTRAINT TRANSFORMATIONS ELE00110 
C DISPL • GLOBAL DlSnACEJoIE:NT """TRIX ELE00720 
C I ZMAT • LOCATION OF MATERIAL DATA IN GLOBAL STORAGE VECTOR E:LE007)0 
C NAJoIE .. ELEMENT NAME ELEOQ140 
C IELNO - ELEJoIENT NU}oIBER 0;L.E:00750 
C RINPUT • INPUT D ... TA EL.E001150 
C STIFF - OUTPUT ELE}oIENT STIPFNESS (UPPER TRIANGULAR FORJoi) ELECl077Cl 
C ~M - OUTPUT LOCAL TO GLOBAL STIFFNESS MAPPING MATRIX ELECl0780 
C--.------- ELEMENT V"'RIABLES ELE0019Cl 
C H, Q, AI, AJ.C. BI, aJ ,S2::i!, S:il:6, 5212, SJJ, SJ5, SJ11, 0 ELEooeoo 
C • INDIVIDUAL TERMS IN THE ELE:MENT STIFFNESS (5) """TRIX ELEOOSI0 
c PItG - INPUT LOAD FOR FORMING GEOMETFHC STIFFNESS )(ATRIX... ELE00820 
CR· INCRl .... ENTAL OISPt. ... CE}oIENTS ELE:OOBJO 
C RT • TOTAL DISPLACEMENTS ELE:00B40 
C F • INCRIMENTAL FORCES ELEOClBSO 
~ F'T • TOTAL FORCES ELEOOBISO 
C LM L.OCU TO GLOBAL 5'I'IF~ESS MAPPING MATRIX ELEOCl87Cl 
C CTS • t.QCU TO GLOBAL ROTATION MATRIX ST ... RT ELEooe8Cl 



C CTE - LOCAL TO GLOSAL ROTATION I'lATRIX END ELE00890 
C SS • LOCAL TO GLOBAL RO'I'ATED ECCE:NTRICITJ/CQNSTAAINT MATRIX STARTELE00900 
C BE ,. LOCAL TO GLOBAl. ROT ... TED ECCEJIlTRICITI/CONSTRAINT MATRlX ~ND ELEOO~nO 
C STIFF - ELEMENT STIFFNESS ELE009:i!0 
C IELTIP .. ELEMENT TIPe: '" l:i! ELE00930 
C NODEI - El:TERNI\L JOINT NUJIIIBER, END I ELE00940 
C NODEJ • EXTERNAL JOINT NUMBER, END J EL£OOIlSO 
C JOINTI - INTERNAL JOINT NUMBER, END I EL£005l1S0 
C JOINTJ • INTERNAL JOINT NUJIIIBER, END J ELEOO5l70 
C~~--~~---- TE:)oIPROARI V ... RI ... BLES ELEOOll80 
C VX • VECTOR DEFINING THE ELEJroIIEN'r X oUIS ELEOO5l1l0 
C VI VECTOR DEFINING THE ELEMENT TAXIS ELEOIOOO 
C COSLOC • LOCA.L COSINE !ltATRIX ELEOI010 
C A .. GLOBAL TO LOCAL FORCE 'l'RANSFORJoL1.TIoN MATRIX ELEOIO:i!O 
C S • ELEMENT STIFFNESS AT LOCAL COORD, AT E:NDS Of FLEXABLE PART ELEO 1030 
C SAT '" PRODUCT OF S"'A' ELEO 1040 
C ASAT "PRODUCT OF A-SAT ELEOI050 
C -~ - - - --~ ------------________________________ --- -- - -- - - - - - - - - - -- ________ ELEO lOti 0 
c 
C------- CHOOSE OMION 

c 

IF (IOPT.:"T.l .oR.IoPT.GT.14) 
, WRITE (IS,-) 'INVALID oP'l'ION IN ELE-09, 10M·' ,IOPT 

GO TO (100 :100,300,400,SOO,600,700,800,900.1000,1100,IJOO. 
, l300,1400),IOPT 

100 CONTINUE 

C----- ZERO STRAIN ENERG! 

c 

ENGDAT(I) '" 0 
ENGDAT(:i!) - 0 

IF' ( BTES'!'(IBUG.7) ) THEN 
WRITE (6,"') N,ucE 
CALL WMATRX(RINPUT,8, 1.'RINPUT·) 

ENDIF 

C----- INTERPERTATE INPUT DATA 
IELT!P· l:i! 
~T RINPUT{ 1) 
NODEI FHNPUT ( :i!) 
NoDEJ !U NPUT ( J) 
VI(1) RINPUT( 4) 
Vl(:1) RINPUT{ 5) 
Vl(3) RIHPUT( 6) 
'IS RINPUT( i) 
XE RINPUT( 8) 

c 
C----- GET INTERNAL NODE t ASSOCIATED WITH EXTERNAL NODE'" S 

JOI NTI -IQUIelt (NaDEl. I D. NNODE) 
JOI NTJ· IOUIC It (NODE.:I. I D. NNOO'E) 

C WRITE (6,~) '101'.10 
C 
C----- PRINT 0 ... 1A FOR PLO't"T'ING 

IF (STEST(!BUG.J» THEN 
WRITE:(7.10) NODE.:I. NaDEl. 

, (COORD(JOINT.:I. I J. I-l.J). (COORD(.:IDINTI ,J), J-1, 3) 
10 fORMAT {I5,lX.IS.IP.6Gl'2.q 

ENDIF 
c C------------------------------------------------------------------
C GET GLOBAL TO LOCAL TRANSFORMATION MATRIX 
C------------------------------------------------------------------
C----- DEFINE VECTOR X. LENGTH 

VX ( 1 ) ·COORD (JOINTJ. 1) -COORD( ..10 INTI. 1 ) 
Vl( (:i! ) ·COORDt JOI NTJ. 2)-C00RD( JOINTI .2) 
Vl( (J ) ·CDORD( .:IOINTJ. J) -COORO( JO [NTI ,J) 
LENGTH·SQRT tVX( 1) .... 2+VX( 2) 112+VX( J) "2)-XS-XE 

SE(19)·LENGTH 

IF (LENGTH. LE. 0) THEN 
WRITE(6,101) IELNO.J'OINTI.JOINTJ.LENGTH 

101 FORMAT(lX.:i!O('''''l.'ER'.'ROR - LENGTH IS LE 0'.1 
, 5X,' IELNO'" .15. 5'1. 'JOINTI-'. 15. Sx. 'JOINTJ"'.I 5. 
, 5X, 'LENGTH' .IP.G15.6! 
, 5X.·REVISE INPUT ••••••••••••••••••••••••••••• '/) 

LENGTH· 1.0 
ENDIF 
IF ( STEST(IBUG.ll ) THEN 

WRITE (6.") ',JOINTS'.JOIN'T'I,JOIN'T'J 
WRITE (6.") 'VX'.V',I[ 
WRITE (6."') 'V1'.V1 
WRI'l'E (6.") 'LENGTH ',LENGTH 

ENDIF 
C----- GE,Wt' LOCAL TO GLOBAL TRANSFORMA'TION MA'TRIClE5 CT AND S 

ICS-J't'COS( JOINTI) 
Ie E-JTCOS (JOINTJ) 

CALL ROTXTZ(VlLVT,COSINE(1.1.ICS),CTS. XS ,O.,0.,8S. 
, CONS'T(JOIN'TI.l).KA.XNoD) 

CALL ROTlI:lZ(V'I,VT,C06INE(I.1.ICE).CTE.-XE .O.,O •• BE. 
, CONST(JOINTJ,1) .KAXNOD) 

IF ( STEST(IBUG.7l ) THEN 
CALL W)(ATR:I( CTS , 3. 3,'CT5 'J 
CALL NMA'TRX( CTE • J. 3.'CTE ') 

ENDIF 
C 
C----- GET GLOBAL CONSTRAINT MATRIl: BS, BE 
C SS( 1.1 )-CONS't'( JOINTI.l) ·C1S(2 ,1) +CONST(JOINTI. 2).CT5( 3,1) "'SS( 1.1) 

SS( l. 2)-CONS't'( J'OINTI ,1)"CTS( J. J) "CONST(JOINTI,:i!) ·CTS( J. :i!)+SS( 1,2) 
SS( 1.] ).CON5T( JoINT!.1) "CTS( 2,:3) "CONST (JOINTT. 2) -CTS( 3, J) +BS( I, J) 
BS( J. 1) -CONST (JOINTI,:3) .CTSt I, 1) .. CaNST (JOINTI. 4) ·CTS(], 1) +SS( 2,1) 
esc 2, :il)·cONST (JoINTI,:3) -CTS( 1,:i!) "CONST{JOINTI. 4)-CTS( 3,2) +BS( 2.2) 
BS( 2,3) ·CoHS"I' (Joant. 3) "CTS( I, J) "CONST( JOINTI. 4) "CTS( 3, J) +BS( 2. J) 
BS( 3,1 )-CONST{ JOIN'I'l. 5) -CTS{ I, I) "CONST( JOINT I ,15) .CTS( 2,1) +BS( J. 1) 
SS(:3,:i! )·CONST( JOINTI. 5) "'CTS( 1,2) +CoNST( JOINTI.6) ·CTS(:i!, J) +SS( J. J) 
BS( 3, 31·CONST (JOINTI. 5 )*CTS( 1. J )+CoNST (JOINTI ,15) .CTS( 2,]) +BS( J. J) 

c 

BE{ 1, 1 )·cONST (JOINTJ, 1 )*CTE{ 2,1) "CONST (JOINTJ, 2)·CTE( 3,1) +BE( 1. 1) 
BE( 1,2) ·CONST (JOIN"l'J, 1) "CTE( 2,2 )+CONST (JOINTJ, 2) "CTE( 3,2) +BE( 1.:i!) 
BE( I, 3 )·CONST (JOINTJ, 1 )-CTE( 2,3 )+CONST (JOINTJ,:i!) "CTE( 3,3) +BE( 1. J) 
BE(:i!, 1) -CONST (JOINTJ. J) "CTE{ 1,1 )+CONS'I' (JOINTJ, 4) "CTE( 3.1) .;.BE( 2.1) 
BE( 2,:i!) -CONST (..101'"'3.3) "CTE{ 1.:1) +-CON'S'!' (JoINTJ. 4) "'CTE(:3,:i! )"'SE( 2.:i!) 
BE(:i!, J j-CONS'!' (JOIN'I'J, J )"CTE( 1. J ).;.CoNST (JOINTJ. 4) "CTE( 3.3) +SE( 2. 3) 
BE( 3,1) -CONS'!' (JOHI'I'J', 5 )"'C'l'E( I. 1).coNST (JOINT,J.6) ~C1'E(:i!.1) "BE( 3. 1) 
BE( 3,::l.) .CONST( JOI ,,",J , 5) -CTEe 1 ,2) +CONST{ JOIN'!'J, 6) -CTE( 2, 2j"BE( J, 2) 
BE( 3, J) -CONST (.JOINTJ. 5) ~CTE( 1.3) +CONST( JOINTJ. 6) "'CTE(:2. 3) ';'SE( 3, J) 

IF ( BTES'!'(IBUG. i) ) THEN 
CALL WMATRX(BS. J, J, 'BS ") 
CA.L!.. 'riMATRXrBE, J, ],'IlE .) 

ENDIr' 

c----- ZERO MATRICIES 

c 

DO 40 1"1, l:i! 
FMAxrI )"0 
r' (1)·0 
F'T(I )-0 
R (I)·O 
RT(1 )-0 
00 40 ']-I.IJ 

S(I.J)·O. 
40 A(I.J)·O. 

c----- ASSEMBLE TRANSr'ORMATION MATRIX ~ 

DO 50 I_I, J 
DO 50 J"'l, J 

A(I .J )-CTS(I,J) 
A( I +], J+] )-CTS( I, Jj 
~(1.;.6, J+6 )-CTE( I. J) 

ELEO l070 
ELEOIoeo 
ELEOI090 
ELEOII00 
ELE01110 
£L£011:20 
ELEOl130 
ELE01l40 
ELEOl150 
ELE01l60 
ELEOlliO 
ELEOl180 
ELE01190 
ELE01200 
ELE01210 
ELE01220 
£LE012JO 
£LE01240 
ELE01250 
£LE01260 
ELE01270 
ELEOl:180 
ELEOIJ90 
£LEO 1300 
ELEOIJIO 
ELEO 13:10 
ELEOIJJO 
ELEOIJ40 
EL£01J50 
£LEOIJ60 
ELEOIJ70 
ELEO lJeo 
ELEOlJ90 
ELE01400 
ELE01410 
ELE014:l0 
ELEOUJO 
ELE01440 
ELEOU50 
ELE01460 
ELEOU70 
ELEOl480 
ELE01490 
ELEOlSOO 
ELE015l0 
ELE015:i!O 
ELE01530 
ELE01540 
ELE01550 
ELE01560 
ELE01570 
ELE01580 
ELE01590' 
ELE01600 
ELE01610 
ELE01620 
ELE01610 
£LE01640 
ELE01650 
ELE01660 
ELE01670 
ELE:016eo 
ELE01690 
ELE01700 
ELE:01710 
ELEOlno 
ELE01730 
ELEO 1740 
ELE01750 
ELE01160 
ELE01170 
ELE01780 
ELEOI790 
ELE01eoO 
ELEOlelO 
ELEOIB:i!O 
£L£0Ie30 
£LE01840 
ELEOIB50 
£L£01e60 
ELE01870 
ELE018eo 
EL£01890 
ELEOl5l00 
ELE01910 
ELE019:i!0 
ELE01930 
ELE01940 
ELEOl5l50 
ELE01960 
ELEOl1170 
ELEOI5l80 
ELE01990 
ELEO:i!OOO 
ELE0:1010 
ELE020:i!0 
ELE0:1030 
ELE0:1040 
ELE02050 
ELE02060 
ELE0:1070 
ELEO-:!080 
ELE0:1090 
ELE02100 
ELE02110 
ELE02120 
ELEO:i!lJO 
ELEO:i!140 
ELE02150 
ELEO-:!160 
ELE021iO 
ELE02180 
ELEO:i!190 
ELE02200 
I::LE0:2210 
ELE02220 
ELE0:2230 
ELE0:2240 
ELE02:i!50 
ELEO:i!260 
ELE:02270 
ELEOJ2eO 
ELE0:2:190 
ELEOJ300 

28 

50 

A{I +9. J'HI )·CTE( I, J) 
A(I+J,J )·BS(I,.1) 
A(I.;.9.J+1!i )·BE( I, J) 

IF ( BTES'!'(IBUG.7) 1 CALL VMATR.J:( A .12.1:i!.' A ') 

ELE02310 
ELEO:i!J20 
ELE02330 
ELE02J40 

C ELE02]50 
C----- GE'T JlllATERIAL PROPERTIES ELE02J60 

FALSE·. FALSE. ELE02]70 
LSTTTP-O ELE02380 
CALL JlllATLIB ELE02J90 
(2 ,LSTTTP, FALSE. IREL. FALS£.N ...... E.EESE:.EPSE, DUCT, El:CR, ELE02400 
no .F ,RT ,R .V .VL ,LELEM ,LMAT. ELE02410 
MAT, JlllATTlP, SE, I ELNO, OAMAGE) ELE02420 
IF( JlllAT'I'lP .NE. 12) THEN ELE024J0 

WRITE( 6,190) I ELNO, MATTlP.NOOEI .NODEJ ELEO:i!440 
100 

• . FORMAT (' ELEMENTI '.16.' INCOMPATIBLE IQ.TERIA.L PROP.",15,ELEO:i!4S0 
• S'l'ART JOINT.',I:',· END JOINT.'.I5./ ELEOH60 
, THE ELE)oIENT IS RE:JECTED AND ER','RoR CHECltlNG CONTINUES') ELEOH70 

c 

ERR •• TRUE. 
GO TO 191 

ENOIF 

EESE-O 
EPSE-O 

c--------- NO END RELEASE FOR THIS ELEMENT 
REL-O 

c c--------- SE't' STIFFNESS COIEF~ICIENTS ••• 
C 

C - - - - ---------- ---------- ---- ------ - - - - -- ---- ----------------------
C A5St:MSLE LOCAL STIf'FNESS I'lATRII 
C - - -- - - - - --------------- - --- -- - -- -- -- ------------------------------'-0 

DO 7i 1-1.12 
00 ii ..1-1.12 

It-It .. 1 
IF( A"S(SE(It» .LT. I.E-6) SE(It}-O 

c 
c 
c 

S( I ,J)·SE( It) 
S(J.I )-5(1 ,J) 

77 CONTINUE 

I~ (FIRST) CALL WMATRX( 5 

C----- C-'LCULATE SAT 
00 50 1-1.12 

00 60 J·l.12 
S ... T( I .J')·O 

00 60 1t·1,l:1 

,1:i!. 12,' S 

'0 SAT( I .J).SAT(I, J)"S( I. It) "A( J, It:) 
c 
C----- CALCULATE ASAT 

00 10 1·1.1:2 

70 

00 70 ..1-1.12 
~SAT(I.J)-O 

00 70 It-l.l::l. 
ASAT( I • .:I)·ASAT (I, J) .. ~( I, "')"SAT ("', J) 

') 

l~ ( BTEST(ISUG.8) ) CALL WMATfU(AS"'T ,1:2.12.' 
c 
C----- DEGREt:S OE' FREEOOM 
C REI«JVE OCE"S THAT ~RE CONSTRAINED TO THE S,I.JolE 

00 75 1-1.6 

c 

IF ( IOOE'(JOINTI,I).NE.lOOF(JoIN"I'J,I) } THEN 
LI<4'1'(l )-IOOF(JOIWI'I,I) 
LMT ( 1+6) -I DOF (JOINTJ, I ) 

ELSE 
LMT(I )- 0 
LMT(I+6)- 0 

ENDIF 
75 CONTINUE 

C----- CONVERT TO HALF STORAGE I4DDE BI COLUioINS 

ASAT ') 

DOF ••• 

C 
C 
C 
C 
C 
C 

1 ] , 10 15 21 :i!B 
9 14 JO 27 
8 lJ 19 26 
7 12 18 :i!5 

364555 
J5 44 S4 
34 4J 53 
]J 42 52 
n 41 51 
31 40 50 
30 39 49 
2!i1 J8 48 

1S678 
155 77 
15476 
6J 75 
6::l. 74 
61 73 
607:i! 
59 71 
5B 70 
5769 
5668 

NUMSER INDICATES 
LOCATION OF DATA 
IN ARRAY STI FE' 

c 
c 

L-O 
IELOOF·O 
00 90 1-1.12 

11 Ii :i!4 
16 JJ 

" 
J747 .. 

" 

If' (LMT(I).EQ,O .010. ASAT{l,I).LE.O) GO TO 90 
IF (LHT(I).EQ.O ) GO TO 90 
I ELOOF· I ELOOF+l 
LM( IE:LOOF)-LMT(t) 
00 80 J·I .1.-1 

If' (LH'I'(J).EQ.O .010. ASAT{J,J').LE.O GO TO 80 
IF (tJIn'(J) .EQ.O GO TO 80 
L·L+l 
I5"rIFF(L)· ... SAT( 1...1) 

80 CONTINUE 
90 CONTINUE 

IF ( BTEST(ISUG,7) ) THEN 
WRITE (15,") 'LJIfI'·'.L)II'l' 
WRITE (6,-) 'IELOOF'.IELOOF.·U4 ··.(L)oI(I),I-l,IELOOF) 
C ALL [,)(AT RX (STI FE'. MD. IELOOF. (1.."'1) , 'ELE)oIENT S1' I FFNESS' ) 

ENOIF 

C----- RELE~SE UNUSED S'TORAGE 
180 IREL. 78-L 

PRINT COLUMN D"'''~ 
IF (FIRST .OR. BTEST(IBUG.7) .OR. BTEST{ISUG,B) ) WRITE (6,19:1) 

l!ill WRI TE (6, l!ilJ) NAME. I ELNO. KAT. NaDEl. NODEJ. LENGTH, 
, Vl(l).VI(:1),Vl(J),XS.-xe: 

ELE024BO 
EI..E0::l.490 
ELE02500 
ELE0:1S10 
ELE0:1520 
EI..E025JO 
ELE02540 
ELEOJ550 
ELEO:i!560 
ELE0:15iO 
ELE02580 
ELE02590 
ELEOJ600 
ELEO:i!610 
ELE02620 
ELE02630 
ELE02640 
ELEO:i!650 
ELEO:i!660 
ELEOJ6iO 
ELEO:i!680 
ELE02690 
ELEO-:!iOO 
ELE02i 10 
ELE0:17:10 
ELEO:i!7JO 
ELEO:i!74 0 
ELEO:i!750 
ELEO:i!760 
ELEO:i!710 
ELE02780 
ELE0:1790 
ELE02800 
ELEOJ810 
£LE028:i!0 
ELE02830 
ELE02840 
ELE02850 
EL£02860 
ELE02870 
ELEO:i!880 
ELE:02890 
ELE01900 
ELEOHIO 
ELE02910 
ELE01930 
ELE01940 
ELE02950 
ELE029EiO 
E:LE02910 
ELE0:1geO 
ELE02990 
ELE03000 
ELEO]OIO 
ELEO)020 
ELEO]O]O 
ELE03040 
ELEOJ050 
ELEOJ060 
ELEOJ070 
ELEO)080 
ELEOJ090 
ELEO] 100 
ELEOJIIO 
ELEOJUO 
ELEOJ lJO 
ELEOJ140 
ELE03150 
ELE03160 
ELE031iO 
ELE03l80 
ELEOJl90 
ELEOJ200 
ELEonlO 
EL£03220 
ELEO]2JO 
ELE0)240 
ELE0J250 
ELE0J260 
ELE0)270 
ELEOJ280 
ELE03290 
ELE03:300 
ELE03310 
ELE033JO 
ELE03330 
ELEOJ340 
ELE03350 
ELE03J150 
ELE03J70 
ELE03380 
ELE03390 
ELEOHOO 
EL£03410 
£I..E03420 
E:LE03430 
ELE03440 

192 FORMAT(/' ELEXEN'l' 1:i!, STASILITT ELEMENT'II ELE03450 
, T:i!2.'t JlllATL START ~D'.JX.'LENGTH·,3J. ELE034150 
'11('-'),' !-A.l.IS " ELEOH70 
, 12('-'),' ST ... RT DIST END DIST .) ELEOJ4BO 

193 roRMAT(1I,AI5,JII5,1J:.16,J.:I,lP.GI0.4.0P. ELE034!i10 
, F9.5.' I',SP,r'9.S.' J'.F9.5.' 1t'.IP.SS,2GI2.4) ELEOJ500 

RE:'I'URN ELE03S 10 
C·.-_ ........... ·-·····-· ••• DE:'I'ERJoIINE Gt:OME:'I'RIC STIFF •••••••••• .. ········ELEOJS:i!O 

:i!00 CONTINUE ELEOJ530 
C----GEoMt:TRIC STIFFNESS IS INCLUDED IN THE ELEMENT STIFFNESS. ELE03540 
C NO Nt:t:D TO CALCULATED ELEOJ550 

ELEOJ560 
RE."TURN ELEO]S70 

C.·.·.-- .. -··"'---··· ••••••• OE'l'ERMINE STIFr'NESS .. -----·····-·············ELEOJS60 
JOO CONTINUE 

c 
C---- STl~FNESS CHANGES AT E ... CH STEP FOR ST ... BILITY ELEMENT 
C 
C --------- - - - - --- --------------- - - - --- -- - - - ------- - --------- -------
C A.SSE)oIBLE: t.OC~ STI FFNESS MATRIX 
C -------- - _. - - -- - - - ------------ - - - --- -- -- - - - --- - - -- - - --------------

<-0 
00 87 1.1.1:i! 
DO 87 J-r ,12 

1(·1t+1 
IF( ABS(SE(It» .LT. l.E-6) SE(I()-O 
S(I,J)-SE(!C.) 
S{J,I)-S(I,J) 

ELEOJ590 
ELEOJ600 
ELE0J610 
ELEOJ6:i!0 
ELEO]6JO 
ELEOJ640 
ELEOJ650 
ELEOJ660 
ELE036iO 
ELEO]5BO 
ELE03690 
ELE03iOO 
ELE03710 
ELEO]i20 



c 
c 

131 COWI'INUE 
If' (FIRST) CALL WMATRl:( S 

C----- C,l,LCULA.TE SA.'r 
00 62 1-1,1:2 

00 62 J-1,1:2 
SATtI,J)·O 

00 6:2 It. 1 , 1:2 

,12,12,' S 

" SAT (!, J)·SA'l' (I ,J) +6( 1 ,It) -A(J, It) 
c 
C----- CALCULATE ASAT 

00 7:2 1-1, 1:2 

12 

00 7:2 J-l, 12 
ASAT(~ ,.1)-0 

00 72 It-l,l:2 
ASAT (I, J )-ASAT( I, J) +"'( r ,ltl-SAT (1(,.1) 

') 

IF ( BnST(iBUG,e) ) CALL WMATRX(ASAT ,1:2,12,' 
c C----- DEGREES OF FIU:EOOM 

ASA'!' ') 

C REMOVE DOF'S THAT ARE CONSTRAINED TO THE SAIolE DOF ••• 
00 12 1"1,6 

c 

IF ( IlXlF(JOINTI,l).NE.IOOF(JOINTJ,I) ) THEN 
LM'l'(I )·IDOF(JOINTI,I) 
LM'l' (I +6 )-1 OOF( JOINTJ, I) 

ELSE 
LMT(I J. 0 
LMT(I+6)- 0 

ENOIF 
12 CONTINUE 

C----- COt'WERT TO HALF STORAGE HODE 
C 

BY COLUMNS 

" " 

L-O 
IELDOF·O 
00 92 1-1.12 

IF (LJon'(I).EQ.O .OA.. ASAT(I,r).LE.O) GO TO 92 
IF (LM'l'(I).EQ.O ) GO TO 92 
! £LOOF"I ELDOf+l 
LI'!( I ELooF) -LHT ( I ) 
00 82 J-r ,1,-1 

IF (LMT(J).EQ.O .OA., AS~T(J,J).LE.O GO TO 82 
IF (LJon'(J).EQ.O GO 'r0 82 
L-L+l 
STI FF( L)-ASA'r (I, J) 
CONTINUE 
CONTINUE 

IF ( 9TEST(I9UG,7) ) THEN 
WRITE (IS,.) 'LM'I'·',t.MT 
WRITE (6,·) 'IELooE''',IELOOF,'LM ·',(LM(I),I-l.IELOOf) 
CALL LHATRJI:(STIFF,MD,IELOOF,(t.+-1), 'ELEMEN'r STI.FNESS') 
WRITE (6,'") 'ltGDAT~r',!l:GDATA,' PI(GI',P!l:G 

ENOl. 

ELEOJ7 JO 
ELEOJ7 ~ 0 
ELEOJ750 
ELEOJ760 
ELEOJ770 
ELEOJ780 
£LEOJ790 
ELEOJ800 
ELE0J810 
EtEOJ820 
ELEOJ6JO 
ELE03840 
ELEOJ850 
ELEOJ860 
ELE03870 
ELEOJeeO 
ELEOJ890 
ELE03900 
ELEOJ'HO 
ELE03920 
ELE03930 
ELEO]940 
ELE0J950 
ELE0J91S0 
ELE03970 
ELE0J980 
ELE03990 
E~E04000 

ELE04010 
ELE04020 
EL£04030 
£L£04040 
ELE04050 
ELE04060 
ELE04070 
ELEI:J4080 
ELE04090 
£LE04100 
ELE04110 
EL£04120 
Et.E04l30 
EL£04140 
ELE041S0 
ELE04160 
ELE04110 
ELE04190 
ELE04190 
£L£04:200 
£LE04:210 
ELE04::1:20 
ELE04230 
ELE04:240 
ELE042S0 
ELE04260 

DE'TERJoIIN'E INCRIMENTAL .OA.CES .......... ---.-.-- ELE04:27 0 

c 
c 

400 CONTINUE 
I. (PFUN'I'.~D.FIRS'T) WRITE (6,491) S'I'EPID 

C-----· l.OOP fOA. EACH LOAD 
DO 430 t.OAD-l, NLOAD 

c 
C------ 'I'Fl.ANEiFORJol FRAME DISPL INTO LOCAL DISPL 

00 410 1·1.3 

410 
c 

R(I )·0. 
R( 1+3)-0. 
R( 1+6 )·0. 
R( I +~)·O. 
00 '10 J-l,J 

Dl·DISPL(IOOF(JOrNTI.J ) ,LOAD) 
02- DI SPL{ I COF{ .101 NTI ,.1+]) ,LOAD) 
DJ·DISPL(IOOF{JOINTJ.J ) ,LOAD) 
D4·DI5PL( It'OF(JOINTJ ,.1+3), LOAD) 

R(I ).R(! )+C'l'S(J,1 )-Dl ... BS(J.! )-02 
FI( 1 ... 3 )·FI( I"']) +CTS(.J, I) -02 
R(I+6)·R(I+6)+CTE(J,I)-D] + BE(J,I)-04 
R( 1+-9 )·Rn +9) +-CTE( 03, I) ·04 

C------ HICRIMENTAL FORCES 
00 435 1·1.12 

c 
c 
'" 

00 435 .1·1,12 
F( I )·0 
DO 4JS It·l,12 

F(I )·F(I )+S(I, It) -R(It) 

C------ OETE~INE MAXlMUN VALUES FOR MULTIPLE LOAD CASES 
IF (NLOAD.GT.l) 'rHEN 

". . ., 
c 

00 415 1-1,12 
IF ( A8S(F(Ij}.G'I'.A9S(f)(.U(I·12-12+1» ) THEN 

00 426 J.O,11 

ENDIF 
CONTINUE 

ENDIF 

FKAX( I -12-11+J)-F( .1+1) 

C·----- PRINT FORCES AND DEFOFU4ATIONS 
C IF (8TEST(IaUG,0).AND.PRIN'I') 

Sp·SE(84 ) 

, , 
FLP-SE(98) IF, 

, 
", 

PRINT) 
WRITE (6,4!i3) 

PRINT) WRITE (6,49:2) 

I EL)IIO,LQAD, NaDEl, (R( .1),03·1,6), 
NODEJ, (R(J), J·7 ,12), 
FL> 

IELNO, LOAD,NODEI, (F( J), J-l, 6), 
NODEJ, (F(J) ,J-7 ,12), 
5> 

430 CONTINUE 

------'I'HIS IS rOFi 50L05A USE ONLY 

431 

IF( ICOIoffi .EQ. 1 .OR. ICOMN .EQ. :2 ) THEN 
DO 431 I·lo12 

RSAF(I)·F(I) 
ENOIF 

------c ALLL MATLI B TO GET STl FFNESS 

" 

'" 

THIS IS FERFORJolED ONLl FOR INELASTIC ANALYSIS 
IF( ,NOT. ELSTIC) THEN 

00 9J 1·1.12 
PO )-FT( 1) ·F( I) 
DC! l"'RT( I) +-R( I 1 
PLe r )"'f'T( r) 
OL( I )·RT( 1) 

CONT!~UE 

----- TRANSFER PE:RJoIENA.NT HYSTER.ESIS OAT ... TO TEMPERARY STORAGE 
ISE:2·~SE:/2 
DO 522 I-I. ISE2 

SE(! +ISE2)-SE( 1) 

CA.LL MATLI9 
( MOP"!' ,LSTTYP ,FP..LSE ,lREL,f'P..LSE,NAME,EESE,EPSE,DUCT,EXCR, 

P ,PL ,0 ,Dt. ,v ,IlL ,LELEH ,LMAT , 
IQ.T ,KATTlP, SEC ISE2+- 1), lELNO, DAMAGE) 
NEWIt •• TRUE. 

ENDIF 

C------ CALCUt.ATE THE UNBALACED MEMBER FORCES ON THE JOINT 

ELE04290 
ELE04290 
ELE04300 
ELE0010 
ELE04320 
ELE04330 
ELE0040 
ELE04JSO 
ELE0060 
£L£04J10 
EL£04J80 
ELE04190 
ELE04400 
ELE04410 
ELE04420 
ELE0400 
ELE04440 
ELEO" 50 
ELE04460 
ELE04470 
ELE:OU80 
ELE:OH90 
EL£04S00 
ELE04S10 
ELEO'S20 
ELE04530 
E:LE04540 
ELE04550 
ELEO'51S0 
ELE0,f,570 
ELE04~80 
ELE04590 
ELE04600 
ELE04610 
ELE046:20 
ELE046JO 
ELE041540 
ELE04650 
ELE04660 
ELE04670 
ELE04680 
EL£04690 
ELE04100 
ELE041l0 
ELE04120 
ELE041JO 
£LE04140 
ELE04150 
ELE04160 
ELE04110 
ELE04180 
EL£04190 
ELE04600 
ELE04810 
ELE048:10 
ELE048JO 
ELE04840 
ELEO~850 
ELE04860 
E:LE048iO 
ELE04880 
ELEO'890 
ELE04900 
ELE04910 
ELE04920 
ELE049]0 
ELE04940 
ELE049S0 
ELE04960 
ELEOB70 
Et.E:04980 
ELEO'990 
ELE05000 
ELE05010 
ELEOS020 
Et.E05030 
Et.EOS040 
ELE05050 
ELEOS060 
ELE05070 
ELE05090 
EL£05090 
ELE05100 
ELE05110 
£LE05120 
ELE051]0 
ELEOS140 

29 

THE EXACT ME"'BER FORCES ARE OE'T£AJIIINEO FROM HYSTERESIS MODEL 
aA.SED ON !:lISPLACEMENT D. BECAUSE NO HYSTERESIS MOOEL FOR MATI2, 
THE I<4EJ!4BER FUB ARE NOT CALCULA'rED IN 'I'H15 ELEMENT 

DO 440 I-I, J 
Jl·r DOf( JOINTI, I ) 
I 2-1 OOf~ JOINTI, r +J) 
J1·IDOF(JOINTJ, I ) 
J2-1 oof( JOINTJ, I +J) 
00 440 J·l,J 

ruB( 11 )·FUB( I 1) +-CTS( I, .1)-0 
FUa(I2)·FUa(I2) ... BS(!,J)-O 
Fuae 12) "FUB( I 2) +C'l'S( I, J)-O 
F'U8( Jl) ·FU8( J1) +C'l'E( I, J)-O 
FU8(J2)·FUB(J2)+ 8E(I,J)-0 

440 FUB(J2)·FUB(J2)+CTE(I,J)-0 

491 FORMAT (/' STABILITY ELEMEN'r FORCES ••• '. 5xnX,A/, 
" ELEHENT LOAD NODE',7X,'AIIP..L',l1X,'fT',13'X,'FZ', 
Ii. Ill, 'TORSION',lOX,'JoIY',lJI,'MZ FLP,5P ') 

492 FORMAT (/,II0,I5,2X,'FORCE',II!i,IP,6G15,6, 
, /151 ,2X,'FORCE',I6, 6GI5.iS,IX,GIO.3) 

493 FORMAT (/,II0,I5,2X,'OISPL',I6,1P,6GlS.6, 
, /15x ,2X,'OISPL',I6, 6GlS.6,lX,G10.J) 

494 FORMAT ('I,~l 
RETURN 

ELEOSlS0 
ELEO'j160 
ELE05170 
E"LE05180 
ELE:05190 
ELE05200 
ELEOS210 
ELEOS220 
ELE052JO 
EtE05240 
ELE052S0 
ELEOS2150 
ELEOS270 
ELE05280 
ELE05290 
ELE05JOO 
ELE05JlO 
ELE05J20 
ELE05JJO 
ELE05340 
ELE05JSO 
ELE05360 
ELE05370 
ELE05J80 
ELE05390 

C •••• ····-···- .. -·--------. DETERMIN'E TO'I'P..L FORCES ·······-•••• • •• ___ •• __ ELE05400 
500 CONTINUE ELE05410 

IF (PRINT.AND.FIRST) WRITE (6,491) S'TEPID ELEOS4:20 
IF( ICO)o[N .~H:. 1 .AND. ICOMN .NE, 2 ) THEN ELEOS430 

c Et.E05440 
C------ TDTP..L F'ORCES AND DISPLACEMENTS Et.EOS4S0 

ELE0541!iO 
ELEOS410 
Et.E0'5480 

DO 510 1·1,12 
If' (8TEST(IBUG,7)J WRITE(6,520) I,R(I),RT(I),F'(IJ,F'I'(I} 
Fi'(I)·M(I)+F(I) 
RTfI)·RTfI)+R(I) 

510 CONTINUE 

511 

00 512 1·1.1:2 
IF t A8S(M'(Il).G'r.A8S(FMAX(I-12-12+I)) ) THEN 

00 S11 .1-0,11 
f'MAX( I *12·11+J)-FT( J+ 1) 

ENDIF' 
512 CON"t'INUE 
520 FORMAT C' II',IJ,' Rr',lP,GI:2.4,' R't'I',G12.~, 

51' 

41' 

, ' fl' ,IP,G12. 4,' FTr' ,GI2.4) 
ELSE tF( !CO)o[N .EQ. 1 .OR. ICOMN .Ee. 2 ) THEN 

00 513 1.1, 12 
~(I)·RSAF(I) 

£NO[F 

LOAD-I 
1582-ISE/2 
Sp·5E(ISE2+B4 ) 
FLP-SE(ISE2+98) 
IF (8'rES'l'(IBUG,O).AND.PRINT) 
IF ( PRINT) , , 
• IF, , 
• 

WRITE (IS, 493) 

PRINT) WRnE (5,4!il2) 

IELNO, LOAD,NODEI, (RT(J) ,J·I',6), 
NODEJ, (RT(J) ,.1-7 ,12), 
FL> 

IELHO, LOAD,NODEI, (FT( J), J-l, 6), 
NODEJ, (rT(J) ,J-7 ,12), 
5> 

----- TRANSFER TEMPERARJ HYSTERESIS 
ISE2-ISE/2 

DATA TO PERMANENT STORAGE 

If( .NO'I'. ELS'l'IC) THEN 
00 415 l-l.ISE2 

5E(I)·SE(I+ISE2) 
ENDIF 

RE'TURN 

£L£OS4!il0 
£LE05S00 
ELEOSSI0 
El.EOSS20 
Et.EOS530 
Et.EOSS40 
EL£05550 
£LEOSS60 
ELE05S70 
ELEOSS60 
E:LEOS'j90 
ELE05600 
ELE05610 
ELE056:20 
EL£056)0 
ELEOS640 
ELE05650 
ELEOS660 
ELE056iO 
ELE05680 
ELEOS690 
EL£05100 
ELE05710 
ELE05i.20 
ELE05730 
£LE05740 
ELE05150 
ELE05760 
ELE05710 
ELE057eO 
ELE05790 
Eu:OSeoo 
ELE;058 10 
ELE:05820 
ELE05830 
ELE05940 
ELEOS850 

C ELE05860 
C ••••• -.-------··· ......... DE'TER.'IINE FIXED END fORCES, AND ~DD 1'0 FORCE-ELEO;870 

600 CONTINUE: 
C-----FIXED END FORCES ARE )IIOT AVAILABLE FOR STABILITY ELEMENT , 

RE'TURN 

ELEOS880 
ELE05890 
ELEOS900 
ELE05910 

C ELE05920 C······.· .••• --------- WRITE MEJIIBER FORCES TO OUTPUT F'ILE ------··-····-ELE05930 

c 

100 CONTINUE £LE05940 

SP-SE( 84) 
FLP"-SE( SIB) 
WRITE (IUNIT, 710) NODEI, (FT (J), J'·1, 6) ,NODEJ, (FT( J), J"7, 12), SP 
WRITE (IUNIT, 710) NODEI. (RT(J'), .1·1 ,6), NDDEJ, (RT( J), J-7, 12), FtP 

710 FORMAT (IiS,lP,6G12.5/, 
, I6,lP,6G12.S,IX,GI0.3) 

RETURN 

E:LE05950 
ELE05!HiO 
ELE05970 
ELE05980 
£LE05990 
£LE06000 
ELEOISO 10 
ELE06020 
ELE060]0 
ELE06040 

c ..... --· ••••••••••••• READ AND PRINT MEMBER FORCES FRO)!! OUTPUT riLE .---ELE06050 
EL£06060 
£L£06070 
ELE06080 
£L£06090 
£L806100 
ELE06110 
ELE.015120 
ELEOIS130 
ELE.06140 
ELE06150 
Et.E06l150 
ELE06\70 
ELE06180 
ELE061!il0 
ELE06400 
ELE06210 
£LE06440 
£LE06230 
ELE06240 
ELE062S0 
£LE06:260 

600 COWI'INUE 
BACUPACEC IUNIT) 
READ (IUNIT,· ) ITTP~.t£LNO,IWIUTE,TO.D'l' 
WRITE (6 ,80S) 
I S't' Ep· - URIT E 

810 READ (IUNI'!',915,E!HD-8JO) 
, NODEI, (f'"I'(J) ,J-1.iS).NOOEJ, (~(J'l,.J-7 ,ll) .SP 

READ (IUNIT,81S,END-8JO) 
" NODEI, (M(J) ,J.l,ll) ,NODEJ, (RT(J),J-i ,12) ,FLP 

815 FORJol.AT (16 ,6Gl:i .5/, 
" 16 .6G12.5, lX,GI0. J) 

I STEP· I STSP+IVRIT E 
T-TO+-OT-IS'I'EP 

cec ,",Ooo.MODe I S'I'EP, INC) 

c 

IF (MOD(IST£P,INC).EQ.O) THEN 
WRITE (6,820) IS'1'EP,'r,NOOEI,(M'(J),J-l.iS), 

WRlTE (6,920) 
ENDIF 
GO TO 810 

NODEJ, (M'(J) ,.1-7 ,12) ,SP 
(R'I'(J),J-I,12),FLP 

605 FOR.MAT (I' S'I'ABILITr ELE:MENT fOA.CE5 ••• '. I 
Ii. ST£P TIME NODE',7X,',uIU',lIX,'FJ'.llX,'F'2i'. 
'1lI,'TORSION',10X,''''''',13I,'H2 FLP,SP') 

920 FOA.HA'T (/,II0,IP,GI5.5,OP,IiS,lP,I5G15.6, 
,/251, liS, I5GI5.6,lI,GI0.3) 

920 FOA.HAT ( 251, 'DISP IP,6G15.6, 
,/311, iSGlS.I5,lX,GI0.J) 

6JO RE'I'URN 

900 CONTINUE 
ISS·O 

OE"t'ERJo1INE THE LENGTH OF THE H.ATEA.IA.L DATA 

MAT • RINPUT( I) 
CALL HATtla 

, (0 ,t.5'TTJP ,FALSE ,IREL,FALSE,NA.ME,EESE,EP5E,DUC'T,EXCR, 
FT , F , RT , R , V ,VL ,~ELE"'" LHAT , 
MAT .H.ATTfP,SE,IELNO,DAKAGE) 

ISE·ISE+LELEM 

c----- DOUBLE '!'HE STORAGE, TO ALLOW FOR TEMPOARY VALUES 
ISE·ISS-2 

RETURN 
c 
C.-....... -----·· ••••• DE."!'ERJo1INE THE TOTA.L STRAIN ENERGl 

1000 CONTINUE 
EESE-O 
EPSE-O 

ELE06:270 
ELE06480 
ELE06290 
ELE06)00 
£LE06310 
ELE06320 
ELE06lJO 
ELE06J40 
EL£06JSO 
ELE06J60 
ELE06J10 
EL£06J80 
ELE06390 
ELE06400 
£LE06410 
ELE06~ 20 
ELE064JO 
ELE064 ~O 
EL£06450 
ELE06460 
ELE0600 
ELE06480 
ELE064!il0 
Et.E06500 
Et.E06S10 
ELE06520 
ELE06S30 
ELE06S40 
ELE06S50 
ELE06560 



1010 

I" ENERGl FOR)ru'LATIO~ NJR Et.E12 ELEJoIENT IS NOT AVA1LABLE ~ I 
IF(ELSTIC) THEN 

00 1010 1-L 1:1 
EESE·EESE'" (M'(I)+F(I».(R(I)+R'l'(1»)/2. 

C ENDlf' 

ENGDAT (1) EESE 
ENGOAT(2) • 0 

RE"I'UR.N 
c 
C····-··············- [)UCTILITI ES AND El'CURSIoN RATIOS 

NOT AVAILABLE CURRENTLT C 
1100 RETURN 

C 
C 

C 

c 
c 

PRINT JotAXlMUH ELE:'MENT LO,l"OS 

1200 CONTINUE 
LOAD2-0 
IF (FIRS'T1 ,,",RITE{15,494), COLUMN ( ('0"'0) REPRESENTS THE ooF WHICH' 

, II' HAS ~IMUM VALUE' 
Ii' (FIRST) WRITE (6,-491) MAXIMUM VALUES FOFl ALL STEPS' 

, II' NO'I'EI JoIAXIIofUM VALUES WITH THE OTHER OOF5 FORCES' 
, 1/' ARE PRINT OUT AT THE SAME 'l'IME' 

, 

00 309 1·0,11 
(,OAD2·r·l 
IFe FMAlt(P12"'1+I) .EQ. O. ) GO TO J09 
WRITE (6,492) IELNO,LOAD2,NODEI, (FMAX(I"12+J) ,J.l ,6), 

NODE.J, (f'MAX( I -12+J), J-7, l:l:) 
309 CONTINUE 

RE'l'URN 

C· ..... -·-·-••• -----_._ RESE'!' Et.E:MENT FORCES 
C 

1300 CONTINUE 
C- ____ ZERO MATRICIe:S 

C 

C 

1340 

1]10 

00 1340 1·1,12 
FNAX(I"12-1l)-0 
F (1).0 
FT( I )-0 
R (I )·0 
RT(I )·0 

00 1310 I-l,15E 
SE(I )·0 

SE(i9)·LENGTH 

WRITE (6,1330) IELNO 
1])0 FORMAT C' STABILITT ELE"'ENT ••••••• ELEJoIENT ,.',16, 

" INTERNAL FORCES AND HTSTERESIS MODELS ARE RESET TO ZERO') 
FALSE-. FALSE. 
LSTTTP-O 
CALL MATLI8 
(:2 ,LSTT!P ,FJ\LSE ,IREL,FAL5E,NAJoIE,EESE,EPSE,OUCT,EXCR. 

F"T ,F ,RT ,R ,v ,vt. ,LELEM ,(,MAT , 
MAT ,MATT!P,SE,IELNO,DAJltAGE) 

RE."TURN 

DAMAGE I NOEl 

1400 DAMAGE· O. 

RE'!'URN 

e:t.EO~570 
ELE065BO 
ELE015590 
ELEOI!iI!iOO 
ELEOl!i610 
ELE06620 
ELE06630 
ELE06640 
ELE015650 
ELE0661S0 
ELEOEiEiiO 
ELE06EiBO 
ELt06690 
ELE06iOO 
ELE06110 
ELE06120 
ELE06730 
ELE06HO 
ELE015750 
ELE067150 
ELE015770 
ELE06780 
ELE06190 
ELEOI5BOO 
ELEOlS810 
ELE06B20 
ELE06830 
ELE06840 
ELE06850 
ELE06860 
ELE068iO 
ELE06BBO 
ELE06B90 
ELEO~900 
ELE06910 
ELEO~920 
ELEOI5!iiJO 
ELE015'HO 
£1.£06950 
ELE015960 
ELE0651iO 
ELE06980 
8LE06990 
8LE07000 
ELE070 10 
ELE07020 
ELE070JO 
ELE070-40 
ELE0'70~0 
E.LEOi060 
ELEOiOiO 
ELE070BO 
ELE07090 
E[.&:07100 
ELE07110 
ELEOi 1::;'0 
ELE07130 
ELEOi 140 
ELEOi 150 
ELEOi160 
ELE071iO 
E:LE071BO 
ELEOi190 
ELEOi200 
ELE01210 
ELEC72'20 
ELE072JO 

END ELE07240 
'PROCESS OPT(O) XREr MAP G05T,," ELEOOOI0 C-.... _______ ._. ________ •• ______ ••• ___ •••• ____ ••• ______ •• --.. - ••• ----••••• ELE0002C 

C DEBUG UNIT(B),TRACE,5U8CHIt,INIT,SUBTRACE ELE00030 
C END OEBUG ELE00040 
C--·····--.. ---···. ___ •••• ••• __ •••• __ ••••• •• •••• ___ ····_.-------------.--ELE00050 

SUBROUTINE ELE14 E:LE000150 
'(IOPT ,IUNIT ,NEWIt ,FIRS'!' ,PRINT ELE00010 

NOOi' ,NLOAtl ,MAINOD ,NNODE ,NCOS ELE00060 
10 ,I OOF ,COORD ,COSI NE ,J'l'COS ELE00090 
CONS'!' ,DISPL ,VELOC ,FORCE ,FUB E:LEOOI00 
IREL ,BUG ,IBUG ,ACCEL ,JI{GDATA ELEOOll0 
GRAV ,PGEOM ,ELSTIC ,NAME ,STEPI D e:r.EOO 120 
IELNO ,RINPUT .AXIAL ,ESE ,PSE ELEOOIJO 
INC ,DAMAGE, OOCF-'G E:LEOOHO 
IELTTP ,IELlXlr .ISES ,ISEAl ,ISEA2 ELE0015C 
ISE ,Jl ,J2 ,JJ ,J4 ELEOOl!50 
MATS ,MATA1 ,MATA2 ,BLANIC ,R ELE00170 
RT ,F ,F"!' ,V ,V'T ELE00180 
PItG ,LI(G ,LJoI ,LII{I(G ,A ELE00190 
SS ,SAL ,SA::;' ,T E:)(P 1 ,TEII{P2 ELEOO::;'OO 

'ItGOOF ,L.ENGTH ,FHAX ,SE ,STIFF ELEOO::;'10 
COMMON /RSA/ICOMN,RSAr(12) ELEOO::;'::;'O 
REAL ICOMN ELE:002JO 
REAL L!tP,MQD ELE00240 

ELE00250 
OOUBLE PRECISION SX,Sl'l',S!,Sl'T,SN ELE002150 
t.OGICAL ERR,P'IRST,PRltfT,BUG.FALSE,NEWJt.,ELS'TIC ,AXIAL,BTES'T ELE00270 
CHARACTER· eo NAME ELE00280 
CHARACTER- (-) STEPI D ELE00290 
COUBLE PRECISION SAT, DS't'In( 1500) ELEOOJOO 
or MENSI ON I [XlF (MAXNOD, 15) ,COORD( I4AlI:NOD, ~) ,COSINE ( J, ). NCOS) ELEOOJ 10 
DIMENSION CONST(MAXNOD,6), IO(JoiIAINOD) ,JTCOS(I4AXNOD) E'LEOOJ20 
DIMENSION SAT(J,2-4} ,S'1'IFF(1500) ,I(GDATA(J) ,SAT2(6,24) ELE003JO 
DIMENSION AT( 24,6), A(24, 3) ,S( IS, IS) ,tH( 24) ,.\e(IS, J) ,LMIt:G( 24) ELE00340 
DIMENSION CT( J, J), BS( 3,3) ,1J"X(3) , lIT ( 3), VXB( 3), 'lXT( 3), VZT( Jl,VZB(J) ELE00350 
DIMENSION SEt ISE) ,"'U(15, 3) ,A22{6, 3), ,.\44(6 ,3) ,A33( IS, 3) ELE00360 
DIMENSION rOJ ,R(3),v(3) ,M(3) ,RT(]) ,1I'l'(3) ,P{J) ,AD( 100) ,1o.V( 50) ELE00370 
DIMENSION 01 SPL( NOOF, NLOAD) ,FUBe NooF) ,EFUB (24 ) ,F)I(AJ{ ( 6 ) ELE003eo 
DIMENSION VELOC(NOOF) ELE00390 
DIMENSION FORCECNt'CF,NLOAOl ELE00-400 
DIMENSION RINPUT( 100).WCRI( 1) ,DUCT(3,3) ,E:ItCR(IS,3) E:LE00-41Q 
IO.EAL LENGTH ELE00-420 
DIMENSION MD(25} ELEOOOO 
OATA MDI 1, 2, 4, 7, 11, 115, 22, 29, 37, 46. 56, 6'1, ELEOOHO 

, H, 92,106,121,137,154,172,191,211,232,254,277,J011 ELE0045Q 
C ELE00460 
C - - - - - -- - - -- - - -- - -- -- ---------- ---------- - - - -- - ------ - - -- - - ------------- ELEOO 4 7 0 
C V,I"FlIABLE:SI ELE004BO 
C - - --- - -- - - -- -- -------- - _____________ -------- - --- ---- --- - --- - - -- --------ELEOO 4 9 0 
C __________ G(,OBI\L VARIABLES ELE00500 
C 10M 1, INITIALIZE SEAJoiI COLUMN ELEMENT ELE00510 
C 2, CALCULATE GEO"'ETRIC STIFFNESS ELE00520 

3, mRM STI FFNESS ELE005JO 
• 4, CALCULATE INCREMENTAL FORCES ELE0054Q 
- 5, CALCULATE TOTAL FORCES .'.NO ENERGIES ELEOO~50 

C IUNIT • OUTPUT FILE UN1T ,. FOR PRINTING OUTPUT ELE00560 
C ERR • EIO.R OR fL ... G, IF -'N ERR OR HAS OCCURED. ERR-.TRUE. ELE00570 
C FIRST .. FLAG, FIRST-.TRUE., PRINT HEADERS ELE:00580 
C PRINT FL ... G, PRINT •• TRUE., PRINT DAT.JI ELE00590 
C NooF •• OF GL08AL COF ELE00500 
C NLO,l"D .. ,. OF C.OAD COM8INATIONS ELE001510 
C KA.XNOD - , FlO,,", DIJoIEN5ION OF NODE ARRA! ELEOOIS:lO 
C NNODE .. If Of NODES ELE00530 
C 10 ARRAY OF EXTERNAL NODE NUMBERS ELE00640 
C lOOF' • ARR.A! OF DEGREES OF FREEOOM ELE00650 
C COORD - A.RRA! OF COORDHfATES ELEOOE60 
C COSINE - ARRAY OF' OIRECTION COSINES OF NODES ELE00!510 
C CONS"!' • AFlRA! OF CONSTRAINT TRAN5FOiU'.ATION5 ELE006eo 
C DI5PL • GL.OBAI.. DISP('ACE)o\ENT MATRIX ELE:00690 
C z • IO.EAL GLOBAL STORTAG VECTOR ELE00700 
C NZ • INTEGER GL08Al. STORTAG VECTOR Er.E00710 
C IZMAT - LOC ... TION OF MATERIAL DATA IN GLOBAL STORAGE VECTOR ELE00120 
C NAME ELEMENT Np,JoIE ELE007Ja 
C IELNO - ELEHENT NUHBER ELEOOHO 
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C RINPIJ'I' • INPUT DATA ELE0075Q 
C STIFF' • OUTPUT ELE)o!ENT STIFFNESS (UPPER TRIANGULAR FORJil) ELE00760 
C L~ • OUTPUT LOCAL TO GLOBAL STIFFNESS ",,-PPING MATRIX ELE00770 
C---------- ELEMENT VARIABLES E:LE007BO 
C H.Q.AI ,AJ ,C, BI, BJ, 522,526, S212, SJJ ,535,5311,0 ELE00790 
C - INDIVIDUAL TERJoIS IN THE ELEMENT S'I'IFFNESS (5) MATRIX ELE00800 
C PI(G - INPUT LOAD FOR FORJolING GEOME"l'RIC STIFFNESS MATRIX... ELE00810 
CR· INCRIMENT.\L DISPLACEMENTS ELE00820 
C RT - TO'i'AL DISPLACEMENTS ELEooe30 
C F - INCRIMENTAL FORCES ELE00840 
C FT - TO'['AL FORCES ELE00850 
C LM - LOCAL TO CLOBAL STIFFNESS MAPPING MATRII E:LEOOe60 
C CTS • LOCAL TO CLOBAL RO'I'ATION MATRIX START ELE00870 
C CTE • LOCAL TO ~LOBAL ROTATION MATRIX END ELE008eo 
C BS • LOCAL TO GLOBAL ROT,l.TED ECCENTRICITT/cONSTRAINT ~TRU S'l'ARTELEooe90 
C BE LOCAL TO GLOBAL ROTATED ECC£NTRICITT/CONSTRAlt'fT MATRIX END ELE00900 
C 51'1 FF ELE:HENT S'J."I FFNESS ELE00910 
C I ELTIP • ELE"'ENT T1PE ... 10 ELE00920 
C NODEI • El{TERNAL JOINT NUIo1BER, END I E:LE009JO 
C NODEJ • EXTERNAL JOINT NU)o!BER, END J ELE009-40 
C JOINTI • INTERNAL JOINT NUIo1BER, ENe I ELE00950 
C JOINTJ • IN"I'ERNU JOINT NUMBER, END J EL£001iH50 
C-~-------- TEMPROAR! V,l.RIABLES £LE00970 
C VX • VECTOR DEF'INING THE ELEMENT X AXIS ELE009BO 
C VI • VEcTOR DEFINING THE ELEMENT TAXIS EL£00990 
C C06LOC • LOCAL COSINE MATRIX £LEO 1000 
C ,I" - GLOBAL TO t.DCAL FaPU:E TRANSFORJilATION MATRIX ELEOI010 
C S - ELEMENT S't'IFFNESS AT LOCAL COORD, ,l.T ENDS OF FLEX ABLE PART ELEOI020 
C SAT • PRODUCT OF S'"A' ELE:OI0]O 
C ABAT - PRODUCT OF A'"SAT ELEOI040 
C--- - --- --- - - - - -------------- ---- - - - - - - - - ---- ----------- --------- -- - - - - - ELE010 50 
C EL.E01060 
C EL£01070 
C------- CHOOSE: OPTION EL£OlOBO 

IF (IOM.LT.l .0R.IOP't'.GT.14) ELE01090 
, WRITE (IS,-) 'INVALID OPTION IN ELE-14, IOPT-',IOP'l' ELEOllOO 

GO TO (100,200,300, -400, 500 ,1500, iOO ,eoo, 900,1000,1100,1200, 
, UOO,1400l,IOPT 

100 CONTINUE 
c 
C----- INT£RPER't'ATE INPU'!' 

IELTTP· 1-4 

c 

HATS - RINPUT C 1) 
MAT,l.l - RINPUT( 2) 
AATA2 • RINPUT( J) 
NODE1 .. RINPUT( 4) 
NODE2 • RINPUT( S) 
NODEJ • RINPU'l'( 6) 
NODE-4 • RINPU'l'( '7) 
ALPIN. FlINPUT( B} 
PItG RINPU1' ( 9) 

C----- GE't' INTERNAL NODE' ",SSOCIATE:D WITH 
.B-1 QUI CIt{ NODE 1 , 10, NNODE) 
.12-1 QUI Cit C NODE2 ,I D, NNOOE) 
JJ·IQUICJI: (NODE3 ,I D, NNODE) 
J'-IQUICJI:( NODE4 ,10, NNODt) 

c 

EXTERNAL NODE .'S 

C------------------------------------------------------------------
C GET GLOBAL TO LOCAL TRANSFOFlXlr.TION """TRU 
C -- -- --- - --- ---- -------------- ------- --- - - - --- - ----- - ----- - -- -- ----
C----- DEFINE V&CTOR X. AT &oTTOH OF THE !tALL 

VXB( 1 ).COORD( J-4. l)-COORD( J3, 1) 
IJ'IB( 2 ).CooRD( J4, 2) -COO~D(JJ, 2) 
VXS{ J) .COORD( J-4, J}-COORD(J3 ,3) 

c 
C----- DEFINE VECTOR I, AT TOP OF THE WALL 

Vl'T C 1 )·COQRD( Jl, 1) -COORD(J2 ,1) 
VXT (:l:) .CooRD( Jl , 2) -CooRO( J2, 2) 
VXT( J ).CooRD( Jl, 3) -COORD( J2, J) 

c 
C----- CALCULATE T VECTOR ••• 

c 

VI (11- (CooRO(J!, 1) +COORO( J2, l)-COORD( JJ. 1) -CooRD( J4, 1» 12. 
VI( 2}- (COORD(J1,:l: )+COORD( J2, 2)-COORD( JJ, 2)-COORD( J4,:l:) 12. 
VI (J )-(CooRD(Jl,3 ).-.cOORD( J2, J)-CooRD( JJ, J) -COORO(J4 ,3» /2. 

C----- CALCULATE ",VERAGE LENGTH,ALPHA AND BE."TA ••• 
(,OIGTk·SQR'T( VI( 1) "'2+VT (2)· ·::;'+IIT (3)"2) 

c 

5£( I 6[;5+ 77 ) -LENGTH 
IF {LENGTH.LE.O} THEN 

WRITE(IS,101) LELHO,LENGTH 
101 FORJ(AT(1X,20( '"').'ER','ROA - LENGTH IS LE 0' ,I 

, 51:, 'IELNO-' ,15,51,51:. 'LENGTH' ,lP,G 15 .61 
, 5I,,'REVISE INPUT ••••••••••••••••••••••••••••• ' I) 

LENGTH·l.0 
ENDlF 

ALPHA-ALP! N-LENGTH 
BE:'TA • LENGTH-ALPHA 

C----- NORMALI ZE T VECTOR 
Vl( 1)-VT( I} /LENGTH 
'IT (2 )-VT (2) {LENGTH 
lIT (3)·1IT( J) ILENGTH 

c 
C----- CALCULATE THE WIDTH 

cALL VCROS5( VZT, VXT, VT) 
cALL VCROS5(VZB,VXB.VT) 

c 

""' • SQR'I'{VZT(1l'""2 + VZT(2) .... ::;'O + VZ,T(J)":l:) 
WB· SQRT(VZB(1)U2 + \/ZB(2)"2 + VZB(3)"·::;') 
~ • (,,",+""B) 1:1.0 

C----- NORMALI:liE Z VEC'l'OR 
VZB(l)·VZBCl)/W 
VZB(21-VZB(2)/W 
VZB(J)-VZB(])/W 
SE( ISES+7e)-W 

c 
C----- CHECIt FO~ TIof1ST 

TWI ST-ACOS( YCOS (VZT, VZB) ) -S 7 • 29~ 8 
IF (ABS(TWIST).GT. 5.0) WRITE (6,10:l:) TWIST 

102 FORJ(A"!'(51,10('"'),' WARN1NG THE WALL IS TWIS'TEC-',lP,G12.4. 
, 'DEGREES, REVISE LNPUT AND RERUN') 

c 
C----- CALCULATE IJ'I, AND NORMALIZE 

CALL VCROSS(V'l(,Vl,VZS) 

c 

WX-SQRT(VXC 1 )··2+'IX( 2)"-2+VX( J). "2) 
IJ'X( l)-VX( 1) 1'rfI. 
vx(2)·VX(2)/WI. 
IJ'X(J)-V".C(l)/WX 

C----~ CHECIt FOR TWIST 

c 

IF ( B'T EST ( IBUG,1) ) THEN 
"RITE (6,·) 'JOINTS' ,Jl ,J2,J3,J4 
WRITE (6,.) , VX' ,VI 
WRITE (5,·) 'IT',V! 
WRITE (6,-) VZ',VZB 
WRITE (6,-) 'LENGTH,ALPHA,BETA',LENGTH,ALPHA,8E"I'A 

EHDIF 

C----- GET LOCAL TO GLOBAL TRANSFORJilATION MATRICIE5 
C--- JOINT U 

CALL RO't'J'lZ(VX,VT ,COSINE( 1, l.J"'!'COS(Jl»,CT. 

00 21 t-l,] 
00 21 J-l,] 

O. ,0. ,0.,85, CONST(Jl.l) ,MAXNOD) 

.JIll ( I ,J)·CT(I,J) 
21 Al1(I+3.Jl-BS(I,J) 

C--- JOIN'"!' .:l: 
CALL RO'I'XJZ( VX, V1 ,COSINE( I, 1, J"I'COS( J2») ,CT, 

ELE01110 
E('E01120 
£LEOI1JO 
ELE0114 0 
ELE01l50 
ELEOll1S0 
ELEOl170 
EL£011BO 
EL£01190 
ELEO 1 :l:00 
ELEO 1210 
ELf;01220 
ELE012JO 
ELE01240 
ELE:01250 
ELE012!S0 
ELE:01210 
ELEOl:;!BO 
ELEO 1290 
ELEOLJOO 
ELEOlJIO 
EL"EOIJ20 
ELEOIJJO 
ELEOLJ40 
ELEOl]50 
ELE01J60 
£LE01J70 
ELE013BO 
ELE01390 
ELE01400 
ELE01410 
ELE01420 
ELE01430 
ELEOIUO 
ELE01450 
ELE014150 
ELE01470 
ELE014eO 
ELE01490 
ELEOl500 
ELE01510 
ELE01520 
ELE01530 
ELE015-40 
ELE01550 
ELE01560 
ELE015iO 
ELE015eo 
ELE01590 
£LE01600 
ELE01610 
ELE0ll520 
ELE016JO 
ELE01640 
ELE01650 
ELE016EO 
ELE016iO 
ELEOI580 
ELE01690 
ELEOliOO 
ELB01110 
EL£01720 
ELEOl1 JO 
Et.E01740 
ELE01750 
ELE01760 
EL£01710 
ELE01780 
ELEOIHO 
EL.E01800 
ELEOIB 10 
ELEOIB:ICl 
ELE01B30 
E1..EO IB40 
ELEOIB50 
ELEOleEiO 
ELEOle70 
ELEOleBO 
ELE01B90 
E1..E01900 
E1..EOl5110 
ELE01920 
ELE01930 
ELE01940 
E1..E01950 
E1..E01950 
ELE019iO 
ELE019BO 
ELE01990 
E['£02000 
£1.£02010 
ELE02020 
ELE020]O 
ELE02040 
ELE02050 
ELE0201S0 
£LE02070 
ELE02080 
ELE02090 
EL.EO:l:IOO 
ELE04110 
ELE02120 
ELEO:l:IJO 
ELE02140 
ELE02150 
ELE021EiO 



00 22 1-1,] 
00 22 J-1,] 

O. ,0. ,0. ,B5, 

~2:2( I ,J)-CT(I,.J) 
22 A22(I+],J)-S5(1,,]) 

JOIN1' .] 

COt-l5'l'{J:il, 1), I'tAJIt-IOD) 

CALL RO'I'l'U{V'J., VI ,COSINE( 1. 1. .J'l'COS{J3)) ,CT, 

DO 23 1-1,] 
00 23 J-1, J 

O. ,0. ,0. ,85, CONS'I'(JJ, 1) ,totAJ.NOO) 

Al3(I ,J)-CT(I,J) 
2] A3J(I.J,J)-SS(t,J) 

C--- JOINT H 

" 

c 

CALL ROTXl'li(VX,Vl.COSINE( 1.l.J't'cOS(J4» ,CT, 
O. ,0. ,0 •• BS, CONS't' (J4 • 1 ) ,MAXNOD) 

00 :24 I-L3 
00 24 J-l,J 

A4~(I ,J)-CT(I,J) 
A4 (( I+J. J)"BS( I, J) 

IF ( BTEST(IBUG,') ) THEN 

ENOl ~ 

'lliRITE (6,*) 'JOINT n, J1',Jl 
CALLWMATRJ:<A11 ,6, 3,'A11 'J 
'lliRITE (6,-) 'JOINT '2, J2',J2 
C-'LL WMATRl:(A,2:i1 ,E, J, '''22 ') 
'lliIHTE (6.*) 'JOINT 13, Jl' ,J] 
CALL WMATRX(A]J ,15, ],'A]J ' 
WRITE (E,*) 'JOINT'4, J4',J4 
CALL WMATIU(M4 IS, 3, '0'.44 ') 

C----- ZERO HATRICIES 

" 
2. 
" 

00 25 1-1,] 
FMA.J.(I ). 
n'l.AJi:(!-I-]) .. 
F (I)·C 
F'l'O )-0 
R {I)-O 
RT( I )-0 
V (I )-0 
V'I'{I)-O 

00 21 1-1,24 
I.'" (I )-0 
LMItG(! )-0 
00 2E J-l,] 

A( t ,J)·O.OO 
00 :27 1t-1,6 

AT(I,It)-O.OO 

ELEO::/ 170 
ELEO:l:IBO 
ELEOJ190 
ELEO:l:200 
ELE02:;/10 
ELE022:;/0 
ELE02230 
ELE02240 
ELE02250 
ELE02260 
ELEC::Z:il10 
ELEO::Z:280 
EL£02290 
£LEO:2JOO 
ELE02J10 
ELEO:2J:20 
ELE02J30 
ELE02340 
ELEO:ilJ50 
ELE023EO 
ELE02370 
ELE02J80 
ELE02390 
ELE02400 
ELE02410 
ELE02420 
ELEO::/430 
ELEO::/440 
ELEOH50 
ELEO::/4I!i0 
ELEO:il470 
ELEO:;/480 
ELEO:;/490 
ELEO:il500 
ELE02510 
ELE025:i10 
ELE02530 
ELEO:il540 
ELE02S50 
ELE02SEO 
ELE02S70 
ELE02S80 
ELE02590 
ELE02EOO 
ELE02610 
ELE02620 
ELE02630 
ELE02E40 
ELE:02E!:.0 

C----- ASSEMBLE TRANSFORMATIOt-l MATRIX A - AS :II: A4 :II: 1.3 ELE02!5!S0 

c 

t-IOTE: AT IS OIMJolENSIONED AS A 24XE !-(ATRII. BUT ONLY THE FIRST IELOOF ELE021570 

.. 
19 

10 

ROW'S CONTAIN It-IFORMA.'I'ION. THE BALANCE OF THE MATRIX IS ELE02680 
UNOEnNEO. THE GLOBAL OOF COORESPONDlt-IG TO THE ROW'S OF A ELE0::z690 
ARE STORED IN VECTOR LH. AGAIN. ONLi THE FIRST IELOOF ROW'S ELE02700 
OF LM ARE OErINEO. ELE02710 

IELOOF-O ELEO:l7:l0 
00 50 1-1,4 ELE027l0 
00 SO J-1,E ELEO:ilHO 

REMOVE COF'S THAT ARE CONSTRAINED TO THE S.a..HE ooF, •• 
n' ( (looF(Jl,J).EQ.IOOF(J4,J») .OR. 

(IOOF(Jl,J).EQ.IooF(JJ,J)) .OR. 
(IOOF(J2,J).EQ.IDOF{J4,J» .OR. 
(IOOF(J2,J).EQ.IOOF(J3,J») ) GO 1'0 SO 

I ELOOF- I ELOOF+ 1 
IF (I.EQ.l) THEN 

LI4'I'I·IooF(Jl,J") 
AT (IELooF, 1 )-1.11 (J, 1) 
AT{ I ELOOF,:2 )-All (J, 2) 

ELSE IF (I.EQ.2) THEN 
Lt-fTI-IOOF(J"2.J"l_ 
AT (I ELOOF, J)-A2C!( J, '2) 

ELSE IF (LEQ.3) THEN 
LMTI-lOOF(J"3,J) 
AT (1 ELooF, 4 )-All (J, 2) 

ELSE IF (I.EQ.4) THEN 
LMTI-IIXIF(J4,J) 
AT ( I ELIXIF, 5 )· ... 4 4 ( J, 1 ) 
AT( I E:LIXIF. 15)·"'44 ( J, 2) 

E:NDI f 

LM( IE:LCClF)·LI4'I'I 
I~( (1.1'( IELDOF,I) .EQ.O) .AND. (AT(IELOOF,:l) .EQ.O) .AND. 

(AT (I ELOOF,]). EO.O) .AND. (AT (IELOOF, 4).~. 0) • AND. 
(AT (I ELOOF, 5). EO.O). AND. (AT( IELOOF, E) .EQ. 0)) THEN 
IELDOF·IELOOF-1 

ELSE IF (IELOOF.GT.l) THEN 
00 49 II-l,IELDOF-l 

IF (LJoII(ll).EQ.LM(IELDOF)) THEN 
DO 48 J"J"-1,6 

AT [II ,JJ )·AT (II. JJ) +AT (I ELOOF, JJ) 
AT(IELOOF,JJ)-O 

t ELDOF-l ELOOF-l 
GO TO 50 

ENDlF 
CONTINUE 

ENDIF 

CONTINUE 

c------ A2Al FOR STI ~FNESS ONLY.,. 

ELE0:27S0 
EL£0:il.160 
ELE0:2170 
ELE02180 
£LE02790 
ELE02800 
ELE02810 
ELE02820 
ELE028JO 
ELE02840 
ELE02650 
ELE02860 
ELE02670 
£LE02660 
£LE026S10 
£LE02900 
£LE02910 
ELE02!il20 
ELE02!i130 
EL£02!i140 
ELE02950 
ELE029!iO 
ELE02970 
ELE02geO 
£LE02990 
ELE03000 
ELEOJOIO 
ELE030JO 
ELE030JO 
ELE03040 
ELEOJOSO 
£LE030EO 
ELEOJ070 
ELE03080 
ELE03090 
ELEOJIOO 
ELEOJ110 
EI.EOJl20 
ELEOJl]O 
ELECJ140 
ELEOJl50 
ELEOlllSO 
ELEOl170 
ELE031BO 
ELEOl190 
ELE0J200 
ELEOJ:illO 
ELEO]:il:;/O 
ELEOJ:il.JO 
ELE03240 
ELE03250 
E:LEOJ:21S0 
ELEOJ210 
ELE0J260 
ELEC)290 
ELEOJ300 
ELEOJJIO 
E:LEOJ320 
ELE03330 
ELE03340 
ELE0335C 
ELEOJ3!SC 
ELE03l70 
ELEO]J80 
ELE03390 
ELE03400 
EL£03410 
ELEOJ420 
ELEO]4]O 
ELEOJ~ 40 
ELEOJ4S0 
E:LEOJ460 
ELE03410 
ELE034eO 
E:LE034.90 
EI.EOBOO 
ELEC3510 
ELE03S20 
ELE035l0 
ELE03540 
ELE0355C 
ELEOJ'5!SO 
ELEOJ570 
ELEO]590 

c 
c 

55 

AC( 1.11- l. 
AC( 2,1)- ALPHA/W" 
ACe l,l)· -A,L»H ... /W 
AC(", 1)- -BE:TA IW" 
AC(5,l)- -1-
... c (6,1)- BE:TA Iw 
"'C( 1 ,2)- O. 
AC(2 ,2)· 1. 
AC(] ,2)" O. 
AC( 4 ,:2). o. 
AC( 5,:2)· o. 
Ae(IS,2)· -1. 
AC( I, J)- O. 
AC(2, J)- O. 
ACeJ,J)- 1. 
AC(4, )). O. 
AC( 5. J)- O. 
AC(6, l)- O. 

00 55 1-l,IELooF 
00 55 J a l,3 

A( 1. J)"O. 
00 55 K-l,6 

A( I, J )"'1.(1 ,J).;.AT(I, 1t)*AC(It,J) 

IF ( BTES1'(IBUG,7) ) THEN 
CALL 'rrMTRX2( AT .IELOOF,6,' AT 
CALL ~TRX( AC ,E,J,' AC ') 
CALL WMTRX2( A ,IELOOF,J.' A 

ENDIF 

C----- GE:T SPRING STIFFNESS 
FALSE-. FALSE, 
LSTTY P-O 
CALL MATLI e 

',:24) 

',24) 

, (:2 ,LSTTTP ,FALSE ,IREL,FALSE,NAJoIIE, 
8SES, "SES, DUCT( 1,1), EXCR( 1, 1), 

r'T ,F , RT ,R ,0. , O. 
• !-(ATT! P, 5E (I SES) ,I ELNO, O,\/IIIAGE) 

,LELEM ,I.MA1' , 

31 

c 

CALL )(ATLIB 
(2 ,I.S'TTTP ,FALSE .IREL,FALSE,NAME, 

ESEAl ,PSEAI, DlICT( I, 2l,EXCR( 1 ,:iI), 
F'f' ,F ,RT ,R ,0. ,0. 
)uTAl , M.ATTTP, SE( I SeJAl). IELND, DAMAGE) 

CALL MATLIB 
(2 ,LSTTTP ,FALSE ,IREL,FALSE,NAME, 

ESEA2 ,PSEA2, DUCT (1. J), EXCR( 1.3). 
~ ,F ,RT ,R ,0. ,0. 
MATA2,)(ATT'!P,SE(ISEA2).IELNO,DAJ(AGE) 

C TO CHECII: ItItL,CYCLE,C01.C02,C05 
C 

c 

ESE·O. 
PSE-O. 

C------- SET UP THE LOCAL S1'If'FNE.SS MA1'RIX 
55- SEC ISES) 
5'-'1- SE( ISEAl) 
51..2- 5E(ISEA:2) 
IF ( BTEST(IBUG,1) ) THEN 

WRITE (6,1) 'SHEAR STIFFNESS ItS·' ,55 
WRnE (E,") 'AXIAL STIFFNESS 1tA-' ,5"'1 

ENDIF 
c 
C----- CAI.CULATE SAT 

SALl- SAl/ (LENGTH*2) 
SAL2- SA:l/ (LENGTH· 2) 
SSL-SS 

c 

00 60 J-1. IE1DOF 
SAT( I, J)-SSL*I\.( J, 1) 
SAT [2, J) .. SALl .... ( J, 2l 

60 SAT(J,':J)-SAL2.I\.(J,]} 

,LELEM ,LHAT , 

,LELEJ14 ,L~T , 

ELEOJS90 
E:L80J600 
ELEOJ610 
ELE031S40 
El.EOJ630 
ELEOJ640 
ELEOJE50 
ELEOJEISO 
ELEO]!!i7C 
ELE03!S8C 
ELEOJIS90 
ELEOJ700 
El.E03710 
ELE03720 
ELE037JO 
ELEOlHO 
ELEOJ750 
ELE03160 
ELEC3110 
ELEOJ790 
£:LEO)190 
ELEOJ800 
ELEOJ610 
ELEOl62C 
ELEO]9l0 
ELEOl840 
ELE03850 
ELEOJB60 
ELEOJ810 
ELE03890 
ELEOJ890 
ELE03900 
ELECJ910 

C----- CALCULATE I\.SAT AND CONVERT TO HALF STORAGE MODE B'! COLUMNS 
ELEOJ920 
ELE039JO 
ELE03940 C 

'0 

1 J 
2 

L-O 

lO 15 
, 14 
• 13 
, 12 

11 

00 10 J-l, IELDOF 
00 70 I-J, 1,-1 
L-L .. I 
DSTIFF(L)·O 
00 10 It·l,3 

2129 
2021 
151 21S 
1825 
1724 
lIS 2] 

22 

lIS 0 55 66 18 
35 H 54 E5 7i 
]4 4J 5l 64 76 
334252 EJ 15 
J2 41 5l E2 H 
31 4C 50 lSI 13 
]039 4!iI!iC 72 
293848551 71 

J7 47 58 70 
4657551 

SIS 1S8 ., 

DSTI FFeL)-DS'!'IFf( I.) +A( I ,II:)"SAT( It. J) 
00 '1 J·l,L 

51'1 FF (J") -DST I FF (J) 

300. NUMBER INDICATES ELE03950 
LOCATION OF DATA ELE0J960 
IN ARRAY STIFF ELEOJ970 

ELE03980 
ELE03990 
ELE04000 
ELE04010 
ELE040:20 
ELE040JO 
ELE04040 
ELE04050 
8L8040EC 
ELE04070 
ELE04080 
ELEC4090 
ELE04100 
ELE04110 
ELE041:l.0 
ELE041JO 
ELE04140 
ELE04150 
ELE04160 
ELE04170 
ELE041aO 
ELE04190 

IF ( BTE5T(IBUG,7) ) THEN ELE04200 
WRITE (E,·) 'IELOOF',IELOOF, 'LM -',(LM(I),I-l,IELooF) ELEC4HO 
CALL LMATRX(STI FF,I'!D, IELooF, (L+l), 'WALL BTl FFNESS' ) ELEC4220 

ENOIF ELEC42]C 
C ELE04:l.40 C------_______ ------------------_______ --------------------- .. ------ ELEO 4:l 5 0 
C ASSEJoilBLE GEOJoIIE'TRIC STIFFNESS NATRII FOR ... UNIT LOAD... ELE04:l!SC 
C- - -------- - - - - ------- -- ------------ - - ---- --- -- -- ----- -- - - - - ---- - - - ELEO 4:l7 0 

LItG.I.+l ELE0428C 
IF ( PItG.EQ.O .AND. ItGCATA{I).NE.2 ) GO TO 160 ELE042!i1C 
IF (ItGDATA(I).EQ.O .OR. ItGCATA(:2).EQ.O ) GO TO 190 ELE04]CC 
AXIAL- .TRUE. ELE04l10 

c ELE04320 c---------- DE'I'E:RMINE THE AXIAL LOAD TO BE USED FOR ItG... ELE04330 
IF (ItGDATA(l).EQ.l) THEN ELE04l40 

PGEOI'! - PItG ELE04350 
ELSE IF (ItGO"'TA(I).EQ.2) THEN ELE0431S0 

PGEOM. • -F(2) ELE04370 
ENDIF ELE04380 

C EL£04]90 
C----- ASSEJoilBLE TRANSFORMATION MATRII A ELE04400 
C NOTE, AT IS DHOIENSIONED AS A 12XIS MATRIX, BUT ONLT THE FIRST IELOOF ELE04410 
C ROW'S CDN'I'AIN INFORMATION. THE BALANcE OF THE MATRIX IS ELE04420 
C UNDEFINED. THE GLOBAL OOF COORES~NDING TO THE ROW'S OF A ELE044JO 
C ARE STORED IN VECTOR LJoI. AGAIN. ONtT THE FIRST tELooF ROtil'S EL£04440 
C OF LM ARE DEFINED. EL£04 4 50 

140 

1" 

141 

DO 140 1-1.:24 ELE04460 
00 140 JIt-l,6 EL£04470 

AT(I,It)-O.OO ELE04480 
ItGDOF-O ELE04490 
00 145 1-1.4 ELEC4S00 
00 145 J-1.6 ELE04S10 

JltGIXIF ·ItGooF +1 
If (I.EQ.l) THEN 

LH'I'I-rOOF(J1.J) 
AT( ItGOOF,l)·A11(J,I) 
AT( ItGOOF, 2 )-All (J, J) 

ELSE IF (1.EQ.2) THEN 
LH'I'I-IIXIF(J2, J) 
AT (JitGOOF, J) ·A22( J. J) 

ELSE IF (I.EQ.]) THE:N 
LMTI"IOOF( J3, J) 
AT (ItGOOF, 4 )-AlJ (J, 3) 

ELSE IF (I.EQ.4) THEN 
LJoIITI.lDOF(J4, J) 
AT(JltGOOF, 5 )-AU(J ,I) 
AT( ItGOOF,IS )"AU (J, 3) 

END1F 
LMII:G ( ItGOOF)· LI4'I'! 
IF( (AT( ItGOOF, 1) .EO.O) .AlIID. (AT( ItGOOF, 2). EQ.O) .ANO. 

(AT( ItGOOF,J) .EO.O) .AND. (AT( I(GooF, 4). EQ.O) .AND. 
(AT( JltGIXlF, 5). EQ.O). AND. (AT{ I(GOOF,!i). EQ. 0») TliEN 
ItGDOF-ItGOOF-1 

ELSE IF (JitGOOF.GT.1) THEN 
00 1451 II -I. ItGOOF-l 

IF (LMItG(II).EQ.LJoIIJ:GeItGOOF)) THEN 
00 149 JJ-1.6 

AT (I I, JJ)-AT( 1 r, J"J) .AT (ItGOOF, JJ") 
AT(ItGOO~,JJJ-O 

JC:GooF-ItG OOF-1 
GO 1'0 145 

ENDIF' 
CONTINUE 

ENDIF 

CONTINUE 

o.E04520 
ELE045JO 
ELE04540 
ELE04S50 
ELE04S60 
ELE04510 
ELEC4S60 
ELEC4S9C 
ELE041S0C 
ELE041S10 
ELE041S20 
ELE041SJO 
ELE041S40 
ELE041S50 
ELE046EO 
ELE04670 
ELE041S60 
ELE04690 
EL£04700 
ELE04110 
ELE041:20 
ELE047 JO 
ELE04140 
ELE04150 
ELE047150 
ELE04770 
ELE04780 
ELE04790 

C----- LOCAL GEOMSTRIC STIf'FNESS MATRIX 
DO ISO 12-1.12 

ELE04BOO 
ELE04810 
ELE04820 
ELE04930 
ELE04840 
ELE04850 
ELE048EO 
ELE04870 
ELE048aO 
ELE04890 
ELE04900 
ELE04910 
ELE04920 
EL8049l0 
ELE04940 
ELE049S0 
ELE049EC 
ELEC497C 
ELE04960 
ELE0499C 
EI.E05CCO 

00 150 JI-1.12 
ISO S(12,Jl)-0.0 

S(l,l)- 1.0/LENGTH 
6(2,2)- C.5/LENGTH 
5(3,3)- C.5/LENGTH 
S(4,4)- C.S/LENGTH 
6(5,5)- 1.0/LENGTH 
5(6,6)- C.5/LENGTH 
S(1,5)· -1.0/LENGTH 
6(2,6)· -0.5/LENGTH 
S(J,4)- -O.5/LENGTH 



c 

5(5,1)· -l.O/LENGTH 
5(6.2)· -O.5/LENGTH 
S(4,l)· -O.5/Lt:NGTH 

C----- CALCULATE SAT 

,60 
c 

00 160 1-1,6 
00 160 J.1.~GOOF 
SAT::2(I • .1)·O 
00 160 It-l.6 

SAT::2 (I. J) -SAT2( 1, .1) +S( I,~) *AT( J.lI:) 

C----- CALCULATE ASAT AND CONVERT TO HALF STORAGE MODE 

110 
c 

00 1,0 J"l,~GOOf 
DO 110 r-J, 1,-1 
L"'L .. 1 
STIFF(L)-O 
00 1,0 11:"1.6 

STT FF( L)"STIFf( L} +AT( I,ll:) *SAT'2( 11:. J) 

C----- ?FOIINT GEOME't'RIC STIFF DATA FOR DEB UGGING 
IF ( BTEsT(IBUC.') ) THEN -

CALL WMTRX2 (AT • ~GOOF. 6.' AT '.24) 
CALL WMATRX( 5 ,6.6.' ~G-S ') 
CALL WMATRX(SAT4' .6.!CGOOF.·SAT2 ') 

BY COLUMNS 

WRITE [6.·) '~GOOF',~GOOF.·LM~G ·'.(LMXG(I),I-l,ItGOOF) 

c 

CALL Lr-tATRX(STIFF(LII:G) .MO.ltGOOF.JOO. 'WALL GEOME1'RIC S'I'If'F,') 
ENDIF 

C----- RELEASE UNUSED STORAGE 
IBO lREL-600-L 

PRINT COLUMN DATA 
IF (FIRST .OR. BTEST(IBUG.I) .OR. BTEST(IBUG,8) ) 

" WRITE (6,l9J) sE(lsEs+O) 
191 WRITE(6,19J) NM4E,IELNO.""ATS.MATAl.MATA2. 

" ID[Jl) .ID(JJ) .IO(.1J) .10(.14). 
" L.£NGTH,W.ALPIN.PltG 

19J F'ORMATU' ELEIoIENT 14. RIC SHEAR WALL ELEMENT( , 
" 'SHEAR SPAN LE!oIGTH RATIO· ·.G12 .... ')'1/ '1'1'1. 

ELE05010 
ELE05020 
ELE050JO 
ELE05040 
ELE05050 
ELE05060 
ELE05070 
ELE050BO 
ELE05090 
ELE05100 
ELE05110 
ELE05120 
ELE051JO 
ELE:05140 
ELE05150 
E:LE05160 
ELE05170 
ELE05lBO 
E:LE05190 
E:LE05200 
ELE052l0 
ELEOS220 
ELE:052)0 
ELEOS240 
ELE:OS250 
E:LE05260 
ELEOS270 
ELEOS280 
ELE05290 
ELE05JOO 
£:L£:05J10 
ELEOSJ20 
E:LEOSJJO 
ELEOSJ40 
ELE05J50 
ELE05J60 
ELE05JiO 
ELE05JBO 
ELE05J90 
ELE05400 

• ELEM',' SHEAR',' AXIAL1'.' AXIAL2',' JOINT',' JOINT' ELEOS410 
JOINT',' JOINT'.' LENGTH • WIOTH 

ALPHA • PItG ' I • T 1 J • 
•••• J.t}.TL·.· MATL·.· I'tATL',' 

jJ',' .4 'I) *1',' '2', 

ELE0544'O 
ELE054JO 
ELE05HO 
ELEO').f50 
ELE05460 

19J FOR1(AT(lX.AIB.BI6,2J.lP.4G12.4) ELE05470 
IOPT·IOPT ELE054BO 
RE:'I'URN ELE05490 

C········· .. ••••••••• .... • .... • DE't'ERMINE GEOME't'RIC STIFF •• .. ················ELE05500 
200 COt-lTINUE ELE05510 

c- I!\:G IS OE:TERMIN£D FOR A UNIT LOAO WITH 10PT·l, ELE05520 
C- THE ACTUAL ["OAD (PGEOM) IS DE't'ERMINED HERE. ELE055JO 
c- ~G 15 MULTIPLIED BY PGEOM WHEN THE TOTAL STIFFNESS IS ASSEMBLED ELE05540 
C- NEG ... TIVE PGEOM IS COMPRESSION.... ELE05550 
C ELE05560 

A..IrllU.·,TRUE. ELE05570 
C---------- DE'!'ERMINE THE AXIAL LOAD TO BE USED FOR ~G... E:LE055BO 

If O:.GDATA(l).EQ.l) THEN ELE05590 
PGEOH" P~G E:LE05600 

ELSE IF (I!\:GD"'TA(1).E:Q.2) THEN ELE05610 
PGEO!"! • -F(2) E:LE056JO 

ENDIF 
IF (BTEST(IBUG,,7») WRITE (6,·) 'AXIAL ',AXIAL,' PGE0J04l',PGEOM 

ELE056JO 
E:LE05640 
ELE05650 
ELEOS660 

C E:LE05670 

C··· .. ••••••••••••••••••••• DE:TEPJ4I!oIE STIFf'NESS ••••••••• .. ···············ELE05680 

c 

)00 CONTINUE 
55-55 
5101-5 ... 1 
SA2"SA:iI 
IF (BTEST(IBUG,1)) W'RI'l'E (6,40J) IELNO,SS,SAl,Si'.:2 
IF (BTEST(IBUG.7) WRITE (15.402) IELNO,5E{ISES),SE(lSEA1) 

" ,SE(ISEA2) 

C------ 55. 5i'.1, SA::2 CONTAIN THE S'I'IFFNESSES, WHICH WERE D~ERMINED IN 
THE LAST CALL TO MA TLIB 

c 

IF SS·SE(ISES) AND SAl-SE(ISEi'.I) AND S":2-SE(ISE:"'2) 
THEN THE STIFFNESS HAS NOT CHANGED, RE"I'URN 

IF (55, EQ. 5E( ISES). AND. SAl. EQ.SE( ISEAl) 
" .AND.SA2.E:Q.5E(I6EA2)) RE.'"l'URN 

C------- SE'T UP THE LOCAL STIFFNESS MATRIX 
SS· SE( ISES) 
SAl .. SEt ISEAl) 
SA2- SE(ISEA2) 
IF (BTEST( IBUG, 7) WRITE (6, 40:il) I E[.NO , SS, SAl, 5 ... :2 
Si'.L1- SE(lSEAl)/(LENGTH.2) 
S1U.2" SE(ISE:A:2)/{LENGTH·2) 
SSL" SE( lSES) 

c 
C---·- CALCUL"'TE 5 ... '1' 

c 

00 J60 .1-1. I ELOOF 
S ... 'I'(l •• Jj·SSL· ... (J.l) 
SAT(;Z, .1).SAL1-i'.( J,:;;) 

360 SAT(J,J)-SAL2-i'.(J,J) 

C----- CALCUL ... TE i'.SAT, STORE IN UPPER TRIANGULAR MATRIX 
L-O 

310 

311 

00 370 J-l,IE:"LCOF 
00 J10 I·J,l.-l 
L-L+1 
051'1 FF(L)·O 
00 )70 ~"1, J 

DS'l'I PP( L )·DS"rIFF(L) +A( I • 11::). SA'!' ( It, J) 
00 )71 J·l,L 

STI FP( J)·DSTIPP( J) 

U' ( BTES'l'(IBUG,7) ) THEN 
WRITE: (15,·) 'IELOOP', IELCOF, 'LJoI -', (L"'( 1),1-1. IELOOn 
CALL t.MA1'RX (STIFP .MD. IELOOF, (L+l) •. WALL STIFfNESS') 

ENOlf 

ELE05690 
ELE05'100 
ErLE05'110 
ELE05120 
ELE05130 
ELEOSHO 
ELE05'1S0 
ELE05'160 
ELEOS110 
ELEOS'I80 
ELE05190 
ELEOS800 
ELEOSBIO 
ELEOS820 
ELEOSe30 
ELEOS840 
ELEOS8S0 
ELEOSB60 
ELEOS8'10 
ELEOS8BO 
ELEOS890 
ELEOS900 
ELEOS!HO 
ELEOS9:l0 
ELEOS9JO 
ELEOS940 
ELEOS950 
ELEOS960 
ELEOS970 
ELEOS980 
ELEOS990 
ELE06000 
ELE06010 
ELE0604'0 
ELE06030 
ELE06040 
ELE060S0 
ELE06060 
ELE06070 
ELE060BO 
ELE06090 
ELE06100 
ELE06110 
ELE06120 
ELE06IJO 
ELE06140 
ELE061S0 

FlE'TURN ELE06l60 
c······· .. ••• .. •• .. • .. •••• .. ••• OE.'TER.I4INE INCRI!"!E:N't'AL roRCES • .. _ .. •••••••• .... _·ELE06170 

400 CON'I'INUE ELE06180 
!F (PFUN'I'.AND.FIRST) WRITE (6,491) STEPID ELE06190 
If (B'I'E:S1'(lBUG,1)) THEN ELE06JOO 

WRI'l'E (6,401) IEUIO ELE064'10 

." fORXAT (lX,30('-'),'SHEAR WALL. ELEHE:NT",I6,lX,JO('.') ) ELE064':il0 
ENOl f ELE064'JO 

c ELE06::240 
C------- SE'!' UP THE COMPONENT STIF'FNESSES 

SS- SEC ISES) 
ELE06250 
ELE06:i160 
ELE06::2'10 
ELE062BO 

5Al- SEC ISEAl) 
SA:2- SEC ISEi'.2) 
H' (BTES"(IBUG.1» WRITE (6.402) IELNO.SS,SP.l,Si'.:2 

40:2 FORMAT(' IELNOI',Il,' SSI'.Gl:2.5,' SA1I'.Gl:2,5,' 5A:2I',G12.5) 
c 
C------ .. DO? FOR EACH LOAD 

DO 4 J 0 ('OAo-l, NLOAD 
c 
C------ TRA.N5FORM FRAME DIS?L.tN't'O LOCAL DISPL 

410 

DO 410 l"'l,J 
R( I )-0 
.... (1)-0 
00 410 J·l.IELOOf' 

I(."'LH(J) 
R( I) -R( I) +A{ .1, I) ·DIS?L( It, LOAD) 

ELE064'90 
ELE06JOO 
ELE06310 
ELE063:i10 
ELE06330 
ELE06340 
ELE063S0 
ELE06J60 
ELE06J10 
ELE06380 
ELE06390 
ELE06400 
ELE06-410 
ELE06440 

32 

C------ INCRIMEN'I'AL PORCES 

c 

F( 2 )·SAl-R( ~) I( LENGTH"2) 
f'{3 )·SA~ "R( J) I (LENGTH·4') 
F( 1 )-SS"R( 1) 

C------ CHECIit STIFFNESS AND CALCULATE UNBALANCED FORCES 
C THIS IS PREFORJo!ED ONLT FOR INELAS'I'IC ANALfSlS 

P{ l) -Fl'( 1) +ro) 
P(::2) .f"I'( ~) +F(::2) 
P{J) .f"I'(J)+F(JJ 
IF (.NOT. ELSTIC) THEN 

~Eoeoo 

ELE06UO 
ELE06450 
ELE06HO 
ELE0600 
ELE064BO 
ELE06490 
Et.E06500 
E:LE06510 
ELE06520 
ELE06SJO 

.15 

-- TFINlSFER PE:AAANENT HYSTERESIS OAT" TO TEMPROART 
ISE:2-ISE/2 
00 415 r-l,ISE4' 

SEC I+ISE2)·SE(I) 

STORAGE ••• ELE06540 
ELE06S50 
ELE06S150 
ELE015570 

c 

-- SHEAR -----------------
-- SE'T UP TEMPORARY - TOTAL LOADS, OISPL'S AND .... ELOC 
PL·FT( 1) 
DL·~(IJ 
D -(RT(l)+R(\)) 
\lC·VT( 1J +V( 1) 
vr.-VT( 1J 
-- SE."T' INITIAL ~JI:L BASED ON INITIAL DISP. INCREMENT(DSINC) 
-- IF INITIAL DISPL. INCREMENT IS POSITIVE, POSTFG·.TRUE. 
IF(SE(ISE'2+"").EQ.O) THEN 

IF(SE(ISE2+4).G'l'.0) THEN 
SE(ISEJ+J )·1 
SE(lsE2+44 )-1 

END IF 
IF(SE(ISE2+4) .LT.O) THEN 

SE(ISEJ"'3 )-3 
SE(ISE2+44 )-1 
SE(ISE2+J'I ).0 

END IF 
E:ND IF 
-- CALL HI5'l' MODEL TO GE.'"l' N~ STIFFNESS AND 

THE TOTAL fORCE P "T DISPL D. 
MOPT-3 
CALL MATLI8 
(MCPT .LSTTYP, FALSE ,IRE:L, FALSE, N~E, 

ESES.PSES.OOCT( 1.1), EXCR( 1.1), 
P(l).PL.D,DL,VC,vr.,LELEM ,IJ(AT , 
MATS.MATTYP, SEC ISE2+ISES), I ELNO, DAMAGE) 

I r (SE (1 SEJ"'I SES) • NE. SEt I SES» NEWIlt·. TRUE. 
-- AXIAL -----------------
-- SE.L' UP TEMPORAR! - TOTAL LOADS, 01 SPL' 5 AND VELOC 
PL-F'T(l) "2 
P( 2)-P(::2)"J 
o -(RT(l)+R{4'))/LENGTH 
DL"RT(l) ILENGTH 
VC·VT(4')+V(2) 
vr.-VT(l) 
-- CALL HYST MODEL TO GET NEW STI rrNESS AND 

THE TOTAL FORCE P AT DISPL D. 
MOPT·] 
CALL MATLIB 
(Joro?T.LS't''l'fP,FALSE ,IREL,FALSE,NAJoIE, 

E5E"l. PSEAl. OVCT( I, 2), EXCR( 1. 2), 
P(::i).PL.C,DL,VC,VL.LELE)I ,LMAT • 
MAUl , MATTt'P, SE:( ISE2+ISEAl), I ELHO, DAMAGE) 

P(2)·P('2) I:;; 
IF (SE(ISE2+ISEi'.1).NE. SE( ISEAl» NEWIt·.TRUE. 
-- AXIAL -----------------
-- SE:T UP TEHPORARf - TOTAL LOAOS. OIsPL'S ANC VELOC 
PL-f'T(J)·2 
P( J)·P( J).J 
o ·(RT(J)+R(J»)ItEJi'GTH 
DL"RT(3) ILElliGTH 
VC·VT(3)+V(3) 
VL-VT(3) 
-- CALL HTST IrIJDE:L 1'0 GE't' NEW STIFFNESS AND 

THE '!'DTAL FORCE P AT DISPL O. 
MOPT") 
CALL MATLIB 
(MOPT, LS'TTYP, rALSE: ,I REL. fALSE.NAJo1E, 

ESEA2, PSEA2. QlJCT( I, J), EXCR( 1. J). 
P(3),PL,D,OL,VC.VL.LELEM ,LMAT , 
MATAJ , HATTfP. SE:( I5E2+ISEA::2). I ELNO. DAMAGE) 

?(3)·P(J )/2 
IF (SE{ I SE2 +ISEA2) • NE. SEC I SEA2» NEWIlt·. TRUE, 

ENDIF 

IF (ELS'I'IC) THE:N 
ESES·O.SO· (n'( 1)+F( 1)) -( RT( l)H~( 1») 
ESEAl"O. 50· (M'(:2) +f'( 2)·( ATe 2) +R(::2) 
EsEA2.0. so· (PT() +F( J) ).( RT( J) +R(J») 
ESE. ESES+ESEAl+ESE"'2 
PSE·O.O 

ELSE 
P5E·PSES+PSEAl+PSEA2 
ESE·ESES+ESEAl +ESEA2 

ENOIF 

C------ SAVE MAl.HfUM LO"'DS 
IF (NLOAD.GT.l) THEN 

c 

DO Jeg l"l,J 
IF (ABS(F{I»).GT .... BS(rMAJl:(I» 

F'MAX(I ). F(ll 
f'MAI(I+J)· RO) 

ENCIF 
]89 COHTI!oIUE 

ENDIF 

) THE!oI 

C------ PRUT CA'!'A 
IF (PRINT) WRITE (15, J9::2) IELNO,LOAD. 

" ID(J1),ID(J::2),ID(JJ),ID(J4), 
" (F(I),R(!),I'"l,J) 

392 FORMAT (I10,I5.2J..4I5.1P,6G15.15) 
C 
C------ CALCULATE THE: UNBi'.LANCEO MEMBER FORCE ON A JOINT. 

c 

IF (LOAD.EQ.l) 'THEN 
UBS'" -( F(l)+FT(l)-P(l) ) 
UBAl • -( f(:2)+M'(2)-P(2) ) 
UBA:iI. -( r(l)+n'(J)-P(l) ) 

J6J FORMAT(4GlJ.4) 

.. 0 

00 440 I·l.IELOOf 
IIt·LM(I) 
EFUB(I)· A(I.1)"UBS + A(1.1,-U8Al + A{I.J)·UBA2 
FUB{I£)- ruS(") + EFUB(!) 

IF' (BTEST(ISUG.7)) THEN 
WRITE (15,49) (I,f(1),FT(I).?(I),I-l,3) 
WRITE (15,4Sl4) (l,LM(I).EFUB(I).I·l.IELOOF) 

ENDIf' 
ENDIF 
F( 1).P( 1 )~FT( 1) 
F(2)"P(l )-F'T(2) 
f( J)"P(J)-FT(3) 

4)0 CONTINUE 

C------ THIS IS FOR SOL05A ONLf 
IF( ICOMN .EQ. 1 ,OR. ICOMN 

DO 01 1-1.3 
,EQ. '2 ) THEN 

431 RSAF(I )-F(I) 
E:NOIF 

491 FORMAT U' RIC SHE",R WALL FORCES ••• ·,SX.AI 
" ELE~E!oIT LOAD',Tl7, 
" ' JNT-l',' .]NT-2',' JNT-J',' J'NT-4'. 
'" SHEAR ',' SHEAR DISPL. • 
" AXIALl',' AXIAL DISPL. 1'. 
" AXIALJ',' AXIAL DISPL. 2' I) 

4512 fOR>4AT (IlO.15,JX.4I'L'lP,I5G15.15) 

ELE065BO 
ELE015590 
ELE061500 
ELE06610 
ELE061520 
ELE066JO 
ELE06640 
ELE015650 
ELE061560 
ELE0151570 
ELEOI5I5BO 
ELE06690 
ELE06700 
ELE06710 
ELE0I5120 
ELE0157 JO 
ELE06HO 
ELE06J 50 
ELE067i50 
ELE0157iO 
ELE06'180 
ELE06i90 
ELE06BOO 
ELE06BlO 
ELE06820 
£LE06930 
ELE06840 
ELE068S0 
ELE06860 
ELE068'10 
ELE068eo 
ELE06890 
ELE06900 
ELE06910 
ELE069JO 
ELE069JO 
ELE06940 
ELE06HO 
ELE06960 
ELE06970 
ELE069BO 
£LE06990 
ELE07000 
£LE07010 
ELE0704'0 
ELE07010 
ELE07040 
ELE07050 
ELE07060 
ELE07010 
E:LE:OiOBO 
ELE07090 
EtE01100 
ELEO'lllO 
ELEO'll::20 
ELEO'll30 
ELEO'l140 
ELEO'llS0 
ELE01160 
ELEO'l170 
ELE01180 
ELEO'll90 
ELEO'l::200 
ELEO'l210 
ELE01J:;;O 
ELE01230 
ELEO'l240 
ELE07250 
E:LEOi4'60 
ELE01J70 
ELE072BO 
ELEO'l4'SlO 
ELE07JOO 
£LEO'lJI0 
ELE07J:20 
ELE01JJO 
ELE01340 
ELE07350 
ELE07J1!iO 
ELE01370 
ELE01380 
ELE013Sl0 
ELS01400 
ELEOHI0 
ELEOH20 
SLEOH 30 
ELEOH40 
ELEOH50 
ELEOH150 
ELEOH10 
ELEOHBO 
ELEOH90 
ELE07S00 
ELE07510 
ELE07S20 
ELE07530 
ELE07S40 
ELE075S0 
ELEOi5150 
E:LE01570 
ELE075BO 
ELE07590 
E:LE07600 
ELE071510 
ELE0715:20 
ELE076JO 
ELE071540 
ELE011550 
£LE07660 
EL£071570 
ELE01680 
E:LE:07690 
ELE07700 
ELE01710 
ELE07J:20 
ELE071JO 
ELE01HO 
ELE07750 
ELE071150 
ELE07770 
ELE071BO 
ELE071Sl0 
ELE07900 
ELE07910 
EL£O'lB::20 
ELE07930 
ELE01e40 



493 F'ORJo1AT (' 
494 F'oRMAT (' 

IOPT·tOi>T 
RETURN 

[1',11,' 
II·.I),· 

Fl' • IF'. G12. ~.' E'T:' ,G12. 4.' i>:', G IJ. 4) 
LJoI( 1)1'. IE,' E'US( rJ I' .lP.G12.0 

ELE0J8S0 
Et.E07B60 
ELE01B70 
E:LEOaBO 
ELE:01B90 

C .. ·······----.. ···-.. • .... •• .. DE'TERJoIINE TO"!'i\L F'ORCES. ENE:RGIES ECT • .......... ·E:LE:OHOO 

c 

SOO CONTINUE 
H( ICOMN .NE. 1 .AND. ICOKN .NE. 2 ) THEN 

IE' (PRINT.AND.F'IRS1') WRITE (E,491) STEPID 

C ------ TOT A.L FORCES, 01 SPLACEMENTS AND VELOCI 1'1 £S 
DO 510 1·1. 3 
~(I) • n(l) ... 1"(1) 
AT(I) • R!l'( I) -+- R(I) 
VT(I) • VT(I) + V(l) 
IF' ( AaS(FT(I)).GT.AeS(F'JrIAX(I)) ) THEN 

FMAX(I )'-FT( I) 
FM.AX(t+3)-RT(1) 

ENDIF 
S10 CONTINUE 

C------ PRINT DA.TA 
IF' (i>RHlT) W'RITE (6.492) IELNO,LO"'D. 

" ID(JI).ID{JJ),ID(JJ),ID(J4). 
" (M( I). RT{ 1).1'"1 3) 

c 

513 

, 

ELSE IF{ ICO~ .EQ. 1 .DR. ICDMN .EQ. 2 ) 'T'HEN 
IF( PRINT .AND. FIRST) WRITE(E,497) STEPID 

00 S13 1.1,3 
FT(I )·RSAF(I) 

IF (i>RINT) WRITE (E.49J) IELNO,LOAD, 

ENOIF' 

10(J'1) ,1D(J2), ID(JJ). Io(J4), 
(Pr(I),I·l,J) 

497 FORMAT (t. RIC SHEAR WALL FORCES ... ·.Sx .... 1 
". ELEMENT LOAD·.T17, 
". JNT-1·.· JNT-2',' JNT-J·.' J1IIT-4', 
,. SHEAR '. ' AXIALI MIAL2 'J 

C------ TRANSFER TEJoIi>ROAAY 
ISE2-ISE/2 

HfSTERE:SI6 O ... TA TO PERMANENT STORAGE ••• 

520 

II" (.NOT,ELS'TIC) THE;N 
00 520 I-l,ISE2 

SE{I)·SE:(I+ISE::l:) 
ENDIF' 

ELE07910 
ELE01920 
ELE019JO 
ELE01940 
ELE01950 
ELE07960 
ELEO?9iO 
EL£079BO 
ELE07990 
ELE:OBOOO 
ELEOBOIO 
ELEOB020 
ELEOBOJO 
ELE08040 
ELE08050 
ELE0801S0 
ELEOB070 
ELEOBOBO 
ELEOB090 
ELEOBI00 
ELEOBIIO 
ELE08120 
ELE081JO 
ELE08UO 
ELEOB150 
ELEOB1EO 
ELEOB170 
ELEOB1BO 
ELE08190 
E:LE08200 
ELE08210 
ELEOB220 
ELE082JO 
ELEOB::l:40 
ELE08J50 
E:LEOB2EO 
ELE082iO 
ELEOB::l:BO 
ELE08290 

RE"l'UFi.N ELE08JOO 
C ELE08JlO 
C·····.········ .. ···----•• - DETERJIIIINE FIXED END F'ORCES, AND ADD TO FORCE·ELEOBJ20 

600 RE'l'URN Et.E08330 
C ELEOB340 
C------- FIXED END FORCES ARE NOT AVAILABLE FOR RIC SHEAR "'ALL ELEOBJSO 
C ELEOa,HiO 
C .. ··-........ • .. ·-_ .. ••••• ... WRITE MEMBER FORCES TO OUTPUT E'ILE • .. -· .... --- .. ·_·ELEOB370 

700 CONTINUE: ELEOB3BO 
c 
C ••••••••.• SHE,I"R ENERG1. DUCTILITT AND EXCURSION 

ELEOB390 
ELE06400 
ELE06410 
ELEOB420 
ELE0800 
ELE06440 
ELEOB450 
ELEOB460 
ELEOB470 

II" (ELS'TIC) THEN 
=:SES"O. 50-( FT{ 1 )-+-I"( 1»)" (RT( 1 )-+-R( 1» 
ES=:A1-0. 50" (M(::/: )+f'(J». (RT(::/:)-+-R{2 ),) 
ESEA2-0.S0" (M(J )+F(J». (RT(3) +R(J» 

C CHANGE F'OR D~GE 
ESE- ESES!LENGTH"'ESEAl-+-ESEA2 
PSE·O.O 

ELSE 
CALL MATLI e 

" (4 .LSTTYP .F'ALSE .tREL.I"ALSE.NAME. 
, ESES.PSES.OOCT(l,l).EXCR(I,I), 
" E'T • F ,WI' • R • O. .0. 
, MATS .MATTTP,SE:(ISES),IE:LNO,DAMAGE) 

,LELEM .LMAT • 

ELEC8480 
ELE08490 
E1..E08S00 
ELE08S10 
ELE06S:;0 
ELE08S30 

C •••••••••• AXIAL ENERGY. DUCTILITT AND EXCURSION (1) .. ELE08S40 
ELEOe550 
ELE08S60 

CALL MATLIB 
" (4 .LSTT!P ,F'i\LSE .IAEL,FALSE,NAME. 
Ii ESEA1.i>SEAl.DUCT(1,2).EXCR(1,J). 
, F"1' .f' ,RT ,R ,0. ,0. 
, /'tAT Al ,"lATTTP,SE{ISEA1) ,I ELIIIO. DAJoIAGE) 

,LELEM ,1..MAT • 
ELE08SiO 
ELE085eO 
ELEoaS90 

C •••••••••• A..XIAL ENERGT, DUCTILITl AND EXCURSION 
CALL "lATLI e 

(2) •• ELE:08600 
ELEOBE10 
ELEOB620 

c 

(4 ,LS'1'T'YP .FALSE: ,IREL,FALSE,NAME, 
ESEA::/:, PSEA'2. DUCT ( I, 3). EXCRt 1,3). 
F'T ,F • AT • R • O. • O. 
MATAl ,MATTYP. SEC ISEA2). I ELNO. DAMAGE) 

ESE· ESES"'ESEAl"'E:Se:A2 
PSE" PSES+ i>Se:A.l +PSEA2 

E:NDII" 

• LELEM • LJoIAT • 

IF (i>RINT) WRITE /IUNIT,110) ID(J1),ID(J'2).IO(J3),ID(J4) 
WRITE (lUNIT,711) (M(I) ,RT(I) .1-1,3) .ESE,PSE 

" (DUCT(I.J'),EXCR(I.Jl.I"1.3).J-l,J) 
110 FORMAT (4I5,lP.6EI0.J/(BEIO.3) ) 
III F'ORMAT (IP,BE10.3) 

RE:TURN 

ELE086JO 
ELE08640 
E1..£086S0 
ELE08660 
ELEOBE70 
ELEOBEBO 
ELEOe690 
ELEOB700 
ELE08110 
ELEOe120 
ELEOe1 )0 
ELEOBHO 
ELe:OB7 SO 
ELE087EO 
eLE08110 
£LE081BC 
E1..£08790 

C~----·······---· ........ READ AND i>RINT MEMBER FORCES I"ROM OUTPUT FILE ··.·EL£08800 
ELEOB810 
ELE06820 
ELEOBB30 
ELEOBB40 
E:LEOe6S0 
ELE06SEO 
E:LEOBB70 
ELEOBBBO 

c 

BOO CONTINUE 
B,I"CII:SPACE( IUNIT) 

810 
815 

READ (IUNIT.'" ) ITlPE,IELNO.IWRITE,TO,C't' 
RE,I"D (IUNIT,110) NODEl,NODE::l:,NODEJ,NODE4 
ISTEi>·-IWRITE 

READ {IUNIT.B15,ENo-B]01 (F(Il.R(t).I-l.J).E:SE,PSE 
F'ORJo1AT (eEIO.J) 

1ST EP" I STEP-+-IWRITE 
T-T'O+D1'·IS'1'EP 
II" (ISTEP • .EQ.O) WRITE (1S.80S) NQOEl.NODE2.NODE3.NODe:4 
IF' (MOD(lSTEP,INC).EQ.O) 
WRITE (6.820) IS'rEP,"r,(f'(I),R(I).I·I,J),ESE.i>SE 
GO TO 810 

BJO CONTINUE 

WRITE (6,835) 

WRITE (6,840) 'BENDING COJol:PONENT·,(DUCT(I.1).EXCR(I,l).I·l,3) 
WRITE (6.840) 'SHEAR COMPCNENT' .(OOCT(I,21.EXCR(I.2),r-l,3) 
WRITE (6.B40) 'AXIAL COJolPONEN"I" .(OllC'l'(I,3),EXCR(I,3).I-l.3) 

ELEOB890 
ELE08900 
ELE08910 
ELE085120 
ELE08930 
ELEOe940 
ELE:oe950 
ELEOB9EO 
ELE08910 
ELEOB980 
ELEOS990 
E:L.E:09000 
ELE09010 
ELEC9020 
ELE05l030 

80S FORMAT (I' RIC SHEAR WALL FORCES ••• r, I ELE05lC40 
5X. NODE1:',IE,5'(.'NODE2;',I6.5x.rNODE3Ir,I6.5x,'NODE~I'.I E.II ELE090S0 

STEi> 1'IME ' , ELE09050 
SHEAR ' " SHEAR DISP1... '. ELE09070 
AKIALl ',' AJlIAL DIS~L. 1', ELE090BO 
AXIAL2 ',' AXIAL DIS~L. 2', ELE09090 

"ESE • PSE 'I) ELE:09100 
B20 F'ORMAT (I6,lP.G12.C6Gl4.S.2G12.4) ELE09110 
eJ5 fORMAT (/1'10,' MAXlMUN DUCTILITIES AND EXCURSION RATIOS'I ELE:09120 

" 1'10. ' ... - ......... _____ .... ___ •••••• _ ... ___ ....... _ ........... ) ELE:091JO 

84C FORMAT (/T10.AI ELE09140 
" TIS. 'DISPLACEMENT DEFINITION. Ul-'.H'.G12.~.SX.'E1 .. ·.G12.41 ELE09150 
" TIS.'ENERGT DEnN,\TION ill: U2-'.1i>,G12.CSX.'E2-'.G12.H ELE09150 
" Tt:..'ENERGT DEnN,\TIoN *21 u3-'.1i>,GI2,4,SX,'E3-'.G12.4) ELE091Hl 

RETURN ELE091eO 

C·· ...... ···-.. •••••••••• DETERJUNE THE LENG'l'H OF' THE MATERIAL DATA 
!;IOO CONTINUE 

ELE09190 
E:LE09::l:00 
ELE09J 10 
ELE09220 
ELE.09230 
ELE09240 

ISE-O 
C------- LOOP FOR EACH Jo(ATEI AL 

DO 910 1.1,1 
If' (I.EQ.l) THEN 

ISE:S-ISE+I 
ELE092S0 
ELE09.60 

33 

ELSE H' (I.EQ.2) THEN 
ISE.U-ISE+1 

ELSE II" (LEQ.J) THEN 
ISEA2-ISE+l 

ENDIF 
MATI· RINPUT(I) 
CAL ... ~TLI8 
(0 ,LST'T'Ti> .I"ALSE .IREL,F'ALSE.N'AME, 

ESE, PSE.DUCT(1,2).EXCR(l,2), 

, , , FT .f' .R']' .R .0. ,0, ,LELEM • LMAT 

• ....... TI .MATTYP.SE,IELNO.DAJoIAGE) 
910 ISE-ISE + LELEM 

c 
C------- OOUBLE THE STORAGE. TO ALLOW FOR TEM~ROARl VALUES ••• 

ISE-ISE-2 

c 
c .. ••••••••• .. -··------ DE."t'ERJoIIN£ THE STRAIN ENERGY 

1000 CONTINUE 
C .. •••••• .. ••• .. • .. ·-.. --- OUCTILITEIS AND EXCURSION ~ATIOS 

1100 CONTINUE 
C NOTE ELE.O) WAS LAST' CALLED '1'0 CALC INCIRJo1ENT1IL DIsn. 
C THE ENERGIES ... SSOCIATEo WITH INCR DISi>L ARE srORED IN 
C '['HE AODFl.ESSESI ISES"'ISE/J 
C ISEA1+ISE/2 
C ISEA2+ISE/2 

ISE2·ISE/2 
C .• , .•••.•• SHEAR ENERG!, DUCTILlTl AND EXCURSION 

CALL MATLI B 
" (4 ,LSTTli> ,Fi\LSE ,IREL.FA..LSE.NA.ME. 
" ESES.i>SES,OUCT(I,l),EXCR(l,I), 
" n • E' • RT ,R .0. ,0. • LELEM .L ....... 1' • 
" MATS ,MATTYP.SE(IS£S+IS.e;2),IELNO.DA}I4AGE) 

C •••••••••• .uIAL ENERGY. DUCTILITY AND EXCURSION (1.) •• 
CALL MATLla 

" (4 ,LSTTlP .FALSE .IREL,F'ALSE,NAJoIE, 
" ESE ... l,i>SEU. DUCT ( 1. '2) .E:XCFl( l,J), 
, F'l' ,F .RT .R .0. .0. ,LELEJi4 ,L ....... T • 
, MATAl ,MATTYi>,SE{ISE:Al+ISE2).IELNO,DAJoIAGE) 

C .......... AXIAL ENERGY. DUCTILITY AND EXC'URSION (2) .. 
C.o.LL MATLI a 
(4 .LSTTYP ,F'USE .IREL,F'ALSE.NAME. 

ESEA2. PSEA2, OIJCT( 1,3), EXCR( 1, J), 
n .F ,RT ,R ,0. ,0. .LELEJoI .LMA'T 
HATA2 • MATTTP, SE( I SE"'2"'I SE2) , I ELNO. DAKAGE 1 

IF'( OUCE'AG .EQ. 0 ) THEN 
H{ ABS(DUCT(l,l») .GE. I .OR. "'SS{DJCT(1.2)) .GE. 1 
.OR, ,l"aS(DUCT(l,Jl) .GE. 1 ) '1'HEN 

OUCF'AG-ABS( DUCT ( I, 1» 
IF'( DUCF'AG .LT .... as(OUCT(1,2» ) DUCF'AG· ... eS(DUcT(l,:;» 
IF'( DUCFAG .LT. A8S(OUCT(l,J) ) OUCF'Ac· ... aS(OUCT{I.3) 

ENDIF' 
EHDIF 

IF (ELSTIC) THEN 
E:SES"O. 50-(F'l' ( 1 )+F( 1) ) .. ( R'T{ 1) +R( l» 
ESEAl·O. 50'" (F'l'(l)+F'(2) )'"{ RT{ 2 )+R( 2)) 
E5EA2-0. 50-( M(J)+F(3»'" (RT( J) +R( 3») 
ESE- e:SES .... ESEA1+ESE ... 2 
PSE·O.O 

ELSE 
ESE· ESES+ ESE.Ill+ESEA'2 
PSE· PSES+P SEAl+PSEA2 

ENDIF 

ELE09::l:10 
ELE09:;eo 
ELE09l90 
ELE09300 
ELE09310 
ELE09J:;O 
ELE:09JJO 
ELE09340 
ELEOIJJ50 
E;LE09)60 
ELE09310 
ELE09J80 
ELE05l390 
ELE09400 
£LE09410 
ELE09420 
ELE09430 
ELE09440 
ELE09450 
E:LE09460 
EL£09410 
ELE09480 
ELE:09490 
ELE09500 
ELEO!;l510 
ELE09520 
£1..£09530 
ELE09540 
ELE095S0 
ELE095EO 
ELE09S70 
ELE09S80 
ELE09590 
ELE.09EOO 
ELE09610 
ELEO!i62D 
ELE09E30 
ELE09E40 
ELE09E50 
ELE09660 
ELE09E70 
ELE096BO 
ELE09E90 
ELE09700 
ELE09110 
ELE09120 
ELEC97JO 
ELEC!;IHO 
ELE091S0 
EL£09160 
EL£09170 
ELE091BO 
ELE09190 
E:LE09800 
ELE09BIO 
ELE09B::l:0 
ELE09B30 
ELE09840 
ELE09BSQ 
ELEC9860 
ELE0981C 
EL£09BBO 
ELE09B90 
ELE09900 
ELE09910 
ELE09920 
ELE:09910 

II" (ST'EST(IBUG,7» THE1Il ELE09940 
WRITE (E,·) 'EStS ESEAl ESEA2 •• ESES.ESEAl.ESEA2 ELE09950 
IiIRITE (6,·) 'PSES PSEAl i>SEAl '. PSES. PSEAI, PSeAJ ELE09960 
"'RITE (6,·) 'ESE PSE LENGTH'.ESE .~SE .LENGTH ELE09970 

ENDIr EL'E09980 
II" (PRINT.AND.FUST) WRITE (6.1191) ELE09990 

IF' (PRINT) WRITE {6,119:;)IEI.N0.«DUCT(I,J).oc.CR(I.J).T-1,3),J-1.3)ELE10000 
1192 FORMAT (lX,IS.18F'1.2) ELEI0010 
1191 FORJo4..l.T (I' RiC SHEAR WALL DUCTILITY AND EXCURSION RATIOS'/EX, ELE10010 

" ' :---------- SHEAR COMPOt-IENT ------------:', E:LEI0030 
" ' :---------- AXIAL COfilPONENT 1-----------:,. ELEI0040 
, • :---------- AXIAL COM~ONEN'I' ::l:-----------I '1.' ELEM", ELE100~O 

1234 5ei 7 8!;1C 1234 567 B90 1214 SE1 B90 1.34 561 B90 l::l: ELe:10060 
: -- DEFN 1--- ___ DEFN 2--- --- DErN J--:', ELE10010 
:-- DEf'N 1--- --- DEFN 2--- --- oEFN J--:', EU:I0080 

• :-- CEF'N 1--- --- OEF'N 2--- --- oEFN 3--\'/EX, ELE10090 
• CUCT. EXCR. DUCT. BXCFl. DUCT. EXCR.·, ELE10100 
• ~CT. EXCR. DUCT. E:XCR. DUCT. EXCR.·, ELEI0110 

" ' DUCT. EXCR. DJCT. E:lCR. oo('T. EXCR.·) ELE10120 
1234 SE1 690 1134 SE7 e90 1234 56 7 890 1:; J 4 56 1890 12 E1..E10130 

RE:'TURN ELEI0140 
c 
C··· ... •• .. ····----...... --· .... WRITE J4AXI!oIUM AND MINIMUM V,t"LUES 

noo CONTINUE: 

ELEI01S0 
ELEIO 160 
ELE10110 

IF (F'lRST) liRITE(6.491) , MAl'I MUM LOADS AND DISi>L AT MAXIMUM LOADS 
, II' NOTE. MAllMUI4 VALUES 1Q1' !-lOT OCCUR 51MULTMOOUSLT' 

WRITE (E,492) IELNO,LOAD, 
ID(Jl), IoeJ2) .ID(J3) ,IO(J4), 

(FKAX( I). F'MA.I(J+I) .I-l,l) 

RETURN 
c 
C· ... - ••• ----.- .. --... - ----•• 

1300 CONTINUE 
C c----- ZERO ....... TRICl ES 

lJID 
C 

W • SE:( ISES + 18) 
COl-SEC 15E:S + 31) 
C02.SE{ISES + 44) 
coJ·SE(ISES '" 4S) 
C04-SE(I6ES oj. 46) 

DO IJIO I·I,ISE 
SE(I)-O 

SE( ISES-+-" )"LENGTH 
SE:(ISES-.79)·W 
SE(ISE:S + J1l·COl 

00 1325 1-1.2 
F'MAI:( I )-0 
FMA.X{I+2)·0 
F (I )·0 
FT{I )-0 
R (1).0 
RT(I )-0 
V (I )-0 
\I'l'(IJ"O 

WRITE (6.1J30) IELNO 

RESE:'!' INTERNAL F'ORCES 

1)]0 FORHAT (' SHEAR WALL ••••• ELEMENT ",16, 
" INTERNAL I"ORCES AND HYSTERESIS MODELS ARE RESET TO ZERO' ) 

Ci\LL MATLI a 
(2 .LSTTYi> .FALSE ,IREL,FALSE,N"AME, 

ESES,i>SES. DUCT ( 1.1). EXcRt 1,1), 
FT ,f' .AT .R ,0. .0. ,LELEJi4 • LJ.tAT • 
MATS ,Jl4AT1YP.SE(ISES),IELNO.DAJoIAGEl 

CALL MATLIS 
(2 ,LSTT'fP .F'i\LSE ,1Fl.EL.I"ALSE.NAJoIE, 

ESEAI. ~SEAl ,CUCT{ 1. 2). EXcR( 1. 2). 
n .1" ,M ,R ,0. ,0. • LELEM • LMAT • 
MATAl ....... TTlp, SE( I SE"'l ) • I ELNO, OAJQ.GE) 

CA.LL MATLI8 
, (2 ,LSTTl'P .FALSE ,IRE1..,F'i\LSE,NAME, 

ESEA2. PSEA2, DUCT ( l,J) ,EXCR( 1, J), 

• ELE:101eO 
ELEI0190 
ELEI0'200 
ELE10::l:10 
ELEI0220 
ELE10:;30 
ELE10J40 
ELE10250 
ELEI02i50 
ELE:l0l10 
ELE102BO 
ELEI0290 
ELE:10JOO 
ELE:l0310 
ELE10J20 
E'LEIOJJO 
E:LEI0340 
ELE10350 
ELE10360 
ELEI0370 
ELEI0380 
E:LEI0390 
ELE10400 
ELEI0410 
ELEI0420 
ELEI04l0 
EL'::IO~40 
ELE10450 
ELEI0460 
ELE1000 
ELEI04BO 
ELEI04510 
ELE10S00 
ELEI0510 
ELEI0520 
ELE10SJO 
ELUOS'O 
E.LE10S50 
ELEI0560 
E;LE:I0570 
ELEIOS80 
ELEI0S90 
£LEI0600 
ELEI0ElO 
ELE10620 
ELEI0610 
ELEI0640 
ELE10E50 
ELEIOE60 
E:LEI0610 
ELEI06BO 



,., 
MAT A:; 

R~URN 

• F ,RT • R ,0. ,0. 
• r-tATTtP. SEC I 5EA::I). I ELNO. DAMAGE) 

C .. ······-----·-··---_ DAMAGE !NDEX 
1400 IF (ELSTICI RETURN 

FKAX 1" FMAX ( I) 
FMAX2-F"'-A.X( '2) 
FJoI.AX3-F'MAX (]) 
FKAX 4" FKAJ. ( 4) 
FHAl5-FH.A.J.( 5) 
FHAX6-F)o(AX(6) 

C ••••.••••• SHEAR ENERGT, AND DAMAGE INOEl 
CAl.l. Io(ATLIB 

, (5 ,i.S't'Typ ,FALSE ,IREL.FALSE,NAME. 
, £SES,PSES,OUCT( I,I),EXCR( 1.1), 
, F'JotAXl,O. ,FMAX. ,a. ,0. ,0. 
, MATS ,MATTyp,SE(ISES) ,IELNO,DA.MS) 

c .......... AXIAL ENE:RGT, AND OAiQ.GE: INDEX (1) 
CALL MATLI B 

, (5 ,LSTT1'p ,F'ALSE: ,IRE:L,F'A.L5E:,NAME, 
, ESEAl. pSEA1, :)UCT (1,2) ,EXCR( 1.:l.) , 

tHAX2,0. .FMAlf.5,0. ,0. ,0. 
, )Q.TAl ,~T'l'tp,SE(rSEA:) ,IELNO,DAMAl) 

c .......... AXIAL ENEFlG'!, AND DAJoIAGE [~DEl ('2) 
CALt.. MATLIB 
(5 ,LSTTIP ,FALSE ,!REL,FA.LSE,NAJoIE, 

e:SEA'2, pSEA2, DUCT ( I, J) ,EXeR( 1,3), 
F!-I.AXJ,O. ,E'M.AX6,O. ,0. ,0. 
M"T"2 , MATTY?, SEc ISEA2), I ELNO, DAJot(1) 

,LELE~ ,LKAT • 

,LELEM ,LMAT , 

• LE:LEM ,t..MAT , 

,LELEM ,LMAT , 

£L£10690 
E1..£10"'/00 
£L£10710 
E1..£10720 
£(.£107)0 
£1..E10740 
E:LEI0150 
ELEIOHiC 
£["EI0770 
£L£10780 
8L£101;0 
£1..£10BOO 
ELElOBIO 
£L£108::10 
£1..£108JO 
ELEIOe~ 0 
£1..£10650 
£L£10860 
£[.£10810 
Et.EIOeaO 
ELEI0890 
E['EI0900 
ELEl091Q 
ELEI09:i.Q 
ELElO5l30 
£L£109-40 
£LEI0950 
E1..£10960 
£L£10970 
ELE:109BO 
EL£10990 

ESE-e:SES+ESEAl+ESEA2 ELEIIOOO 
PSE- PSES+P5e: .... l +PSEA2 E[.£110 10 
DAMAGE- DAJoIS" ( ESE5+PSe;S) +DA.M:U'" (ESEAl + PSEAI ) ELEll 0:; 0 

" +DAMJI.::I"'{ESE:A2+PSEA:1.) £1..£11030 
H' (nRST) ""RITE (6.14120) E1..£11040 
Io/FlITE: (6,1410 )IELNO, DAMS. ESES • PSES. DAMAI ,ESEAl ,PSEAl, Dl'.M.1I2. ELEIl05C 

HSEIl2. PSEA2 £LE11060 
IUO FORMAT (lX,I5.lP.J(FIL5.2Gl4.5)) E:LEIIOiC 
1420 FORMAT (/6X, ELEllOeo 

, • :---------- SHEAR COMPOHENT ------------\', ELEll090 
, ' : ---------- MIAL COMPONENT ------------: 'I,' ELEMf', ELE.1l100 

1234 567890 123~ 561B90 12 J 4 567e90 1234 567 890 12 ELE.llllO 
, __ DAXAGE __ ESE ---- ---- PSE ---:'. ELE.11120 

, : -- DAJolAGE __ -- __ ESE ---- ---- PSE ---:' 1 ELE111JO 
RE:'TURN ELE11140 
END ELElllS0 

{ipROCESS SOOMP GOS'!'MT lREF ENEOOO 10 
C···· - - _ •• - - - .. - _ ••••• __ .. _ - •• ___ - _ .... - _. ___ -_ ••• --_ ••• _ ...... - - ••• ---••• -. __ ENEOOO 2 0 

C DEBUG UNIT(6),SUBCHIC,SUBTRACE,INI'l' ENE00030 
C END DEBUG ENE00040 
C-· - - - - _ ...... - - _ .... -- .. --.--------.. -- .. -----.... ---•• - - - _. - - - ... -.- ..... _. - .... E:N EOOO 5 0 
C EN'ERGt BALANCE ENE.00060 
c" - -- ...... -- -- .. - •• _----.... - -_.--.. - ••• ---- _.---.... - ..... --.... '" -- - - •• - - •••• - - EN EO 007 0 

SUBROUTINE ENERGT (L1. L2. LJ, L4. L5, L6. NooF, Jo{AXNOD,NCOS, pT2, COHD, E.NEOOOBO 
, IMD, IMDMS, IMDJl::G, MD, MOMS, MD!C.G, OTN • WRIT E:, ABORT, ENE00090 
, STIFF,IC.G,MASS, ENEOOloO 
, EIE:,ESE,PSE,EICE,EDD, £N'£00110 
, ALPHA,SE:'TA,ICGF'ORM',N'ELM'!', NNODE ,cr!' , SUMUa, ENE00140 

SUloiRC , DSUMRe, SUHFD, DSUMFD. FDAMp, DFDAJoIP, F''1I, ENEOO i 30 
GA,GV,GD,GAT,GV'T',GI7I', WORIt,WOR!C:l.,FG,DF'G, ENE00140 
DiJ.CC,DVEL.DDISp,ACC,VEL,DISp, LOAD,DLOiJ.D. E:NE00150 
ID , IooF , CNS't' ,.J't'PLG • COORD (NEOOI60 
COSINE ,J'I'COS ) EHEOOljO 

DOUBLE PREcl SION EI E, ESE, DElE, PSE. DEOD, EDD, EJll:E 
C0loQio40N IISPECI ISpI.SGO(3000,2),REACF(iS) 
OIMENSloN CODRD( MAXNOD, J), lOt MAXNOD) , 

, lDOF(MAXNOD,iS} ,COSINE(], ],NCOS},CN5T(MAXNOD,6), 
, J'I'FLG(IQ.XNODl, JTCOS(MAXNOD) 

REAL MASS, leG, LOAD 

cHARACTER*BO NAME 
DI M£N'S!ON STI FF ( I IoI.D) ,IoID( L6 ... 1) 
DI MENSI ON IoI.ASS ( I ""DMS ) , MDIoI.S (L6+ 1) 
DIMENSION ICG(IMD!CG) ,MD!CG(L6+1) 
DIMENSION RINPUT( 100), tDAJoIP( L6). OFOAJolP(t6) ,FG( 6), DFG(6) 
DIMENSION 5UMRC( 6), DSUMRC (6), SUNF'D( 61, DSUMFD( 6), SUMUB( 6) 
LOGICAL BTEST, PRINT, HEAD. PT2, AJIU, COND, F'.T, DTN, WRITE, "BOFIT 

ENEO0160 
ENE00190 
ENE:00200 
ENE00210 
ENE00220 
ENE002JO 
ENE00240 
ENE00250 
ENE00260 
ENEOO'2'O 
ENE00280 
ENE00290 
EHE00300 
E:NE00310 
ENE00320 
ENE003JO 
E:NE00340 

DIMENSION GD{ J), GV( 3), GA( 3) ENE003S0 
DIIoIE.NSION GI7I'(3).GV"I'(3),GI\T(3) ENE00360 
DIMENSION DDISP(L6),DVEL(L6),DACC(L6) ENE003"10 
DIMENSION DISP(L6), VEL(L6), ACC(L6) ENEOOJ60 
DIMENSION WOR!C(L6) ,WORIt::I(L6) ,LOAD(L6) ,DLQAD(L6) ENE00390 
DATA F'/.FALSE.I, or/.TRUE.' ElIlE:00400 

C E:NE00410 
C-------------- - - -- NOMENCLATU RE -- - - ---- - - - -------- ---------------- -- -C EN EO 0 4 '20 
C DACC tNCRIMENTAL RELATIVE ACCELE.R.A.TrON CENEOO!lJO 
C DVEL [NCRIMENTAL RE:LMIVE .... ELOCITT CENEOOUO 
C DDISP INCRIMENTIU. RELATIVE DISPLACEMENT CENE00450 
C ACe PREVIOUS S'!'EP'S RELATIVE AccELERATION CENE00460 
C VEL pRE.VIOUS S"I'Ep'S RELATIVE VELOCITY CENEOOOO 
c DISp PREVIOUS STEP'S RELATIVE DISPLACE)4E:NT CENE00460 
C DLQAD INCRI~EN'I'.\L APPL1ED LOAD, NOT IoI.-AG CENE00490 
C LOAD PREVIOUS STEP'S APpLI ED LOAD, NOT IoI.-AG CE:MEOOSOO 
C DFDAMp !NCR1MEN't'AL DAMPINCi FORCE CE.lIlECC510 
C FDAMp PREVIOUS S"!'EP'S DAJoIPING FORCE CENE:00520 
C CENE005JO 
C GD [NCRIMEHT,\L GROUND DISPL~CE:MENT CENEOC540 
C CiV INC1UMENTAL GROUND VELQCI1'T CEN£00S50 
C GA INCRIMENTAL GROUND iJ.CCELERATION CENEOOSISO 
C G'C1l' TOT1\.L GROUND DISPLACEMENT CENE00570 
C GVT 1'O'l'AL GROUND V£LOCITT CENE00580 
C G~T TO'l'AL GROUND ACCELERATION CE.NE00590 
C WORI{ TEMP F'ORCE VECTOR CE:NEOOISOO 
C WORIt::l TEMP DISPL OR VELQC1TY VECTOR CENE00610 
C -------- ------- ------------- - - --- - - - - ---- - -------- -------------. _____ -C EN EO 06 20 
C ENE00630 

LH-t.Hl ENE00640 
c C·"--··· --.. -.... ---..... _ -..... -. -_ ... --_ ...... -
C"-- INTEGRATE: GROUND ACceLERATION ••• 
C - - ••• - - - .. - •• - .-.. - -_ ...... - - -- •• - - - •• _- --

10 

IF (DlN) THE~ 
00 10 I-1.J 

GA(I )-GA(I) 
GV(I)-('2"CiAT(I)o-GA(Ill "DT 11-
GD(I)-GVT(I)-'C1l' + (3*G~'T(ll.;.GA(I)) 
GAT, I J·GAI I) .;.GAT( I) 

"'C1l'"C1I' /6 

GVT( I )-GV( I) .;.GV'I'( I) 
GDT(I)-GD(I).;.Gcr!'(I) 

E.NDIF 
IF (pT2) THE:N 

IF (D'!N) 'I'HEN 
WRITE (6,'2:l) 
WRITE (6,23) 
WRITE (6,24) 

ELSE 
WRITE (1S,2'2) 
wRnE (1S,2]) 
WRITE (6,:l.4) 

EN'DIF 

(l,ACC(t) ,VEL(I) ,0151'(1) ,LOAD(I), 1-1 ,L4) 
(I. DACC( I) ,DVEL(I) .DOISPrI), DLOAD(I), 1-1, L4) 
(I, FG( I 1, DFG( I I, FDAMP(l) ,DFDAM?( I) ,1-1, L6) 

(I, ,il,CC( I) ,VEL( I), DIS?( t 1 .LOflDr I). I-I,LIS) 
(I, DACC( I), DVEL(! J, DDISp( I J, DLOAD(l) ,1"-I,L6) 
( I , F'G ( 1 ) , DrG ( I ) , FDAJltp ( I ) , DFD"",,,P ( I 1 , I-I, L6) 

24 FORMAT(/TIO,'TO'I'AL RELATIVE RESPONSE: FOR PREVIOUS TIME: STEP" 
, (TIO,'ooF',',I6,' ACC:',lp,G13.5,' vELI·,GIJ.5.' DSP.',GlJ.5, 
, 'LOADI',GIJ.5)J 

'23 F'ORMAT( 'TIO,' [NCRIMENTII.L RELATIVE RESPONSE" 
, (TIO.'OOFI',tlS,' ~cC:',lP,G1J.5,' vELI'.GIJ.5,' DSP:',GIJ.5, 
, 'LOAD:',GlJ.5)) 

24 FORMAT(/TiO, 'SPECIAL PORCES '/ 

(:NE00650 
E:NE00660 
ENE006"10 
ENE00680 
EN£00690 
ENEOO,OO 
ENEOO"l10 
E:NEOO"l'20 
ENE:00730 
EN'E.OOHO 
£NE00750 
ENE0071S0 
ENE00"l70 
EI'IE00780 
ENE00"l90 
ENE00800 
ENE00810 
ENE00820 
ENEOOB30 
ENEOOB40 
£NEOOB50 
ENE00860 
ENE008"10 
ENEOOBBO 
ENE00890 
ENE00900 
ENE00910 
ENE00920 
ENE00930 
ENE009~0 

, (T10,'ooF.',16,' FD:',lp,GIJ.5,' OFD.',GIJ.5,' E'DAAPI'.GlJ.5, £NEa0950 
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, DFDAMPI',GI3.5)) 
EHOIF 

c C··· ..... --•••••• ___ .... _. _. __ .. -_ .......... __ .. .. 
C··.. C.u.cULATE INPUT EAFITHQUAIC:E ENERGY - .. -
C-. - •••• - - -_ •••••• - .... __ ••• - - .. _ ......... _ ••• _ 
c 

c 
C, ••••• CALCULATE. THE INCR. INPUT ENERG'! DUE TO GRND MOTION 

c 

IF (OTH) THE.N 
IF (PT:l.) WRITE(6,"1 ' SUIoI.FI;C' , SUMRC 
IF (PT:l) WRITE(IS,") DSUIoI.RC',OSUMRC 
if' (PT2) WRI'l'E(6,-) , SUMFO', SUMF'D 
IF (P't'2) WRITE(6,*) 'DSUMFD',DSUMFO 
IF (PT'2) WRITE(IS,") , SUMUS' , SUMUB 

00 48 I-I, J 
FORCEI- SU~RC(I).;. 0.5*DSUMRC(I) .. SUMFD{I) .;. O.S-DSUMF'D(I) 

+SU)oIUB(I) 
FOR.CEI· SUIoIFlC(I).;. 0.5-DSUHRC(I) .;. SUMFD(I) .. 0.5"DSUMFD(I) 

+ SUMUB(I)'" REiJ.Ct(l) 
ENER·GDt I) "FORCEI 
IF (PT2) WRITE (IS,") I, 

, 'FORCEI',FORCEI,' GD',GD{I),' ENER',ENER 
4B DEIE·DEIE .. ENER 

ENDIF 

C •• •••• C,t.,LCULATE THE INCR. INPUT ENERGY DUE TO APPLIED l..OADS ••• 
N2-L6 

C 

IF (DIN) N'2.L4 
00 50 I-LJ.N2 

FORC EI -LOAO( I ) .;.DLOAD( I ) /2 
ENER- FORCEI" DOl SP( t ) 
WRITE(10.-J I, ENER 
IF (pT:2) WRITE (6,") I, 

, 'F'ORCEI' ,FORCEI, , DOISP',DDISp(I),' ENER',ENER 
50 DEIE·OEtE .;. ENER. 

C •••••• CALCuLATE THE ENERG1' DUE TO GEOM.E'TRIC STI FFNESS 
IF (ItGFOR)l..EQ.2 ) THEN 

C.... GE'T THE INCIUIoI.ENTAL DISpL MD STORE IN VECTOR WOR!C2 ••••• 
C... SAVE IN'CRIMENTAL IN VECTOR WOR!C:iI 

00 51 I·L],L~ 

51 WOR!C(I)-DOISP(I) 
C... ADD GROUND RESPONSE HI JOINT CORFI;DINATES TO RELATIVE RESP 

c 

MULTIPLY GROUND DISpL • DIRECTION COSINE 
OMIT ALL OOF THflT ~RE CONSTRAINED TO A MAS"t'£R ooF' ••• 

IF (GDel).NE.O .OR. GD(2l.HE.0 .OR. GD(]).NE.O) THEN 
00 5'2 NODE-l,NNODE 

ICOS-JTCOS( NODE) 
00 52 !C-l,] 
IF (.NOT. BTES't'(J'!'FLG(t<ODE),IC"ll)) 'THEN 

II-IOOF(NOOE,") 
IF (It.LE.L4 .AND. Ir.GE.L3) 
WOR"(ll)-WOR!C(lI) .;. GD(I)·COSINE(l,!C,ICOSl 
+ GD(2}-COSINE('2,JIt,ICOS) .;. GD(J)*COSINE(J,!CICOS) 

ENDIf' 
;'2 CONTINUE 

ENOIF 

C •••••• CALCULATE THE IN'CRIMENT,I.!, INPUT ENERCiT CUE TO ItG ••• 
DUG"O 

00 53 I-LJ,L4 
EHER- (FG(I)+DFG(I)/2)-WORIt(I) 
IF (~2) \lRITE (6,.) I, 

, 'FG, DrG' .FG(I) ,DFG(I),' DDISp' ,WORIt(I),' ENER', E:NEF!. 
53 DI~G.DlItG"ENER 

DEI E· DEI E.;. 01 JltG 
ENOIF 

IF ( ISPI .EQ. 1 ) THEN 
00 61 I-L3,L4 

lSI WORJ(t)-DDISP(I) 
e... ADD GROUND RESPONSE It< JOINT CORRDINATES TO RELATIVE RESP 
C MUL'l'lpLT GROUND DISPL • DIRECTION COSINE 
C OMIT ALL OCF THAT ARE CONSTRAINED TO iJ. MASTER DOF ••• 

c· 

IF' (GD(l).HE.O .OR. GD(2).NE.a .OR. GD(J).NE.O) THEN 
DO 62 NODE-I, NNODE 

I<:OS-J'1'COS (NODE) 
DO 62 "-1,3 
IF' (.NO'I'. BTEST(J'!'FLG(NOOE),IC.;.ll)) THEN 

II·IooF(NODE:,It) 
If' (II.LE.L4 .MD. II.GE.L)) 
WORIC{II)'"WOR){(II} • GD(l)"COSINE(l,!C,ICOS) 
.;. GD(2)-COSINE(2,!C,ICOS) t GD(J)"COSINE(J,JII:,ICOS) 

ENDIF 
6:l CONTINUE 

OlDIF 
DEINT-O 

00 57 I·t,],L4 
ENER" SGD( 1,1) " \iOR!C ( I) 
WRITE(6, -) 'SCDI ',SGD(I ,1) 

57 DEINT-OEIN'I' .. g}OER 
DEI E-DEI E+DEINT 

E)lDIF 

C •••••• CALCULATE THE TOTAL INPU"l' ENERGT 
EIE.E.IE .;. DElE 

IF{ ISPI • EQ. 1 J THEN 
EIE-EIE.;.ESE 
ISPl·O 

ENDIF 

C··.. C,t.,LCULATE TOTAL STRAIN E:NERGY C·-···· --..• --_ •. _--•.. --..... -.... --..... --
C •••••• CALCULATE THE TO'I'.\L STRAIN ENERGT 

DESE-ESE. 

c 

DPSE·pSE 
ESE:-O 
PSE-O 

------ GET ELASTIC AND PLAS'I'!C STRAIN ENER~Y FOR EACH ELEMENT 
LSTTTP-O 
pRINT-.FALSE. 
HE.AD -.FALSE. 
00 ISO IELNO-I,NELM'l' 

CALL ELELIB 
{IO,t.5TTYP ,.FALSE.,IREL,.F'ALSE., N,IJI(E ,EESE,EPSE,OAJol.AGE, 

DUCFAG, 
I ELNO ,1 ELooP , )(GOOt, pGEOM, FIt NpU'l' ,AXI AL.., I'1i 01 sp, I '1ILOAD, MSTOR 1 

IF (1''1'2) WRITE (1S,55) IELNo,EESE,EpSE 
55 FORMAT(' E:t.EMENT",15,' ELASTIC SE-',IP,GIJ.4, 

PLASTIC SE-',lp,G13.4) 
ESE - ESE: + EESE 

60 PSE" PSE .;. E:PSE 

C •••••• CALCULiJ.TE. THE INCRH4ENTAL STRAIN ENERGY 
DESE-ESE-DESE 
DpSE- pSE- DpSE 

c C----··---·· -----_. --.. ---.. --._.--
C--- CALCULATE !CIN'E"I'IC ENERGY _e. 
e· .. ---·--- •• - ---_ •• ---. - - --... ---•• -

IF (DTN) THEN 

C ••••••• GE:'T THE ABSOLUTE VELOCITT AND STORE IN VECTOR WOFl!C2 ••••• 
C... SiJ.VE RELATIVE RESPONSE IN VECTOR WORle2 

00 15 I·l,L4 
15 WOR!C'2(I)"VEL(I).;.DVEL(I) 

ENE00960 
ENE00970 
ENEOOSIBO 
E:NE00990 
ENEOI000 
ENE010I0 
E'NEOI040 
ENEQI0JO 
EN£01040 
ENEOI050 
ENEOI060 
EN£010"l0 
ENEOIOBO 
ENE01090 
E.NEOII00 
£NEOI1I0 
ENE:Oll';lO 
E1IIE01130 
EN EO 1140 
ENEOl150 
ENEOll60 
ENEOII"lO 
ENEOl1BO 
ENEa1l90 
ENE01200 
E:NE.0121a 
ENEOi:l.:l.O 
EN£012]0 
ENE:0l:l40 
ENEOi:l:50 
ENEOl'260 
ENEOI2'J0 
ENEOl260 
ENEOl'2S10 
E.NE01JOO 
ENE01J10 
ENEOlJ20 
ENEOlJJO 
EN EO 1340 
ENEOlJ50 
ENEOIJ60 
ENEOlJ'O 
EN£OlleO' 
ENE:Ol)90 
ENE.01400 
EN£01410 
ENE014'20 
ENE:01430 
ENEalUa 
EHE01450 
E1IIE014 ISO 
ENE014"10 
ENE014eO 
ENE:01490 
ENE01500 
ENE01510 
ENE01520 
EN[015]0 
EN£01540 
ENE01550 
£NEO 1560 
ENE015jO 
ENEOIS80 
ENEOl590 
£NEOlI500 
ENE01610 
ENE:OllS'20 
ENE01630 
ENEOIlS4a 
£Ne;01650 
ENEOl6150 
ENE016"10 
ENEOl6BO 
EN EO 1690 
ENEOl700 
ENEOl710 
ENEOU20 
ENEOU30 
E:NE01HO 
EN'EOI75a 
ENE01760 
ENEOI "/"/0 
ENEOI "IBO 
ENEOl"190 
ENE01800 
£NEO 18 iO 
ENEO 1620 
ENE018JO 
E:NE01640 
EHE:OI6S0 
E:II1E018150 
E.NE:OIB70 
ENE:OIBBO 
ENEa1890 
ENEOl900 
ENE01910 
ENE019:l0 
EN EO i930 
ENE01940 
ENEOl950 
EII1EOl960 
E:NE01970 
ENE01980 
ENEa1990 
ENE:020aO 
ENEO:lOIO 
EN£0'2020 
ENE02030 
ENE02040 
ENE0'2050 
ENE0'2060 
£NE02070 
ENE0:20BO 
ENE0'2090 
ENE02100 
E:NEa4110 
ENEa2120 
ENEa:l.lJa 
EN£02140 
EN'E0'21S0 
ENE:0:llIS0 
ENE02.1"10 
E~EO:lIBO 

ENE02190 
ENE02'200 
E:NE0'2210 
ENE.02'2'20 
ENE:a2'2]O 
ENE02:l.4a 
ENE02250 
ENE0'221S0 
£NE022"10 
ENE02280 
ENE02'290 
EN'E.a2JOO 
ENEa::l]la 
ENE0'23'2a 
£NE01))0 
ENE02340 
ENE02350 
ENE02360 
ENE02J70 



" 
c 

ADD GROUND RESPO!'IISE IN ,JOHI'\' CDRRDINATES TO RELATIVE RESP 
MULTIPL'f GROUND VELOCITY * DIRECTION COSINE 
0)0111 ALL 00F' THAT ARE CONS'r'RAINED '1'0 fir. ~STER 00F' .•• 

H' (GVT(l).N'E.O .OR. GV'l'C:2).NE.O .OR. GV'!'(J).NE.O) THEN 
00 :iI 0 NODE· 1 ,NHODE 

ICOS·J'I'COS( NOeE) 
00 20 It· I ,3 
It' (.NOT. BTES'l"{.JTF'LG{NOoE).It..-ll» THEN 

II·IooF{ NODE. It) 
IF' (II .LE.Lt) 
IroRJl:2(II).WORJC:l{II) + GV'!'(l)-COSINE(l,I'::,ICOS) 
+ GV'!'(2).COSINE(:2,K,IC06) + GVT(J)-COSIN'E(J,II:,ICOS) 

ENDIF 
CONTINUE 

ENDIF 

C •••••• CALCULATE THE TO'l'AL KE 
DEII:E·EItE 

c 

Ci'r..LL E'I'MPL'f{P'l'2.Ll.L2.LJ.L4.L41.L4, 
IMDMS. MOMS, MASS. WQRIt. WORlt2. WORII:2, EKE) 

E!li:E"EltE/2.0 

C •••••• CALCULATE: THE INCR1MENTAL XE 
DEI'::E· EKE-DSKE 

E'LSE 
c 
C •••••• ZERO II:E FOR STATIC CASE. 

DEKE"O 
EII:E "0 

E:NDIF 

C"·· CALCULATE D.M4PINED ENERGY 

e .. •••••••••• .... ·······------.... •••••••• 
IF (D'fN") THEN" 

c 
C •••••• CALCULATE THE INCRIMENTAL DAAPING ENERGY 

DEOD .0 

c 

• 0' 

IF' (ALPHA.NE.O .OR. BETA.NE.O) THEN 
DO 85 I.LJ.L4 

ENDIF 

mRCEI· FDA.J4P(I)+DFDA.J4P(I)/2 
VMI • VEL(I)+ DVEL(l)12 
EHER·FORCEI"V)4I 
IF (P'1'2) ~RITE (6.·) I, 

, FORCEI •• FORCEI " VJoI' • VMI .' ENER' • EHER 
DEDD- DE DO ..- ENER 
DEDc-DEDO· [7'1' 

C •••••• CALCULATE: THE TOTAL DAJoIPINED ENERGT 
EOo- EDO+OEDD 

ELSE 
c 
C •••••• ZERO DE FOR STATIC CASE:. 

c 

EDo-O 
DEDo-O 

ENDIF 

C· .-...... - ••• ---_._-•• - •••• - •••• 
C··· CHECK ENERGY BALANCE .... 
C .... ··--·--·---.---. --•• - ••••••• 

c 

DI FF-EI E-ESE-EItE-PSE-EDD 
IF (EIE.NE.O) THEN 

RE-OIFE'IE:IE • 100 
ELSE 

RE"100.00 
ENOIF 

C·····-· .... •· .... ·-···· 
C--- PIUNT DATA .--

C··-··-"···"-···_--· 
IF (WRITE) 

.WRITE (6. 100) OE:[ E. EI E, DESE, E:SE, DEItE, Ef(E, OPSE. PSE, DEOD, EJDD. RE 
100 FORJotAT (I, T 10. r ENE:RGY BALANCE' I 

• TI0.'· ••• ··-·········'. 
• '1'40 •• rNCRIMENTAL' ,T5B, 'TOT.\L' I 
• TI5.·INPUT ENE:RGl" 
"TI5.·ELASTIC STRAIN ENERGY' 
, TIS. ·f(lNE."'I'IC ENERGY 
, '1'15,' PLASTIC STRAIN ENERGY' 
'T15.·DAJoIPING ENERGT' 

,NO.IP.Gl:i!.5.T55.Gl:2.51 
,NO.IP.G12.5.T55.Gl:2.51 
,T40, IP.GI2. 5.T55,Gl:2. 51 
,NO.IP.GI2.5.T55.GI4.51 
,TtO, IP .G12. 5 .'1'55, G12. 51 

, TIS •• RELATIVE: ER'. 'ROR' T55.Gl:2. 5.' ") 

IF' (OYN.MO.WRITE) WRITE «(5,110) ( GD(I). GV(I). GA(I).r-l,J), 
, (G[7'I'(I).GVJ'(I).GAT(I).I·l.3) 

110 FORMAT (/.TI0.' GROUND RESPONSE' I 
, 1'10. ' ................... ' I 
• TI0.'INCRIMENT.\L VALUES'.TtEi,·DISPt.ACEMENT'. 
, T63. 'VELOCITY',T71S.'ACCELERATION'1 
• TIS. 'GLOBAL X A.lIS TRANSLATION ••• ',TtS.lP.JGI5.5,I 
'TlS,'GLOBAL Y A.lIS TRANSLATION ••• ·,TtS,lP,JG15.5,1 
• TlS.'GLOBAL 3 MIS TRANSLATION ... '.Tt5.1P.JGIS.S,1 
, TI0. 'TOTAL VALUES' I 
Ii TIS, 'GLOBAL I AXIS TRANSLATION ••• ·,Tt5.IP.3G1S.S.1 
Ii TIS. 'GLOBAL 'f A.lIS TRA.NSLATION ••• ·.'T'45.1P.3G15.5,1 
Ii '1'15, 'GLOBAL Z. A.lIS TRA.NSLATION ••• ·.T4S.1P,JG15.5) 

c·.. DUCTI~ITIES AND EXCURSION RATIOS ••• 

C····························-······-····· 
LSTTtP·O 
PRINT·WRI'l'E 
HEAD "WRITE 

DO 200 IE:LHO·l.HELMT 
200 CALL ELELI B 

, (1~,LSTTtP •• FALSE.,IREL •• E'ALSE •• NAJo(E .EESE.EPSE,DAMAGE. 
, CUCFAG. 
, I ELNO .1 ELOOE' .II:GDOE'. PGE:clM. RINPUT. A.lIAL. J ZDI SP. I ZLeAD, MSTOR) 

ENE02JBO 
ENE02390 
£NE02tOO 
ENE02t 10 
£NE02t20 
£NE02tJO 
ENE02440 
ENE02t50 
ENE02460 
ENE02410 
ENE02teO 
EHEO:1.t90 
ENE02500 
ENEO:1.510 
ENE01510 
ENE02530 
ENEO:1.5.t0 
ENE0.1550 
ENEO:1.5EO 
ENE02S70 
ENEO:1.SBO 
ENE02590 
EN£O:1.EOO 
ENEO:1.EIO 
ENEO:1.E20 
ENEO:1.630 
£NE026tO 
£NE02650 
ENEO:1.660 
ENEO:1.670 
ENE02680 
ENE0'2690 
£NE02700 
ENE02710 
£1'1£0::2720 
£1'1£0:1.7 JO 
£NE02740 
ENE02750 
EN£02760 
ENE027i0 
EN£02780 
ENE02790 
£NE02800 
ENE02BI0 
ENE02820 
£NEO::;:8JO 
ENE028tO 
ENE02850 
ENE01860 
ENE01870 
ENE02B80 
ENE02890 
ENEO::;:900 
ENE02910 
ENE029::;:0 
ENE:029JO 
ENE029tO 
ENE02iHO 
ENE02960 
EHE02970 
ENE02980 
ENEO:il990 
ENEOlOOO 
ENEOlOI0 
ENED3020 
ENEDJOJO 
ENED30<tO 
ENE03050 
ENE03060 
ENE03D70 
ENE03080 
ENE03090 
ENEDJ1DO 
EN£03110 
ENEDJ120 
EN£03130 
ENE03140 
ENEOJ150 
ENEOJ160 
ENE03170 
EN£03180 
ENE03190 
ENE03200 
ENEOJ:iIlO 
ENEOJ:iI:ilO 
ENE03230 
ENE032tO 
E:NEOJ250 
ENEOJ:il60 
ENEOJ270 
ENEOl280 
E:NEOn90 
E:NEOJJOO 
EHEOJJlO 
ENEOJJ20 
ENEOJJJO 
ENEOJJtO 
EHE0J3S0 
ENE03J60 
tNEOll/O 
ENEOJl80 
ENEO)J90 
ENEOJ<tOO 
E.lIiEOJ410 
ENEOJ420 
ENEOJ4JO 
ENEOJ440 
ENEOJt50 
ENEDJH50 

R~URN ENEDJ47D 
END ENEOJ480 

Cz ••••••• --. ----- .---______ • __ • ___ • __________ •• __ •• - •••••••••••••••• - ••• E:TMO 0 0 10 

C DEBUG UNIT( 6). TAACE. SUBCHIt. INIT. SUBTRACE ETM00020 
C END DEBUG ETHOOOJO 
C-·------------------•••••••••• ------------••• -------.. -------•• - •••••••• ETMO DOt 0 
C CALC THE ENERGY (E) rcR U(TRANSP) • P • U(TRANSP) • A • X E"TM00050 
C E:'!'M00060 
C - MATRIX A IS A.N UPPER TRIANGULAR MATAI1. WITH KA1N DIAGONAL ADDRESS ETH00070 
C M.ATRIX MD. E:'!'M00080 
C ooF Ll TO L2 H",VE BEEN CONDENSED OUT E'TM00090 
C 00E' LJ TO L~ H",VE BEEN MODIt'IED FO"'- TI-IE CONDENSATION OF Ll TO L2 ETHOOIOO 

ooF L; TO L6 H",VE NOT BEEN I«JDIF'IE'D E'UCOOU,O 
- X IS A VECTOR.. E:TM001:20 

C - P IS 1\ DUJoDotT INPUT VECTOR.. E"rMOOIJO 
C .. -------·---------·· ••••••••••••••••••••••••••• --...... --- .. - .... --........ ETHOO 14 0 

'" 

SUBROUTINE E:TMP~T (PRINT, Ll, L:2, L3, Lt, LS. LIS .110010, MD, A. P.II:, U. E1 ETM00150 
OOUBLE PRECISION E, El ETMOOli!iO 
DIMENSION fIr.(IMD),X(L(5),P{L6),MD(LIS+l),U(Lei) E:TM00170 
LOGICAL BTEST,PRINT,T,F' E:TM00180 
IJI{I,J)·MD(J)+J-I E:TH00190 

T" ,TRUE. 
F •• FALSE. 

IF (PRIN'!') THEN 
WRITE (Ei.500) 'CALC ENERGY FOR PART1ALL'f 

L.l.L2.L3.L4 .LS.L6. ZERO.IJ 
CALL L~TRXrA.MD.LE.I""O. '!-tATRIX A .) 
00 515 I·LI.L6 

WRI'l'E(E.520) I.I(I).U(I) 
EHOIF 

REDUCED A KATRII', 

E:TM00200 
ETM00210 
ETM00:220 
E:TMOO:2JO 
ETMOO:2tO 
E:'!'1"I00250 
ETM002(jO 
ET/II0027° 
ETJoI002eO 
E:'TJII00290 
E:'I''''OOJOO 
E:TMOOJ10 

35 

c------------ CA.LC PF' • I'::FF·.Xl E'I'MOO)20 
E'THOO))O 
ETMC034C 
E'THOO)50 
E."I'MOO)60 
E'NoII00J7C 
E:'l'Jo100J80 
E:'!'Jo10CJ90 
ETM00400 
ETJo100.t 10 
E'I'Jo100420 
E'TMOO.t30 
ETMOO.t to 
ETMOO.t 50 
E:'I'M00.t60 
ETMoono 
E't'MOOteO 
E:TMOO.t90 
ETMOOSOO 
E:TM00510 
E:TM00520 
E'I'M00530 
ETM005~0 
ETM00550 
ETM00560 
ETM00510 
ETM005eo 
ETM00590 
ETMOOcOO 

CALL TMPLY (F, T, IMD. L6. LJ. L~. LJ. L4 .MD.A.P.I) 
c c------------ CALC El .. XF' • PF' 

'-0 
00 10 L-LJ, Lt 

10 EJ· E + lJ{LPP{L) 
E:l-E 

c c------------ CALC PF • It:FR, .XR 
CALL TMPLY (F'.'l'. IHD, L(5 ,Ll.Lt .L5. L6.MD. A. p. X) 

c 
c-----~~----- CALC PF • f(FR ·xA 

CALL TMPLY (F ,'I'. IMD, Lei. L5. LIS .Ll. LEi. MD. A. P. X) 
c 
C------~----- CALC E:iI .;. EJ .;. E4 - IF • PF + XR • PR 

00 :20 L·L I. L6 
:20 E:. E + U(L)-P(L) 

c 
C------------ PRINT ANSWER, •• 

IF (PR1NT) WRITE (1S,510) E.El 

500 F'OP.Jo(AT (/':2x.A./21, '~ll' .15. r L2,' .15. 
" LJI', I 5.' ["4.', IS. 
Ii' Ls.'.r5.· LEi.',IS.' ZEROI '.Ll,' X3. ·.Ll) 

510 E'ORMAT (/21.' TOTAL EHERGT.'.lP.GlJ.5.· Ell'.GIJ.5) 
520 FORMAT (2X.·OOFI·.Hi,' X(ooF)',IP.G14.5,' U(OOF')I'.GI4.5) 

RETURN 
'NO 

C··· ................. - _ •••••••••••••• ------...... - •••••••••••••••• - ••• -- -- F EMOOO 1 0 
OEBUG UHI T (6) ,TRACE, SUBCH 11:. INIT. SUBTRACE E'EM00020 
END OEBUG E'EMOOOJO 

SUIlROUT I NE FEMREL(~, Jo1B, REL .... RELB. ITORQ. I ELNO) E' EJo!OOC' 0 
REAL MA.Jo!B F£JoI00050 
INTEGER REL :EJoI00060 
LOGICfIr.L REL .... RELB.BTES'T F'EM00010 
WRITE (6.·) RELA,REt.B.AA.HB.ITORQ F£)04000eo 

If (lTORQ.EQ.O) THEN 

ELSE 

ENoIF 

IF (RELA .ANC. RELB) 

"" -0 
MB"O 

ELSE IF (REL8) THEN 
MA • MA-Me/2 
H9-0 

ELSE IF (RELA) THEN 
MB· MB-MA/l 

"" -0 
END1F 

THEN 

IF (REtA .AND. RELB) THEN 
W",-I'i'E (6.900) IELNO, 'TORSION WITH 

""-0 
HB·O 

ELSE IF (RELB) THEN 
MA·H,A+MB 
MS·O 

ELSE IF (RELA) THEN 
MB·HB.;.MA 

"" -0 
ENDIF' 

BOTH ENDS RELE ... SED' 

900 FORMAT ( , ER'.' RCR CA.!,.CULATING FIlED END FORCES FOR ELEMEN'!' t·. 
, 16,' ',A,' IS NOT AVAILABLE') 

RF:l'URN 
END 

STRIPS PRECEEDTNG BLANK SPACES OFF' A CHARACTER STRING 
DEBUG UNIT(I5).Sl.lBCHIt.Sl.lBTRACE 
END DEBUG 

E'EM00090 
FEMODlOO 
:EMOOll0 
F'EMDOI20 
FEMOOlJO 
FEJoIOO 14 0 
FEMOOlS0 
E'E:M00160 
FEMDOl70 
E'EMOOIBO 
F'EMOOI90 
F'EM00200 
FEM00210 
FEMD0220 
FEM002JO 
E'EM00240 
FEM002S0 
FEM00'260 
FEJo100270 
FEJo100280 
FEM002~0 

FE)oI00300 
f'EM00310 
f'EJoII00J20 
FEMOOJJO 
FEMOOJtO 
FEJo100J50 
FE)oI003EiO 
FEMOOJ70 
FEJoIOOJeO 
FIROOOIO 
F'IR00020 
FIROOOJO 
FIROOOtO 

SUBROU'I'INE FIRST(WORD) FIRO0050 
LOGICAL B'I'ES'T FIR00060 
CHARACTER.(*) WORD FIR00010 

IE' (INDEJ:(WORD,' ·).EQ.O) RE'TURN FIROOOeO 
00 10 !·l.(LEN(WtlRD)) FIR00090 

,J-1NDEJ:(WORD(Ilj.· 'J FUOOI00 
IE' (J.EQ.l) GO TO 10 nROOllO 

WORD-WORD(II) FIR00120 
RETURN FI ROO 1 JO 

10 CONTINUE FIROOl.tO 
:20 RETURN FIR00150 
~ n_~ 

C ........... - •••••••• --... - __ ••••••••• __ • ____________ •• _ •• --••••••••••• _ ...... FOROOO I 0 

C DEBUG LJNIT(6),TRACE.SlIBCHIt.INIT.SLJeTRACE FOR00020 
C END DEeUG F'OR00030 
C •• -.-.----.. --••• _ ............ -. __ • ___ ..... _ •••••• _ ••••• ----...... _ ............ FOROOO t 0 

SUBROUTINE F'ORM(IOPT) FOROOOSO 
CHARACTER.SO NAJo1E FOR00060 
CHARACTER*lJO £LNo FOR00070 
LOGICAL PR1NT. HEAD. F,l,LSE. AXIAL. BTEST. BUGS. BUGS7 FORoooeo 
INCLUDE (ZCOPQf) mR00090 

C F'OROOI00 
C __________________ '::" __________________ - --------- ---------------- --______ FOROO 11 0 

C ~TRn STORAGE SCHEMEl FOR00120 
C -THE S't'!FrNESS MATRl)( (f() IS BANDED AND SY)OIETIUC. FOROO 130 
C THUS ONLY THE SItl'LINE ABOVE THE MAIN DIAGONAL NEEDS TO BE STORED. mROOltO 
C THE KATRU It IS STORED IN A ~IN.EAR ARRAT BY COLUMNS. FOR00150 
C THE VALUE ON THE MAIN DIAGONAL IS STORED IN THE LINEAR ... RRAY FIRST. F'OROOIEO 
C RELATIVE ADDRESSES OF THE LINEAR ARRAY ELEMENTS CONTAINING THE FOROOl70 
C MJl.IN DIAGONAL TERMS ARE STORED IN MD. F'OROOleO 
C THE ABSOLUTE ADDRESS OF' THE FIRST ELOIEHT IN THE It MATRIX 1S IZST1E'.FOR00190 
C THE STIFFNESS MATR1X It IS STORED IN THE Z ARRAY. Z(IZST!F)·~(l,l) FOR00200 
C THE ABSOLU'I'E ADDRESS OF THE FIRST ELE:MENT IS THE MD MATRIX 1S HMO. FOR00210 
C THE ST[FFNESS MATRIX It IS STORED IN THE NZ ... RRAY. NZ(I"'JoID)·JoID(l) FOR00220 
C THUS, IF I LE ,J (UPPER TRIAloIGULAR ~TRIX) FOR002JO 
C IF IZMD-l+J -< IZMD-l+J+l FOR00240 
C l,J.NZ(IZMD-l+J).;.J-I • REL ... TIVE "'DDRESS IF rLEJo!ENT (I.,J)FOR00250 
C B(I,J)-1.{lZSTIF'-1 + IJ) FOR00260 
C ELSE FOR00270 

Il(I.J)-O • (I,J) IS ABOVE THE S'ltTLlNE FOROO:1.eO 
FOR00290 

E:XAJo1P~EI LE."T B IlE THE 515 FULL SYHE'TRIC MATRn BELOlII... FOROOlOO 
1 : 3 : 12 FOROOllO 

1 : '2 : : 11: HOTEl B(1.3).B(I,4) AND B(2.4) ARE ZERO. FOROOl20 
8" : : 7: 10 : FOROOJlO ! SYMM. 6!: i Mo- 1, :2. t. 6, S, 13 ~;~~i~~ 
SAY tzMD-121,IZSTH'';'200 ' FOROOJEiO 
N'Z,(121).1 Z(200).1 FOROOJ70 
N'Z,(12J).:iI Z(201)-1 FOROOJBO 
NZ(l2J)·t Z(202).J FOR003~0 
NZ(12t).6 Z(20J)·4 FOROOtOO 
HZ(l:ilS)·e Z(204).5 F'OR00410 
NZ(126).13 Z(205).6 FOROOt20 

Z(206)-1 FOR00430 
Z(20!5).e FOROOHO 
Z( 206).9 F'OR00450 
Z(:206)-10 FOROOt(50 
Z(206)-11 FORoono 
Z( :206)-12 FOR00480 

THUS. FOR 8(J.t) I·l. J.4 F'OROOt90 
I,J-NZ(IZHD-l+J)+J-t • NZ(121-1+4) +'-J - 6+t-3 -7 FOR00500 
B(I,J)"Z{IZSTIF-l + IJ) - "'(200-1+1) • Z(:20E) • 7 OK F'OR00510 

THUS. FOR B(:iI.t) 1·2. J.t FOR005:il0 
I,J.N,&(IZHD-1+J)';'J-T • N3(121-1+4) +4-2- 6+t-2 -e FOR005JO 
NZ(IZMD -1+J+l).NZ(111-1.;.4+1)-e FOR005.t0 
SINCE IJ GE NZ( IZMO-l+J+l) FOROOS50 

C 9(1.,J)·0 (I,J) IS ABOVE THE SltTLINE.... FOR00560 C _____________________________________________ -- - - --- -- --- ---- ------ - - --FOROO 5 7 0 

C FORQ0580 
BUGS _ BTEST(I8UG.5) FOR00590 



BUG57- BTES'1'(IE\UG,l) .AND. BUGS FOROOtiOO 
FOROOtilO 
FOR006'20 

LS'T'TTp·O FOR006JO 
PRIN'!'·.F'ALSE. FOR006~O 
HEAD ·.FALSE. FOFlOOtiSO 

C FOR00660 
C ------ ----- - - - - - -- - -- - ----- - ----- ----- - - - - - - -- --- __ -- - ___ --___________ -FORO 0 6 1 0 
C IOPT"l fORM STIFFNESS MATRII F'OR006aO 
C IOM-2 FOR)O[ GEO)o[E:TRIC S'TH'FNESS MATRIX FOROO!5;O 
C - - -- - -- --- - - - - ------------- ----- ----------- -------- - - -_ - - --__ - ---------FOROO 7 a 0 
c FOR00710 

IF (BUGS) WRITE [6,-) 'IN ROUTINE FORM IOPTI'.IOPT FORQ0"1'20 

49 FORMAT (lX.A/(· II·.IJ.· MDkA5S ( I ) : •• I Ill) 

GO TO (100.200).10"" 

C· ASSEMBLE STIfFNESS •• _ •• 

c···· .. ···,.··· .. ·· .... ··· .. ··· .. · .. 
lOO CONTINUE 

!ST ·IZSTIF 
IE:ND-IloSTiF +NZ(lloMD+NOOF) -1 

c 
C----------- ZERO srI E'FN£'SS 

00 110 I-IST.IEND 
110 Z(I)·C 

c C----------- - LOOP FOR EACH ELEMENT 
00 120 I£'LNO-l.NELHT 

c 
C----------- GE"T STIFFNESS OF EACH ELEMENT 

FALSE·. FALSE. 

15 

c 

CALL ELELI B 
(J,LST'T"!P .FALSE .IREL.FALSE .NAAE .EESE.EPSE.OAHAGE, 
DUCFAG. 
I ELNO ,I ELOOF ,ItGOOF. PG EOJol , Z • .l-Jl:IAL. I ZDIS?, I ZLQAD.MSTOR) 

IF (BUG51) THEN 
WRITE (ELNO, 15) IELNO. (NZ (1.1 loLH-l). 1·1, MIN( I ELOOE'. 1B) J 
E'ORJo!.A.T ('ELEMENT ".16.' LMI·.1816) 
CALL LKATRX( Z (I nE), MD. I ELooF, MD( I ELOOF+1), ELNO) 

£.NDIF 

CALL FORJ!oJ..( Z( I Z5TI F). NZ( I ZMD1. NOOE' .NZ( 1 loJoID+NtoF). 
, lo( I ZltE) ,MD, IELOOF,MD( IELOOE'·d) .NZ( .loL"'l.!.) 

C----------- SUBTRACT G£.O)o[E'TRIC 5"I'H'FN£.SS 
NZ( 1 ZItGOT"J }"Nlo (I UGDT.J) 

120 

c 

IE' (NZ(UItGDT+J).£.Q.1) THEN 
FALSE·.FALSE. 
CALL ELELIB 

(2,LSTT!P .FALSE ,IREL.FALSE. 
DUCF"G, 
I£.LNO ,IELooF,ItGOOE'.PGEOM.Z 

IE' (BUG51) THEN 

NAME: • EESE, EPSE. DAMAGE, 

• AXIAL.l loDISP, I loLQAD,MSTOR) 

WRI TE (ELNO, 15) lEt-NO, (NZ (I+IZL)o[ItG-l). 1.1. "'IN (ItGOOF. lB) J 
CALL ~MATRX( Z (UItEKG), MD. F:GDOF. MD( F:GOOF.l) , E:LNO) 

£.NDIF 

IF (.NOT. AXIAL) GO TO 120 
DETERMJHE THE E'ACTOR FOR It"G 

IE' (Nlo(IZ!tGD'N1).£.Q.l) THEN 
ACC£.LZ- ',!j (I UGI:'1') 
PG EO)o['" PGEOM. ( 1. .ACCELZ) 

ENDIF 
5WP"P 'THE SIGN ON F'GEOJr4 FOR SUBTRACTION ••••• 
PGEOM--PGEOM 

CALL FORJi4L( Z( I loSTIF) ,NZ (I ZMO) .NOOF.Nlo (I loMD+NOOF). 
, Z [I UEKG) ,MD.1tGOOF. MD( ItGOOF+I) .NZ( i ZLMJtG), ?GEOM) 

ENOIF 

CONTINU£. 

RE."TURJIl 

C----------- ASSEMBLE GEOMETRIC STIFNESS 
200 CONTINUE 

c 

IF (NZ(IZItGt1t'+J).NE.'l 1 RE:'1'URN 
1st' -lUG 
IEN~iZII::G .. NZ( IZHDItG+NOOF) - 1 

C----------- Z£.RO STIE'FNESS 
00 210 I"IST. I OlD 

210 Z (I)-C 
c 
C------------ L.QOP FOR EACH ELEJoIEN'i' 

00 220 IELNa-l.NELMT 
c 
C----------- GET STI FFNESS OF eACH £.LE..HENT 

FALSE-. FALSE. 
CALL EL£.LI B 

(2.LSTTTP .fALSE ,IREL,FAL5E, NAJoIE ,E£.6E.EP6£.,DAMAGE:. 
OOCFAG. 
I ELNO ,IELOOF. KGOOF, PGEOM, Z ,AXIAL, I ZDISP ,I ZLOAD, MSTOR) 

IE' (.NOT. AXIAL) GO TO 220 

IF (BUG5') TH£.N 
WRIT£. (15. -) '!'GEO",,", , • PGEOH 
WRITE (£.LNO. IS) IELNO, [NZ (I+UL)O[!{G-l), 1"1, MIN( ~GoaF. 18») 
CALL LKATRX( Z (I ZKEKG), MD, KGCOF. MD( ItGOOF".l), ELNO) 

EN"DIF 

CALL F"ORML( z (I UGl ,NZ( I z)o[D"{GJ ,NOOF .NZ( 1 loMD""ItG+NOOF). 
, Z (I loItEItG). MD.ItGOOF, HD( ItGOOF"l), NZ( I ZLJ!l:JtG). PGEOM) 

220 CONTINUE 

FoRO07 JO 
FOR007~0 
FOR00"150 
FOR00160 
FOR00770 
FOR007BO 
FOR00790 
FORQoaOO 
FOROOBlO 
FOROOB20 
FOROOBJO 
roROOB~O 
FOROOe50 
fOROOBtiO 
FOROOB70 
FOROOBBO 
FOROOBSIO 
FOROOSIOO 
FOROOSIlO 
E'OR00920 
FOROOSlJO 
FOR00Sl40 
FOR00950 
E'OR00960 
FOROOSl70 
FOROOSIBO 
f'OROOSISIO 
FOROIOOO 
FOROlOIO 
FORO 1020 
E'OROIOJO 
E'OROIO~O 
FOROIOSO 
FORO lOtiO 
FOR.OI070 
FOROlOBO 
FOROI090 
FOFlOIIOO 
FORO 1110 
E'OR01l20 
FOROlllO 
E'OROII'O 
FOR01150 
fOROlltiO 
FOROll10 
FOROIIBO 
FOROllSiO 
FOR01200 
FOR01'210 
FORO 1'220 
E'OR012JO 
FOR012~O 

FOROIHO 
FOROl260 
FOROl270 
f'OR012eO 
FOR012S10 
FOROlJOO 
FOROIJlO 
FOROlJ20 
FOROIJJO 
FOROIJ'O 
fOROIJSO 
FOROIJtiO 
FDROtJ"10 
FOROIJBO 
FOROIJSlO 
FOR01400 
FOMI4l0 
FOROl420 
FOROI'JO 
FOR01440 
FOROH 50 
FOROlUiO 
f'OR01470 
FOROIUO 
FOR014S10 
E'OROISOO 
FOR01S10 
rOROl5:;ZO 
FOR015)O 
FQROl540 
FOR01550 
FQR015EO 
POROlS70 
FOR015BO 
FOROlSSlO 
FOR01600 
rOROltilO 
FOROlti20 
FOROltiJO 
FOROl1540 
FOROli!i50 
FORO 16150 
FOR01670 
FOROlti80 
FOR01690 
FOR011QO 
fOROl"110 
FOROl720 
FOR017JO 

RE'TURN FQROIHO 
END FOROl750 

C .------------.... - •• _ .. ---•• ---............... -.- ... --_ •• -. - ••• - .... ---•••••••• FOROOO 1. 0 
C D£.BUG UNIT (6), SU8CHK,SU8TRlr.CE FOROOO'lO 
C END DEBUG FOROOOJO 

SUBROUTI NE: FORJIIL (K, MD, NOOF, nlD. ItE. JoIDItE. I ELOOF, IMDItE, Lt-!, FACTOR) F'ORO0040 
C'" OOUBLE: PRECESION It FOROOOSO 

LCGICAL BTEST FOR00060 
01 MEN510N MD( N COP 1 ) • MD~E ( 1 ELDOF+ 1) • LM( I £.LDOF) FOR00070 
REAL Itt IMD). ~£.( !MD~E) FOR00080 

C FOROOOSIO 
C - - -- - - - - - --___ - - ____________ ---_______________________ -- -- -- - - - - - -- - - - - FOROO 100 

C AATRIX S'!'ORAGE SCHEMEl FOROOIIO 
-THE STIFFtIIESS MATRIX (It) IS BANDED AND Sll94&"t'RIC. fOR00120 

THUS ONL! THE SItTLiNE ABOVE THE MAIN DIAGONAL NEEDS TO BE STORED. rORCOllO' 
THE MATRIX It" IS STOR£.D IN A LINEAR ARRAT B1 COLU)o(NS. F'OROC140 
THE V-'LUE ON THE MAIN DIAGONAL 15 STORED IN THE LINEAR ARRAT FIRST. F'OROC150 
RELATIV£, ADDRESSES Of TH£. LIN£.AR ARRAY £.LE'.:)o[EN'TS CONT"INING THE F'OROOli!iO 
MAIN DIAGONAL TEFIJoIS "RE STORED IN HD. FOROOl7o 
THUS. FOR I(I,J) FOROO1.BO 

IF i LE .1 (UPPER TRIANGULAR JoIATRIX) FOROOlSiO 
IF MD[J)+.1-I < JoID(J+1) FOR00200 

IJ"MD(J) +.1-1 I R£.LATIvE ADDRESS IF ELEMENT (1,.1) FOR00210 
It"(L.1)·It( 1.1) FOR00220 

ELSE 
I (I. J) 1 S "BOVE THE SIt"TLINE 

£.X"",,,PLEI LET B BE THE SX5 FULL S!METRIC MATRIX BELOW •.• 

FOR002JC 
FOROo:;z40 
FOR00250 
FOR00260 
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1: ] : 
: 2 ' 

14 FOROO:l:70 
11 NOTEI It(LJ),1t(1.4) AND 11\.(2.4) AI'£. ZERO. f'QR.OO2BC 
10 f'OR002S10 

5T""". 9 "'0- L 2. 4, 6. B. 1) FOROOJOO 
, 8 FOMOJIO 

SAt" I Z)o[~l21. IZSTI F·'200 FOR003'l0 
MDtl)"l It( 1)"L E'ORCO.3JO 
MD('l)·2 11:( 1)·2 FOROO)40 
M0(3)-4 It( J).J roR00.350 
JoID(4)-6 11:( 4)-4 FOROOJ60 
JoID( 5)·B 11::( 5)-5 F'OROO)70 
MD(6)-ll 1( 6)·6 FOROOJ80 

It( 7 )-7 FOROCJSlC 
It( B )·a F'OR00400 
It( 9 )·9 f'OR00410 
It(lO)·lO FOR00420 
It(ll)-ll FOROOOO 
1t(l1.)·l2 FoRO04~0 

THUS. FOR It(J.4) 1"3, .1-4 FOR00450 
IJ-JoID(.1)+J-l • MD(4 )+4-3 • 15+4-3 -1 FOR004150 
1t(I.J)·it(IJ) • 1t(1)· 7 Olt FOROOOO 

THUS, FOR B(2,4) 1-2. J.4 E'OROC4BO 
IJ·MD(J)+J-I • JoID(4) +4-2 - 6+4-2 -8 FOR004S10 
MD(J+l)·"'D(4+1)-8 FORCC50C 
SINCE 1.1 G£. JoID(J"l) FOR00510 

C 11:(1..1)-0 (1,.1) IS "aov£. THE S"ltlLINE.... FOR005'20 
C--- -- - -- - ------- ------- ------ - - -- - -- - - - - --- - - --- - - ---------------------FOROO S J 0 
C THE ELEJoIENT STIFFNESS IS S'TORED IN " SIMILAR KANNER. FOR00540 
C ItE IS THE LINEAR AJ:lRA! CONTAINING TH£. ELE)O[ENT STIE'E'NESS FOR00550 
C MDItE IS THE MAA1 CONTAINING THE MAIN DIAGONAL ADDRESSES FOR ItE FOR00560 C _ - - --_________ - ________ ---___________________ --- - - - ___ - - __ - -- __________ Fa ROO 5"1 0 

C FORC05BO 
C. __________ JoIAP ELE)o[EN'T S'1'IFFNESS INTO GLOBAL STIFFNESS FOROCSSlo 

C LI • GLOBAL COF "SSOCIAT£.D WITH THE I 'TH ROW OF THE MEMBER STIFF. FOR00600 
C LJ • GLOBAL oaF ASSOCI"TED WITH THE I'TH RoW OF THE MEMBER S'TIFF. FOR00610 
C IJELM .. ABSOLUTE ADDRESS OF TH£. IoIEHB£.R STIFFNESS TERM (1,.1) FOR00620 
C rJGLOB. MSOLUTE ADDRESS OF THE GLOB.J\L STIFFNESS TERM (LI.LJ) FOR006JO 
C FOFl00640 
C- htAJl:lJ • Mo(NooF"'l) FOR001550 
C FOR006So 

c· 

c· 

c· 

c· 
c· 

00 JO I·l,IELOOF FOR00610 
LI.L~(I) FOR00680 
JF (LI.LE.O .OR. LI.GT.NOOF) GO TO JO FOR00690 
00 20 J·l.IELOOF FCROO'OO 

L.1"L)o[( .1) FOR00"110 
IF (L.1.LE.O .OR. LJ.G'T.NCOf) GO TO 20 f'QRC072C 
IJELM -MDItE(J)+J-1 FOR0073C 
IF (1t"E(IJEL)o[J.EQ.O) GO TO 20 FOROOHO 
IF (LI.LE.L.1) THEN FOR007S0 

I JGLOa-JoID( LJ) +LJ-LI FOROO' 60 
ELSE E'OROO"1 "1 0 

IJGLOS·JoIO(LI )"LI-LJ 
ENDIF 
IF ( iJGLOB.GE.MAJl:IJ ) THEN 

WRITE t6,-) 'ER','ROR [N IoIAPPING ELEM£.NT STIFFNESS FOR'. 
, ELEMENT f·.IELNO,LI,LJ.IJGLQB.MAXIJ 

ELSE 
it(IJGLOB)-It(IJGLOS)+lt:E(IJELM) • FACTOR 

C- ENDIF 

FOROQi80 
FOR00190 
FOROOBOO 
FORC0810 
E'OROOa20 
FORooa30 
FOROOB40 
f'OROOBSO 

'l0 CONTINUE 
)0 CONTINUE 

c 
C----- NOTEI LINES COIrO(EtlTEO OUT C- ARE FOR ER ROR CHECItING, THE VALUES 
C IN L~ ARE "S5UMED TO BE CORRECT •• :-
c 

FOR00860 
FOROOe10 
FOROOeeo 
FOROoe90 
E'OROOSIOO 
FOROOSIIO 

RETURN FOROOSl20 
END FOROOSlJC 

C.·· ....... • .................... - ............. - ............ _ ... ·-· .. ··----- .. - .... ·--· .. •• .. GE:'!'OOO 1 0 
C DEBUG UNIT(6) ,SUBCHIt.SUBTR.lt.CE GETOOOJO 
C ENe DEBUG GE:rOOOJO 
C GE'l'00040 
C SUBROUTINE GE'l'CHR Df:'!'ERJIIINS THE IJALUE OF THE FI RST CHAR.lr.CTER GE'1'OOO')O 
C "F'T"ER AN OPTIONAL (LWOR~.TRUE.) ItETWORD (WORD). GE."I'00060 
C AND RE:MOVES TH£. S'1'RING (WORD)//CHAR IF GE'T00010 
C MCDIFT •• TRUE. GE'l'OCOBO 
C GE."T00090 

c 

'" 

10 

20 

SUBROUTINE GE'TCHR( VERB. WORD, CHAR, LWORD. HODI F! ) GE'TOO 1 00 

CHARACTER'"('") V£.RB.WORD.CHAR 
LOGICAL MODln. r..WORD • BT£.ST 

CHAR·' 
If' (LWORD) THE.N 

ISTART-INDEX{VERS, WQRD) 
IF (ISTAR'1'.LE.O) RE:'I'URN 
I· I srART"LEH ("ORO) 

ELSE 
I'l 
IST"RT·l 
CALL FIRS'!'(VERB) 

ENDIF 

If' (VERB(III).EQ.· .. ' ) THEN 
1-1.1 
1.1"1 
J·INDEX(VERB(IJI) ..... )-1 + 1.1 

IF (VERB(.1.2)I(J+l).EQ.····) 
IJ-J"J 
GO TO 10 

ENDIF 
IF (.1.EQ.O) THOi 

CHAR.VERS( I I ) 

GO TO 10 
ELSE 

C H"R-V£,RB ( I I J) 
ENDIF 

ELSE 

IJ·INDE:J(CHAR.'· , ••• ) 
IF (IJ.NE.O) THEN 

CHAR·CHAR(: IJ}//CHAR( (1.1+2) I) 
GO TO 20 
ENDIF 

J"INDDt(VERB(Ill,' ') • 1-:' 
iF (J,G8.1) CHAR·VERB[IIJ) 

ENDIF 

IF (!<101FT) THEN 
IF (VER8(.1 .... 2IJ.2).~.'.'1 J·J.l 
IJERB (1 STAR'\' I )·VERB(J.21 ) 
CALL FlRST(VERB) 

ENDIf' 

THEN 

GE."I'00110 
GETOO 120 
GETOO 1JO 
GEn'OOI40 
GET00150 
GE."I'00160 
GET00110 
GETOOlBO 
GET00190 
GE'T00200 
GE'l'00210 
GETOC220 
GET002:3C 
GET00240 
GET002S0 
GETOO'l60 
GE'I'00210 
GE'T002BO 
GE'l'OO'lSlO 
GE'TOOJOO 
GE:'TOOJIO 
GET003JO 
GETOOJ3o 
GETOOJ40 
GE'TOOJ50 
GE."!'00J60 
Ge:t'00J70 
GETOOJ80 
GET00J90 
GE'T00400 
GE."1'00410 
GET00420 
G&"t'OOOO 
GE'TOOHO 
GE:T00450 
GE:T004150 
GE'l'OC410 
GE:TOC48C 
GET00490 
GE:t'OOSOO 
GET00510 
GE:'!'005'l0 
GET005JO 
GE:'I'OC540 
GETOC550 

RETURN GE1'00560 
END GE1'00570 

C---.... -.--............. --••••• --••• -.- .. - ••• - ••• - ••••••••• - ...... _ ........... -Gsroo 0 1 0 
C DEBUG UNIT (6), SUBCHII::. SUBTAACE GET00020 
C END DEBUG GE'TOOOJO 
C GE:'I'00040 
C SUBROUTINE GE'TINT DETERMINS THE: VALUE OF THE FIRST i:NTEGER (INTEG) GET00050 
C AFTEFI AN OP't'ION.J\L (LWORD-.TRUE.) ItE1WORD (WORD). GE'T00060 
C .-.NO REIoIOVES THE S'1'RING (WORD)JlINTEGER IE' GE:T00070 
C MCDIE'T •• TRUE. INTEG CAN BE AN! L£.NGTH RE:PRESENTMLEGE'l'OOCBO 
C BT SINGLE PRECESION. GE:TCC090 

SUBROUTI NE GE't'IN'1' (VERB. WORD. I NT£.G. DEE1JLT. LWORD. MODI F1 ) 

CHARACTER- ( .. ) VERB. WORD 
CHARACTER-IO NUMB 
LOCICAL HODIFY, LWORD. HIT. BTES'l' 
I NT EGER D£.E1Jt.T 
DATA NUMB/'012J4561B9'/ 

GE."TOOIOO 
GETOOllO 
GE:T001'l0 
GETOO IJO 
GE'TOO 14 0 
Gt"I'OOlSO 
GET00160 
GE:'T00170 
GE:1'00180 



I NT EG- OEFULT 
1-111'- .TRUE. 
IF (LWORD) THEN 

ELSE 

I START" INDO (VERB • .roRD) 
IF (IOI'AR'l'.t.E:.O) RE."'rURN 
1-I5"I'ART+LE:N( WORe) 

I-I 
IS'I''''R'l'·l 

ENDIF 

151GN • 1 
L-LEN(VERB) 

S IF (I.GT.LJ RE:'I'URN 
IF (VERB(Idl.Eg.'-') THEN 

[SIGN ·-1 
1-1+1 
GO 1'0 S 

ELSE IF ( .... ERB(lIl).EQ.·+' 
1-1+1 
GO TO S 

ENOIE' 

.OR.VE:RB(III).EQ.' .) THEN 

10 IE' (t-GE(VERB(III).'O·) _AND. t.LE('1ERB(11l).'9·) l THEN 
IF ( HIT) THEN 

20 

HIT·. FM.5E. 
INTEG·O 

ENOl f' 
00 20 J"1, 10 

If(VERB(IIIl_EQ. NUMB{JIJ) l THE'" 
INTEG·IO"'INTEG+ (J-1 l 
1-1+1 
GO TO 10 

ENDIF 
CONTINUE 

ENoIF 

IF (MODIFI) THEN 
IF (VERB( III). EQ.·. ') 1-1+1 
VERB(iS'I'ARTI )-VERB(II ) 

ENOIE' 

GE."TOOHIO 
GET00200 
GE:Too:no 
GE:T002:i10 
GE:T00230 
GE:T00240 
GE.'"l'00250 
GE:T00260 
GET002?0 
GE:T002BO 
G£"I'00490 
GE:TOOJOO 
GE:TOOJlO 
GE:'I'OOl20 
GE:'I'OOlJO 
GE."TOOJ~O 
GE:'l'OOl50 
GE:'l'00l60 
GE:'l'003?0 
GE."T003BO 
GE"l'00390 
GE."'l'00400 
G£T00410 
GET00420 
GET004JO 
GE"l'OOUO 
GE."'!'00450 
GET00460 
GETOOOO 
GET00480 
GET00490 
GET00500 
GE:T00510 
GE."I'005:i10 
GE.'TOOSJO 
GE:T00540 
Ge:T005S0 
GE"I'005150 
GE.'T00S10 
GE:TOOSBO 
GETOOS90 
GE.'T001500 
GE."T001510 
GET001520 

RE'TURN GE'I'001530 
END GE:T001540 

C-----· .. ••• HY 6TO 2 ...... - •• oooooo .... __ ••• oo ••• •••• ....... ·--.oo •••• ----••••• ---HISOOO 10 
C DEBUG UNIT(I5),TRACE,SLlBCHK,INIT.SUBTRACE HYS00020 
C END DEBUG HYS00030 
c .. ••• _oo .... _ ••••••• - •••••• - •••••••••••• - •••••••• --_oo ............. _. __ •• ___ Hl 50004 0 

C 6U BROUTINE AXLMOD - AXIAL H1STERESIS MODEL HIS00050 
C - FtEFERANCEI ANALISIS OF THE FULL SCALE SEVEN H1S00060 
C 5"I'0Ftl RIC TEST STRUCTURE. H15000?0 
C HYS00080 
C P CURRENT LOAD, POSITIVE IS TENSION HYS00090 

C 

D CURRENT 01 SPLACMENT, POSITI VE IS ELONGATION HY 500 100 
5 5'I'!FFNESS 1011500110 
ItC VIRGIN' COMPRESSION STIFFNESS, EC 1-11500120 
ItT 1 • PIU:-IEILD VIRGIN TENSILE STIFFNESS. O.9·ltC HYS00130 lIT, • POST-IEILO VIRGIN TENSILE STIFFNESS, O.OOl-ItC HY500140 
Pt • TENSILE YEILD POINT. PHO"FY HY5001S0 
FMAX • MAXIMUN TENSILE FORCE BEFORE UNLOADING H!5001tiO 
OHAX - M.AJr:IMUN TENSILE DISPLACMENT BEFORE UNLoADING HY500170 
FX - FORCE AT STIFFNESS CHANGE POINT ON THE UNLO ... OING CURVE H!500180 
OX - DISPL. AT STIFFJIIE55 CHANGE POIN'!' ON THE UNLOADING CURVE H!500190 
Pl,OI - INTERSECTION OF TWO LINES HTSOO:ilOO 
OTT - TE.NSILE 1'EILD DISPL ... CMEN'l' • P!Jlt't'l HTSOO::iIlO 
OTC - COMPRESSION TElLO OISPLACHEN'l' • P! Jrc.c HTS00420 
FP • FORCE "'T COMPRESSION S't'IFFNESS CHANGE POINT HTS00230 
OP • COMPRESSION AT COMPFlE5SIOfl STIFFNESS CHANGE POINT HtS00240 
ItR UNLo ... DING STU'FNES6 - XCI (OHAl'/c!T) "'* ( .::10) H1S00250 
ItS • Le ... CH-Ie; S't'IFFNESS. LINE BETWEEN (FX.DI) AND (f'P,DP) H1500:il60 
ItT .. LOADING S't'IFFNESS. LINE BETWEEN (FP,DP) AND (-2PY.-20T) HTS002iO 

HTS00280 
HTS00290 

SUBROUTINE HTST02 (P, D. PL, OL. v. VL. 5, HALN. Jlt:C • It't'l. 1t'I'2 • PT. ALPHA. BE,-T .... 1011500300 
, OTT. DTC .CSE, FMAJ:. DJIIAJI:. FX. DJ:. F'P, OP.ItR.ItS ,lCT,NAL.A. PRIN'!'. H1500310 

SEQ. ESE. PSE, PSEOLD. UP05. UNEG. EXCR. I DR) H! 500320 

REAL"" ItC.!(Tl,!(T:iI,~R.I{S.!(T.NRL 
oIIo(ENSION UPOS( J). UNEG( 3), EXCR( 15), ESE(]) 
INTEGER RULEI 
LOGICAL LT.PRINT,PGTPI..PLTPL 

H1'500330 
HTS00340 
HTSOO]50 
H!5003e50 
H!S00310 

BOOO IE' (PRINT) WRITE (6.8010) P,D,PL.DL.V.'IL.5.HRLN.ItC,!(T1,!(T2.Pl. 
H!S00380 
H!S00390 
H!500400 
HtS00410 

" ALPHA. 85:'1' .... O!T. DIC. FMAX. DMAX, FX, ox. FP. DP. ~R.ItS.,;:or, NRL. A. 
i SEQ, E6E( l) • PSE. P5EOLD. C5E. UP05, UNEG. E.J.CR 

9010 E'ORXAT( 
". AXLMOO-P-' ,GIl.5,· 
". AJ[- V .. ' .Gll.5.· 
'" AJ[- II:C .. • .GIl.5.· 
". -'X-ALPHA·' .Gll.5.· 
". AX- f'"MAX·· ,Gll.5,· 
, ...... - Fp.' .G13. S.· 
,. AX- 1C'1'··.GIJ.S,· 
, ...... - ESE-·.Gll.5,· 
,. AX- UPt-· .GI1.~. ' 
,. AlC- UNI-' ,G11. 5. ' 
'" AX- EXl-' .GI3. 5. ' 

AX- EX'·' .Gl].~.' 

r:-' ,GIl.5.· 
VL.' .GI3.5.· 

!!:Tl.· .G13.5.· 
BE:'I' .... • .Gl3. S.· 
[lIII.JJ(-' ,G13. 5.' 

DP-' .Gll. S.· 
NAL-' ,GIl. 5.' 
PSE-' .Gll. 5.' 
UP2-' .Gll. S. ' 
UN2-' .G13. S, ' 
EX2-' .Gl]. 5,' 
EXS. I .Gll_ 5.' 

PL·' .G13 .5,' 
5-' .GI3. 5.' 

!!:T2-' .Gl]. 5.' 
OTT-' .GIl.5.· 
FI-' .GI3.5.· 
ItFl·' .GI1.5.· 
"'-' .GI3. 5.' 

PSE:Qa·,GIJ.5 •• 
UP1-' .GIJ. SI 
UN3-' .Gll.51 
EXl·· ,GIl. SI 
EJ:6-· .G13. S) 

HT5004::10 
DL·· .Gll. 5.1 HtS004]0 

HRLN·',Gll.S.1 HtS00440 
Pl·' .Gl].5.1 HtSOO~50 

01'C .. ·.Gl].5.1 H1S00460 
OX-' ,Gl].5.1 HTSOO"iO 
ItS-' .G13.5.1 HT500490 

SEC·' .GI3.5.1 HYS00490 
CSE·· .G13.5.1 H1S00S00 

C ••••••• 5E'T :NITIAL STIFFNESS ANO RE:'rURN 
rr (NFU.. E:~.O) THE:N 

H!500S10 
H1'500S;Z0 
H!5005]0 
H!500540 
H1'S00550 
H!5005150 
HtS00570 
HtS00590 
HISOOS90 
HTS00600 
HTS00610 
Ht5006::10 
HTS00630 
H1S00640 
HTS00650 
H1'500660 
HT500EiiO 
H!50015BO 
H!S00690 
HTS00700 
HYS00710 
H!500720 
H!S00130 
H!500140 
HTS00150 
HlS00?60 
HTS00710 
HlS00iBO 
HT500i90 
HY500800 
HTS008l0 
HTS00820 
H!SOOB30 
HYSOOB40 
H1'5009S0 
H1S00860 
H!500870 
HI500980 
H'rS00990 
H!S00900 
HTS009tO 
HlS00920 

ENOIF 

If' (P_LE.O) THEN 
NRL-1 

ELSE 

HR1.N·l • 1 
S-II:C 
SEQ-ItC 
A-P 

NRL-2 
HRLN-2_1 
S-ICTI 
SEQ-ItC .-, 

ENOIE' 
RE'TVRN 

C_. _ •••• RE1'URN IF NO S'I'EP HAS BEEN TAltEN 
IF (P_EQ_PL _OR. D.E:O.DL l RE'TURN 

C ••• _ • _. SE1' LO ... DI r-IG F'LAGS 
PGTPL·P,GT_PL 
PLTPL"P.LT_PL 

c 
C •••••• CALC EXCUFl5ION RATIO "'1' EVERY ZERO CROSSING ••• 

IE' (P"PL.LE.O .ANO. PL.GT.~J 

c 

i CALL D~E(O,UPOS.EXCR,DYT.D.ESE.PSE.P5EOLO.C5E) 
IF (P"PL.LE.O .AND. PL.t-E.O) THEN 

EXCR( 4 )"0 
EXCR( 5}-0 
EXCR( 6).0 

ENDIE' 

C_ •••• _ CALC DUCTILITY If' Lo ... D OT P ... ST [.Qo\D 
C 
C 

'" 

DUCTILI'1'1 F'OR POSITIVE LOADS ONL! 
IE' (P_GT_O .AND. PG'l'PL) 

, CALL ONE{ l,UPOS,EXCR.DYT.D .ESE(2) .P5E.PSEOLD.CSE) 

CALL I ORECT (I DR, I DRV. I DRVO. P. PL, v. ilL) 

HlS00930 
H1S00940 
H!5009S0 
HY500960 

37 

c 

1 IF (NRL.EC.O) NRL-l 

RULE:I"NRL 

GO TO (100.;Z00,300,400,500.600.700.800,900, 
" 1000,1100.1200.1]00) .RULEI 

HY5009?O 
HY500980 
H1S00990 
H1501000 
H1S01010 
H!5010:Z0 
1011'5010]0 
HISOt040 
H'rSOl050 

C RULE 1 - LO ... DING AND UN[.QADIN'G ON THE COMPRESSION BRANCH BEFORE tEILD HTSOI060 
C 

'00 

c 

5EQ-!':.C 
IF (P_GT.O) GO TO 200 
S·P;:C 
NRL·l 
HRLN-1.1 
If' (PLTPL) "'-HIN(10."'P.-0I ... Pt) 
If' (PG'I'Pt.) "'-0. 
RE't'URN 

C RULE 2 - TENSION W"'DING 8EFORE tEILO 
c 

c 

200 
210 

IF (lOR) 430.4130.210 
IF (P.GE.P,!) GO TO 500 
5-Jt:Tl 
NRL-2 
HRLN-2.1 
A·PY 
RE'TURN 

2]0 IF (PL.LE.O) GO To 210 
E'MAX· AMAX 1 (P. F'MAI) 
DKAX-AJo(AXl (D. DMAX) 
E'X -FMAX-Pl 
OX ·OHAX-PT/ItC 
5-ItC 
NRL-] 
HRLN-2. :2 
... ·FX 
R£"!'URN 

C RULE J - UNLOO\OING ON TENSION BEFORE !EILD 
C 

c 

)00 IF (PGTPL) GO TO SOO 
If' (P.GT.O) GO TO JJO 

JlO IF' (ItC."'E.It't'I) THEN 
CALL I"'T5CT(DI. PI ,0. p. !CC, OZ. FX. !!:TIl 

ELSE 
PI·P 
01-0 

ENDIE' 
IF (P.LE.PI) 
S-~C 

GO TO 320 

NRL-J 
HRLN-3.11 
A·PI 
RE'TURN 

l20 S.1tT1 
NRL-4 
HRL",-3.12 
A·P! 
RETURN 

)30 IF (P.GE.f1oU.J:) 
5-ItC 
NRL-l 
HRLN-l.::iI 
... ·FX 
RE'TURN 

GO TO 200 

C RUI.E 4 - LO ... OING TOWARDS!' F'ROM PI:. 
C 

c 

400 
410 

IF (lOR) ~OO.500.410 
IF (ABS(P).GE.Pt) GO TO 100 
5-~1 

NRL-4 
HR.LN·4.1 
... ··P! 
RE."!'URN 

C RULE 5 - LO ... DING AND UNLOADING BETWEEN BRANCHES O-Y AND FX-T' 
C 

'00 

c 

IF (X:C.NE.~1) THE:N 
CALL INTSCT (OITENS. PTTENS. O. p.ItC, D!T, P1', ~1) 
CALL INTS'CT(DICOJ04P.PICOJolP,D.P.Jlt:C.OJ: .FX',1tT1) 

ELSE 
PITENS"P 
DITENS·O 
PICOJ04P-P 
OICOMp·o 

ENDIF 
If' (P.LE. PICOMP) GO TO l30 
IF (P.GE.PITENS) GO 'I'D :no 
5-ItC 
NRL·S 
HRLN-S.l 
IF (PGTPL ) ... ·PITENS 
IF (PLTPt. ) A·PICOJ04P 
RETURN 

C RULE 6 - W"OING AE-rER TENSION YEILD 
C 

600 IF (lOR) 1530.15]0,1510 
610 S-!!:T2 

NRL-6 
HRLN-6.1 
... ·S .. p 

C ••••••••••• CALC U"'LOADING CURVE FOR ENSRGI INFO 
FKAX-AM.UI (P. FMAI) 
OI<AX-AMAXl (0. DMAX) 
!CR-ItC-(OMAX/C!T)-.(-l. - ALPHA) 
E'X ·E'M.\X-PT 
OX -DMAJ:-PT IltR 
ItS ·(PT+FXl/[DX-OIC) 

C-------- FORCE II::R GE ItS. TO PREVEN'T UNSTP.BLE: WOPS •• _ 
IF {1t5.GT.ItR} XFI-(FMAX+P1') I (DMAX-DYC) 
5EC-ItR 

RETURN 
6)0 FIotAJ:.AMAJ:l(P.FXA:I) 

QMAX·AMA.J,:l (O, DMAJ: l 
ItR-ItC*CtMAJ:/D!T)U(-l. .. ALPHA) 
FX -nuJ[-PI 
ox -OMAX-Pt IltFl 
I(S -(PT""FX)/CDX-D!C) 

C-------- FORCE ItR GE ItS. TO PRE:VENT UNSTABLE LOOPS ••• 

c 

IE' (ICS.GT.II:R) THEN 
!l::R- ( FHAX+Pt) I (OMU-DYe) 
!l::5-I(R 
OX-DMAX-PY/ItR 

ENOIF 
DP ·D1'C + BE."TA·COX-OTC) 
FP ·FX - (DX-OP) "ItS 
ItT .(';I-PY+FP)/(OP-2"OIC) 
DO ·D!C + P!/ltR 
S-XFI 
NRL·? 
HRLN-6.2 
... -FX 
RE."'l'URN 

C RULE 7 • UNLO"'DING "'MER rEILD 
c 

100 SEQ-'lt:R 
IE' (lOR) 730.710."110 

Ht50l010 
HTS01080 
H1S01090 
1011501100 
HlSOl110 
H!501120 
H1501lJO 
H'l'501140 
HI501150 
HtS01160 
HTS01l70 
HtSO 1180 
H1501190 
H1501:Z00 
H1501210 
HYSOI220 
HY501210 
HYSO 1440 
H150l250 
H1501260 
H1S01210 
HT501280 
HYS01290 
H1501300 
HTSOlllO 
HTSOIJ20 
HYS013]O 
H!SOl340 
HT5013S0 
H1'501360 
H'r50lJ70 
HISOl380 
HTSOlJ90 
HYS01400 
HYSOl~ 10 
H1S01420 
HTSOIOO 
HtSOl440 
Ht5014S0 
HY501460 
HTS01470 
H1S01480 
HTS01490 
HlSOlS00 
HlS01S10 
H!S01S20 
H1'S015]0 
HTS01540 
HI5015S0 
HISOlS!50 
HISOl510 
H!S01580 
Ht501590 
HtS01600 
HtSOlfilO 
HYSOl640 
HI50ll5JO 
HT501640 
HIS016S0 
HIS01660 
H1S01610 
H15016BO 
HY501Ei90 
H1'S017 00 
H1501110 
HlS011010 
Ht5017 30 
HY501740 
HI501750 
HI501160 
H1S01110 
H!S011eO 
H!SOl?90 
H!501800 
H!SO IB 10 
HTSO 1810 
HlS01810 
HTSOI840 
HtS01850 
1011501860 
H1SOl870 
HtS018eO 
H'rS01890 
H!S01900 
HY501910 
HT501920 
H1S019)0 
HlS01940 
HIS01950 
H1'5019150 
HTS01970 
H!S019BO 
HYS01990 
H!S02000 
H!502010 
H1502020 
HY5020]0 
HTSOl040 
HlSOl050 
HtS020150 
HtS020?0 
HtS02080 
HtS02090 
HTS02100 
101150::1110 
HY502120 
H!5021]0 
H'r502140 
HI5021S0 
Hl'502160 
H!50l110 
H!S02180 
HTS02190 
HtSO;Z200 
HlS02210 
HtS02220 
HtS022JO 
HT502240 
HTSOllSO 
HtS02260 
Ht502270 
H1S02260 
HTS02290 
HYS02300 
HY502310 
H1'502320 
H!502]]0 
H!S02J40 
H!502JSO 
H1'S02J50 
1011502:370 
H'r50;Z380 



C 

110 H' (P.GE.F'M.AJ.) GO TO 600 
S-f(R 

130 

NRL·7 
HRLN-7.1 
A-fMJo.X 
RETURN 
IF' (P.t.E.F'X) GO TO 800 
S""R 
NRL"7 
HRLN-'.2 
A·F'X 
R8TURN 

C RULE B - ON' 8RA.NCH BE:'I'W'EEN OX , DP 
C 
'00 IF (PGTPL) THEN 

IF (1'R.EQ.1I:5) GO 1'0 IJOO 
GO ~o 1300 

ENDIF' 
If (P.LE.FP) GO TO gOO 
5" itS 
NRL-B 
HRLN-B.l 
A-f'P 
RET'JRN 

C RULE 9 - ON BRANCH fP-J' 
C 

C 

900 If (PGTPL) GO TO 1300 
IF (P.LE.(-2*Pl) ) GO TO 1000 
5-1tT 
NRL-9 
HRLN·9.1 
A"-2·PY 
RE'i'URN 

C RULE 10 - ON THE COMPRESSION CURVE AfTER J ELDING 
C 

1000 SEQ· 1. I ( 1./!t:C + (~,I"R - L/ItC)'"(PT/P)*-"2 ) 
C 

C 

IF' (lOR) 10JO,lOJO.IOIO 
1010 S-I{C 

NRL-IO 
HRLN·I0.1 
A·IO"P 
RETURN 

10)0 IF' (ABS(P).LE.PY) 
S"I{C 
NRL·I0 
HRLN·I0.2 
A·-P'! 
RE'l'URN 

GO TO 1100 

C RULE 11 - UNLOADI NG BETWEEN J' , Q 

C 

C 

1100 SEQ·ItR 
IF' (ABS(P) .GT.PT ) GO 1'0 1000 
IE" ( P .CiE. O. ) GO 1'0 1200 
s·ItR 
NRL·II 
HRLN"l1.1 
IF' (PGTPL) A.O 
IF' (PLTPL.) A·-PT 
R£'TURN 

C RULE 12 - LOADING F'ORJo( Q TO M 
C 

1200 H" (PLTPL) THEN" 
IF' (II:S.EQ.II:R .AND. P.GT.fP) 
GO TO ll00 

GO 1'0 BOO 

C 

ENDIF' 
IF ( P .GE.FJotAX) GO TO 600 
S·ltS 
NRL"12 
HRLN·12.1 
A· F'MAJ. 
RE'TURN 

C RULE 13 - LOADI N'G AND UNLOADING INSI DE Q-M-D-P-'!' -1 ' 
C 
1300 IF' (ltR.NE.ltS) THEN 

C ALL I NTSCT (OITENS, PI TEN'S, 0, P, KR, DMAX, F'MAJ:, J:S) 
CALL. INTSCT(DICOMP,PICOMP,D.P.ItR.DX ,FX,ItS ) 

ELSE 
IF (PGTPL) GO TO 1200 
PITENS·P 
DITENS·D 
PICOMp·P 
DICOMp·D 

ENDIF' 

C--------IS POINT WIT HUll PT '-FP-PT' i 
IF' (PICOlolP.L.E.F'P) THEN 

IF' (ltC.NE.Ir:T) THEN 
CIU.L INTSCT{DICOMP,PICOMP,D,P,ltC,DP,FP,1tT ) 

ELSE 

ENOlf 

IF (PLTPL) GO TO 900 
PICOMp·P 
DICOlolp·D 

IF ("R.EQ.f(S .AND. PLTPL.) GO TO 
S2·1r:T 

ELSE 
S2"ItR 

ENDIF' 
IF (PGTPL) THEN 

IF (P.GT.PITENS) GO TO 1200 
A·PITENS 
HRLN-IJ .1 

ENDIF' 
IF (PL.TPL.) THEN' 

IF' (P.LT.PICOMP) GO TO 800 
A·PICOMP 
HRLN a lJ.2 

ENDIF' 
S·~(I(R,5:;Z) 

NRL·IJ 
RE'TURN 

.00 

HtS04J90 
HtS04400 
HtSOJ410 
HYSo:;zno 
Hl'50J"JO 
HY502UO 
HYS02"SO 
Hl'S020160 
HYSO:H70 
Hl'S02"80 
HTSOH5IO 
HYS02S00 
HYSOJSlO 
Hl'SOJS20 
HYSOJSJO 
HYSOJS40 
HYS02SS0 
HYS02SfiO 
HYS02S70 
HYS02S80 
HYSOJS5IO 
HYS021500 
HYS02610 
HTS02620 
HTS026JO 
Hl'S021S40 
HTS021SS0 
H1'SO:;ISISO 
HTS021S70 
HTS021S80 
HTS021S90 
HTS02700 
HTS02110 
HTS02720 
HTS027JO 
HTs02140 
HT5027S0 
Ht'SO:;z7l50 
HTS027JO 
HTS02780 
Hl'S02790 
Hl'S02BOO 
Hl'S02810 
HTS02BJO 
Ht'SO.BJO 
Hl'S02840 
HYS028S0 
HYS02860 
HYS02870 
HYS02BBO 
HYS02B90 
HTS02900 
HTS02910 
HYS02920 
HTS0251JO 
HTS025140 
HTS0J51S0 
HTSOJ9tiO 
HTS025170 
HTS029BO 
HTSO:;z990 
HJS0300Q 
HTSOJOI0 
HTSOJ020 
HJ5010)0 
Hl'SOJ040 
HTS030S0 
HTS030iSO 
HT50JOJO 
HT503080 
HT503090 
HJS01I00 
HT503110 
HTSOJ120 
H1SOJllO 
HJ50Jl40 
HJ50Jl50 
IH50J160 
HT50J170 
H1503180 
I-IT503190 
1-1150J200 
H1S0J210 
HTSOJ220 
H1S0J2l0 
H1S0J240 
HT50J2S0 
H1S0J260 
H1S03210 
H1S03280 
HJSOJ290 
H1S0JJOO 
HlS0Jl10 
H1S0J320 
H1S0JJJO 
HlS03340 
HlS0)J')0 
HIS0Jl60 
HTSOll70 
HTSOJJ80 
H1S0JJ90 
Hls0J400 
H1S0l410 
H1S0J420 
H1SOJ4J0 
HJS03HO 
HTSOJ4S0 
HJSOl460 
H1S0J470 
H1S0J4BO 
HTSOl490 
H1S0JSOO 
H1S0J510 
H1S0JS20 
HTS03Sl0 
HT50J540 
HJSOJ550 
H'S0351S0 
H1S0lSiO 

END H1S0J5BO 
C .. ••••• .... • .................................................................... ·HTSOOO 10 

DEBUG UNIT (IS) ,'l' RACE, SUBCHJ:, I NI T, SUBTRACE HT 500020 
C END :JEBUG HJSOOOJO c··· .. ···· ......................... _ .................................. _ .. _ ... HT 50004 0 
C .. • BENDING HYSTERESIS MODEL ....... HTsTOJ ............................ HTS00050 
C ............................................................................................ H1 S00060 
C Hys00010 
C INPUT VARIABLES HYS00080 

P • CURREN"T LOAD HTS00090 
o • CURRENT DtSPLACEMENT HTSOOI00 
PL t..AST LOAD H1S00110 
VEL a PRODUCT OF' LAST AND CURRENT VELOC!TT HTSOO 120 
NB • NUMBER OF BACII:BONE CURVE POINTS HJS00130 
NI • MAXtJrofl.JN NUMBER OF' SEC ON CARl' LOOPS HTS00140 
PC • CRACII:ING LOAD HTSOOlS0 
DC • CRACKING OISPLACEIoIENT H1S00160 
PB{j) • BACKBON'E CURVE LOADING POINT ), j-l,NB HTSOOliO 
DB ( J ) • BACII:BONE CURVE DI SPLACE)oIENT POI NT J, 1 ,NB HJ 500 IBO 
SI • INITtAL STIFFNESS, PC/OC HTS00190 

OUTPUT VARIABLES 
•••• AN INITIAL VALUE OF' ZERO, OR F'ALSE 

HT500200 
HT600210 
HTS00220 

38 

c 
C 

• 
RULE 

• 
PM(; 
PHH 
DHG 
eHH 
PRe I) 
DR(I) 
F'R(I) 
IR 
ALPHAl 
ALPHA;! 
BACltB 

IS REQUIRED rcR ALL OUTPlJ't' VARIABLES ••• 
S'I'IFF'NEsS 
RULE NUMBER, STORED IN THE F'ORMAT RN.DIR UPON OIT OF' 
THIS SU 8ROU TINE 
t.OAD t.IMIT BEFORE NEXT RULE cHANGE, IN THE CURRE:NT DI R 
MAJt:IJrofI.JN PI\ST LOAD IN THE POSITIVE DIRECTION 
MAXIMUN PAST LOAD IN THE NEGATIVE DIRECTION 
M,.',JUMUN PAST DIsPL.ACEMEN'!' IN THE POSITIVE DIRECTION 
HAXlMUN PAST OISPLACEME!n' IN THE NEGATIVE DIRECTION 
SECONDI\Rl LOOP LOADING POINT, I 
SECONDAR' LOOP DISPLACEMEWI' POINT, I 
SECONDAR' LOOP F'LAG 
NUMBER OF' SECONDARY LOOPS ACTIVE 
POSITIVE LOAD DEGRADING S'I'IF'F'NESS fACTOR 
N~ATIVE LOAD DEGRADING S'I'IF'F'NESS fACTOR 
BACItSONE LOADING FLAG 

I,",TERNAL VI\RIA8LES 
J • BACK80NE CURVE POINT. IN THE CURRENT DIRE:CTION 
JO • TEMPORART VAJUABLE 
I, IT .. SECONDAR' LOOP NUMBER 
DIR .. CURRENT DIRECTION 

DIRe 
IRULE 
LRULE 
REVRSI.. 
PRINT 
AP 
PH 

"" DOWI 

" 0' 

DIR-l, POSITIVE LOADING 
01R·2, POSITIVE UNLOADING 
DIR-J, NEGATIVE LOADING 
DIR-4. NEGATIVE UN'LOADING 
LAST 01 RECTION' 
INTEGER VALUE OF RULE. 
INTEGER VALUE OF LAST RULE .. 
LOAD REVERSAL F'LAG 
PRINT FLAG, USED F'OR DEBU GGING 
ABSOLUTE VALUE OF' THE LOAD, P. 
MAXlMUN PAST LOAD IN THE CURREN"T OIRECTION 
M.A..XlMUN PAST DISPLACEMENT IN THE CURRENT DIRE:CTION 

• MAXIMUN PAST DISPLACEMENT IN BOTH DIRECTIONS 
• ONE QUARTER OF PM, USED BT UNLOADING CURVES 
• THREE QUARTERS OF PM, USED BJ UNLOADING CURVES 

DISPLACEJoIENT AT Ql ON UNLOADING BRANCH 

HYS002JO 
H1 5002 ~ 0 
HTS002S0 
HTS00260 
H1500270 
HJS00280 
H1500290 
H1S00JOO 
HlS00JlO 
HlS00320 
HTSOOJJO 
H1SOOJ40 
HlS00JSO 
H1S00J60 
H1S00J70 
HlS00)80 
HTS00J510 
HTS00400 
HTS00410 
HTS004:;JO 
HTSOO4JO 
HT500UO 
HY500450 
HTSOOUiO 
HYS00470 
HTS00480 
HlS004~0 

HTSOOSOO 
HTSOOSIO 
Hl'5005JO 
HYS00530 
HT500540 
HlS00550 
H!S0051S0 
I-ITS00570 
H'S00580 
H'fS00590 
HrS00600 
HJS00!510 

DOl 
D03 
DOl 
DO' 

DI5PLACEMEli'l' AT QJ ON UNLOADING BRANCH 
IN'I'ERJIIBDIATE DISPLACEMEN'T INTERCEPT OF' UNLOADING 
INTERJIIEDIATE OISPLACEMEN'T INTERCEPT OF' UNLOADING 
DISPt.ACEIoIENT INTERCEPT OF UNLOADING SRA.NCH 

BRANCH HT500620 
BRANCH HJS00i530 

DO 
DP 
DD 
PI 
el 
PCJ 
ceJ 
PJ ,02 
PI,DI 
I .. 
FLAG 1 
FLAG 2 
ALPHAA 
ALPHAB 
5 
51 

5' 
53 
5U 
so, 
50J 

DIFF'ERANCE IN LOAD, USED F'OR CALCULATING I( 
DIF'rE~CE IN' DISPLACEIoIEN'T, USED F'OR CALCUI..ATING It 
I..OAO INTERCEPT OF LOADING AND BP..CltBONE CURVE: 
DISPLACEJIIENT IN'TERCEPT OF I..OADING AND BACItSONE CURVE 
pc/J 
DISPLACEMENT AT Pcl 
IN1E:RSECTION OF LOADING AND UNLOADING CURVES 
SMALL LOOP UNLOAOING POINTS 
MAXIMUN DISPLACEMENT 
STIrFNESS F'ROlol RULE B 
UPPER SECONDART LOOP FLAG 
LOWER SECON'DART LOOP FLAG 
DEGRADING FACTOR FOR FIRST CICLE 
DEGRADING FACTOR FOR SUBSEQUENT CICt..ES 

.. T EMPORARI STI FFNESS 
UNLOADING STIFFN'ESS FROM F51 
UNLOAD1 NG ST I FFNESS FROM FS2 
UNLOADING STI FFNESS FROM F'Sl 

- STtF'rNESS BETWEEN CURRENT AND RELOADING POIWI' 
- S'l'l FF'NESS BETWEEN PA AND DO 

STIFFNESS B£'TWEEN PB AND DO 

ItlTERNAL FUNC,.IONS 
FDJ • DISPLACEJ4ENT INTERCEPT or LOADING AND UNLOADING CURVE 
F'sl • UNLOADIN'G STIFFNESS WHEN P>.1S PMAX 
F'SJ .. UNLOADING STIFFNESS WHEN. 75 PMAl' > P >- .25 PHAl: 
FSJ • UNLOADING STIFFNESS WHEN. 25 PMAX > P 
F5I.. • LOADING STIFFNESS WHEN .P < PC/3 WITHOUT REVERSAL ••• 

Hl'S00640 
HTS006S0 
HY5001S60 
KTS006iO 
HT500680 
HT600690 
HTS00700 
H1500710 
HTS00720 
H1S00730 
HTS00740 
HYS00750 
H1S00iiSO 
Ht'SOOnO 
HTS00180 
HTSOOHO 
HTS00800 
HYS00810 
HTSOOBJO 
HTSOOe30 
HT500840 
I-ITS00850 
HTS0081S0 
H1S00810 
H1S00eeO 
HYSOOe90 
H1S00900 
H1S00910 
H.JS009JO 
HTS00930 

SU BROU TINES CALLED HTS00940 
DIRECT -- DE"TEIU4INES THE VALUES or DIR MD DIIU. HTS00950 
I~SC" - DE:'1'ERMIN'ES THE IN'!'ERS~TION OF ,.WO LINES IN POINT-SLOPE H1S0091S0 

F'ORM • HTS00970 
""IN • DE'TEIU4IN"ES THE STlF'F'NESS BASED ON OP,DO AND It_DEF'ULT HTS005lBO 

HTS00990 
SUBROUTINE HISTOJ (P, D, PL, DL, VEL, NB, NI, PC, OC. PB. 08, 51,CSE, 

, It, RULE, RDI R.A. PMG,PMH, DMG, DMH, BACItB. ALPHA1, ALPHA2. 
H1501000 
H1S01010 
HT501020 , IR, SRI, 5R2, SRJ,SRM, PR, DR, FR, PRINT, 

, 5E, OT , ESE, PSE. PSEOLO, uPOS, UNEG, EXCR) 

IMPLICIT REAL(A-H,It.O-:i!I) 
IMPLICIT INTEGER{I,J,L-N) 
INTEGER DIR,DIRL 
CHARACTER*4 FR( 1) 
L.OGICAL BACltB,REVRSL,PRIN"I',BTEST 
DIMENSION PB( 1) ,DB( I) ,PR( 1), DR( 1) ,UPOS( 3) ,UNEG( J), EICR(6) ,ESE()) 
DATA ALPHAA/I. 1291, ALPHAB/I. OJ91 

F'Sl(I)· 51 ·(DC/I) .... 294 
FS2(X)- 51 ·(O.BJ44*{OC/I'-I) +1) 
FSJ(I)- 51 *(O.909J*{t:C/:X·I) +1) 
r6L(X)· 51 *(DC/X)**.J85 
FD2(1)- QIIC-.05*PM/(FSl{J()) 

HTSOI0JO 
H.1S01040 
H'S01050 
HTSOI060 
HTSOIOiO 
HTSO 1080 
HtSOl090 
HtSOl100 
HtSOlllO 
HTSOI1JO 
HT501lJO 
HTS01l40 
HT5011S0 
HlSOll1S0 
HISOl170 
HlS011eo 
H1501l90 

1000 IF' (PRINT) WRITE (IS,lOlO) P,D,Pt..,OL,NB,NLPC.OC.SI.K. H1S01200 
HIS01210 
HlS01220 
HTS012JO 

, RULE. A. PMG,PMH, DMG, DMH. BACK8, I R, DIR. 
, SE:, 01 , ESE ( 1) ,PSE, PSEOLD, UP05, CSE. UNEG, EXCR. VEL 

1010 FORMAT ( 
"Bl- P-',Gll.5,' C.',GI3.5,' 
"81- Na'-·.GIJ.5,' NI"',G13.5,' 
"Bl- 51-' ,Gll.5,' 1(.' ,GIJ. 5, ' 
" 81- PMG'-·,GIJ.5,' PMH·',G13.5,' 
"Bl-BACItB'-',GlJ.5,' IR·',G13.S,' 
"B1- Dl.',GlJ.5,· ESE·',G13.S,' 
" Bl- UP1·',GIJ.5,' UPJ·',G13.5,' 
" Bl- UNl-·.GIJ.5,' UN;!"',GIJ.5,, 
" Bl- EX1·' ,GIJ.5,' EXJ·' ,G13. 5,' 
" Bl- EX4"',GlJ.5,' Ex5·',GlJ.5,' 

IF (IR.G1'.O.AND.PRINT) IiRITE (IS,1020) 
10JO FORMAT 

PL·',Gll.5.' OL-',Gll.51 HlS01240 
PC·',Gll.S.' OC'.',Gll.51 HTS012S0 

R.ULE·' ,Gll. 5,' A-' ,GlJ. 51 HTS01260 
DHG·' .Gll. 5.' DfoIH-' ,Gll. 51 HlS01JJO 
OIR-',GIJ.5.' SE-',GIJ.SI H1s01280 
PSE'" .GIJ. 5.' PSEO-' ,GIJ. 51 H'S01290 
UP3-'.GIJ.5.· eSE"·,GlJ.51 HlS01JOO 
UNJ-' ,GIl. 51 H1S0lJI0 
EX)"',Gll.SI HTS01320 
EX6-' ,GIl. 51' VEL-'.GIJ.S) HlS0lJJO 
(I. PR( I), DR( I), fR( I), I-I, IR)HlS0lJ40 

HTSOIJ50 
'(' 81- I-' ,GIJ.S,' PR'" ,G13. 5,' DR-' .G13. 5,' FR-'.A )HTSOlJ60 

.... P·A8S(P) 
C •••••• DE'TE:RMINE IF ELASTIC 

HTSOlJiO 
HTSOlJBO 
HTS01J90 
HlS01400 
HlS01410 
HJSOl420 
HTSOl4JO 
HTSOIUO 

C 

IF' (RU'LE.EQ.O .ANO. AP.LT.PC ) THE:N 
It·SI 
SE-X 
RETURN' 

ENDIF 

C •.•••• DE'TER.MINE IF' WALL IS INACTIVE, If SO RETURN 
IF (RULE.L1'.O.O) R£TURN 

C 
C •••.•• DE:TER.MINE CURRENT DIRECTION 

LRULE-INT( RULE) 

C 

DIR "RDIR 
CALL DIRECT(DIFil,DIRL,P,PL.,VEI..) 
RDIR -DIR 
If (PRINT) WRITE (6,lOlO) DIR,DIFU. 

10JO F'OR.MAT 
, (' Bl- DIR-',18 " DIRL·',I8) 

C •••••• OE'TERMINE MAXIHlJN' AND MINIMUN VALUES 
PMG-MA.J:(P,PMG, PC) 
DMG-MAX (0, OHG, DC) 
PMH·MI N' (P, PMH. -PC) 
DMH·IoIt N' (0, CJ4H, -OC ) 
DMAX-M..\X (OMG, -DMH) 
PMAX·MAX (PP4G. -PMH) 

H1S01450 
HI so 14 60 
HTSOI00 
HTS01480 
HTS01490 
HTsO 1500 
HT501510 
H1501520 
HTSO 15)0 
HT501540 
HISOlSSO 
HlS01S60 
HTS015iO 
HTSOl580 
HTS01590 
H1S011S00 
H1S01610 
HT501620 
HT50I6JO 
HYSOl1S40 



C •••••• SE."'t' MAXIMUN AND MINlMUN VALUES ••• 
IF' (OIR.EQ.1 .OR. OIR.EQ.2 ) THBN 

P]I(·PMG 

H1SOHiSO 
HTSOHi60 
HT50Ui70 
I·n-SOHSSO 
HTSOUi5l0 
HtS01100 
HY501110 

c 

DM-DMG 
ELSE If' (DIR.EQ.3 .OR. DIR.EC.4) THEN 

P"""PMH 
oM-D/oIH 

ENolf' 
H1501120 
HT501130 

C •••••• CALCULATE EQUIVALENT UNLOAOIt.1G STIFFNESS f'OR ENERGT. •• 
HTSOl140 
HTS017S0 
I-ITS01760 

c 
c. 

c 

IF (BACJ:.B .OR. RULE.EQ.l.O) THEN 
51-F51(DMAX) 
S2-F52( OMAJ.) 
S3-FS)(DMAX) 
DO -OM - PM"(oMH-oMG)/(p/oIH-PHG) 
QI-PM/4 
Q3-3"Cl 
WJ-OM -0.25*PJII/51 
502-I04IN( (CQ3-00) ,QJ,5I) 
CQI- CQ)-O. 50 ~PM/M.AX (52.502) 
50l-DHN( (!X;ll-OO) ,Ql,SI 1 
5E .. 0.5 I PM. *2 / ( 

(PM+QJ 1 *0.5-( OM-CQ)) 
+ (Q)+Ql) *0. S* (CQ3-CQl) 
+( 01) 10.5·( Q1) IJotAJ[( 53 ,Sal) ) 

ENOIF 

CI-IECI': TO SEE IF LAS"r RULE IS S1ILL IN EFf'EC1' 
If' (DIR.EQ.oIRl. .AND. 

, ({DIR.EQ.l • "-NO. P.LT.A) .OR. (DIR.EQ.2 .ANo. P.G'!'.A) .OR. 
(oIR.EQ.l • "-NO. P.G'r.A) .orc (OtR.EQ.4 .AND. P.LT.A») 'l'HEN 

RE:1'URN 
ENDU' 

HYSOl170 
HT5017BO 
H15017510 
H1501BOO 
)O{T501BI0 
HY501B20 
HT5018l0 
H1501840 
HJ5016S0 
HJ501860 
I-IJ501B70 
HJ501BBO 
HY501990 
H!5015100 
Ht501910 
H1501920 
HT501930 
H1501940 
HT501HO 
IUS01960 
HJ501910 
HYS01980 

C •••••• C:ALC EXCURSION RATIO AT E:VERT ZERO CROSSING ••• 
Ht'SOI990 
HJ502000 
HY504010 
HY504020 

IF (P"PL.LE.O) CALL DNE(O,UPOS,EXCR, D'!'.DLI,ESE.PSE.PSEOLO,CSE) 
c 
c ...... ERASE SMALL LOOP FLAGS HT502030 

HJ504040 
H150::lOSO 
HT502060 

If' (IR.GT.O) THEN 
IT-IR 
00 10 1-1. IT 

IF (FR(I). EQ. 'L' 
(FR(l). EQ.' 7' 
IR-l-1 
GO TO IS 

ENDI F 
10 CONTINUE 

BNCIF 
15 I-IR+l 

.ANO. P.LE.PR(I) .OR. D.LE.DR(t») .OR. H1502010 

.ANo. P.GB.PR(I) .OR. D.GE.OR(I) I»~ THEN H1SOO!060 
HYSOO!090 
HTSO:illOO 
HY50:i:110 
HTSO:i:120 
H150J.lJO 
H1502140 
H1502150 

IF (DIR.EQ.l .OR. OIR.EO.3) THEN 
C. • • • •• LOAoI NG RULES ••••••••••••••••••••••••••••••••••••• RULES 

H'TS02160 
1,6-11HJ502110 

H15021BO C 
C •••••• 

1 

" 

LOADING ON SACI':BONE 
IF (B",CI':B .OR. RULE.EO.O.O) THEN 

It-C. 
00 IB J-2,NB 

oo-09(J)-ABS{0) 
DP-PB(J)-AP 
IF (AP.LT.PB(J) .ANo. (DO*OP).o'!'.O.) THEN 

S-DP/Oo 
If' (S.GT.]() THEN .-s 

A-sIGN( PB( J), P) 
ENDIF 

ENoIF 
CONTINUE 
RULE-l 
BAClltB" :TRUE. 
IR"O 
IF (0IR.EO.1) THEN 

ALPHAI-ALPHAA 
Ei,,5E • 

ALPHA2-ALPHAA 
ENoIF 

RULE 1H150:2190 
HT502200 
HY502210 
H1502::1::10 
HTSO::l:lJO 
H'502240 
H1502250 
HTS02'260 
1-11S02270 
HYS022BO 
H1502290 
HtSO;DOO 
HTS02JI0 
H1SO::l320 
HTSO:l330 
HT502340 

C •••••• LOA01NG p.,ME:R UNLOADING 
ELSE: 

HTSOl.350 
I-\TS02360 
HlS02370 
H!S023BO 
H'S02390 
HYS02400 
H1S02410 
H'502420 
HIS02430 

c ............ " RELOADING INSI DE S!lQLL LOOPS RULB I1HT50'H40 
HT50::1450 
HT602460 

DIR.EQ.l) .OR. HlS02nO 
OIR.EQ.l ») GO TO ::I.OHl5024BO 

HIS02490 

c 

20 1"1-1 
If' (I.GT.O ) THEN 

If' (.NQT.« FR(I).EO.·'l' .ANo. 
( FR(I).80·'L' .,l"ND. 

I':"](MIN( (D-oR( I), (P-PR(I). 51 1 
A-PR( I) 
RULE-ll+I1UlOO. 

C •••••••••••••• INITIAL RELOADING BELOW PC/J 

H'50:;500 
H'502510 
Ht5025::i!0 
H'50::i!530 

c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. WI TH REVERSAL RULE 6HTS02540 

c 

ELSE If' (AP.LT. (PC/)) )TIiEN 
BAC](B-.FAL5E. 
IF «01R.8Q.l .,l"NO. OlRL.E:Q.4) .OR. 

(OIR.E:Q.3 .AND. oIRL.EQ.'2)) THEN 
P::I-.95-I='M 
02-FD2( OMAiI 
IC-ICMIN( (0-02), (P-P:;!). 51) 
1':8-11:: 
p.,- POI 
RULE-S 

HTS02SS0 
HJS02S60 
HTS02570 
HT502560 
H'S025510 
H!S02600 
HTS02610 
H1S02620 
HTS026JO 
H1602640 
HTS02650 

PCJ-SIGH(PCIJ.PJoI) HJS02660 
00 l-OJol-PJoI· (1. {FSl( oMAX) +2. /FS2( OMAX) +1./f'SJ (oMAX» 14. H1S02670 
oo2-DIo4 - PM" (oMH-OHG) I (PHH-PI«O 1 H'!'SO:il6BO 
IF (oIR. BQ.l) DO-MAX ( 001. OO:iIJ H'!'S02iS90 
U' (oIR.E:Q.J) DQ-/oIIN{OOl,002) H'S02100 
OCJlOO+PCJ/f'SL(oMU) H1502110 
5"I04IH(D-CCl),(P-PC3),5I) HT602120 
U' (5.GT.IIt) THEN HTS027JO 

](-5 HI502740 
A· PC) HY502750 
RULE-S.l H'!'50271S0 

EN OU' HY SO 2 71 0 
H!502780 

C ............................. WITH REVERSAL, FP..R SIDE LOADING RULE 9HYSO::l790 
HYS02800 
H150::l610 
HT502820 

'0 

c 

IF «DIR.Ee.l .ANo. o.LT.O) .OR. 
(OIR.Ee.] .ANe. o.GT.O» THEN 

1':-1(6 
00 40 J-2.NB 

IF ( PB(,J) .LT.ABS(PM) ) GO TO 40 
DO- -5IGNC DS(,J), 01-0 
OP- -5IGN(PS(,J1.0l-P 
IF ( (OO"'DP).LE.O.) GO TO 40 

5'"op/DD 
If' (S.GT.II:: .AND. S.LE.5I) THEN .-s 

A- S1 GN (P8 (,J) • PM) 
RULE"9 
BAClltSI.TRUE. 

ENOl F 
CONTINUE 

ENOIF 

c ....•••••••••..•••••••••••••••.• WI'l'HOUT REVERSAL 

c 

ELSE 
11:- F5L (DMAX) 
10- sIGN«PC/3),P)oII) 
RULE-IS 

ENoIf 

C •••••••••.•••• MIDRANGE RELO,I"OING CURve: 
ELSE IF (AP.LT.ASS( .9S"PM) ) THEN 

HlS028.30 
HlS02S40 
HT502B50 
HYS02B60 
Hl502970 
HYSO~8BO 

HtS02890 
HTS02900 
HtS02910 
HJ602920 
HlS029)0 
Ht'S0:l940 
H'!'S02950 
H'!'S02!HiO 
HY602910 

I=IULE ISH'502980 
HTS02990 
H150)000 
Hl503010 
H150)020 
HtS03030 
H'!'S03040 

RULE' HtS030S0 
H1503060 

39 

c 

BAC](B- • f'ALSE:. 
P2-.9S I PM 
D2- F02 (oMAX) 
1':-:oIIN( (D-02), (P-P2) ,51) 
,,-P2 
RUt-E"'" 

HTsOJ010 
HYSOl060 
HTSOJ090 
HY503100 
HT503110 
HT50)120 
HT50)130 

c •••••••••••••• LOADING TOWARDS THE 8ACltBOHE CURVE RULE 10H'!'503140 

50 

ENDIF 

ELSE 

EL5E 
BAClltB- .TRUE. 
IF (AP.GE.ABS(PH.) .OR. (ASS(OM1).LE.OC) GO 'I'O 1 
IR-O 
IF (OIR.EO.l) THEN 

ELSE 

IF (ALPHAl.NE.ALPHM .ANO. ALPHAl.NE.ALPHAS) 
ALPHA1"I\LPHM 

Oo-,t"LPHA1'*0f0(-D 

IF (ALPHA2.NE.ALPHAA .AND. ALPH,I,,2.NE.ALPH"'B) 
,l"LPHA2-ALPHM 

00- ALPHA2 * OM- 0 
Et-IDIF 
OP-PM-P 
IF «OP"OO) .GT.a) THE:N 

I':-MIN( (OP/oo).SI) 
E:L5E 

1':-51 
ENDIF' 
co SO ,J-2,NS 

IF ( PB(J).LE"ld!S(PM) ) 00 TO 50 
JO-J-l 
Oo-oS(J)-OB(JO) 
oP-PB{J)-PB(JO) 
If' ((OP·OO) .LE.a.) GO TO 50 

CALL tNT5CT{oX, PI:, 0, P, 1':, SIGN( DB( J), P), 
5IGN( PB( J), P), i OP/OO) ) 

HtSOJ150 
HISO]160 
HTSOl l10 
HtSOl160 
Ht503190 
HTS03200 
HT50J210 
H1S03220 
HI503230 
Ht'S0]240 
HtS03:i:SO 
H!50l:l60 
HtS032'10 
Ht5032BO 
H1S03290 
HTSO))OO 
HT503JlO 
H1503320 
H1503]30 
HYS03340 
H1S03JSO 
HT503360 
HYS033'10 
HlS03380 
H1503l90 
Hl503400 
HT503410 
Ht'50H20 PJI:-PX 

ox-ox 
IF' (AB5(OX) .GE.DB(JO) 

"'BS(PX).GT.ASS(PM) 
IF' (AP.GT.ABS(PX)l 
A" PX 

HYSOJ4JO 
.AND. ABS{DX) .["E.DB{J) .ANo.H'!'SOH40 

AULgII0 
If' (oIR.EO.l) THEN 

ALPHAI-A.t.PHAB 
ELSE 

ALPHA:i:-A.t.PHAB 
E:NoIF 
GO '1'0 100 

EN'oIF 
CONTINUE 
GO TO 1 

.ANo. PM"PX.GT.O) THEN HtSOJ4S0 
GO TO 1 H150J460 

ENDIF 

H1SOl410 
HT50H80 
H1S03490 
HY50J500 
Hl503S10 
H1S03520 
H!S03530 
H1503540 
HY60J5S0 
H1S03560 
HTSOJS10 
H'Y60H60 
HlS03S90 
HYS03500 
H1S03510 
H'!'S03620 

C ...... UNLOADING RULES •••••••••••••••••••••••••••••••••••••• RULES :i:-SHt50363Q 
C H160364Q 
c ..... . INITILI ZE VALUES 

8ACl':a-.f'AL5E. 
Sl-F51(0MAX) 
S2-FS2(DMAX) 
53-F5J( OMAX) 

HJ503650 
HYSOl660 
HTSO)670 
H'ISOJ560 
H'!'503690 
H!SOJ100 
H'S0]710 
HtsOJ1::10 
H150J130 
HtS03HO 
Hl503150 
HI50JHiO 
HTS03770 

c 
c 

DO - OM - P/oI* (~H-DMG) I ( PMH· PMC) 
QIIPMJ4 
03-J*Ql 
tr;;)3-c»c -O •• S*PM/SI 
S02-I04IN( (I:)QJ-DO) ,Q), 51 1 
DQI-WJ-O. SO"PM/MA.I( 52,502) 
SOl-DlIH( (D;U·OO) ,01, 51) 
su-o. 

HT50)'60 
HTSOJ190 

C ....... •••••• UNLOADING INSIDE SHALL POSITIVE LOOPS RULE: 5 H1S03600 
HTS03B10 
HtS03820 70 

c 

I-IR+1 
1"1-1 
If' (LGT.O) THEN 

IF (.HDT.(OIR.EQ.2 .AND. FR(I).E:Q.·L') .OR. 
(DIR.EQ.4 .ANo. f'R(I).EQ.'1') ) GO TO 10 

IF «OIA.EO ••• ANo.( (P.GT.QJ .ANo. PR(I).GT.OJ) .OR. 
(Q3.GE.P .ANo. P.GT.Q1 .ANo. PA(I).G't'.QI) .OR. 
(Ql.GE.P .ANC. PR(I).GT.O I»~ .OR. 

HT503S30 
Ht50J840 
HlSOJ850 
HISOJ660 
Hl503810 
HT503880 

(0IR.EQ.4 .ANo.( (P.LT.QJ .ANo. PR(I).LT.QJ) .OR. HT503890 

BL5E 

(Q).LE.P .ANo. p.LT.el .ANo. PR(I).L'I'.Ql) 
(Ol.LE.P .ANo. PR(I).LT.O ))) ) THEN 

1(- (PR( I )-P) I( oR( I )-0) 
IF (I':.LE.O .OR. II:.GT.5I) GO TO 70 
A-PR(I) 
AULE"S+I/I000. 
GO '1'0 100 

5U-ItMIN'( (oR(I) -D). (PRO) -P), 51) 
=:NoIf' 

Et-IoIF 

.OR. HT50J900 
HJS03910 
HJ603920 
H1S0J910 
HI50J940 
HIS031j1S0 
HTSO]ljIiSO 
HtSOJ910 
HISOJ'il60 
HJS03990 
HTS04000 

c •••••••••••••• CALC DOCTILITJ AND EXCURSION RATIO ••• 
Hl504010 
HJS040;Z0 
H1S04030 
HY604040 

c 

If' (RULE.EQ.l .OR. RUt-E.GT.S) THEN 
If' (oIR.EQ.:;) THEJi 

01..1- MAK.{ 0 , 01. ) 
CALL DNE( 1, UPOS, EXCR, OJ, 01.1, E:SB( 2), PSE. PSEOLO,CSE) 

ELSE IF (OIR.EO.4) THEN 
01.1- MIH( 0 , oL ) 
C,l"LL DNE ( 1, UNECi. EICR, -D'!' , oLI , ESE( 3) , PsE, P5BOLo, CSE) 

ENolf' 
ENoIF 

H15040S0 
H1504060 
H1S04070 
HT5040S0 
HIS04090 
HY504100 
H'!'S04110 
H'!'S04120 

C .............. UNLOADING ON THB TOP SEGMENT RULE 2Ht5041]0 
H1504140 
HtS04150 
HTS04160 

IF(AP.GT.ABS(QJ» THeN 
IIt"MAX(51,SU) 
A-Q3 
RULE-2 

C •••••••••••••• UNLOADING ON THE MIDDLE SEGMEN'!' 
ELSE IF("'P.GT.AB5(01) THEN 

I':-MAX( 52,502. SU) 
A"OI 
RULE"J 

C •••••••••••••• UNLOADING ON THE BOTTOM SEGJIIENT 

ENOlf' 

ELSE 
I':-MAX(SJ, 503, SU) 
",-0. 
RULE-4 

ENoIF 

HYS04110 
RULE 3HTS04180 

HJ504190 
HJSQ4200 
I1T504210 
H'!'S04220 

RULE 4HT504230 
H'!'S04240 
Ht504:l50 
H1504260 
HlS04::i!10 
HTS04260 
H1504290 

C •••• " SAVE REVERSAL POINTS FOR SMALL LOOPS ...................... • HTS04JOO 
HTSO"310 
HtS04]20 
Ht504]]0 

100 lRULE-INT(RULE) 
RE .... RSt.,- I RULE. EO. 1. OR. I RULB. E:O. 10 .OR. LRULB. EQ. 1 • OR. LRULE. EQ. 10 
IF «DIR.L.EQ.l .ANo. 01R.EQ.2 .Mo •• NOT. REVR5Ll 

, .OR. (oIRL.EO.4 .ANo. OIR.EO.l) ) THEN 
Ii' (IR.LT.NI) THEN 

EHoIF 

IR-IR+l 
PR( IR)-P 
ORe IR)-O 
FR(IR)I' 7' 

ELSE IF «oIRL.EQ.] .ANo. oIR.EQ.4 .ANo •• NOT. REVA5L) 
, .OR. (0IRL.EO.2 .ANO. OIR.EQ.l) ) THEN 

IF' (tR.LT.NI) THEN 

E:NOIF 

I R-IR-+l 
PR( IFI)-P 
oR(IR)-O 
f'R{ IR)I 'L' 

H1504J40 
H1504350 
HlS0431S0 
t-I'!'S043'0 
Ht'S043sa 
HtS04390 
H!504400 
H1504410 
H'504420 
H15044]0 
HJS04440 
H'!'SOH50 
Ht504460 
H'!'SOU70 
H'l'50UeO 



ENDI~ 

I~ (PRINT) WRI'I'E (15,1040) 51,52.53 
lO~O mRKAT( 

.' 81- 51-' .Gl].S. ' S:l-' .Gl].S,· SJ-' ,G13. 5 •. 

I~ ~~1.05·SI).G,!,.~ .AND. !CGT.O ) RE:TURN 

'-0 
RULE--FWLE 
RE'TUR.N 

HTS04 ~90 
HlSO~ SOC 
HlSO~ 510 

-'.GIJ.5) HTS045:l0 
HlS045JO 
HlS04540 
HTS04SS0 
HlS04560 
HTS04510 
HlS04580 
HlS04590 

END H150HiOO 

C - -- -- - ---_ •• - - - - - - - - - - - - - - - _ ... - _ ..... _ .. - - - - - - - - - - - - - ----- -- - .-------.--- HT 500 0 1 0 
C--- SHEAR HYSTERESIS JoIDDEL ..... H'!'ST04 .......... , ..................... HT5000:l0 
C - ... - .... ------- - - --- - .... - - - - - - - ...... - ............. - ................... _ .. -_ .... -------- ---- HT 500 0 J 0 
C DEBUG VNIT(iS),TRACE.SUBCH(I(,II'lIT.SUB1'RACE HT500040 
C END DEBUG HTS00050 

C· .... ---·····--------·-············-- .... ------------------------- .. --------HTS000150 

c 

INPU1' VARIABLES 
P - CURRE:NT LOAD 
D - CURRENT DISPLA.CEioiENT 
PL - LAST Lo ... D 
VEL .. PRODUCT Oi?' LAST AND CURRENT VELOCITT 
NS .. NUMBER OF' B ... CItBONE CURvE POINTS 
NI - MAXII4UN NUMBER O~ SECONDARY LOOPS 
PC - CRACItING LO"D 
OC .. CRAClltING DISPL ... CEMEN'T' 
sr - INITIAL STIFFNESS PC/OC 
PS .. BAC(I(BONE CURVE: LOADING POINTS 
OS .. BACJltBONE CURvE DISPL"CEMEN'I' POINTS 

OUTPUT VARIABLES 

HT500070 
HTSOOOBO 
!nS00090 
HTSOOI00 
HTSOOII0 
HTSOOl:l0 
HTS001,JO 
HTS00140 
HTSOOlS0 
HTSOOl1S0 
HTS00170 
HTSOOlS0 
HTS00190 
HYSOO:lOO 
HlS00210 

AN INITIAL VALUE: OF ~ERO IS REQUIRED FOR ALL OUTPUT 
I( • STIFF'NESS 

\lARUBLES ••• HlS00220 
HTS002JO 

RULE .. RU~E: NUMBER, STORED IN THE FOR HAT AN.DIR UPON' EXIT O~ HTS00240 

A 
PMG 
PMH 
DMG 
DMH 
PR 
DR 
f> 
!R 
BACI(B 
SRI 
SR> 
SRJ 
SR>< 

1'HIS SU BROU TINE -
.. LOAD r..r;;(IT BEFORE NEXT RULE CHANGE 
- M .... UMUN PAST LOAD IN '!'HE POSITIVE DIRECTION 
- HAXlMUN PAST LOAD IN THE NEGATIVE DIRECTION 
- H.AJlIMUN PAST OISPLACEMENT IN THE POSITIVE DIRECTION 
- MAJlI)(UN P"ST DISPLACEMENT IN 'l'HE NEGATIVE DIRECTION 
- SECONDARY LOOP LO"'DING POINT 
.. SECOND ... RY LOOP DISPLACEMENT POINT 

SECOND"'R!' LOOP f'LAG 
SECOND ... RY LOOP NUMBER 
BAC!(BONE LO"'DING FLAG 
RELOADING STIFFNESS FROM RULE B - USED BT RULE 11 
RELOADING STIFFNESS FROM RULE 9 - USED BY RULE 11 
Fl.ELo"DING STIFFNESS FROM RULE 7 - USED BT RULE 11 

- RELOADING STH'FNESS FROM RULES 8 i 9 - USED BT RULE 11 

HlSOO:lSO 
HlS00:21S0 
HlS00:270 
HTS00:280 
Hl'S00:290 
HTSOOJOO 
HTSOOJIO 
HTSOOJ20 
Hl'SOOJJO 
HTSOO.HO 
Hl'SOOJ50 
HTSOOJISO 
HTSOOJ70 
HTSOOJBO 
HTSOOJ90 
HTS00400 

INTERNAL VARIABLES HlS00410 
J '" BAC(I(BONE CURVE POIN'!' • IN THE: CURRg)IlT DIRECT:ON HTS00420 
orR - CURRENT DIRECTION HTS004JO 

DIRL 
IRULE 
LRULE 
CRACIt'D 
REVRSL 
PRINT PC, 
DC' 
S 
SR 
SRP 
[)() 

DOP 
AP 
PM 
OM 
OMAX 
PMAX 
PA 

P' 
DA 
DO 
OP 
OD 

P' 
0. 
P2.D2 , 
Xl ., 
r. IT 
JO 
ALPHA 
ALPHAP 
51 

" 53 
su 
SOJ 
SOJ 

DI R-l, POSITIVE LOADING HTSOOHO 
DIR.-:2, POSITIVE UNLO"DING HTS00450 
DIR-J, NEG ... TIVE LO ... DING HYSOOo(lSO 
DIR-~. NEGATIVE UNLO ... DING HTS00470 

.. LA5'1' DIRECTION H'fS004BO 

.. INTERGER vALUE O~ RULE HlS00490 

.. INTEGER VALUE O~ LAST RULE' HTS00500 
- CRACI(ED WALL rLAG HTS00510 

LO ... D REVERSAL ~LAG H'fS005:20 
PRINT ~LAG. USED ~OR DEBU_GGING HTSOOSJO 

- PC/2. USED BT LOADING CURVES HTS00540 
.. DISPL ... CEMENT CORRESPONDING TO PC2 ON THE LOADING BRANCH HTS00550 
- INTERMEDI"TE STIr~NESS HTSOOS60 
- RELO ... DING STIFFNESS HYS00570 
.. MINIMUN RELOADING S'J'I~FNESS HlS005BO 

DISPLACEMENT INTERSEP'T O~ PEAIt DISPLACEJo(ENTS H'!'S00590 
DISPLACEJo(ENT INTERSEPT OF THE UNLOADING B~ANCH H'fS00600 

- ABSOLUTE VALUE O~ CURRENT LOAD P. H'fS00I510 
- Jo4.AXIMUN Il"ST LOAD IN THE CURRENT DI~ECTION HTS00620 
- Jo4.AXII4UN IlAST DISIlLACEME:NT IN THE CURRENT DI~ECTION HTS006JO 
- MAXII'ruN PAST DISPLACEJo(ENT IN EITHER DI~ECTION HTS00640 
- MAXIMUN PAST LOAD IN EITHER DIRECTION HT500650 
• PM-PC. USED BT UNLOADING CURVES H'fS00I5150 
- PC/2. USED B'f UNLOADING CURVES H'fS00I570 
- DISPLACEJo(ENT AT PA. USED BT UNLO ... DING CURVES HYS006BO 
- DISPLACEMEN'I' AT PB, USED BT UNLO .... DING CURVES HfS001590 
.. DIFFERANCE IN LOAD, USED FOR CALCULATING I( H'fS00700 
- DIFFERANCE IN DISPLACDCENT. USED ~O~ CALCULATING II: HYS00710 
'"' LO ... D INTERCEPT O~ LOADING MD BAClltBONE CURVE HTS00720 
- DISPL"'CEME.N'I' INTERCEPT O~ LOADING MD BACItBON'E CURVE HYS00710 
• POIN'!' ON THE ~ADING CURVE BETWEEN RULES' AND 10 H'fS00740 
.. MAXIMUN DISPLACEMENT HYS00750 
- DISPLACE)(ENT INTERCEPT FOR RULE 11 HYS00760 
'"' '5' PC DISPLACEMNT rcR RULE 11 HYS00770 
'" 25' PC DISIlLACEMNT rcR RULE 11 HTSOO7BO_ 
- TEMPORART LABEL FOR SHALL LOOP ~ADING MD UNLOADING P'I'SH1S00790 
- J-l HTSOOBOO 

DEGRADING STIF~NESS FA.CTOR HYSOOBIO 
- DEGRADING 6'TIF~NESS FACTOR USED BT RULE 10 HTSOOB20 
- STIFFNESS ~ROM ruNCTION ~Sl HTSOOB30 
.. STIFFNESS rROM ruNCTION ~S2 HYSOOB40 
- STIFFNESS ~ROM ~UNCTION ~SJ HTSOOB50 
- STIFFNESS BE:TWEEN CURRENT AND R.ELOADING POINT HTSOOB60 
.. STIFFNESS BE'TWEEN PA AND DO HYSOOe70 
.. STI~FNESS BETWEEN PB AND DO HTsooeBO 

HYSOOB90 
INTERNAL ~UNCTIONS H'fS00900 

HYS00910 
HTS009:20 

FD:2 - OISPLACEJo(~T IN"I'ERCE:P'l' O~ LO ... DING AND UNLOADING CURVE 
FSI .. UNLOADING S'J'lrFNESS WHEN P"(IlM-!lC)-Il .... 
~S2 .. UNLOADING S'TI~~NE:SS WHE:N PA>Il"(PC/2)-PB 
~S3 "" UNLOADING STH'~NESS WHEN' P>PB 
~SR - LOADING BELOW PC/:2, WITH PINCHING 

Sl.I BROU TINES CALLED 
DIRECT - DETERMINES THE VALUES OF DIR JI.l.lD DIRt 

HlS009JO 
HfS00940 
H'!'S009S0 
HYS00960 
H'fS00970 
H'fS009BO 

INTSCT DE'TE:RJ<lINES THE INTERSECTION OF' TWO LINES IN 
'ORM 

POINT-SLOPE HTS00990 

.,.,N - DETERMINES THE STIFFNESS BASED ON DP. DO AND I(_DEFULT 

SUBROUTINE HTST04 (P. D, PL, DL, VEL, NS, NI. PRIN1'. 
i PC .OC ,PS ,OS ,51 ,CSE: 

(I( ,RULE, RDIR,... • PMG • PMH 
DMG • DMH , BAC ~B ,SRI ,51'2 , SRJ 
5RM .IR ,5E ,UPOS ,UNEG .E:XCR 
ESE • PSE • P5EOLO, PR ,DR • FR ) 

IJo(PLICIT REA.L(A-H,~.O~Z) 

IMPLICIT !NTEGE~(I,J,L-N) 

INTEGER DI R. DI RL 
LOG ICAL BAC "B. C RAC IItD, REVRSL, PRINT, aT E:S'!' 
CHARACTER'"4 ~R(NI) 
OIMENSION P5~ NS), DS(NS), PRe NI), DR( NI) 
DIMENSION UPOS( J), UNE:G{ 3), EICCR{ 15), E:SE( J) 
OAT ... ALPHMl.041 

• Df 

HYSOIOOO 
H'fSOIOlO 
HlSOI0:20 

C SY!'O-!E:TRIC COIEFFICIE:NTS 

HTSOIOJO 
HTSOI040 
HYSOI050 
HYSOlOISO 
HlSOI070 
HlSOlOBO 
HYSOl090 
HYSOllOO 
HYSOlll0 
HTSOl1:20 
HTSOl1JO 
HlS01l40 
HlSOl150 
HTSOlllSO 
HlSOl170 
HTSOllBO 
HlSOl190 
HYS01:200 
HYS01:210 
HTSOl:2:;O 
HTSOl2]0 
HlS01240 
HYSOl2S0 
HYSOl:l60 
HTSOl:270 
HTSOl:2BO 
HTSO 1:;90 
HTS01]OO 

CC F51(X)- 51 ."'IN(1.03 ·(CC/X)".J88 ),1.) 
CC ~SJ(IC). SI ·MHI((1.0,J6 ·(OC/IC)".45B ),1.) 
CC F53(X)- SI ·MIN(O.7Bg ·COC/X)··.1S92 ),1.) 
C UNST)<QoIE:'!'RIC COIEFFICIE:NTS 

FSl(X)· 51 "MIN«1.H1S·(oc/X)··.34J ).1.) 
FS:2(J:). SI ·MIN"{ (O.11151·(OC/X) .. ·.J19S) ,1.) 
FS3{lO· 51 ·MHI({0.0101+{OC/X)"1.315g ),1.) 

F'SR(X)· SI -MIN« (ABS(OC/X»"l.O:2),l.) 
rD:2 (X)" SIGN( DMAX, PM) - .OS·SIGN (PMAlI', PM) I (FSI (X)) 

40 

1000 I~ (PRINT) WRITE: (1S,IOIO) P,D.PL.DL,NS,NI.PC.OC.SI.~.RULE,A. HTSOIJlO 
, PMG. PJo(H. OMG, OMH, SRI, SR:2, SR). SRM, BAClltB. I R. PSEOLD. VEL. HYSO 13:20 
, 5E.OT.E5E(1),PSE,UPOS,CSE.UNEG,EXCR HTS01JJO 

1010 ~ORMAT ( HTS01340 
i'Sl- p·',G13.S,' [)o·,GIJ.5.' PL'"",GIJ.5.' DL .. ·.G13.51 HT501]SO 
i' 91- NS"·,G}J.S.' NI-',GIJ.S,' !lC .. ·.GIJ.5.· OC-',GIJ.51 HTS01J60 
"Sl- SI-'.G13.S.· 1(-'.GIJ.5,' RULE-',e13.5.· A-',G13.51 HYSOlJ10 
i' 51- PMG·',GlJ.5,' P)I(H-·,G13.5,' DI<IG-'.GIJ.S,· DJo(H-·.GlJ.51 HTSOlJBO 
.' Sl- SRI-',GlJ.5,· SR:2·'.GlJ.5.' SR]-·.GIJ.S.· SRJ04-·,GlJ.51 HTSOlJ90 
"Sl-BACII:B"',G13.5,· IR-'.G13.5,' PSEo-·.GIJ.5,· VEL-·.G13.51 HTS01400 
i'Sl- SE-',GIJ.S,· DY-',GIJ.5.' ESE-·.GIJ.S.' PSE-',G13.SI HT501410 
.' 51- UPl-',G13.S,· UP:2-'.GlJ.5.' UPJ-'.GIJ.S.· CSE-',G13.SI HTS01420 
•. 51- UN1-·,GIJ.5.· UN2-'.GlJ.5.' UNJ-·.GlJ.51 HTSOl4JO 
•. Sl- EX1·',GI3.S,· EX2-'.G13.5,· EXJ-·.GlJ.51 HTSOI440 
.' 51- EX4-·.GI3.S,· E:lS-'.G13.5.' EX6-·.GIJ.S) Hl50100 

IF (IR.GT.O.AND.PRIN1') W~ITE (6,1020) (I.PR(I).DR(I),FR(I),I-1,IR)HYSOl~150 
1020 FORMAT HTSOI00 

• (. 1-·,G1,J.S,· PR-',GIJ.5.· DR-·.Gl].5,' FR-'.A) HTS01480 

AP"ABSe P) 
HTS01490 
HYS01500 
HTS01S10 

C •••••• DETERJ04INE IF ELASTIC HTSOlS20 
HTS015JO 
HTSOlS40 

c 

IF (RULE.EQ.O .AND. AP .LT.PC 1 THEN 
(1(·51 
SE-(I( 
GO '1'0 9999 

ENDIF 

C_ ••••• DETERJoIIINE IF WALL IS INAC'I'IVE. IF SO RE_TURN 
IF (RULE.LT.O.O) GO TO 9999 

c 
C •••••• DE'TERJ04INE CURR~'!' DIRECTION 

LRULE-INT (RULE) 

C 

DIR -RDIR 
CALL DIREC'l'(DIR.DIFU..P.PL,VEL) 
FlDIR -OIR 
IF (PRINT) wRnE (15,10JO) DIR.DIRL 

10JO FORMAT(' DIR·',IB .' DIRL-',IS ) 

C •••••• DE'l'ERJ04INE IO..IIMUN AND Jo(INIMUN VALUES 
PJo4G-MAX(P~, PC.Pl 
DMG-MAX(D!OIG, OC.O) 
PJo(H-MI~( PMH, -PC. P) 
D"'H-MIN( OMH, ~oc, D) 
OMAX-MAX( DMG, -DI4H) 
PJo(AX·Jo4AJ[(PMG,-PMH) 

c 
C •••••• SET M ... JUMUN ~D Jo(INIMUN VALUES ••• 

IF (DIR.EO.l .OR. DIR.EQ.2 ) THEN 
PJoI-1l111G 
DM-DHG 

ELSE IF (DIR.EO.J .OR. DTR.EQ.n THEN 
PM-PMH 
DM-OMH 

EN'DIF 

C •••••• CALCULATE EOUIVALENT UNLOADING STIFFNESS FOR ENERGY ••• 

c 

IF (B ... CItB .OR. RULE.EQ.O.O) THEN 
SI-~SI( DIQ.X) 

ENDIF 

S:;-~S2( DMAXl 
SJ .. rS3( OMAJ:) 
00- DJo(-PJo(- ( DMG-DHH) I (PP«;-PMH) 
P"'- "Jo(-SIGN (PC. PH) 
DA-DM-SIGN (PC. PJo() 151 
PB-SIGN( (JIIIN(AB5(PA),(PC/:;») ),PM) 
90:2-IOHN( (DA-DO) ,PA.SI) 
DB-DA- ( PA-PB) I MAX (52, SO:;) 
SOJ-!04IN( (DB-DO). PS, 51) 
SE- O.S - PH--2 I ( 

(PH+PA)·O.S- (DM-O"') 
+( PA+PB) -O.!i· (OA.-OB) 
+( PB)·O.S·C PB)/HAX(SJ,SOJ») 

C •••••• CHECIt TO SEE IF LAST RULE IS S'I'ILL IN Ern:CT 
If' (DIR.EO.DIRt .AND. 

c 

, «DIR.EO.l .AND. P.LT.A) .OR. (CIR.EQ.:2 .AND. P.GT .... ) .OR. 
, (DIR.EO.J .AND. P.GT.A) .OR. (DIR.EO.4 .AND. P.LT.A))) THEN 

RE.i'URN 
£NOIF 

C •••••• CALC EICURSION RATIO AT EVERT ZERO CROSSING ••• 
If' (P·PL.LE.O) CALL DNE(O,UPOS,EXCR, DT, DLI, ESE, PSE. P5EOLD,CSE} 

c 
C. • • • •• ERASE SMALL LOOP ~LAGS 

IF (IR.GT.O) THEN 
IT-IR 
00 10 I-I. IT 

HTSOl:'50 
HTS01560 
HTS015iO 
HTSOlSSO 
HTS01590 
HT5C1600 
HTS01610 
HlSOliS:20 
H'fS016JO 
HTSOHi40 
HYSOllS50 
HTSOllSlSO 
HTSOHi70 
HTSOl580 
HYS01590 
HTSO 1700 
HT901710 
H'fS017:20 
HTSOl7JO 
H!' SO 17 ~ 0 
HTSOl750 
HYSOl7150 
HYSOll 70 
HYS017BO 
HYS01790 
H'fS01800 
HYS01810 
HTSOl820 
H'fSOlBJO 
HYS01840 
HTSOl850 
HTS01860 
HfSOlB70 
HYS018BO 
HyS018S!0 
HYS01900 
HlS01910 
HTS019:l0 
HYS019JO 
HlS01940 
HYSOl9S0 
HYS01960 
H'fS01970 
H'fS01980 
H'fS01990 
HTS0:2000 
HTS0:20l0 
HTS0:2020 
HTS020JO 
H'fS02040 
HYS02050 
HTS0:2060 
HYS0:2070 
H'fS020BO 
H!'S0:2090 
HYS04l00 
HfS02110 
HTSO:2l:20 
HYSO:2IJO 
HTS0:2140 
HYSO:2l50 
H'TS02HiO 
HTS0:2170 
H'TS0:21BO 

IF (FR(I).EQ.·L· 
(FR( I) .Eg.· 7' 
IR-I-l 

.AND. P.LE.PR(I) D.LE.DR(l}}} .OR. HTS0:2l90 

GO TO 15 
ENDIF 

10 CONTINUE 
ENCIF 

IS I-IR+l 

.AND. P.GS.PR(I) .OR. D.GE.DR(I) 111 THEN HTS02:200 
HTS02210 
HTSO:;220 
Hl'S02230 
HTS02240 
HTS0:2:250 
HTS02:21S0 
HTS02;J:iO 

IF (DIR.EQ.l .OR. DIR.EQ.J) THEN HTS022&0 
C •••••• LO"'DING RULES ••••••••••••••••••••••••••••••••••••• RULES 1.5-11HYS02290 

c 
C •••••• 

JO 

40 

c 

PC:2-SIGN( (Pc/'2). PJo() HTS02300 

LOADING ON BAC~BON'E 

IF (B"CII:B .OR. RULE.EQ.O.O) THEN 
1It-0. 
00 40 J-2.NS 

D[)OOS(J}-AB5(D) 
DP-PS( J) -AP 
IF' (AP.LT.PS(J) .AND. (DD-DP) .GT.O.} THE.N 

S-DP/DD 
I~ (S.GT.(I( .AND. S.LE.SI) THEN 

'-S 
..... SIGN(PS(J) ,P) 

E:NDIF 
ENDI~ 

CONTINUE 
RULE-I 
BACII:B-.TRUE. 
IR-O 

H1S02JIO 
RULE 1 HTS02J:20 

H1S02JJO 
H'T502J40 
HTS02J50 
HTS02J60 
HYS02JiO 
HTS0:2J80 
H1S02J90 
HYSO:l400 
Hl'S02~ 10 
HTS02420 
HTS0:200 
Hl'S02440 
HTS02~ 50 
HTS02t60 
HTSO:;OO 
Hl'S024BO 
HTS02490 

C •••••• LOADING ... MER UNLOADING 
ELSE 

RULES 6-11Hl'S02500 
HTS0:2510 
HT502520 
HTS02S30 
HYS02S40 
HYS02S50 

CRACI([)o("'BS(DJo() .GT.CC) 
REvRSL-«OIR.EQ.l .AND. DIRL.EQ.4) .OR. LRULE.EQ.B 

.OR. (DIR.EQ.J .AND. DIRL.EQ.:2) .OR. L~ULE.EQ.9 

.OR. LRULE.EQ.5 .OR. LRULE.EQ.1l) 
IF (CRACICD) THEN 

P2·. 9 !i·SIGN (PJo(AX, PM) 
0:2" ~D2 (OM.U) 

HYS025150 
HYS02570 
HTS02580 

ELSE HY50:2590 
P:2-PM HYS02600 
D2-DM HfSO:l610 

ENDU' HTS0:26:;0 
S-I()4IN ( ( D2-D) • ( P2-P) ,51 ) HT 5026)0 

20 1-1-1 HTS0:2640 
C Hl'S02650 
C •••••••••••••• RELO ... DING TNSIDE SMALL LOOPS RULE llHl'S021560 

IF (I.GT.O 1 THEN HTS021570 
Ir (.NOT.(( FFI(I).E:Q.·i· .ANC. OIR.EQ.l) .OR. HY5026BO 

( FR(I).EQ.·L· .ANC. CIR.EQ.J ») GO TO :;OHT5021S90 
IF (SRl.LE.O .OR. SR2.LE.0 .OR. SRJ.LE.O .OR. H'fS0:2700 

SRJ!I.LE.O ) THEN HYS0:27l0 
I-I HTS0:27:20 



GO TO 20 
SHOIF 
IE' (IIP.LT.ABS(PC2) .AND. S.GT.SIU41 THEN 

RS\fRSL·. E'AL5E. 
I-I 
GO TO 20 

ENDIF 
IE' (AB5(PR(l».tE. PC/O THEN 

X·IQIIIN( rD-OR(I», (P-PR(I» ,51) 
A·PR(I) 
RULE-1L1+I/1000. 

ELSE IF (IIBS(?R(I».LE.)·PC/~) THE:li 
X2·02~ (P2-1. S-P(2) ISR) 
x1·J:2~PC2ISR2 
X-D+(PC;;Il-P) ISR2 
IE' (AP.LT.PC/4 .AND. {{DIR.EO.l .AND. 

(DIR.EQ.3 .AND. X.GT,J:l»)) THEN 
1{-I04IN( (I1-D), (PC2/2-P). 51) 
A·SIGN«PC/~).P'M) 

ELSE 

ENDIF 
ELSE 

RULE-ll. 2-+1 /l000. 

II:-PllN( (DR( I )-0), (PR(I )-P) ,51) 
"'-PR( 1 l 
RULE-II. J+I/1000. 

X2-DR( I) -( PRe I )-1. S·P-C2) /SR>! 
XI·X2-PC2ISF!,2 
X.oO+[PC2I'2-p) /5R2 
IF (AP.LT.PC/4 .AND. [COIR.EQ.l .AND. 

(DtR.EQ.3 .AND. X.GT.Xl») THEN 
lI:"'IO\1H( (Xl-D). (PC2/2-P), 51) 
A-StGNI (PC/4). PM) 
FWLE"'1L4+1/1000. 

ELSE 
11.-0-+( l.S-PC:2-P) ISRl 
H (AP.LT. 3*PC/4 .AND. 

HYS021 )0 
HY502140 
H1'S02150 
H!S027150 
H'!50'277 0 
H!502180 
H150:2190 
HYS0:2800 
H1S02810 
HY502820 
HY50:2BJO 
H!502B40 
H!502850 
H!50::l9150 
H!S02810 

X. LT. Xl) .OR. HT502BBO 
HT502890 
HT502900 
HTS02910 
HTS029'20 
HlS029)0 
HTS02940 
HTS02950 
H1'Sa2960 
H'!sa:2910 
HTS02980 
HT502990 
HT50JoaO 
HT5030 10 

X. LT. Xl) .OR. HT503020 
HTS03030 
HTS03040 
HTS01050 
H1'503060 
H1'503010 
H'!S03080 
HTS03090 

«DIR.EQ.l .AND. I.L'1'.1I2) 
.OR. (OIR.EQ.) .AND. X.GT.X2l» 

It· 1041 N' ( (X2-D), (1. 5.PC2-P). SI) 
A·SIG~( (]-PC/4). PM) 
RULE-ll.5-+t/l000. 

THEN 
HT50.3100 
HT503110 
HYS03nO 
HT603130 
HTSOl140 
H1'S01l50 

ENOIF 
ENDIF 

ENDIF 

SR)-5RM 
Ite IOIIN ( (DR( I 1 -D), (PR( I )-Pl,St) 
/I.-PR( I) 
RULE-ll.I5-+I/I000. 

H1'503160 
HTS03170 
Hl50Jl80 
HTS03190 
HTSOJJOO 
HlS03'HO 
H1'503220 

C ~~nm 

C •••••••••••••• HnTIAL RELOAOHIG BELOW P'C/2 W/O REVERSAL RULE 6 H150J240 
ELSE IF (AP.LT.AB5(PC2l .AND •• NOT.REVRSL ) THEN HTS03250 

It-F51 (OMAXl H1S03260 
A-PC2 HT50)210 
RULE-6 H1'5032BO 

C HtS03290 
C •••••••••••••• RELOADING TO P2 RULE 1 H!S03300 

ELSE: IF ("'P'.LT.ABS(P'2) .AND. HtS03310 
(.NO'I'.REVRSL .OR. AP.GE.PC-0.75») THEN HT503320 
X·S HlS033JO 
;"·P2 H150)340 
RULE-1 HTSOll50 

C HTS03360 
C •••••••••••••• RELoADING BELOW PC WITH REVERSAL RULES 8 , 9 HT50J370 

ELSE Ir (IIP.LT.PC*0.15 ) THEN H't'SOJ380 
5R.·r5R{DMAll) H'fS03390 

Sl·FSl(D)o(AX) HTS030100 
S:;!-FS2(DMAX) HlS03410 
S3·FS3(DMAJ[) HlS03420 
PA·SI GN (PMAX. PM) -SI GN( pc. PM) HlS03430 
DA· SI GN (OM.\X, PM) -51 GN (PC. PM) IS 1 HT 503440 
PS·SIGN( ()IIIN(AB5(PA), (?ell» ) .PM) HISOJ450 
DB-OA-( PA-PB )/52 HIS03;,60 
DOP-DB-(PB)/S3 HT50JOO 
OO·OM-PM- (DMG-OMH) I (PIoIG-PMH) Ht5DJ4BO 
IF (DIR.E:O.l) DOp·MAJ(DOP,DO) H!SO)490 
IF (OIR.eo.3) DOP"MIN(OOP,OO) HtS03500 

CC:2·00P+PC2/S1 HTS03510 
SRM· J04I N ( ( CC:Z-D:Z) , (PC2-P4 ) ,S1 ) HlS03520 
Ii' (S.GT.SRM) THEN H1503530 

REVR5L·.FALSE. HT503540 
GO TO 20 HT603550 

ENOrr HTS03560 
SRp·:OHN( (OC;Z-Oj, (?C2-p), 51) H1'503510 
SR1-MA.J.(SRP,MI!Il(SR.S» H15035BO 
CC2P·O-+( PC2-P) /SRl HTSOJ5!i10 
SRJ-I04IN ( (D4 -CC4P) , (P:;! -PC:Ii! ) , 51 ) Ht503600 
SR2-:;a.00/( l./SRl + 1./SR3 ) H1503610 
IF (AP.t.'r.(PC/4) ) THEN HlS03620 

X·SR1 HlS031S30 
A-SIGN«PC/4),PM) HTS0l640 
RULE-8 HTS03650 

ELSE HT603660 
I{-SR~ Iit50J610 
... ·SIGN(PC.PM) .. 0.75 H1SOJ6BO 
RULE-9 HYS036!i10 

E;NDIF H!S03700 
C H15031l0 
C •••••••••• "" LOADING TOWAROS THE BACXeONE CURVE RULE 10HlS031:10 

E:LSE HI S03i 30 
BAClte· .TRUE. IU503HO 
IF (.HOT. CR.A.CICO) GO TO 30 H15031:'0 
IR"O H1'S03160 
ALPHIIP-l.O H1'50J170 
no ("'B5(DM).EQ.AB5(0MAX» o\LPH ... P.I\LPHA HTS03780 
JC·IQI(IN( (ALPHAP'- SIGN (DMAJ:. 0:2) -OJ) , ( SIGN ( PMAX. P2) -P2) H'!S037!i1 0 

,51) H150JeOO 
00 SO J·2.NS HTSOJ810 

IF ( PS(J) .LE.ABS(PMAX) ) GO TO 50 HT503e:lO 
.JO-J-l HT50J830 
OD-DS(.J) -D5( JO) HT50JB40 
Dp·PS(J)-PS(JO) HYSOlB:'O 
IF «OP*DO).LE.O.) GO To 50 Ht503B60 

CALL INTSCT(DJ,PX.0,P,I(,5IGN(D6(J),P). H150J810 
SIGN(PS(J).P),(DP/DO) ) HTSOJB80 

IF (ABS(OI) .GE.D6(JO) .AND. ABS{OX) .LE.OS(J) .ANO.HlS03890 
ABS(PX) .GT.ABS(PJi4.U) .MC. PM-PX.G".O) THEN HTS03900 
IF (AP.GE.ABS(PI» GO TO JO HlS0l910 
It--JOIIN( (01-0), (PI-P) .51) HT50J920 
A· ?X HT50J9)0 
RULE-I0 Ht50)940 
GO TO 100 HI503950 

ENDH' H!S03!HiO 

'0 CONTINUE: H!S03910 
GO 'I'D 30 HtSOJ980 

E:NDIF' HTSO]990 
ENDIF HlS04000 

H1'SO~O 10 

ELSE 
HTS04020 
H1'504030 

C •••••• UNLOADING RULES ••.•••••••••••••••••••••••••••••••••••••••• HT504040 
H!S04050 C 

C •••••• INITILIZE V~UES 
B~C!(B-.f'ALSE. 
Sl-E'Sl{OJrotAX) 
52- E'52 (DMAX) 
5)·E'S3( DM.AXl 
DO- OM-PM* ( DJItG-OMH) I ( PMG-PIoIH) 
PA- PM-SIGN ( PC , PM) 
DA" DM-SIGN ( PC • P!04) I 51 
PS-5IGN( (MIN(ABS{PA).(PC/2) ) .PM) 

RULES 2-5HTSOol060 
H1S04070 
HlS040BO 
HT504090 
H1504100 
I-IT504110 
Ht504120 
H1'S04130 
HTS04140 

41 

SOl-IQIIIN( [OA-DC). PA, 51) 
OS-DA- (PA-P8) /MAX (S2 , 50:2) 
503-QUN( (DB-DC) ,PS,SI) 
SU"O. 

C ••••••••••••• UNLO ... DING INSIDE SMALL POSITIVE LOOPS 
I.oIR"t-l 

10 1-1-1 
IF (t.GT.O) THEN 

.OR. 

I1'!S04150 
HT504160 
1-115041iO 
1-11504180 
IiTS04190 

RULE 5 HTS04200 
HIS04~10 

I1'!S04:l.20 
HTS04430 

IE' (.NOT.«DIR.E:Q.2 .AND. FR(I).EQ.'L'l 
(DIR.EQ.4 .ANO. FR(I).EQ.·'·» ) GO TO 10 

IITS04240 
liT504J.50 
H150'-260 

c 

IF «DIR.EQ.2 .ANO.( (P.GT.PA .AND. PR(I).GT.PA) 

ELSE 

(PA.GE.P .AND. P.GT.PB .AND. PR(I).G,..P81 
(PB.GE.P .AND. PR{I).GT.O ») .OR. 

(DIR.EQ.4 .MD.{ (P.LT.PA .AND. PR{I).t.T.PAJ 
(P .... LE.P .AND. p.Lr.pe .AND. PR{I).LT.PBJ 
(PB.LE.P .ANO. PR{I).LT.O»)) THEN 

JC- (PR( I )-Pl I( DR( I l-O) 
IF (JC.LE.a .OR. JC.GT.SI) GO TO 10 
A-PR(I ) 
RULE·S-+I/1000. 
GO TO 100 

SU·!OU~( (DR(l )-0), (PR( I) -PI ,51) 
OIDIF 

ENDIF 

C •••.•••••••••• CALC DUCTILITI AND EXCURSIO~ R.A.TIO ••• 
IF (RULE.EQ.l .OR. RULE.GT.51 THEN 

.OR. HT504210 

.OR. HT504280 
HIS04290 

.OR. Ht504300 

.OR. HTS04310 
HTS04320 
1-1150030 
HlS04]40 
H1504350 
HT504360 
HT504)70 
H1'504380 
H!S04)90 
H!SOUOO 
H1504410 
HlS044:10 
HT504430 
HT504440 
H1S04 4 50 

IF (CRULE.EQ.l .OR. RULE.GT.S) .AND, AP.GE.0.9S·PJo<AX) 
IF (OIR.EQ.4) THEN 

THE:NHTSOH60 
HTSO~OO 

DLI" MAX ( 0 • DL ) 
CALL ONE( 1.UPOS.EXCR, 01', DLI, E5E{:2). PSE. PSE:OLD.CSE) 

ELSE IF (OIR.EQ.4) THEN 

H1'5044BO 
H!S04490 
H!S045aO 
I-ItS0451a 
H1S04540 
HY50~ 530 

OLI· MIN( 0 • DL ) 
CALL ClNE( I, UNEG, EXCR, -Dt, OLI. ESE( J). PSE, "SEOLO. CSE) 

ENDIF 
ENOIF 

c 
C •••••••••••••• UNLOADING ON THE 'TOP SE:GMEJoiT 

IE'(AP.GT.AeS(PA» THEN 
It .. MAX (S 1. SU) 
A·PA 
RULE-4 

C. • • • • • • • • • • • •• UNt.O~DI HG ON THE "11 DOLE SEGMENT 
ELSE IE'(AP.GT.AB6(PB)l THEN 

1t.oMAJ.( 52.602, SU) 
A·PB 
RULE-3 , 

C •••••••••••••• UNLOADING ON THE 9O'TTOM SEGMEN'T 

ENOIF 
c 

ELSE 
lC.·MAX( 53 .503, SU) 
~-O. 

RULE-4 
ENOIF 

H1504540 
HY504550 

RULE :2 HT5045150 
HT504570 
H!604580 
I-ITS04590 
Ht504600 

RULE 3 H'!504610 
H'!S046:20 
Ht504630 
HT504640 
H1S04650 

RULE 4 HTS04660 
HTSOUi70 
HY5041580 
H1'SOUi90 
HTS04700 
Ht504110 
HlS04140 
1-I15047JO 
HlS04140 

C ...... 5A-VE REVERSAL POIN'I'S FOR SMALL LOOPS ...................... . HTS04150 
HT5041!50 
HtS04710 
HtS04180 

100 IRULE-INT(RULE) 
R.EVRSL-IRULE. EQ. 1.OR. IRULE. EC.I0 .OR. LRULE:. EQ .1.0R.LRULE. EO.I0 
IF «DIAL.EQ.l .AND. DIR.EQ.~ • .\1110 •• NOT. REVRSL) 

, .OR. (OIAL.EQ.4 .AND. OIR.EQ.3) ) THEN 
IF {IR.LT.tH} THEN 

ENDIE' 

IR-IR-+1 
PR(lR)-P 
DR(IR)·O 
i'R(IR)· '1' 

ELSE IF «OIAL.EQ.J .ANO. 0IR.EO.4 .A.ND •• NOT. REVRSL) 
, .OR. (DIRL.EQ.:2 .AND. DIR.EQ.I) ) THEN 

IF (IR.LT.NI) THEN 

£NDIF 
ENOlF 

I,,-IR-+l 
PRe IRJ--P 
OR( IR)-O 
FR(IR)·'I..' 

IF « L05*SI) .CT.1t .AND. ILG".O ) GO TO 9999 

.-0 
RULE--RULE 

9999 CONTINUE 
C WRITE (6,.llll) P,D,It,RULE,OIR.A 
cllll FORMAT (IP, 
C ,. S1- p.' ,GI3.5,' 0-',(;1).5,' 
C "011'1.'.15,' A··,CI3.S) 

R.E.'TURH 

It-' ,GIB.9.· RULE·' ,G1J.5. 

H1504190 
HTS04800 
Ht504810 
I-It504B20 
HT5048)0 
HlS04840 
H1504B50 
H1S0~B60 
HTS04870 
HT504880 
HTS04B90 
HTS04900 
HTS04910 
H!S04920 
H1504930 
HlS04940 
H150~950 
H1504960 
H1504970 
HT6049BO 
HT504990 
HT505000 
HI5'05010 
Ht505020 
HTS05030 
Ht505040 
H1505050 

E:ND HlS05060 
CfpROCE5S SOUMP OP'l'(O) GOSTM'r XREF MAP HTS00010 
C ••••• - ••••••• - ..... - ••• --. _.- .................. ---... --••• -------••• --... - .. H1 SOOO 2 0 
C .... TAXED'" HlSTERE5TS J4iJDEL ••••• HYS'I'06 ., •••••••••••••••••••••••••••• HTS0003Q 
C"-•• •• _ ••••••• _ .. _ .......... _ ••••• .o •••••• _ •• _ ._ •• _._ ......... ___ ._ •••••• - •• Hl SO 0 0 4 0 

C DEBUG UN 1"1' (6) ,TRACE,SUBClll{.INI't'.SUBTRACE H1S00050 
C AT BOOO HT500060 
C TRACE ON HT500010 
C END DE8UG H1500080 
C". _ •••• ---•• __ ••••• _. _.- ......... ---•• --••• --•• - .-----... ----•• --•• --•• --•• HT 500090 
C HY500100 
C TAI\EOA HISTERISI5 MODEL - REFERIINCE. 5. O'TMI. UILU-E;NG-74-2029 HTSOOllO 
C TAltEDA , SOZEN. J. A5CE sr. DII,I. - DEC. 1970 H15001'20 
C HTSOOl30 

PI CURRENT LOAD HT500140 
01 CURRENT 015PL I-IT500150 
PS PREI,IIOU5 LOo'.O HT500160 
OS PREVIOUS OISPL H!SOOI70 
VI CURRENT VEt.OCI1't HTSOOl60 
vt.. PREVIOUS \FELOCITT HTS00190 
5 CURRENT STIE'FNESS HlS00200 
HRLN CURRENT RULE NUMBER HT500210 

C A UPPER LOo'.O LIMIT BEFORE RULE CHANGE HTS00220 
C B LOWER. LOAD L1MIT 8EFORE RULE CHANGE HT500230 
C IDRO i1PREVIOU5 DIRECTIO~ Ht500240 
C RF HI$00:250 
C PC.CC CRACKING LOAD AND OI5PI.. ... CEJoI:ENT HTS00260 
C PT, DT !'EILD LOAD AND DI5PLACEjIIEHT HTS00210 
C PU,OO ULTIMATE LOAD AND DI5PL~CEjIIE:NT H1500480 
C OC ELASTIC STIFFNESS PD/DC H1500290 
C cor POST CRACltING S'l'IE'E'NESS (P1'-PC)/(OT-DC) HTS00300 
C 1U POST TEILD STIFFNESS (PU-P'!')/(OU-DY) HT500310 
C CPI CRACItING', TElLO STIFFNESS (PT-+PC)/(D1'-+OC) HlS00::140 
C CSE HlS003::10 

RNRt NEX't' RULE NUM8ER HTSOO)40 
UMl PEAK DISPL",CE:HEN'l' IN THE POSITIVE DIRECTION HTS003S0 
UM2 PEAl{ LOAO IN THE POSITIVE DIRECTION HTS00360 
UM3 PEA-It OISPLACEMEPlT IN THE NEGATIVE DIRECTION HT500310 
UM4 PEAiIl: LOAD IN THE NEG ... TIVE: DIRECTION H1SOO)ElO 
Sl UNLOADING S'TI FFNESS HlS00)90 
XO HT500400 
XOUM HTS00410 
XOI HTS00420 
UOO H1'500430 
UO H1'S00440 
XlUM HTS004 SO 
Ul HTS004150 
U1D HTS00470 
12UO H15004eO 
U2 HTS00490 
X3UI HTS00500 



C U3 KlS005I0 
C OT HISOOS20 

nAG. I~ MA:lrt.G-O 5'1'If'F'NESS-C BErOND FAILURE POINT (DU,PU) HYSOOS30 
LO",O W}!ERE RULE CHliIGS IF LOADING CON'TINlJES IN CURR DIRECTION HlS00540 

C MAlFLG 

c 

I\CHNG 
PRINT 
se 

PRINT DI\1" FOR TRACING HlSOOSSO 
ELASTIC UNLOADING CURVE HTSOOSEO 

ese 
,se 
PSEaLo 
UPOS 
UNEC 
EXCR 

ELASTIC S'l'RAUI E:NEIlGT HISOOS70 
PLASTIC S'T'RAIN ENERG! HTsOOSeo 
PLASTIC STRAIN ENERGY AT LAST ZEIW CROSSING HTSOOS90 
POSITIVE DUCTILITl HoiFa. H1S00600 
NEGATIVE DUC't'ILIT'f INFO. HTSOOIS10 
EXCRUSIO!>l RATIO INFO. H1S00620 

JI • FOR CUJlIJlIE:NT DIRECTION FOR LOADING AND UNLOADIIIIG 
j FOR NEW OlRECTION' FOR REVERSAL 

IRE"'SL 
ISGIII 

f • 2 FOR POSITIVE LOAD. t .. I FOR NEGATI"'E LOAD 
51 GN' Of' t.oAO t N NEW 01 RECTI ON' 
SIGN' OF THE CURRENT LOAD FOR t.oADING AND UNLOAOIN'G 
SIGN Of' THE NEW LOAD FOR REVERSAL 

HTS006)O 
HTS00640 
HTS00650 
HTS00660 
HTS006'70 
HlS006eO 
HJS00690 
H'500700 

SUBROUTINE HTST06( PI, 01, PS. OS, VI. VS • S. HRLN,A. S. I ORO,Rf', 
Ii PC, OC, PI, OT, PU, ru,QC ,CT. TU ,CPT ,C5E, RNRL, UJ.l:l,UJ.l:2. UMl ,UJ.l:4, 

I1l500710 
HTS00720 
HTSOODO 
HlS00740 
HTS00750 
HTS00760 
H150077Q 
HTS007BO 
HlsaoHo 
HJ500BQC 
HTSOOBIO 
HTSOOB20 

Ii SI.XO ,XOU~.XOT,UOO,UO,XIUIoI,Ul,UlD .X:2UO,U2,X3Ul,UJ.QT,fotAJ.FLG, 
Ii AC HNG. PRINT. SE, ESE, PSE. PSEOLO. UP05, UNEO, EXCRl 

REAL UM( 2, 2 J ,1 DRO.MAXFLG. UPC8( 3), UNEG( 3), EJ:CR( 6) • E5E( J) 
LOGICAL PRINT.BTEST 

9000 IE' (PR1NT) WRITE (6.9010) PI.OI.P5,D5,vI .... 5,5.HRLt'I,A.B.RF. 
" PC, OC, PI, 01. PU. DO.ac ,CT, TU,CPT. RNRL,UMl.UM2.UM3.UM4, 
" 51,XO .XOUM,XOT,UOO,UO.J:lUIoI,Ul,UI0 ,X:WO,U2.XJUl,UJ,QT, 
" ACHNG,IDRO.MAXFt.G.CSE, 
" st. tSE( 1), PSE, P5EOLO, UPOS, UNEG, EXCR HTSOOB30 

HTSOOB40 BOlO FORMAT ( 
" TAJl::EDA-PI'" ,G12.5,' DI-',G12.5,' P5-',G12.5,' DS-',Gl2.S!HTSOOBSO 
"TJI::- VI-' ,G1:il.5, ' VS-',Gl:il.5,' 5-',G12.5,' HRLt'I·',Gl::l.5/HYSOOBISO 
Ii I 1'1'::- A-' ,GI2.5, ' 8·',GI2.5,' RF'·',GI2.5,' PC.'.G12.5/HYSOOB70 
'" TJI::- OC·' ,Gl:;.5, , PY·',Gl::i.S,' OT·',GI2.5,' PU.',G12.5/HYSOOBBO 
"TI'::- DU-',GI2.5,' OC·',GI2.S,' CY·',G12.5,' TU·',G12.5/HTSOOB90 
"TI'i:- CPY·' ,GI2. S, ' RNRL·',GI2.S,' U"U-',G12.5,' UM2-'.G12.5/HTS00900 
"TI'i:- UIoIJ-' ,G12 .5.' UM4-',GI2:.5,' 51-',GI2.5,' XO-'.G12.5/HTS00910 
Ii'TI'i:- XOUIoI·',GI2.5,' 1I.0Y·',Gl::i1.5,' UOD-',GI2.S,' UO·',G12.51HTS00920 
"TI'i:- K1U""'" ,GI2:.5,' Ul-',GI2:.5,' UID-'.GI2.5,' I:ilUO·',GI2.5/HTS00930 
Ii' TI'i:- U2-· ,GI2. 5,' X3Ul·' ,Gl::iI.S, , U3-',GI2.5.' QT-'.G12.5/HTS00940 
,. TI(- ACHNG·'.GI2.S,' rORO··.Gl:2.5,· JltAXF-',Gi2.5,' CSe:.',G12.5/HTS00950 

TI'i:- 5E-',G12.3,' ESE-' ,Gi2.5, ·PSE·· ,GI2.5,· PSEO-' ,G1:il.5/ HTS00960 
'"~ TII::-· UPl·'.G12.3,· UPl·' ,GI2.5,· UP)·' ,GI2.51 HTS00970 
Ii'TII\- UN1·',Gl2:.3,· U~2-·,GI2.5,· UN3.',G12.51 HTS00990 
Ii'1'I1::- EX1-·,GI2.3.' EX:2-' .G12.5.' EXJ·· ,GI2.51 HTS00990 

TIC- EX4-· ,GI2.3.' EXS-·,G12.5.' EX6-' ,GI2.S) HTSOIOOO 

C, , ., , •• RTN I E" CURRENT STATE - PREVIOUS STATE 
HTSOI010 
HTSOI020 
HTSOIOJO 
HTSOI040 
HYSOl050 
HTSOl060 
HYSOl070 
HY5010BO 
HYSOI090 
HTSOllOO 
HYS011lO 
HTSOI i:ilO 
HTSOll30 
HTSOI140 

IF «(PI.EQ.PS .OR. OLEQ.OS) .AND. RNRL.N'E.O ) RETURN 
c 
C ....... GET DIRECTION' AND RTN' IF CURRENT STATE IS WITKIN' LI~ITS .. . 

c 

CALL rORECT (IDR.IDRv,IORI(Q,PI,PS,Vt,Y5) 
IF (A.OT.S .AND. PLLE.A .ANO. PI.GT.B .AND. IDR.EQ.IORO) RETURN 
IE" (A.LT.S .AND. PI.GT.A .MD. PI.LT.8 .ANO. IDR.EQ.IORO) RE'l'URN 

C •••••• CALC E:XCURSIOH RATIO AT EVERI ZERO CROSSING ••• 
IF (PI·PS.LE.O)CALL DNE(0.UP05.EXCR, DT.DI.ESE,PSE,PSEOLO.C5E) 

c 
C •••••• INITILIZE DATA FOR FIRS'!' CALL TO SUBROUTIHE 

C 

1 IF (ANRL.EQ.O) THEN 

EN'OIF 

RNRL-l 
UJoII--OC 
UJoI2--PC 
UJoI3- oc 
UM4- PC 

c ...... INITILIZE DATA 

'01 

'" 

NRL-RNRL 
UM( 1.1 }-UMI 
UM( 1. 2) ·UM2 
UIoI( 2,1 j-UM3 
UM(:il,:il )·UI'(4 

IF (PI-GT.O) THEN 
ISGN -1 
JI-2 

ELSE IF (PI.LT.O) THEN 
15GN' ·-1 
JI-l 

ELSE rr (OI.LT.05) THEN' 
903 15GN ·-1 

Jr-l 

90. 

90\ 

ELSE IF (OI.GT.DS) THEN 
ISGN' -1 
Jr-2 

ELSE 
[SGN' -1 
JI-I 

EN'DIF 

IF (OI.LE.OS) THEN 
IREVSL--l 

ELSE 
I REVSL- 1 

ENOIF 

HYSOllS0 
HTSOll1S0 
HTSOl170 
HYiSOlleO 
HTS01l90 
HTS01200 
HTSOl2:10 
HT5012:2:0 
HTSOl2:30 
HTS01::i140 
HTS01::i1S0 
HT501l60 
HYS01270 
HTS01280 
HY501290 
HT501300 
HTSOI3tO 
HTSOIJ20 
IiTSOl]JO 
HTSOIJ40 
HYSOIJ50 
HT501J60 
HTSOIJ70 
HTSOIJBO 
HTSOIJ90 
HTS01400 
HTSOl410 
HTSOH20 
HTS01430 
HTS01440 
HIS014S0 
HTSOHISO 
H'\'S01470 
HTSOl4BO 
HTS01490 
HTS01S00 
HT501S10 

IF (IDR.LT.O) THEIII HT501S20 
IF (!SGN.GT.O) CALL DNE(I,UPOS.E"J:CR, OT.OI.ESE(:ii).PSE,PSE:OLO,C5E:)HTSOI530 
IF (I5GN. LT. 0) CALL DNE( I, tJNEG, EXCR, -OT. CI, E5E( 3), PSE, P5EOLO,CSE) HT50 1540 

ENDIF HT5015S0 

GO TO ( 100. 200, 300, 400, 500. 600, 700, 
1 1100,12:00, lJOO ,1400 .1S00, 1600) .N'RL 

C ..... - .. TAItEOA RLJLE 1.0 ----- ELASTIC STAGE 
100 If (lOR) 130,1)0.110 
110 IF (ABS(PIl.GE.PC) GO TO 200 

S·?I 

HRLN·l.11 
GO TO 2000 

130 8-0. 
A- PC I I REVSL 
IF (PLNE.O) A-PC·SIGN(l.O,PI) 
s-oc 

NRL-1 
HRLN-I. 2 

GO TO :2000 

800, 900,1000, 
HTS01560 
HT501570 
HT501S90 
HT501590 
HT501600 
HT501610 
HT501620 
HT50l630 
HT601640 
HTS016S0 
HT5011560 
HT501670 
HT5011SBO 
H'SOIIS5IO 
H'1501700 
HT501710 
HT501720 
H'fS01730 
HT501Ho 
HT501750 
H'f501760 

C _ .. _-- TAItEDA RULE 2.0 ••••• LOADING ON 
:il00 U' (lOR) 230,230,210 

PRlMART CUR ... E UP TO TElLO HTS01770 

210 IF (AB5(PI).GE.PT) GO TO 300 
8"PI 
A·PT-I5GIII 
S'"CT 

N'RL·:il 

51. (PI+( PC" ISGN» I (DI .OC.ISGN') 
st·S1 

HRLN'·:il.ll 
GO TO :il000 

230 a-o. 
A·PI 
S1- (PI +-( PC"15GN)) I( 01 .OC· I SGN} 
S:.S1 

SE-Sl 

H'fSOI7BO 
H'fSOlHO 
H1501BOO 
HT501810 
H'f501820 
HIS019l0 
HT501940 
HTSOle50 
HlS01B60 
HTS01870 
HTSOleeO 
HT50lB90 
HTSOI5100 
HTS019l0 
HlS01920 

42 

"",,"I 
KRLN-2.2 

GO TO 2000 
C .---- TAICEDA RULE 3.0 •• --- LOADING ON' PRIMARY CLJJWE Af"i'ER 'fEILO 

300 BOTT.P4AX (A8S (DI ) ,AaS( UMl} • ABS( UM3) ) 
Sl·CPP SQR'r(D'UBOTT) 
SE-Sl 

IF (lOR) ))O.3)O,JI0 
:HO If (AB5(P!) .GE.PU) GO TO J20 

A-pu·ISGN' 
a-PI 
S-YU 
NRL-3 

HRLN-J.ll 
GO TO 2000 

]20 A·Pu·rSGN 
B·PI 
5-0. 
IF (MAJl:FLG.N'E.O) 
NRL-3 

HRLN-3.12 
GO TO :2000 

l30 8·0. 
A·PI 
BO't'T·)o(AJ[(ABS(DI).AB5(UMl),ABS(UM3) ) 
51.CPP SQR1'(DT/BOTT) 
5-51 
NRL·4 

IHS01930 
HYS01940 
HT5015150 
HT5015160 
HY501970 
HT501980 
HT501990 
HTSOJOOO 
K1S02010 
HTS02020 
HYSO:i!O)O 
HT602.040 
H'f502050 
HTS0206D 
HlS02070 
HTS02080 
HTS02.090 
HTS02100 
HTS02110 
HT502120 
HTS02130 
HTS02140 
HTson50 
HTSO:i!liSO 
HTSO:i!l70 
H'1S02180 
H'f502190 
HT502200 

HRLN-J.2 HTS02:210 
GO TO :il000 H'1S02220 

----. TAICEOA RULE: 4.0---·· UNt.oAOING FRO,", POINT UI'( ON THE PRlJootAR'fH'lSO:i!2:30 
CURVE Af"i'£R 'lEILOING HtS02::i!40 

400 IF (lOR) 430.440.410 
410 IF (ABS(PI).GE.AB5(UM(JI.2))) 

A·UM{JI,:i!) 
GO TO 420 

.,0 

430 

"0 

450 

B-PI 
S-SI 
NRL-4 

HJU.N-4.11 
GO TO :il000 

A·PU"I5GN 
B-PI 
S-YU 
NRL-J 

HRLN-4.12 
GO TO 2000 

A-PI 
B·O. 
5-61 
NRL-4 

HRLN-4.2 
GO TO 2000 

If' (OLLE.OS) IDRVO-l 
IF (OI.GT.OS) IORYO-2 
IF (AB5(UM(lDRVO,ll).GT.OC) 
A·P<;:"IREVSL 
S·O. 
5-51 
NRL-15 

HRLN-4. 31 
GO TO ::1000 

XC·DI 

GO TO 450 

XOUM. (0. -UM{ IORVO. 2) )/(XO-UJoI( I DRVO,I)) 
XO'f -(0.-P'f·ISGN}/(XO-DT"I5GN) 
IF (PT.GT.AB5(UM(IOR\IO,2)) .AND. XOT.GT.X:OUM) 
A-UM(IOR"'O,::I) 
B-O. 
S2-xOtJM 
5-S2 
NRL-6 

HRLN-4.32 
GO TO 2000 

4150 UM(JI.l)-D'l·lSGN' 
UJ04(JI.2)-PPISGN 
"'-UJII(JI.2) 
s-o. 
52-101 
5-52 
NRL-6 

GO '1'0 460 

HT502250 
H'f5022iSO 
H'fS02270 
HTS02280 
HTS022510 
H'fS02300 
HT502310 
HTS0232.0 
HTS02330 
HTS02340 
HTS02350 
H'f5023iSO 
HlS0::il370 
HT502380 
HTS02390 
H1502400 
HTS02410 
HTS02420 
HYS0200 
HT502440 
HTS02450 
HTS02460 
HY502470 
HTS024BO 
H'fS02490 
HYS02S00 
HTSO:i!510 
HTSO:lS20 
KTS02530 
HTSO':lS40 
HTS01550 
H'fS02560 
HTS025JO 
H'50:l590 
H'fS02590 
HTS02600 
HTS02610 
HT502620 
H150::l630 
HTS02640 
HT5026S0 
HT502660 
HT50':l6'lO 
HYS02690 
HTS02690 
HTS02700 
HTS02710 

HRLN-4. JJ HTS02J20 
GO TO 2000 HTS027)0 

.-••• TAICEOA RULE 5.0 •• --- UNLOAOING fROM POINT UM ON THE PRIMARTHTS02740 
CURVE BEFORE TEILOING HT502750 

500 IF (lOR) S30,540,510 
510 IF (ABS( PI ).GE.ABS(UM(JI ,::I»)) 

A·UJII(JI.2} 
B·PI 
5-51 
N'RL-5 

HRLN-5.11 
GO TO 2000 

S30 A·PI 
8-0. 
S-51 
NRL-5 

HAUl·S.:I 
GO TO 2000 

S40 IF (OI.LE.OS) IDRV-2 
IF (OI.GT.OS) IDR"'-l 

GO TO :100 

IF (ABS(UIoI(IDR .... l).GT.OC) 
A-PC"I REVSL 

GO TO 450 

B-O. 
S-51 
NRL-14 

HRLN-5.Jl 
GO TO 2000 

HTS02760 
HTS02770 
HT50'2'l60 
HTS02790 
HT502900 
HlS02910 
H1502820 
HT502e]0 
HTS029.f.0 
HT5028S0 
HTS02960 
HTS02870 
HTS02880 
HTS02890 
HTS025100 
HTS02910 
HTS02920 
HTS02930 
HTS025140 
H'lSO:i!9S0 
H'fS02960 
HTS02970 
HTS029BO 

•••• - T A!tEDA RULE 6.0 

600 
610 

IF' (lOR) 630.630,610 

WADING TOWARDS POINT UM ON' THE PRIMARHTS02990 
CURVE. HTSOlOOO 

HTSOJO 10 
IF (AaS(pl).GE.ABS(UM(JI,2))) Go TO 210 
A-UM(JI,2) 
a-PI 
XOU ..... ( PI-UM(JI, 2)) /(0I-UM(JI.1» 
S·XOUM 
NRL"6 

HRLN-6.11 
GO TO 2000 

610 UOD-OI 
UO-PI 
A-PI 
B-O. 
5-S1 
t-IRL-7 

HRLN-6.20 
GO TO 2000 

C -._-- TAltEDA RULE 7.0 ----- UNLOADING FROM POINT UM AF'l'ER RULE 6 
700 IF (lOR) 730,740,710 
710 IF (ABS(PI) .GE.ASS(UO}} GO TO 720 

A-UO 
a-PI 
5-51 
NRL-' 

HRLN'-7. II 
GO TO 2000 

120 A·UJII(JI. 2) 
a·PI 
KOUIoI-(O.-UIoI(JI. 2:)) I tXO-UJoIl(JI .1) 
S-XOUM 
"",,"6 

HRLN-'.12 
GO TO :ilOOO 

730 A·PI 

H'fS030:il0 
HT50l0JO 
HT503040 
HT503050 
HTSOJ060 
HlS0J070 
H1503090 
HT50)090 
HTS03100 
HTS03110 
HT503120 
HYSOJlJO 
HY50J140 
HYSOJl50 
HT50:H60 
HTS03170 
H'lS03180 
HT50J15l0 
H'fSOJ200 
H'fS03210 
H'f50J220 
H'fS0J230 
HTS03240 
HTSC32S0 
HTS03260 
HTson70 
H'f50J280 
HlS0J:i!90 
HTSOJ300 
HTS03JIO 
HTS03J20 
HT50JJ30 
HTS03HO 



HRLN'-1.2 
GO TO 'l000 

HO A-UM(JI ,'ll 
B-O. 

HTS03350 
HTS03JISO 
HTSO]310 
H'r:S03380 
HYS0339Q 
HYSO]400 

XIUM-( PI-UJII( JI, 2)) I( D1-UJII( JI ,1) 1 
5-XIUM 

HTSO)410 
I-IT50)420 
HTSOl4JO 

NIU."'B 
HRLN-1.] 

GO 1'0 2000 
••••• T~!CEOA RULE e. 0 

BOO IF' (lOR) B]O,8)O,910 

I-IT90l440 
HTS034S0 
HYS03460 

LOADING TOWARDS POINT UJII ON THE PRltr4ARHYSOJ410 
CURVE H150J4BO 

BI0 IF (ABS{Pt).GE.ASS(UM(JI,;Z») GO TO :il10 
A·UM(JI,2) 

HT503490 
HT503500 
HT50J510 
HTSOJ520 
HT5035JO 
HT50l540 

B·PI 
XIUM- (PI~UM( Jt. 211f( 01 ~U"I( JI, 1) 
S-XIU)4 
NRL-9 

HRLN-B.l1 
GO TO 2000 

9]0 Ul·PI 
UIc-OI 
A·PI 
a·o. 
5-51 
NAL-9 

HRLN·9.2 
GO TO 2000 

C ___ a. TAKEDA RULE 9.0 - .. ---
900 IF (IDR) 930,940,910 
910 IF (ABS(PI).GE.AaS(Ul 

.... -1..11 
a-PI 
5-51 
N!U.·9 

H!U.N-9.11 
GO TO 2000 

9JO A.PI 
B-O. 
5-51 
NAL-9 

HRLN-9.2 
GO TO 2000 

940 ~-UO 
15"0. 
Z2UO· (PI -UO) / (DI-UOO) 
S·X2UO 
NAL·I0 

HRLN·9. J 
GO 1'0 JOOO 

C·.··· TAKEDA RULE 10.0 •••• -
1000 If' (lOR) 10JO,10JO,1010 
1010 If' (ABS(PI).GE.ABS(UO 

1.-1..10 
B-PI 
X2UO-( PI -1..10 l/( 01 -UOD) 
S"X2UO 
NRL-I0 

HRLN-IO.l1 
GO TO 2000 

10]0 U2-PI 
A-PI 
a·o. 
5-51 
HAL· II 

HPLN-I0.2 
GO TO 2000 

C •• --- TA!t:EDA RULE 11.0 
1100 IF (lOR) 1130,1140,1110 
1110 U' (Aa5(PI).GE.~B6(U2 

~·U2 
B-PI 
5-51 
N'RL·ll 

HRLN-l1.11 
GO TO 2000 

1130 A-PI 
B-O. 
5-51 
NRL-ll 

HRLN-ll.2 
GO TO 2000 

1140 A·Ul • 
B·a. 
X3U1. (PI-UI) I (OI-UI0) 
S·I]Ul 
NRL-12 

KRLN-ll.3 
GO TO 2000 

C - .. _-- TAItEDA RULE 12.0 .. ----
1200 IF (lOR) 12]0,1230,1210 
1210 IF (~a9(PI).GE.ASS(UI 

A-ul 
a-PI 
KJUl· (PI-UI) / (OI-UID) 
S-13Ul 
NRL·12 

HRLN-n.l1 
GO TO 2000 

1230 U]-PI 
A-PT 
a-o. 
5-51 
NRL-13 

HRLN·12.;Z 
GO TO :ilOOO C·.··· TAItEDA RULE IJ.O - .. ---

1300 IF (IDRl lJlO, 940,lJI0 
lJI0 IF (ABS(PI).GE.AB5(U] 

.... -UJ 
B-PI 
5-61 
NRL-IJ 

HRLN-I].ll 
GO TO :;'000 

\330 ~·PI 

15-0. 
5-51 
NRL-lJ 

HFlLN-ll.2 
GO TO 2000 

C ----- TA"EDA RULE 14.0 ----
C 

1400 IF' (lOR) 14JO,I440,1410 
1410 IF (ABS(PI).GE. PC 

1430 

A·PC·ISGN 
15·0. 
5-51 
NRL-14 

HRLN-14.11 
GO TO 2000 

~·PI 
B-O. 
5·51 
NRL·14 

HRLN·14. '2 
GO TO 2000 

1440 A-VIoI.( JI. 2) 
15-0. 

HT50H50 
HTSOJS60 
HTSOJS70 
HT503580 
HT50J590 
HTS03600 
HT50JISI0 
H1S031S:il0 
H'fS0315JO 
HTSOJ1540 
itTSOJ1550 

UNLOADING FROJo1 POIN"I' VI Af"l'ER RULE: B HTSOJ660 

11 GO TO BIO 

LOADING TOWARDS POINT UO 

11 GO TO 610 

HTSOJ610 
I-ITSOJI580 
HTSOJ690 
HTSDJ700 
I-IT50J710 
HTSOJ720 
HYSDJ7JQ 
HTS03HQ 
HT503750 
HTSOJ160 
H!SO)770 
HTSOl180 
HTSOJ790 
HTSOJBOO 
HTSOJ810 
HTSOJB20 
HTSOJBJO 
IHS03840 
H!SOJ8S0 
H1503860 
H!SOJ870 
HTSOJeBO 
HY503890 
HTSOJ900 
HTS03910 
HTS039:;Z0 
H!SOJ9JO 
HTSOJ940 
HTS0J950 
HTS0J91S0 
H1SO]970 
HYS039BO 
H1SO.3990 
HTS04000 
HTS04010 
HTS04020 
HTS040JO 
HTS04040 

UNLOADING FRO)4 POtNT U2 AFTER RULE 10 HT6040S0 

) GO TO 1010 

LOADING TOWARDS POINT Ui 

»)GO'l'O 810 

HTS0401S0 
HT604070 
HTS04080 
HYS04090 
HTS04100 
HT504110 
HTS041:ilO 
HTS04I30 
HT504140 
HTS04150 
HTS04160 
HT504170 
HY504160 
HYS04190 
HT504200 
HT504210 
HYS04220 
H!S04'lJ0 
H1504:il40 
HT504:il50 
HTS04'l60 
HYS04'l70 
HT604280 
HT504::1:90 
HT504J00 
HT504)10 
HY5043:i10 
HY504330 
HY504J40 
HTS04350 
HTS04J60 
HT504J10 
HTsOoaO 
H!S04J90 
HTS04400 
HTSOHI0 
HTSOH:ilO 
HTSOHJO 

UNLOADING FROJo1 POIN',. U3 AMER RULE 12 HT604440 

)) GO TO 1210 
HY504t50 
HTS04460 
HT50H10 
HTSOHeO 
HTS04490 
In50t500 
HT504510 
HYS045;zO 
H!S045JO 
HTS04540 
HT504550 
HTS04S60 
HT504570 
HY504580 

LO .... OING IN THE UNCRACKEO DIRECTIoN AMEHT504590 
CRAC"ING IN THE OTHER DIRECTION'. HT604600 

) GO TO 210 
HY5041510 
HTS04620 
H'!'S046)0 
H!S041S40 
HTS04650 
HYS04660 
HYS04670 
HT504680 
HTS04690 
HTS04700 
HT504710 
H1'604720 
H'I'5041JO 
K'!S04740 
KTS047S0 
HYS04160 

43 

c 
C 

c 
C 

5-S1 
NAL-S 

H1504770 
HTS04HI0 

HRLN·14.J H1504190 
GO TO ::iI:OOO HTS04800 

----- TAKEDA RULE lS.0 ----- LOADING IN THE UNCRACItED DIRECTION AM'EH1'S04BI0 
TEILDING 1N THE OTHER DIRECTION. HTS04B20 

1500 IF (lOR) lS]O,1540,1510 
lS10 IF (AaS(PI) .GE. PC 

~"PC"ISGN 
B-PI 
S·Sl 
NRL-15 

HRLN-1S.11 
GO TO 2000 

15.20 PQ·PC·I5GN 
QQ. (PQ~PI ) /51 +01 
CT. (PT" I SGN-PQ) I (OT'" I SGN-OQ) 
A-PY·15GN 
a-PC 
5-CT 
NRl,-16 

HFlLN· 15.1::il: 
GO TO 2000 

1530 ~·PI 
a-o. 
5·51 
N'R.L.-15 

HIU.N-15.2 
GO TO :;1000 

) GO TO 1520 

1540 IF (Aa5(PI) .GE. ABS(UJo1(JI,2»)) GO TO 1550 
.... ·uJo1(JI ,2) 

ISS0 

SaO. 
5-S1 
N~-4 

HRLN-lS.J1 
GO TO 2000 
~·PU·IRE:v5L 

e-o. 
5-TU 
NFIL·J 

H!S04830 
H!S04B40 
H1S0485o 
HTS04Bfio 
H'!504B10 
HYS04B8o 
H1S0489o 
HY504900 
HYS04910 
H!S04920 
HY50~ 9JO 
HYSC4940 
HTS04950 
HTSO~ 960 
HTSO~970 

HT5049ao 
H1'S04990 
H'!'50S000 
HT505010 
HTS05020 
HYS050.30 
HT505040 
HY505050 
HT505060 
HYS05070 
HTS050BO 
HTSOS090 
H'!'S05IQO 
H!S05110 
HT505120 
HYSOSlJO 
HT505140 
HY505150 
H!505160 

HRL.N·15.J2 HT505170 
GO TO 2000 HT5051BO 

----- TAKEDA RULE U.O .. ---- LOADING TOWARDS THE TElLO POINT ~F"'I'ER Ht505190 

11S00 IF (lOR) 16)0,1630,11510 
1610 U' (AeS(PI).GE. PT 

A·P1'·ISGH 
a·PI 
S·QT 
N'RL·16 

HRLN-16.11 
GO TO 2000 

16]OUM(JI,I)·Ot 
U)I.(JI,2)·PT 
Ua-PI 
UO~DI 

A-PI 
S-O. 
S-51 
52-QY 
10-DI-PI/S2 
N'RL- 7 

RULE 15. H!SoS:ilOO 

) GO TO JOO 
H'!S05210 
HTS05:;120 
HTSOS230 
HTS05240 
KYS05250 
HT50S260 
HYS05270 
HT5052BO 
HT505290 
HT505300 
HT505310 
H'!5053:;10 
HT505330 
HYS05340 
HY50~.350 ' 
HT505360 
HT505J70 
HTS05JaO 
HT605J90 
H1'505400 
H1'505410 

C • _____ > CALCULATE I"IAIIM1JN PREVIOUS DEFORMATION' H!5054:;10 
2000 U)41-"UN'{VM(l,l),DI) HTS054]0 

UJo1-:Z-Jo1IN(UM(l,2) ,PI) HTS05440 
UJIIJ.MAX(UM(2,l),DI) H1SOS450 
UM4.MA.I(UJo1{2,:iI).PI) HtS05460 
RIolRL-NAL Hl50500 
lORD-lOR HT505~ao 
RF-O. HT505-490 
IF (IDR.GE.O) ACHNG-A HYSO:'500 
IF (IDR.LT.O) ACHNG-B HT505510 

~E'l'URN HTSO:'520 
END HT SO:' 5 30 

C 'PROCESs 5CU)4P OPT (0) GOSTI4'I' XREF HY 5000 10 
C ...... * ....... HtST07 ....... • ..... ••• ... •••••• .... • ...... •• .. •• •• •••• .. •••••••••• .. ····H1500020 
C DEBUG UNIT (15) ,TRACE, S\.IBCHIt, HUT, SUBTRACE HT5aOOJO 
C ErND DEeUG HTS00040 
C HTS00050 
C S\.I_SROU_TINE ELSPLS - ELASTO-PL.a.5TIC aILINEAR HTSTERESI5 MODEL HYS000i50 
C HTS00010 
C Fe' - CURRENT LOAD HTS00080 
C PEQ • MODI FlED C:URREN'l' LOAD HT500090 
CO::. C\.IRRE:NT DII5PL. HTSOOIOO 
C rL • LAST LOAD HT500110 
COL· L.AS'I' DI5Pt,. HTS00120 
C PT - !EILO LOAD HTSOOIJO 
C PTE'Q • MODIFIED n::ILD LOAD I-IT500140 
C S - ELASTIC S'TIFr'NE5S H'!'S00150 
Cit- CURREN'!" S'I'IFFtIIES6 (OUTPUT) H!500llS0 
C R\.ILS - CURRDM' RULE NUMBER, USED TO TRACE MODEL (OUTPt.rr) H!S00170 
C RNRL - NaT ~l1LE N'U)4BER (OUTP\.IT) H!SOOlBO 
C VI .. HOT USED HTS00190 
C VL - NOT USED HT500:;lOO 
e KIE • INELASTIC STIFFNESS HYSOO:ill0 

C ~-= 

c 

SlJBROU'l'I N'E H1' ST07 ( Fe, OC, FL, DL ,It, RULE, P5EOLO, ... , B, HTS002JO 
, VI, VL, 5, PT, !CIE, OT ,CSE, PRINT, ESE, PSE, RKE!. UPOS, UNEG, EXCR) HYS00240 

REAL K,IIE HTS00250 
LOGICAL PIUNT, BTEST HT500:;160 
DIMENSION UPOS{J),UNEG(3),EKCR(151,ESE(3) HTS00210 

ItE,.-R!t:E:T 
rc .. It·(OC-OL)+FL 

H'!'S00280 
HTS00:;!90 
HTS00300 

IF (PRINT) WRITE (6,1010) FC,CC,FL,DL.",RULE,III,CSE,IIL,S,PT,KIE, HTSOOJlO 
Ii A, B, IItE1', ESE( J1, PSE, PSEDLO,UPQS, UNE:G, E"ICR H1500J20 

1010 FORMAT ( 
Ii' EL5PLS-rc·' ,GD.5,' 
Ii- EL- K-',GI3.5,' 
Ii' EL- VL-' ,GIl.S, I 

Ii' EL- A··,GI3.S,' 
Ii' ~- KET-',tiI3.S,· 
Ii' E:L- UPI-' ,Gil.S.' 
Ii' EL- UNl-',ti13.S,' 
Ii' E'L- al-' ,till.S,· 
Ii' EL- E.l4-',Gl].5,' 

OC-' ,GIl.5,· 
R\.ILE- - ,GIJ. S,-

5-' ,GIl. 5,' 
15-' ,G13. ':1/ 

ESE-' ,G13. 5, ' 
UP:Z·' ,G13. S, ' 
UN2·' ,GIJ. 5,' 
E12-' ,Gl].5, ' 
E".l'S-' ,Gl3.5,' 

HT500JJO 
FL.',G13.S,' DL-',G13.5/HT500)40 
VI.' .G13.S,' CSE:·' ,GlJ. 5/HT500JSO 
Pl.' ,G\3.5,' ItIE·' ,GIJ.S/HTS00360 

PSE-' ,GIl.5,· 
UP)-' ,GlJ.51 
UNJ-' ,GLJ. 5/ 
E::lJ-' ,Gl). 51 
E:lI5- - ,GlJ. 5} 

H,.S00370 
PSO- ' ,G 13. 5/HT 500]80 

HYS00J90 
HT500400 
HTS00410 
HTS00420 
HT5004JO 

C •••••• CALC EJ:CURSION RATtO AT EVER1' ZERO CROSSING •• .- HT500440 
HT500450 
HT900450 

1 F (FC"FL. LE. 0 )CALL DHE( O. UP05, EICR, Dl, DL, ESE, PSE, PSEOLD, C5E) 
c 
c 
C---------~-- ELAS"l'IC REGION 

IF' (RULE.LE.l .AND. ABS(FC).LT.f'T) 
<os 
RUt.E:-l. 
A- P! 
a·-PT 
FC-S"OC 

THEN 

CALL S'!'RENG (E5E,P5E,PSEOLD,FC,FL,OC,DL,!I:,S ) 
KET·O 

c 

RKET-ItEY 
GO TO 1000 

ENDIF 

C------------ INELASTIC REGION 
DIR-IX:-DL 
IF (OIR.E.g.O) RE'TURN 
PEQ ·FC-lnE·CC 
PECL· F'L-KI E· DL 

HT50000 
HT50Q4BO 
HTS00490 
H'!'S00500 
H1'S00510 
HTSOOS20 
HTSOOS]O 
HY500S40 
HY5005S0 
HT500560 
HY500570 
H1'SOOsao 
HTS00590 
H'!'S00I500 
H'!S0061Q 
HYS006:i10 
HTS006JO 
H1'S00I540 
Hr500650 



c 

P1EQ·Pl*( l-1I:1E/5) 
OVEL-Vt ·VL 
IF (PRINT) WRITE (6,·) 'PEQ,PTEQ,oVEL,VI,VLI' 
IF (PRINT) WRITE (6.·) P~.PTEQ,OYEL,VI,VL 

C------ LOAD AT OR ABOVE POSITIVE TElILO 
IF (RULE.~,I) THEN 

C 

IF (OIR.GT.O) THEN 
••• POSITIIJE lEILO ••• 

CALL STRENG (ESe:,PSE,PSE:OLO. PT,i'L, 01.oL,S,S ) 
~L-Pl 

Or.-Ol 
GO TO :i!l0 

ELSE 
.•• NEGATIVE lEILO 
CALL STRENG (ESE,PSE,PSEXlLD,-PI.FL.-OI,DL,S.S ) 
FL--PT 
DL--Dl 
GO TO :'20 

ENoIF 
ELSE 

IF (RULE.EQ.2.10) GO TO 210 
IF (RULE.EQ.2.20) GO TO 220 
IF (RULE.EQ.2.30) GO TO 230 

ENDIF 
WRITE (6,.) 'UWALID RULE IN H1S't'07-BILINEAR HISTERESIS 1o(Q0EL' 
CALL SDU~P 

C------ LOAD AT OR ABOVE pOSITIVE lEILO, ON BACKBONE CURVE 

c 

210 IE' (DIR.LE.O) GO TO 230 
IC:-IC:IE 
RUU:-2.10 
FC- PI EO+ IX .IC:I E 
B- FC 
A- FC·l0 
CALL S"rRENG (ESE,PSE,PSEOLO,FC,F'L.tx.OL.IC,S 1 
ICEI-l 

RICEI·ICE:T 
IF (OVEL.LT.O ) THEN 

'-5 
B- FC 
A. FC 

ENDIF 
GO TO 1000 

C------ LOAD AT OR BELOW NEGATIVE TElLO, ON BAClCaONE CUR'IE 

c 

220 IF [DIR.GE.O) GO TO 2JO 
IC-ICIE 
RULE-2.20 
FC--PT EQ+OC·KI E 
B- FC 
A· FC·I0 
CALL STRENG (~SE.PSE.PSEOLD.FC.FL.OC,DL,II:,S ) 
ICET-2 

RICE:I-ICEI 
IF (D\,IEL.LT.O ) THEN 

'-S 
9- FC 
A- PC 

ENDI~ 

GO TO 1000 

C·----- LOAD IN r..INEAR RANGE BE.'TWEEN BACICBONE CURVES 

c 

2:30 11:"6 
RULE-0l.3 
FC·S-([X-DL) 1- FL 
0\. Fe + PTEO - PEO 
S- FC - PTEQ _ PEQ 
IF' (Fe.GT.A) THEN 

DA"OC+[A-FC) IS 
CALL STRENG (ESE,PSE.PSEOLD, A,FL,CA,CL,K,S ) 
CL-OA 
Fl.-A 
GO TO 210 

ELSE IF (FC.LT.BJ THEN 
DB-IX+(B-FC}/S 
CALL S't'RENG (ESE.?SE.PSEOLD, B.FL.oB.DL,IC,S ) 
CL-ce 
FL-B 
GO TO '220 

ENoIF 

C •••••••• Co\LC 0 Ii E' 5 BASED ON PEAK STRlr.IN E:NERG1 

c 

IF (1CE:I.EQ.l) CALL CNE(l,UPOS,EJ.CR, D1.DL,ESE(2).PSE,PSEOLD,CSE) 
IF (ICE1.EQ.0l) CUL DNE[l,UNEG,E.lCR.-O'l'.OL.ESE:(3),PSE.P5roLD.CSE) 

C ........ CALC S'rRAIN ENERGI FOR THIS STEP .. 
C PSEL-PSE 

CUL STRENG (ESE,PSE,PSEOLD,f'C,FL,OC,DL,K,S ) 
C 
C •••••••• CALC PLAC'!'IC STRlr.IN ENERGI A't' ZERO CROSSING 
C IF (F'C.F'L.LE.O) THEN 
C DF-FL-FC 
C IF [CF.NE.O) PSEOLo-PSE+ (PSEL-PSE)·FC/{FL.FC) 
C IF' (OF.E:Q.O) PSEOLo-PSE 
C ENDIF 
C 

c 
C 

1000 H' (PRINT) WRITE (fi.l011) FC.IC ..... S 
1011 FOR)(AT 

'C' EL-E:ND-FC·',F8.3,' K-·,FB.3.' A-·,FB.l.· e-·,F8.J) 
IF (PRINT) WRITE (fi,lOlO) FC,OC,FL,DL,K.RULE.vI.vt..S.PT."lCIE, 

, A. B. !tEl, ESE, P5E, PSEXlLD, UPOS, UNEG. exCR 
RE:'1'URN 
END 

~PROCESS SOUMP GOBTM'r XREF 

HTS00660 
H1S00670 
HTS006BO 
HI600690 
"lTS00100 
HTS00710 
H1S00720 
HIS00730 
HYS00740 
HIS00750 
H1S007l50 
H1S00770 
H1S00180 
HISOOHO 
HI500800 
H!S00810 
H15008:'0 
H1S00830 
HISOOB40 
H1S008S0 
HTS00860 
HIS00810 
HIsooe80 
H1S00B90 
HIS00900 
HTS00910 
HTS00920 
H1S00930 
HIS00940 
HIS00950 
HTS00960 
HTS009iO 
HTS00980 
HTS00990 
HTSOI000 
HIS01010 
HTS010'20 
HISOI0JO 
HISOI040 
H1501050 
H1S010fiO 
HISOI070 
H1SOI080 
H1SOI090 
H1S01100 
H1S0I110 
H1S01l20 
H1SOllJO 
H1S01l40 
HTS01150 
HIS01160 
HTSOlliO 
HIS01180 
HTS01190 
H'SOl'200 
HTSOl:i:l0 
HTSOl2::z0 
HTS01230 
HIS01240 
HIS012S0 
H1501260 
H!S01210 
H!S012eO 
HlS012!:10 
H1SOIJOO 
H1501310 
H1S01320 
HI SO 1330 
HTS01340 
HTSOlJ50 
H160lJ60 
H1S0lJ10 
HISOllBO 
HTSOIJ90 
HTS01400 
H1601410 
HIS014'20 
HIS0l430 
H1501440 
HISO 14 SO 
HIS01460 
H1SOl410 
HTS0l480 
HISOlno 
H1S01500 
H1SOlS10 
H1S01520 
H1S01530 
HTS01540 
HIS015S0 
HTSOl560 
H1S01570 
H1S01580 
H1S01590 
H1S01600 
HI501610 
InS01620 
HT601630 
HTSOl1540 
HIS01650 
HJS01660 
HTSOHi70 
H!S01680 
H!S016~0 
H!S01700 
H1S01710 
H1S01720 
H1601130 
HTSOOOI0 

C ............. H1S'I'08 ••• ••••• ••••• ••• •••••• ••••••••• ........ •••••••• .. ·········H1500020 
DE8UG UNIT (6) ,TRACE. SUBCHK. INlT, SUB'1'JV.CE H15000JO 
END DEBUG H1S00040 

GOEL TRUSS H1S'rERESlS MODEL rcR ANGLE AND BOX SECTION 

SUBROlJ"l'INE HT ST08 ( P. PLA, DE, DE:LA., v, VL.A, EL, SLX-, 
Ii EJoi,AR.EA.RADG.TS,PT, SHAPE. 
Ii CC.CICLE.RULE,6TH·,IRV.lOOC. 
, H .... VA. HC. VC. RSN. DENA.I, R£GIN'. PREGIN, 
, PSO'I',DBOT,P'rOP. [7I'OP. PRINT, 
, EKI, DUC, e:XCR. DELI. ESE, PSE, PSEOLD, 
Co~N IIDS"I'E:pl IS"'t'E:P 
DIMENSION DUC[J), EXCR(6). ESE(J) 
LOGICU REVRSC,PRINT 
REAL" 4 IRV, IOUC 
IF( tRV .EQ. 0.) REVRSC-.FALSE. 
IF( IRv .EQ. 1.J REVRSC-.TRUE. 
PI-J.1415926 
ES-AREA·EM/EI" 
DELT-PT/ES 
DEL-DEI DELI 
PL-P/PI 
ESR" SLIC- EL/ RACG 
SLOP7-STIF/ES 
D ... • ... B5(OE) 

Dp·p-PLA 
DOE· DE-DELI. 
DDEL· DOE I DEL T 

C5E) 

H1S00050 
i-ITS00060 
I-IT6000iO 
1-11500080 
1-11600090 
I-IYS00100 
H!S00110 
H1500120 
H1'500lJO 
HYS00l40 
HYS001S0 
HYSOOUiO 
H1S00110 
H15001BO 
H1500190 
H1500200 
H1600210 
HTS00220 
I-IT6002JO 
IU500240 
HT5002S0 
Hl500260 
H1600270 
H1600280 
H1S002!:10 
H1S00300 
HIS00310 

C - ..... CALCULATE EXCURSION R.ATE AT EVERI 
C 

ZERO CROSSING ....... --....... --- H1SOOJ:'0 

IF( P·PLA .LE. 0 ) THEN 
H1SOOJJO 
HTS00340 
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CALL ONE(O. DUC,EICR.DELT. DA.ESE."6E,PSEOLo,C5E) 
ENOl F 

H!SOOJSD 
H1SOOJ60 

C H1500J10 C······ .-•• --.. ----........................... -.......... -------------_ •• ---- HI SO 0 J 80 
C cue ---- ELE,.;ENT OUC'r'ILIT1 RATE HTS00390 
C EXCR ---- EL~ENT EXCURSION RATE H1S00400 
C DELT ---- ELE~ENT YIELDING OISPLACE:MEN'T HIS00410 

ESE ---- f:.LEJoIEJiT ELASTIC STRAIN ENERGT HTsoono 
PSE ELE~ENT PLASTIC STRAIN ENERGY HISOOOO 
PSEOLD ~--- ELE,.;ENT PLASTIC S"l'Rlr.IN ENERGI o\T LAST ZERO CROSSING H1S00440 
CSE ---- ELEMENT CONSTANT STRAIN ENERGI HlS004 SO 

HTS00460 
DP ---- ELEMENT AXIAL LOAD INCRE~ENT (ICIPS) HISOOOO 
ESR ---- EFreCTIVE SLENDER RATIO (ICL/R) HTS00480 
IS ---- fiELDING STRESS H1S00490 
AREA ---- CROSS SECTION AREA (A) H1S00;i00 
Elol ---. ELASTIC MODULUS (E) H1500510 
DP ---- ELEMENT AXIAL LOAD INCR£Jo1EN'I' (ICIPS) H1SOO~20 
P ---- CURRENT AXIAL LOAD (ICIPS) HT500530 
PL ---- P - PI RATIO (P/PI) HTS005~0 
PLA ---- L.AST AXIAL LOAD HTS00550 
DOEL ---- DISPL.ACE:JoI.ENT INCREMENT (IN) HI500560 
DE ---- CURREN'l' .uIAL DISPLACEM.E:NT (IN) HIS00570 
DEJoI.AX ---- tr4AXIMUIol AXIAL OISPLACEJoI.ENT (IN) HTS00580 
010 -.-- CURRENT ABSOLUTE AXIAL DISPLACEMENT (IN) H1S005!:10 
DELA ---- LAST .uIAL DISPLACEMENT HlS001500 
DOE ---- ELE,.;ENT DISPLACEMENT IHCREJoI.'EN't' H1S00610 
DEL ---- DEL.DE/DELI H!S006:;!0 
DELT ---- YIELDING DIS?Lo\COIENT HI500630 
V ---- CURRENT VELOCITI H1S00640 
vt.A ---- LAST VELOCITI H1S00650 
ES ---- ELEMENT ELASTIC STIF'FNESS HI500660 
EICI ---- UNLOADING EQUIVP.LENT STIFFNESS FOR CALCULATING EESE HTS00670 
PT ---- TENSION YIELDING LO ... D H1S00680 
EL ---- ELE,.;ENT LENGTH (IN) H1S00690 
CC ---- C SUB. C CONSTANT HTSOOJOO 
Ptr4A.J ---- BUCKING LOAD (ICIPS) H1SOOi 10 
DELJotU ---- BUCICING DISPLACEMENT (IN) HTS00720 
HA,HS, ••• HC1.HDl. •• HF ---- Pip! - DE/DELI PLOT'S DE/DELT COORDINATE HISOOiJO 
VA.VB, ... VC1.VDl. .. IJF ---- P/Pl - OE/DELT PLOT'S P/PI COORDINATE HTS00740 
RSN ---- RESlOOAL STRlr.lN H1S00750 
RULE ---- RULE NUMBER HISOOHiO 
CICLE ---- NO. OF CICLE HIS00770 
S'l'IF ---- ELEMENT STIFrNESS H1S007!10 
REVRSC ---- LOGICAL INDEX FOR REVERSING CURVE OCCURRED H1S00790 
IOUC ---- 11 HC LESS THAN 12, OIHC-12 HTS00800 
RECOIN ---- REGIN II DE)o HA HI500810 

:. I DE .. (IiH. HAl HT500820 
31 DE • (liB. HH) HT500830 
41 DE • (riC, HB) HtSD0840 

PREGIN ---- PREVIOUS STEP REGIN 10 NUMBER HIS00850 
SHo\PE ---- 11 FOR BOX OR ANGLE SEC'%'ION HTS00860 

21 FOR I SHAPE SECTION KIS00810 
31 FOR boX SECTION CONSIDERING LOCAL aUCICLING H1S00880 

C NOTEI THIS IS ONLI FOR Ia./R LESS THAN 40 HIS00890 
C •• -_ ••••• --.- .. -------••••••• - ......... ----..... -----•••• -------..... -----. HI S00900 
C H1S00910 
C INITIAL SUCICLING LOAD HIS00920 
C H1S00930 

c 

IF( ESR .LT. CC .ANO. CICLE: .Ee. 1 ) THEN 
PI4AI· -( 1. - ( ESR--2/ (2. ·CC**2) ) ). T S"AREA 

ELSE IF{ ESR .GE. CC .AND. CICLE .EC. 1 ) '!'HEN 
PI4AI.-PI .PI ·A.REA·~I (ESR·-.2) 

ENDIF 

RESIOOAL ELOGATION FO\CTOR RFA.C 

I" FOR BOX AND ANGLE SECTION .tl 
IF(SHAPE .EO. 1) THEN 

RF'AC-l.15 
ELSE IF(SHAPE .EC. J) THEN 

RFAC-O 
I" rcR I SHA.PE SECTION "I 

ELSE IF(SHAPE .EQ. 2) THEN 
RFAC-l.4 

£.NDIF 

C GENERATE CONTROL POINTS COORDINATE 
C 
C [1) POINT A 
C 

IF( SHA.PE .NE. 3 ) THEN 
IF{ CtCLE • EQ. 1 ) THEN 

Vo\"PKo\.I/PT 
HA·PJo(AJ:/ (ES.DELT) 

ELSE IF( CICLE • EQ. 2) THEN 
IF( ESR .LE. 40 ) THEN 

PJ4A:I·-(:;.3. 41 ESR) ·PI 
ELSE IF ( ESR • GT. 40 ) THEN 

PMAJ·-( 30 ./ESR) ·PT 
ENDIF 

ELSE IF( CICt-£ .GT. 2) THEN 
IF( ESR .LE. 40 ) THE:N 

PK1t.I.-( 1 8. S/ESR)" PI 
ELSE IF( BSR .GT. 40 ) THEN 

pJo!AX .. -( 25 ./ESR)·Pl 
E:NDIF 

EiNDI r 
ELSE IF( SHAPE .EQ. 3 ) THEN 

IF( CTCLE .EC. 1) THEN 
VII,';' PMAI rPT 
HO\- PMAII (ES- DELT) 

ELSE IF( CTCLE .EC. :iI) THEN 
PKAJ:· PMAX 

ELSE IF( CTCLE .EQ. J) THEN 
PKAI- - ( 23. 4/ESR)· PI 

ELSE H( CYCLe: .GT. 3) THEN 
PMAJ,:--( 18. S/ESR)-PT 

ENDIF 
ENOIF 

(2) POINT B 

HS·-5. 
Ir( ESR .LE. 40 ) THEN 

'IB--17./ESR 
ELSE IF( ESR .GT. 40 ) THEN 

I·- FOR &OX AND ANGLE SECTION •• / 
IF( SHAPE .EQ. 1 .OR. SHAPE .EC. 3 ) THEN 

'Ie--18. rESR 
I" FOR t SHAPE SECTION ··1 

ELSE IF( SHAPE. EC. :; ) THEN 
va·-11.3/ESFI 

ENDIF 
ENDIF' 

(J) POINT C 

Ir( IOUC .EQ. 0.) THEN 
HC--12. 

IF( ESR .LE. 40 ) THEN 
VC-·15./ESR 

ELSE H( ESR .GT. 40 ) THEN 
I •• FOR BOX AND o\NGLE. SECTION •• / 

IF( SHAPE .EQ. 1 .OR. SHAPE .EQ. ] ) THEN 
VC"-12./ESR 

I" FOR I SHAPE SECTION "I 
ELSE IF( SHAPE .EQ. 2 ) THEN 

vC--8.S/ESR 
ENDIE' 

ENDIF 
ENOIF 

HIS009~0 

HI500950 
H1S00960 
1-1'500970 
I-rlS009BO 
HTS0095l0 
HTSOI000 
HISOI0I0 
H'fS01020 
HTSOI030 
H!S01040 
H!SOl050 
H!SO 1060 
H1SOI0iO 
H1SOI080 
H1501090 
HIS01100 
H1SOIII0 
H1SOl120 
HTS011JO 
HISOl140 
HTS01l50 
H1601160 
HIS01110 
HISOlleo 
HT501190 
H1S01200 
HT601210 
HISOl'220 
HT6012]0 
H1501'240 
HIS01250 
HTS01260 
HI501270 
IU501280 
H'S0125l0 
HTS01300 
HISOIJIO 
H!SOlJ20 
H1S01330 
H1SOIJ40 
H1S0lJSO 
H1S0 lJ60 
HTS01JiO 
H1601380 
H1601l90 
HT501400 
HTS01410 
HTS01420 
HTSOl4JO 
HTSOl440 
HT6014 50 
HT501460 
HTSOI00 
HIS014 80 
HIS0l490 
HIS01S00 
H!S01510 
H15015:(0 
H1S01530 
H1501540 
H1S015S0 
HISOl~60 
HYSOlSiO 
HYSOI580 
HT50155l0 
H!SOlfiOO 
HISOliS10 
HTS016:;!0 
H!S016)0 
HISOl1540 
H1S01650 
HISOI660 
H1S016iO 
H1S016BO 
H1S01690 
H!S01700 
HISOl710 
HTS01720 
HT5017)0 
HIS01740 
1-11S01750 
HTSOl760 



(4) POIN'T E: 

HE-l.+(RSN-E!L/DE:LT) 
.... E-l. 

(5) P-OIN"'I' 01 

SLOPE. (VE-IIe:') 1 (HE-HC) 
HOI· (SLOPE'- HC-Ve) I (SLOPE+O. 26794 9) 
'101·-0. :267 94 9- HOI 

e (6) POINT 0 

c 

IF( E5R .LE. 40 ) THEN 
Ho-HDP31./ESR 
Vo-Vol-)I./E511. 

ELSE IF( ESR .Gi'. 40 ) THE:N 
I" reI' BOX AND ANGLE SECTION ul 

IF( SHAPE .EQ. 1 .OR. SH/I,PE .EO. J ) THEN 
He-HDI-60./E5R 
Ve-VDl"60./ESR 

I" FOR I SHAPE SECTION .... I 
ELSE IF( SH/I,PE .EQ. :2 ) THEN 

HC-HDl-:20./ESR 
Ve-vDl-20./ESR 

ENDIF 
ENOIF 

OEFI NE tNVELOPE SLOPE 

SLOPl·l. 
SLOP2- (VB-VA) / (HB-HA) 
SLOP3. (VC-V!) 1 ( HC-HB) 
SLOP4-(VD-VC) I(HD-HC) 
SLOP5- (VE-VD) I (HE-HO) 
5LOP6-0. 000 1 

oE:FINE ENVELOPE INTERMIoIATE POINTS 

(1) POINT H 

'1H- (VB+SLOP:2- (-VO+HD-HB» I (1. -SLOP2) 
HH-VH-VD+HO 

(:2) POINT Cl 

VCI-O. 
HC1·HC-(VC/SLOP4 ) 

c (3) POINT (PREF,DREF) CALCULATE IN RULE NO.4 
C 
C 
C (4) POINT (HREF.VREF) I CALCULATE tN RULE NO.5 
C 
C--- DEFINE CURRtNT RECOIN ZONE NUMBER 

PREGIN-REGJN 
IF( DEL .GE. HA) REGIN-l 
IF( DEL .GE. HH .ANO. DEL .1...'1'. HA REGIN-2 
IF( DEL .GE. HB .AlIiO. DEL .~T. 88 RECOIN· 3 
IF( DEL .GE. 8e .ANO. DEL .~T. HB ReGIN-4 

IF (PRINT) THEN 
WRITE( 15, 567)C1CLE, RULE, HI., V/I" HB, VB, HC, ve. Hel. vel, 

, HD.VO,HOl.VOl,HH,VH,HE,VE 
5151 FORMAT ( 5:1, 'GaEL H1S'!'ERESIS ENVELOPE CON'TROL F'OINT6 •••• ·1 

, 51, ···-·····--·····-----·· ••• ·--·-.---··· •• ---.. ·1 
, 5X,'CfeLE ----------·,f'l0.4.1 

5X, 'RULE ---------, ,FIO.4.1 
51,'(HA, VA) ---------··,1.1.' ',FI0.4.',',FIO.4.' ',1 
51,'(HB, VB) ---------'.1X,' ',FI0.4,',',FIO.4,' '.1 
51,'{He, VC) ---------',11,' ·,FI0.4,',',FlO.4.' '.1 
51,·{HCl. VCI) -------.·.11.· ',FI0.4,'.',FIO.4,' ',I 
5:1,·(HO. VO) ----------·.11.' ·,FIO.4,·.·.FlO.4.' ',/ 
5.1,'(H01. VOl) --------·.IX.' '.FIO.4.·,'.FlO.4,' ',1 

, ~X.·(HH. VH) ----------·.IX.· '.FI0.4.·.·,FI0.4.' '.1 
, 51.'(HE. VEl ---------·,lx.· '.FIO.4.·.·,F10.4.· ',I) 

ENOIF' 

GaEL'S HlSTORESIS LOOP RULES 

(1) RULE 1 

IF( RULE .EQ. 1.) THEN 

RE:TURN 
ENOIF 

(:2) RULE :z 

IF( P. GE. PIItAJ( .ANC. P .LT. Pf ) THEN 
S"rIF-SLQPI-E5 
EItI·SLQPI'-ES 
IF( DE:MAJ: .LT. 0 .AND. DE .LE. DEKAJ: ) THEN 

ASN- ( (0.5 5-ABS (DE) IESR) +0. 0002-ABS( DE) - - 2) -RFAC 
ENDIF 

ELSE IF( P. GE. PI 1 THEN 
STIF·SLOP6 
RULt-6 
RSN-O 
E",r·SLOPI-ES 

ELSE IF( P. LT. PMAJ.) THEH 
HA-DE:L 

ENOIF 

IIA-PL 
St.OP:Z- (VB-VA) I (HB-HA) 
,s"lF-5LOP:2-ES 

01· DE-HA'- DELf 
SLOP:Z· (VB-VA) 1 (HB-HA) 
STIF-SLOP4 ir ES 
P·PIQ:I+ (S'l'I F- 01 ) 
PL-P/Pl 

RULE-2 
IF( OEMAJ: .L1'. 0 .ANO. DE .LE. OEMAX ) THEN 

RaN- ( (0.55'- ABS ( DE )/ESR) +0.0004-"'85 (DE) _.:z j- RF'AC 
E:NOIF 
EIU-SLOPI-ES 

CALL S'T RE:NG ( E6E. PSE. PSooLD. P, PLA, DE, DE:L.A. 6TI F, EItI ) 
CALL CNE(I, OUC, aCR. Dc:..t.Y. DA. ESE. PSE. PSEaLO. CSE ) 

IFe RULE .EQ. 2.) THEN 
IF( DEL .GE. HH) THEN 

IF( ODE .LE. O. ) THEN 
[F(PREGiN .NE. REGIN ) REVRSC •• FALSE. 
STIF-SLOP2-ES 

IF( D£.MAX .LT. 0 .ANO. DE .LE. DEMAX ) THEN 
RSN-( (0. 55-ABS( DE) IESR) +0.0002 -ABS( OE)- -2 )irRFAC 

£.LSE I F( DEMAX .GT. 0 ) THEN 
RSN- ( (0.55 - ABS( DE) I ESR) +0. oo02*AB5 ( DE)"'2) '-RFAC 

ENDIF' 

IF'( .NOT. REVRSC )THEN 
EItI·SLOP1·ES 

ELSE If'( REVRSC )THEN 
EItI .E6- ( (PTOP-PL) I (OTOP-OEL) ) 

ENOIF 

ELSE IF( ODE .COT. O. )THEN 
IF( .NOT. REVRSC )THEN 

RULE-1 
S'TIF'-SLOPI-E5 

HT501770 
H15017BO 
HYSOI790 
HlS01800 
MlS01BI0 
H1501820 
M1S018]0 
HIS01640 
HIS01850 
H1S01860 
H1S01870 
H1S01880 
H1501890 
H1501900 
H1S01910 
81501920 
HlS01930 
HYS01940 
HT5019)0 
H150l960 
H1601910 
H1S015lBO 
H16015190 
H1'50:iQ00 
H1S02010 
H15020:20 
H1S02030 
HlS0:2040 
H160:2050 
H150:2060 
H1S0:.2070 
HTS0:2060 
H160:2090 
H1S0:2100 
H1S0:2110 
H1502120 
HTS02130 
~IS02140 

HTS021S0 
HTS02160 
H160:.2170 
HT60:.21BO 
HlS0:Z190 
HTS02:Z00 
HfS02210 
Hf6022:20 
HIS02:230 
H1S02240 
HlS02250 
H1502:;Z60 
HT50:1270 
HlS02:280 
H1602290 
H1S0:2]00 
H1S02310 
H1502no 
~lS023JO 
H1S02J40 
HYS02lS0 
H1S02l60 
H160:2)10 
H1602380 
H1502390 
HlS0:il400 
H1S0HI0 
HfS0:il420 
HIS02430 
HtSO:;Z440 
HlS02450 
H1S0:.2460 
H1S02470 
HIS02t80 
HI502490 
H160:2S00 
H1S0lBO 
81502520 
H1S025JO 
H1S02StO 
Hl60:25S0 
HTSOB60 
H1S0:2570 
H1S02580 
H1602590 
H1S02600 
HISO:.2EiIO 
Hf60:;:620 
HISO:;:630 
HlS0:.2640 
HfS0:2650 
HISO:il660 
H160:2670 
Hl60:il680 
H1S0:2690 
H1602700 
H1S02710 
H1S027:20 
H1602130 
H1602HO 
HIS0:2750 
H1S0:;:1i50 
H150:;:770 
Hf6027BO 
H1S0:2HO 
H1S02800 
HlS0::lBI0 
HT50:;:8:;:0 
H1S0:26]0 
HISO::l840 
H1602850 
H1502860 
HIS02870 
HTS02880 
HTS02890 
H1602900 
Hf80HI0 
H160.920 
H16029JO 
HfS02940 
HfSO:;:950 
H1S0:;:960 
H1S0.970 
HlS0:;:9BO 
H150:2990 
HIS03000 
HTSO.lOI0 
H1S0]0:;:0 
HTSO]OJO 
HTSOJ040 
HfS03050 
H1SOJ060 
H1803010 
H1S03080 
HlS03090 
Hf603100 
H1503110 
H15031::10 
H1S03130 
HfS03140 
H1503150 
H1S03160 
H1S03170 
H150J180 
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PLA·PL-SLQP2"DOBL 
DLA· DEL-OOEL 
OBO'1'-OLA 
PBOT"PLA 
PL· PLA+5t.QP 1" DOEL 
P-PL-Pl 

MOP·VE:+ (SLOP5"( P80'T'-vE-SLQPl*OBOT 
+6LOPI-HE)/( SLOPS-SLOPI)) 

rnop· (PBOT -VE+SLQP5-HE-SLOP 1- DBO't') 
I (St..QP5-5LOP1) 

EItI·ES-StoPl 
ELSE I F ( REVRSC ) THEN 

RULE-l2 
OBeT·OEL 
PBOT·p/Pf 
SLOP7- (PTOP-PBOT) I ( mOP-DBOT) 
STIF-SLOP7·E5 
EPa-ES-SLOP7 

ENDTF 
ENDIF 

ELSE IF'(DEL .LT. HH .ANO. DEL .GE. HB ) THEN 
IF( DOE .LE. O. ) THEN 

IE'(PREGIN .NE. REGIN ) REVRse ... FALSE. 
STIF'-SLQP:2'1'e:s 

H( DEMAJ: .LT. 0 .AND. DE .LE. DEMAX ) THEN 
RSN- « O. 55-ABS( DE) IESR) +0 .0002'-ABS( OE)":2) -RFAC 

ELSe: IF( DEJoI.AJI: .COT. 0 ) THEN 
RSN- « O. 55 ..... BS( OEl/ESR) +0 .000:lirABS{ DE) - -2) ·RF ... C 

ENOIF' 

H( .NOT. REVRSC lTHEN 
EI:.I·SLQPl.-e:S 

ELSE IF( REVR5C )THEN 
EI:.I·e:S-{ (PTOP-PL)/( tn'OP-DEL» 

tNDIF 

ELSE IFe DOE .GT. O. lTHEN 
IF( .NO'!'. REVRse ) T8EN 

RULE-8 
STIF·SLQPI-E5 

PLA-PL-SLOP:;Z - DDEL 
DLA"OEL-DOEL 
DBOT-OLA 
PBOT-PLA 
PL-PtA+6LOPl*00EL 
P-PL-Pl 

?TOP-VO .. (SLOP4" (PBOT-VD-SLOPl· DBO'!' 
.. SLOP 1· HO) I (SLOP4 -SLOP 1 ) ) 

OTOP- ( PBOT-VD+SLOP4 ·HD-SLOPI· DBOT) 
I(SLOP4-SLOPl) 

EI{I·ES-SLOPI 
ELSE IF( REVRse ) THEN 

RULE-II 
OBM·OEL 
p!OT·p/p1 
PrOP-VD 
!1I'Op·HD 
SLOP7- (PTOP-PBO'!') I ( OTOP-DBOT 1 
STIF·SLQp7-ES 
EJtI-ES-BLOP7 

ENDIF 
ElNDrF 

ELSE IF'( DEL .LT. HB) THEN 
H'(PREGIN .NE. REGtN ) REVR5e· .FALSE. 
RULE-3 
EItI·e:S"6LOPl 

ENOIf' 
IF( REVRSC ) IRV·I. 
IF ( .NOT. REVRSC) IRV-O. 
CALL STRENG (ESE, PSE, P6EaLo, p, PLA, DE. DELA. STI F, EItI ) 

IF( ABB(O£KAJ.) .1...'1'. ABS(OE) ) TH~ 

RE.'TURN 
ENOIF 

(3) RULE 3 

eALL ONE(I. DUC. £oleR. DELl. DA. ESE. P5E, PSEOLD. CSE ) 
OE:MAX·oE 

SHDlF 

IF( RULE .EQ. J.) THEN 
IF( DEL .GT. He) THEN 

IF'( DOE .LE. O. ) THEN 
IF(PRE:GIN .NE. REGIN ) REVRSC •. F'ALSE. 
S'TJF-SLOPJ-ES 

IF( DE:I4AI .LT. 0 .AND. DE .LE. DOD.X ) THEN 
RSN. « o. 55-ABS( OEl/ESR) +0 .0002-ABS( DE) --:il) -RFAC 

ELSE IF( DE)(A.J .GT. 0 ) THEN 
RSN- « O. 55"ABS( DEl/ESR) +0 .OOO:;:-ABS( DE)":2) ~ RFAC 

ENDIF 

IF'( .NOT. RE'VRSC: )THE'N 
Eltl-SLOPI-ES 

ELSE IF( RE'VRSC:: )THeN 
EKI-ES- «?TOP-PL) Ie tJ'I'OP-DEL») 

ENOIF 

ELSE IF( DOE .CiT. o. )THEI'J 
IF( DEL .GT. -12. ) THEN 

IF'( .NOT. REVRSC )THEN 
RULE-9 
S'TIF-6LOPI-ES 

PLII- PL-SLOP2 -ODEL 
DLA-OEL-OOEL 
OBQT·OLA 
PBOT·PLA 
PL- PLA+SLOP1·o0EL 
P-PL'-Pl 

PrOP-VO+( SLOP4- (PBOT-VD-SLOPI-OI!IOT 
+5LOPI-HO) I (SLOP4 -SLOP1» 

1:71'0p· (PSOT-VO+SLOP4 - HD-SLOP 1- 09OT) 
I{SLOP4-6LOPl) 

EI:.I-E:S*BLOPI 
ELSE IF( REVfi!SC ) THEN 

RULE-IO 
OBaT·DEL 
PBOT-P/PI 
SLOP1- (?TOP-PBaT) I (OTOP-DBO'I') 
STIF-5LOP7-ES 
EItI·ES"SLOP1 

ENDIF 
ELSE IF' ( DEL .LE. -12. ) THEN 

11.EVRSC- .FALSE. 
RULE-4 
STtF·SLOP4-ES 
E"'I·E5-SLOP4 

ENDIF 
ENOIF 

ELSE IF'( DEL .LE. HC ) THEN 
IF( ODE .~T. 0 ) THE:N 

RUL-E·] 
HC-DEL 
VC·PL 
tOlle-I. 
STI F--SLQPIS - ES 
EII:I - ES- ( (Vo-IIC) I ( HD-He 1 ) 

IF( DE)o(AX .~T. 0 .ANO. DE .LE:. CEMAX ) THEN 

HfSO]190 
H1S0noo 
H150J2l0 
HTS0J220 
HTSOJ2)O 
~1S0)240 

~ISOJ250 
H150)260 
H160JJ70 
H1SOJ:280 
H15032;0 
H1S0]]00 
H1S03310 
HTS03J20 
H1S0))JO 
HT603)~0 

HT50)350 
HTSOlJ150 
HYS03]10 
8TSO))80 
H1'60JJ90 
HfSOHOO 
8'503410 
HfSOH:20 
H1S034)0 
H1503440 
H1SO)450 
Ht50J460 
HT50300 
H1503480 
H1S03490 
HtSO)500 
HT503510 
H1SO]5:20 
H1503530 
H150)540 
H1503550 
H1503560 
HT50J510 
H150J580 
H1S03590 
8TS03600 
H1S03610 
8f503620 
HTS036JO 
H150]640 
HT50J650 
H1SO)660 
HfSO)610 
H15031580 
HTS0351i10 
~I50]700 

HfSOJ710 
HT5037:i10 
Hl503730 
8TSOl140 
HY50J7 50 
HT50J760 
H1503110 
HT503180 
H1S03190 
8Y50JBOO 
HT503810 
H1S0)8:ii0 
H1603830 
H1503840 
H1503850 
HfS0.3860 
HfS03870 
H150]880 
HfSO]9;0 
HfS03900 
HfSO)910 
H1503920 
H1S03930 
HIS03940 
HtS03950 
HTS03960 
HT60)910 
H1503980 
HT50J990 
8TS04000 
HT5040 10 
H1504020 
H1S040JO 
81S04040 
HTS04050 
HTS04060 
HI504070 
H1504080 
HTS04090 
HTS04100 
HTS041.10 
H1S04120 
HfS04130 
H'f504140 
H1504150 
HIS04160 
HTS04110 
H1504180 
HTS04190 
8T504200 
HYS04210 
H1S04220 
H1504230 
H'S04240 
H1S04250 
HTS04:260 
HfS04:270 
~fS04:280 

HTS04:2510 
HIS04300 
HTS04310 
HTS04]20 
HT504])0 
H1S04340 
Hf50050 
H1S04J60 
H1504J70 
HTS0080 
H1'504J90 
HYSOHOO 
HfSOHI0 
HlSOH20 
H1SOH30 
H1S04440 
H1504450 
H1504460 
HTS04470 
H1S044BO 
HTS04HO 
HlS04500 
H1S04510 
H1504520 
8TS045)0 
HTS04540 
1'.'504550 
HY504560 
HTS04570 
Hf504580 
81'5045510 
H1S04600 



RSH- « o. 55"AI!IS( DE) IESR)"'O .000::l,"ABS{ DE) '"'":2 ) '"RFAC 
E:LSE H( DOI.A1. .GT. 0 ) THEN 

rlTSO~610 
IiTS04l510 
IiTSOHi30 
HTSOHi40 

RCH-( (0. 55"~BS( DE) IEBR) +0. 0002·ABS( DE) .-:2) "RFAC 
E.NDIi' 

EL6E IF( DDE .GT. 0 ) '!'HEN 
RULE-4 
S'!'IF-SLOP4-ES 
EltI-ES'"SLQP4 

ENDIF 
ENDIF 

IF( RE!VRSC ) IRV-l. 
IF ( .N01'. REVRSC) IRV-O. 
e ALto 6"1' RE:NG ( ESE, PSE. PSOOLO, p, PLA, DE. DELA. srI F. EIU ) 

IF( A8S(DE:MA:I) .L'!'. AB6(DE) ) THEN 

RE;TURN 
ENO[F 

(4) RULE 1 

CALL Dr.tE(l, DUC, E:lCR. DELI, DlI, ESE, PSE. 
OE:MA.X-OE 

ENDIF' 

H( RULE .EQ. 1.) THEN 

H1S04650 
HTS04660 
HTSO<l610 
HTSO<lEiBO 
H1904690 
HTSOOOO 
HIS0010 
H150020 
H1504730 
HTS04740 

P5EOLD. CSE ) HTS04150 
HT504'760 
HT50ti10 
H1504790 
HIS0090 
HT50'aOO 
HT504910 
H1504820 
HT50<lBJO 

If'{ DEL .GT. DBCT .AND. DEL .LT. t:l"rOP .AND. P .GT. PMAX) THEN HTS04a40 
STIF-SLOP1"ES 
EltI-ES"SLQP1 

ELSE IF(DEL .LT. DBOT .OR. P .LE. PMAX) THEN 
IF( P • LE.. PI'tAX ) THEN 

REVR5C- .FALSE. 
MOP-O 
mop-o 
PBOT-PI. 
DBCT-DEL 
Sl-PLA/PT 
S2-PMAJl/PT 
HA-(DELAlDELl) .. «S2·611/(SLOPl)] 
VA-6:1 
SLOP:2- (VB-VA) I (HB·HA) 

ENDIF 
ST I F- SLOP2 - ES 
P.ULE-'2 

PL-VA+ SLOP'l" (DBQT·HA] 
P-PL"PI 

ElltI- ES. ( ( P'TOP-PL) I ( O'TOP-DEL)l 
ELSE IF(DEL .GT. crroP .AND. PL .LT. VEl THEN 

STIF-SLOP5"ES 
RUI.E-S 
EltI - ES- SLOP l 

ELSE IF(DEL .GT. mop .AND. PL .GE. VEl THEN 
STI F-5LQP6- ES 
RULE-6 
EltI-ES"SLOPl 

ENDIF 
IF( REVRSC ) IRV-1. 
Ii' ( .NO't'. REVRSC\ IRY-O. 
CALL STRENG (ESE, PSE, PSEOLD.P, PLA, DE, DELA, Ei'T'IF, EIH) 
CALL DNE(I, DUC, EXCR. DELT. OA, ESE, P5E. PSEOLD, 
RE:'I'URJ,I 
ENDIF 

(5) RULE 8 

H', RULE .EO. a.) THEN 
IF( DEL .GT. DBOT .AND. 

STIF-SI..OPI-ES 
Eltl-ES-SLOPI 

ELSE IF(DEL .LT. DBOT ) 
STH'-SLQP2-E:S 
Rl.ILE-2 

DEL .LT. CTOP ) 'l'HEN 

THEH 

PL- PBO'!'- f DBCT-DEL) '"SLOP2 
P-PL·PT 

EltI -ES- ( (P1'OP-PL~ If crrOP-DEL) ) 
ELSE IF(DEL .GT. DTOP ) TI4EN 

STIr-SLQP4-ES 
Rl.ILE--4 
E1CI- ES'" SLOPl 

E:NDIF 
H( REVRSC ) IRY-l. 
IF ( .NOT. ~EYRSCl lIW-O. 
cALL STRENG( ESE. P6E. PSEOLD. P. PLA. DE. DELA. S't'I r. E!l:I ) 
CALL ONE(I. DUC. EXCR. OELT. CA. ESE. PSE. PSEOLD, 
RETURN 
ENDIF 

(6) RULE 51 

!F( RULE .EQ. 9.) THEN 
IF! DEL .GT. OBOT .AND. 

S'1'IF-6LOP1"ES 
EJI::I"ES"SLOP1 

ELSE IF(DEL .LT. DBO'I' ) 
STIF-SLOP,3·ES 
RULE-3 

DEL • LT. t:l"rOP ) THEN 

TH"" 

PI.- P90'l'-{ DBQ'l'-DEL) -SLOP) 
P-PL-Pl 

EItI - ES- ( ( PTOP-PL) I ( erroP·DEL] 1 
ELSE HCDBL .GT. errop ) THEN 

STIi'-SLQP4-ES 
RULE-4 
EltI-ES-SLOPI 

EIIIDIF 
IF( REVRSC ) tRY-I. 
IF ( .NO'f'. REVRSC) IRY-O. 
CALL STRENG( ESE. PSE. P6E:OLD, p. PLA, DE. DELA. ST 1 F. tlltI ) 
CALL ONE(I, DUC, EJ.CR, DELI, DA, ESE, PSE, PSOOLD. 
RE:TURN 
ENOIF 

cst) 

CSE ) 

CSI:: ) 

HT504850 
H1604860 
HTSO~B70 
H1504880 
HTS04B90 
H15045100 
HT5045110 
H150<l5l:20 
H1S049JO 
HTS045140 
HT504950 
HTs04960 
H1504910 
HTSOuaO 
HT5049510 
H1505000 
H1505010 
H1505010 
HTS050l0 
HTS05040 
HT605050 
H1S05060 
HTS05010 
HI5050BO 
HI50S05l0 
HISOS100 
HT50S110 
H'505120 
HTSOSlJO 
H'505140 
H1S05150 
H1S05HiO 
H1S05170 
HlS051BO 
H1505190 
H'505200 
HTS05210 
H1605220 
HlS052JO 
H1505240 
HISOS250 
H1605260 
HlS05110 
Hls05280 
H1505290 
HT50SJOO 
HT505310 
HTS05J2C 
HlS05330 
H1S05340 
H1605J50 
HTS05J60 
H1S05170 
HT605l90 
HTS05390 
H16054.CO 
HlS0541C 
H1S05420 
HT605430 
HTSOSHO 
HTS05450 
HTSOS460 
HT505470 
HIS054.80 
HTS05490 
H150S500 
H1505510 
HTS05520 
HTS05;lO 
HT60!540 
HT505550 
H1S05560 
HISOS510 
HlS0S5eO 
H1605590 
HTS05EiOO 
HlS05610 
HTS05Ei20 
H15056l0 
HTS05640 
HTS05650 
HlS05660 
H1S0S610 
H1605680 
HT505690 
HIS05100 
H1505710 
HTSOS720 
HTSOS730 
HTSOS740 
HYS05150 
H1S05160 

(1) RULE 4 

If( RULE 

" 
.EQ. 4.) THE:N H'I'S05110 
(DEL .GE. Hcl .AND. DEL .LT. HO ) THEN HTS05180 

!F(ODE .GE. O. ) '!'HEN HISOS'790 
S'rIF-SLQP4'"ES HISOS800 
EItI-ES-SI,..QPl H1S0S810 

ELSE 1F( DOE .LT. O. ) THtN H15058:20 
PREF-YO'" (5LOP4 - (YB-IfD·SLOP I-HB H1S05830 

+5LOP 1- HD)I (SLOP4 • SLOP 1) J HI S0584 0 
DREF- (ye·YD+5r.o.,4. HD-SLQP1- H8 11 ( 5LOP4 -SLOP 1) HI SO 58 50 
IF( DEL .LT. DREF) THEN HTS05860 

PTOP-P/Pl HTSOS870 
t:l"rOP-OEL HtS05a80 
DBCT- (SLClPJ -HB-VB+P'l'OP-SLOP I"DEL) / (SLO"3 ·5LOP 1) HIS05890 
PBOT-VB+SLQPl"C DBCT·HB) HTS05900 
ST!F-sLOP1-E5 HI'505910 
RULE-51 H1S0S920 
REVRSC- .TRUE. HlS0S930 
EIU-ES"SLQPl HT50S940 

ELSE IF( DEL .GE. DREF) THEN H1S059S0 
nOP-p/P, IiTS05960 
DTO.,-DEL IilS0S910 
DBO'l'- ( 5LOp2. HA-VlI+ PTOp·SLCP I" DE:L) I (SLOP2·SLOPl ) HI 60 5980 
.,SQT-VA+SLOP:;'. (DBOT-HA) HI605990 
S'rIF-SLOPl'"ES HTS0!5000 
RULE-B H'fS06010 
REVRSC- .TRUE. HlS060:20 

46 

EltI-ES'"SLaPI 
ENDIF 

ENOl F 
ELSE H( DEL .GT. HD .AND. DOE .CT. O. ) THEN 

EiTI F-SLOP5- ES 
RULE-S 
EltI-ES'"SLOPl 

ELSE IF( DEL .LT. HCt .AND. DEL .GE. HC 1 THEN 
REYRSC- .FALSE. 
RULE-4 
STIF-SLOP4-ES 
EItI-ES-SLOP4 

ELSE IF( DEL .LT. HC ) THEN 
RE'IRSC- • FALSE. 
RULE-3 
HC"OEL 
YC-Pt. 
1 DUC-l. 
5TIF--5LOP6-E5 
E!t:I-ES-( (Yo-YC)/{HD-HC) 

ENDI~ 
If'[ REVRSC ) lRV-1. 
IF ( .NO'!'. REVRSC) IRV-O. 
CALL STRENG (ESE, PSE. PSEOLD. P. PtA. DE. DELA. STI F, E!l:I ) 

IF( ABS(DEMAX) .LT. ABS(DE) ) THEN 

RE"I'URN 
ENDIF 

(8) RULE 5 

CALL ONE(I. DUC, EXCR. DELT. CA. ESE. PSE. 
DEMAX-DE 

ENDIF 

H1S06030 
HT50Ei040 
H1S06050 
HI'S060!50 
HT50!5010 
HtS06080 
H1506090 
HT506100 
Hl506110 
HTS06120 
H'fS06lJO 
H1506140 
K'fS06150 
H'fS06160 
HTS061iO 
HY506190 
HYS06190 
H1506200 
H1S06210 
HI506220 
HT50!5:230 
HTS06240 
HT506250 
HT506260 
HT5062io 

PSEOLD. C5B ) HTS062S0 
HI506290 
HTS06JOO 
HT506Jl0 
HTS06320 
HYS06330 
HT50!5340 
HTS063S0 

IF( RULE 
IF 

.EQ. 5.} 'l'HEN H'fS0636Q 
(DEL .LT. HE ) THEN H1506310 

IF(DDE .GE. O. ) THE:N HT506JBO 
STIF-SLQPS'"ES H1S06J90 
Eltl-ES-SLOPI HJS06400 

ELSE: IF( DOE .LT. O. ) 'l'HEN H1506410 
BREF-VA-SLOPI-HA HlS06420 
HREF-(Vo-SLOPS"HD-BREFll (SLOP I-SLOPS ) H!S06430 
IF( DEL .GE. HREF ) CICLE-CICLE+I HT50!5440 
MOP-P/PI HlS064S0 
O'I'OP-DEL HIS06460 
0801- (SLOP2.HA·VA+P"!'OP-5LQP1- DEL) I( SLaP2-SLOP1) H1506410 
PBCT-VA+SLOP:I- ( DBO'I'-HA) HT506480 
STIF-SLOPI'"ES HJS06490 
RULE-7 H1506500 
REVRSC- .TAuE. HIS0!5S10 
E~I-ES"SLOPI H1S0!5S20 

ENDIf' 
ELSE IF( DEL .GE:. HE .MD. DOc: .GT. O. ) THEN 

STIF-SLOP6 
RULE-6 
SlItl- ES- SLOP 1 

ENDIF 
If'e REYRSC ) IRV-l. 
IF ( .NOT. REVRSC) IRV-O. 
CALL S'l'RENG (ESE, PSE, PSEOLD. P. PtA, DE. DELA. srI F. E!l:I ) 

H( ABS(DEMAX) .LT. ABS(DE) ) THEN 

RE'!'URN 
ENDIF 

CALL DNE(l, DUC, EXCR, DE:LT, DA, ESE, .,SE, 
DEIU.I-DE 

E.NDli' 

(9) RULE 6 

Ir( RULE .EQ. 6.) THEN 
IF(DDE .GE. 0.) THEN 

STIF-SLOP6 
EltI-ES·SLOP1 

EL6E: IF(DDE .LT. 0.) THEN 
STIF-SLOP1"ES 

ENDli' 

RULE-I 
CICLE-CTCLE+ 1. 
REYRSC- .F1I.LSE. 
EltI-ES"SLCP1 

IF( REVRSC ) IRV-l. 
IF ( .NOT. REVRSC) lRV-O. 
CALL STRENG{ ESE, PSE. PSEOLD. P. PLA. DE. DELA, STI F, EltI ) 

IF( ABS(DEMAX) .LT. ABS(DE) 1 THEN 
CALL ONE(I. DUC, EXCR. DELI. DA. ESE. PSE, 
DEMAJ.'-DE 

ENDIF 
RE"rURN 
ENDIF 

(10) RULE 10 

IF( RULE .EQ. 10.) THEN 
Ir( DEL .GT. O&oT .AND. DEt. .LT. crrop ) THEN 

S'l'I F-SLOP7 "ES 
EJC:I-ES-SLOP7 

ELSE H(DEL .LT. OBO'l' ) THEN 
5'1'IF-SLOP3"E5 
RULE-) 
RE'VRSC- • FAL6E. 
?TOP-O 
t:l"rOP-O 
P8O'l'-0 
DBO'f'-O 
ElltI-e::S-( (P'TOP-PL)/(mOP-DEL») 

ELSE IF( DEL • GT. mop ) THEN 
5TIF-SLOP4"ES 

SNDIF 

RULE-4 
EItI-e:S·Sl.O.,l 

H( RC:VRSC ) IRY-l. 
If' ( .NOT. REYR5C) IRY-O. 
CALL S'!'RENG (ESE, PSE, PSEaLD, P, PLA, DE, DELA. S'!'I F, EltI ) 
CALL DNE(I, DUC. EXCR. DELI, DA. ESE, PSE, PSEOLD, 
RETURN 
ENOIi' 

(11) RULE 11 

IF( RULE .EQ. 11.) THEN 
IF{ DEL .GT. DBCT .AND. DEL .LT. DTOP ) THEN 

S'!'IF-St.oP1"ES 
EltI" ES. 5LOP1 

ELSE IF(DEL .L'l'. DBO'l' ) "HEN 
STIF-SLOP2"ES 
RULE-2 
REVRSC- • FALSE. 
P'TOP-O 
DTOP-O 
PBOT·O 
DBOT-O 
EltI- ES" ( {YO-PI.) I ( HD-DEL) ) 

ELSE tF(DEL .CT. DTOP ) THEN 
STIF-SLOPS-ES 
RULE-5 
EltI-ES·SLQP1 

tHOIF 
IF( REVRSC ) tRV-l. 
IF ( .NO'I'. REVRSC) tRV-O. 
CALL S'T REHG ( ESE. PSE, PSEOLD, P, PLA, DE, DELA, ST Ii', EII::I 1 
CALL eNE(l. DUC. EXCR, DELT, DA, ESE, PSE. PSEOLD, 
RETURN 
ENDIF 

H1S06530 
HTS06540 
H1S06550 
HTS06560 
HTS0!5570 
HT506S80 
HI'S06590 
HlS06600 
HTS06610 
HTS0!5620 

PsEOLD. C5E ) H1S066)0 
H'fS06640 
H1S06650 
HTS066EiO 
Hts06610 
H1S06680 
H1506690 
HT506100 
HTS06110 
H1506120 
HTS06130 
HT506140 
HTS06150 
HY50!5160 
H!S06710 
HT506180 
HTS06'790 
HI506800 
HIS06810 
HI506820 
HT5068)0 
HI506940 
HIS06850 

PSEOLD, CSE ) H1606860 
HTS06B10 
HT506880 
HYS068SiO 
H1506900 
HIS06910 
HT5069:20 
H15069)0 

CSE ) 

eSE } 

H!S065140 
H!S06950 
HlS06960 
HIS0!5910 
HTS06g80 
HlS06990 
HIS01000 
HTS01010 
HIS01020 
HTS070JO 
HIS01040 
HIS07050 
H1S07060 
HlS07010 
HlS07080 
HT501090 
HTS07100 
HTS07110 
HT507120 
HI501130 
H!501140 
HTS07150 
HIS07160 
HT501170 
HIS01180 
H1S01190 
HISOi :200 
H1501210 
HlS07;i20 
H'fSO'230 
HTS01:240 
Hl501250 
HTS07260 
HTS01270 
HTS01:1BO 
HTS01290 
H'!S01300 
HT501310 
HT5073:20 
HIS01J.30 
H1S0iHO 
H1S01350 
H1507360 
HJ501310 
HTS01JBO 
HT507390 
HtS01400 
HTS07410 
HT501420 
HTS074 jO 
H150H40 



(12) RULE: 12 

IFe RULE .EQ. 12.) THEN 
IF( DEL .GT. DB01' .AND. DE:L .LT. crrop ) THEN 

STlf'-6LQln·EB 
EIU-ES-SLOP7 

ELSE: IF'(DEL .LT. DBOT ) THE:N 
5'I'IF-SLQP::I"ES 
R,ULE·2 
R,EVR5C· • FAL6E. 
PTOP-O 
Dl'op-O 
PeOT·O 
DBOT-O 
c;Jn·c:s*( (MOP-PL1/( crrOP-DEL» 

ELSE H(DEL .GT. OToP ) THEN 
STI F-SLQP5*E5 
RULE-S 
EIU·ES*SLQPl 

ENDIF' 
ENDIF 
IF( REVRSC ) IRV-l. 
IF ( .NOT. REVRSC) IRV·O. 
CALL S'I'RENG( ESE.PSE, P5EOLD, P, PLA, DE, DELA, S'I'I F, E:IU) 
CALL DNEO. ruc. E:lCR. DELt. DA, ESE, PSE, P5EOLD. CSE ) 
RETURN 
END 

C" •••••• HTS'!'09 ••• 11 •••• 11.1** ••••••• 1* ••••••••••••••• 11 ••••••••• •• ••• * 
DEBUG UNI T (6) ,TRACE, SUBCHIt, INI T, SUBTRACE 
END DEBUG 

PINO-SUAREZ TOWER t.ONG DIRECTION GIRDER HQMENT-ROTATION 
HISTERESIS HODEL BASED ON HI6TERE5IS LOOP OF T2A GIRDER 

H150H':I0 
H150H60 
H1S0H10 
H1S01480 
HT5014S10 
H1S07500 
HT501510 
HT507520 
HTS07530 
HT501540 
HT501550 
HTS07560 
HTS01S10 
H15075BO 
H1507 ':190 
H1507600 
HTS01610 
HT501620 
HT5016JO 
HTS07640 
HTS07650 
HT501660 
H'S07.s70 
HTS07680 
HTS0761j10 
HTS01700 
H1501710 
H150"l,.0 
H1500010 
HTS00020 
HTS00030 
HTS00040 
H1500050 
HIS00060 
H1500010 

SUBROUTINE: H!STO!:;(MOP'I'. STH', P, I. Pt .... xt .... DP. OJ[, H15000BO 
'R .... ,RUt.E..P'I'OP,C'I'OP,PBO'[',DBOT. H150001il0 

5PTOP. 5C1I'OP. SPBOT • SDBOT, HI 500 100 
5SP'I'OP, SSC1I'OP, S5P9QT ,55DBOT. HTSOO 110 
HA, VA. H8. VB. HD. VD.HE, VE, HAP, YAP, HBP. VBP. H1500120 
S5HD,S6VD.SSHE,S6VE, HT5001)0 
SS6PTP, SSS[1['P, SSSP8T, SSSD8T, H1500140 
SHD, SVD. SHE. SVE. PRINT, HI 500 I SO 
EIU • OOC. EXCR, DELI. ESE. PSE. PSEOLD. CSE, H1500160 

'DEMAJ:.FACH.FACV,FAC.OOCMAX) HTSOOI"lO 
DIMENSION DUC(3).EJ:CR(6).ESE(J} H1S00180 
LOGICAL HIGH, PRINT H15001S10 

C HTS00200 C - .... ___ ••• _____ • _______ .. ____ ........ ___ • ___ .... -.---_ ... --..... - - - •• --- --.... HT 600 21 0 

C DUC ---- ELEME:NT OUCTILI'I'I RATE H1600220 
C EXCR ---- ELEMEN'T EXCURSION RATE' HT5002JO 
C ESE ---- ELEME:NT ELASTIC STRAIN AA.TE HI500240 
C P5E ---- ELEME:N'l' PLASTIC S'l'RAIN AA.TE H1'S00250 
C P5EOLD ---- ELEMENT PLAS'l'IC 5'!'RAIN RATE ... T LAS'!' ZERO CROSSING H15002150 
C CSE ---- ELEMEN'r CONSTAli'I' STRAIN ENERGY HTS00270 
C STH' ---- ELEMENT STIFFNESS H1S00280 
C P ---- CURAEN't' ELEMENT INTERNAL FORCE HTSOO::l90 
C X ---- CURRENT EL~ENT INTERNAL DISPLACEMEN'!' H1'S00300 
C PLA ---- PREVIOUS ELEMENT INTERNAL FORCE H1S00310 
C XLA ---- PREVIOUS ELEJoIEN'I' INTERNAL DISPLACEMENT H1500nO 
C CP ---- ELEME:NT INTERNAL f'ORCE INCREMENT H1500330 
C OX ---- ELEMENT INTERNAL DISPLACDIIENT HICREM£NT H1S00340 
C HIGH ---- LOGICAL INDEX, If' F' .GT. 0 THEN HIGH •• TRUE. HI600J50 
C RULE ---- RULE NUJoISER HT500J60 
C PTOP ---- REVERSED LOADING POItn' "'T 'TOP ENVELOPE HTSOOJ70 
C orop ---- REVERSED DISP. POIN'!' jl.T TOP ENVELOPE H'I'SOOJ80 
C peer ---- REVERSED'LOADING POItn' AT SO'TTOM E:NVtLOI='E HT600J90 
C DBOT ---- REVERSED DISP. POINT AT BOTTOM ENVElLQPE HIS00400 
C 5P1'OP ---- REVERSED LOADING Pann' AT TOP SKALL LOOP HTS00410 
C 5DTOP ---- REVERSED DISP. POINT AT TOP SJr(ALL LOOP HTS00420 
C SP80T ---- REVERSED LOADING POINT AT 8QTTOJIC SMALL LOOP H1S00430 
C SDSOT ---- REVERSED DISP. POINT AT BO'rTOM SMALL LOOP HYS00440 
C SSP'I'OP ---- REVERSED LOADING POINT AT TOP SECOND SXALL LOOP HTS00450 
C S5[lTOP ---- REVERSED DISP. POINT AT TOP SECOND SHALL LOOP HTS00460 
C SSPBOT ---- REVERSED LeADING POINT AT B01'TOM SECOND SMALL LOOP H1S00410 
C SSDBO'r ---- REVERSED DISP. POINT AT BOTTOM SCOND SMALL LOOP H1S004BO 
C SS5PTP ---- REVERSED LOADING POINT AT TOP THIRD OR ABOVE SM1.L!. LOOP H1S00'SlO 

S5SMP ---- REVERSED DISP. POINT AT TOP THIRD OR ABOVE SMALL LOOP HTSOOSOO 
555PBT ---- REVERSED LOADING POINT AT BOT. THIRD OR ABOVE 5MALL LOO HTSOOSIO 
SSSDST ---- REVERSED DISP. POINT AT BOT. THIRD OR ABOVE SHALL LOOP HlS00S20 
HA, VjI. ____ FIRST aUCIa..ING POINT ... T TOP ENVELOPE HTSOOS30 
HAP.Vjl.P---- FIRST BUCItLING POINT AT BOTTOH ENVELOPE HIS00540 
HB,VB ---- 'TOP ENVELOPE CONTROL POIN1' HTS005S0 
HBP,Vap---- BOTTOM ENVELOPE CONTROL POINT H1500560 
HD,VD ---- FIRS'!' SMALL LOOP CONTROL POINT H1S00570 
HE,VE ---- FIRST SMALL LOOP CONTROL POINT HTS005BO 
SHC.SVD --- SECOND SKALL LOOP CONTROL POINT H1'600590 
SHE.SVE --- SECOND SMALL LOOP CONTROL POINT H1500600 
SStlD,SSVO - THIRD OR ABOVE SMALL LOOP CONTROL POINT H1S00610 
SSHE.SSVE - THIRD OR ABOVE SMALL LOOP CONTROL POINT HTS00610 
OOCIolAX - FAILURE ruCTILI'I'T HTS006)0 

.GE. 1. FAILURE ClJCTILITl CONSIDERED HI500640 
C .LT. l F'AIL\JRE DUCTILI'I'l NO'!' CONSIDERED HTS0015S0 
C - •• ----... ----•• - .--....... - -_ .............. -----••• --.... ----••• ---...... HY 5001515 0 
C H1500670 
C ••• _ ... ____ ........... __ •••• ___ HISOOI5BO 

C • CHECIt f'AILURE OUCULITI •• HT600690 
C ••••••••• --•• ----........... HTSOO"lOO 

c 

H{ CUC(I) .CE. DUCMAX .AND. COCMAJ. .GE. I) THEN HT600"110 
P·O HISOO"l::lO 
STIF.O.OOI H15007JO 
RETURN H1S00140 

~F n~~ 

IF( RV .EQ. 1 ) HIGH·.f'ALSE. 
IF( RV .EQ. 0 ) HIGH·.TRUE. 

HI500160 

C ••••••• - ••••• --_ ..... - ••••••••••••• 

HlS00770 
H!'500780 
H't's001Sl0 
H!SOOBOO 
HlS00810 
HTS008:;0 
HT500830 
HTS00840 
H1S00B50 
H1500860 
H1S00810 
HI500BBO 
H1S00890 
Ht'500900 
HISOO;lO 
H1500920 
HI500930 
HTS00Sl40 
HTS009S0 
HTS00960 
H1S00970 
HT500980 
HT600990 
HTSOI000 
HTSOIOIO 
H"I'501020 
HISOI030 
HTSO]040 
H1S010S0 
HISOI060 
H'S01010 
HI501080 
HISOI090 
HTSOll00 
1-11501110 
HT501120 
HYSOl130 
H1501140 

C • DEFINE ENVELOPE CONTROL POINTS· 

HAl·0.0042 
v.\l-2100. 
HBl·HAl+0.002J 
Vj!ll·VAl-465 
HAPI--0.0042 
VA.P1·-2700. 
HBP 1· HA.PI-O. 0023 
VBP1·VAPl+465 
IF( 1oIOP'T .EQ. 2 

P'I'OP-999999 
PBOT-999999 

E'ACH·HA/HAl 
FACV"'VA/vAl 
FAC-FAcv/FACH 
HA-HA1·FACH 
VA-VAl·rACV 
HB-HBl·FACH 
VB·vBl·f'ACV 
HAP·HAP1·FACH 
VAP·VAP1"FACV 
HBP-HBPI-FACH 
VBP-VBPl·FACV 
ENDIF 

) THEN 

1Ft P .GT. 0 ) HIGH-.TRUE. 
IFe P .LT. 0 ) HIGH·.FALSE. 
IF( P .GE. 0 .~D. PLA .GE. 
IFe P .LE. 0 .AND. PtA .LE. 
H( HIGH) RV·O 
IF( .N01'. HIGH) R,V-l 

HIGH" .TRUE. 
HIGH·.FALSE. 
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c - •••••• ----.---•••••••••• HT5011S0 
H1501160 
I-IT501170 
H1S011BO 
HYS01l90 
H1S01::100 
HYSOl::110 
HTS01220 
HTS012JO 

C • DEE"INE tNVELOPE SLOPE· 
C .-•••• --•• --•• --- .. - ••• - •• 

c 

SLOPl·(VAl/HA1)"FAC 
SU>P2.-202324 1 FAe 
SLOP3--100000·FAC 

IF (PRINT) THE:N H1501240 
WRITE( 6 , 56"1) RULE, HA, VA, HB. VB, HAP, VAP. HBP, VBP, HTSO 12 50 

'5t.OP1.5LQP2,5LOP3 HTS01260 
567 FOR)'AT(SX, 'PINO-SUAREZ TOWER LONG DIll.. Jo1-R, t.oQP CONTROt. POINTS •• ' ,HT501270 

r. 5X. '.--............. ----.-...... ---•••••••••• - •••••• _____ •• ___ ', HTS01280 

, , , 
ENDIF 

5:1, 'RULE ---------... , lX.GIO • ./I.1 HT501290 
5X.'(HA. VA) ----------·,lX.'( ·,FlO.4.·,·,FIO.4,' )',1 HY50lJOO 
5X.'(H8, VB) ----------',lX,'( ·.FIO.4.·.·.F'10.4,· j',1 HTSOIJI0 
SX,'(HAP,VAP} ---------'.lX,'( ',FI0.4,'.·,FlO.4.· )',1 H1S0lJ::I0 
SX.'(HBP.VBP) --------.. ',lX,'( '.FIO.4,·.·,FlO.4.· )',1 HTSOIJJO 
!lX.·SLOPI ----------'.lX.GIO.4.1 HTSOl340 
5X, 'SLOP'2 ---------•• , lX.GI0.4.1 HT501350 
51., 'SLOP) ----------',lX.GI0.4,/) HTSOIJ60 

H1501370 
I-ITSOIJ80 

C .--•••••• - •••• - ....... - .... - HT501HO 
C .. HTSTERESIS LOOP RuLES -
C -.--............. --••• - ... .. 
C--RULE II 

C 

IF( RULE .EQ. 1 ) 'THEN 
IF(P .GE. V,. .OR. P .LE. V",P ) THEN 

RULE·:oI 
STIF-SLOPJ 
_ .. POll. UNBALANCE FORCE ••• 
IF( P .GE. VA) THEN 

UPI. P-VA 
UD. UPl/SLOPI 
UP2- -UD"SLOP;!. 
P • p-(UPl+UP::I) 
IF( p .LT. O.l-VA) P·O.l· .... A 
RV·O 

ELSE IF( P .LE. VAP) THEN 
UPI. P-VAP 
UD • UPl/SLOPl 
UP::I. -UD·SLOP2 
P • p-(UPl+UP2) 
If'( P .G1'. O.I·VAP) P-O.I-VAP 
RV·l 

ENDIF 

ELSE 
RUr..E-l 
5'!'IF-SLOPI 

ENDIF 
IF( OEKAJ: .t.T. AS5(X) ) THEN 

DEMAX· ASS (I) 
CUC ( 1 ). DEMAII (HA1·FACH) 

EHDIF 
RE."TURN 

ENDIF 

C---RULE 21 
IF( RULE .EQ. 2 ) THEN 

IF( HIGH .AND. 01 .GT. 0 ) THEN 
IF( I .LT. HB ) THEN 

RULE-2 
S'I'If'-SLOP2 
IF( P .LT. 0 )P·O.l·VA 
IF{ P .LE. O.l·VA) S'l'IF-5LOP3·0.01 

ELSE IF( X .GE. HB ) THEN 
RULE·J 
STIF-6LQP3 
IF( P .LT. 0 )P-O.l·VA 
IF{ P .I.E. O.I·VA) STIF-SLOP3·0.01 
••• f'OR UNBALANCE FORCE 
IF( XLA .LT. HB) THEN 

U[)oX-HB 
up·STlr*UD 
P-V8+UP 

ENOIF 

E:NDIF 
ELSE IF( .NOT. HIGH .AND. DX .LT. 0 ) THEN 

IF'( J: .CT. HBP ) THEN 
RULE-2 
SUF·SLOP2 
IF{ P .G'I'. 0 JP·O.l·VAP 
IF{ P .GE. O.l·VAP) STIF-SLOP3·0.01 

ELSE IF( I .LE. HBP ) THEN 
R!JLE'-3 
BTl f'-5LOP3 
IFe P .GT. 0 )P·O.I·VAP 
IF( P .GE. O.l-VAP) STIF·SLOPJ"O.OI 
•• - rcR UNBALANCE FORCE ••• 
1Ft ILA .GT. HBP) THEN 

Uo-I-HBP 
Up·STIf'-UD 
P-\{BP+UP 

ENDIF 

EHDIF 
ELSE IFe HIGH .AND. 01 .LE. 0 ) THEN 

PTOp·PLA 
orOP·XLA 
IF( PBOT .EQ. 999999 ) THEN 

STIF- -52030206· (A8S( J:7I'OP) -ABS (HA) +0.00(2) +856026 
I F( ("'BS( CTOp/FACH )-ABS( HAl) +0 .0042) .LE. O.0126)THEN 

ST [f'- ( -~::I030::106· (ABS( DTopl f'o\C H) -"B5 ( HAll +0.0042) 
+eS60::l6)·f'AC 

ELSE 
STIF- (-52030208·0.0126 + 6560::16) "FAC 

ENDIF 
RULE-8 
VAp·-nOO-F"'Cv 
HAP-tn'OP-{ :;700·FAeV+PTOP) ISTI F 
VBP-VAP+4 65" FACV 
HBP-HAP-O. 0023. FACH 
**" FOR UNBALANCE FORCE ••• 
Uo-X-'lLA 

Up·STlf'-UD 
P·PLA+UP 
U( P .LT. VAP) P-VAP 

ELSE IF( PBOT .NE. 999999 ) THEN 
CALL LOOP (VAl, HAL PTOP. uroP. PBOT, OBOT, HD, VD, HE, VE, 

5JlC1, 5M2, Fjl.CH, FACV, FAC) 
STI F. (P'l'OP-VD) I ( orop- HD) 
RULE-4 
• _. FOR UNBALANCE F'ORCE 
Uo-X-XLA 
UF'-STIF·UD 
P-PLA+UP 
IF'( P .LT. I='BOT) P·PBOT 

ENDIF 
ELSE IF{ .NOT. HIGH .AND. OX .GE. 0 ) THEN 

PBO't'·PLA 
DBOT-XLA 
IF( PTOP .EQ. 999999 ) THEN 

STI F·-'S:203020B· (ABB( D!!JO't') -ABS ( HAP) +0.0042) +656026 
IF«(ABS{DBO'!'Jf'''CH)-ABS(HAPl)+0.0042) .LE. 0.0126)THEN 

STIP. (-5203020 B· (ABS ( DBOT If'ACH) -ASS ( HAP 1) +0.0042) 
+B56026) .ro\c 

ELSE 

H1S01400 
H"I'S01410 
HTS01420 
HTS014JO 
H1S0lHO 
HT501450 
HTS01460 
HTSOIOO 
HT501480 
H1S01HO 
HTSOISOO 
HYS01510 , 
H1S01S20 
H1S01SJO 
HY501S40 
HTS01550 
HT501560 
HT501570 
HT501580 
HT501590 
HYSOllSOO 
H'I'SO 11510 
H'I'SOltS:20 
HTSOltSJO 
HISOl640 
HTSOl650 
HT501660 
I-IT501670 
HTS016BO 
H15011590 
HYSOI "100 
HTSOl"110 
HTS017::10 
H1S011)0 
H1501140 
HTS01150 
H1S01760 
HT501710 
HTSOI1BO 
IH5017S10 
1-11501BOO 
HTS01810 
HT501820 
HfSOlB30 
H1501840 
H1501850 
H1501B60 
HTS01810 
H15018BO 
H'S01890 
I-IT501900 
HT501910 
H'!S01920 
HlS019JO 
H1501940 
I-ITS01950 
H1501960 
I-I'!SOI9"10 
HTS019BO 
HTS01990 
H1S02000 
HT502010 
HIS02020 
HI502030 
H150.040 
H'!SO:;050 
HTS020150 
HTS020"l0 
HT5020BO 
H1S02090 
H1502100 
H1'S02110 
HTS021:20 
H'!SO~130 
HTSO:;Z140 
HIS02150 
HT502160 
HT602170 
HT502160 
HTS02190 
HTS02200 
H1S02210 
HT502220 
HTSO:22JO 
HT50:2240 
HT502250 
HTS02260 
H1S02270 
HTS02280 
HT502290 
HTS0:2300 
HTSO::lJI0 
HTS02J20 

HT502330 
H1'S02J40 
HT502350 
HY502J60 
HJ502J70 
HT502J80 
H1502JS10 
H1502400 
H'I'502410 
H'!502420 
HTS024JO 
1-11502440 
H1S02450 
H150:2460 
H1S0::l00 
HY502480 
HTS024S10 
HTS02500 
HTS02510 
HTS025:20 
HT50:2530 
HT502540 
1-11502550 



C 

STIP-(-52030208.0.0126 ,. 856026 l·F1>.C 
SNoI F 
R.UU:-8 
vA-:2700·rAcv 
HA-oBQT+( :;noo·nCV-P8OT) IS"TI r 
VS-VA-465·F'ACV 
HB- HA+O • OO:2J· FACH 
••• FoR UNBALANCE F'ORCE ••• 
U~X-XLA 

UP-STI F·UO 
P·PLA+UP 
IF( P .GT. VAl P-VA 

EL5E IF ( PTOP • NE. 999999 ) THEN 
CALL LOOp ( VAL, HAL, "BOT. DBOT, PTOP, mop. HO, VD. HE. VE, 

SMl, 5M2, FACti. FACV. rAC) 
S"TI r- (PBOT-VO) I (DBO'l'-tiD) 
RULE-4 
••• FoR Ut-ISALANCE rOA.CE: ••• 
U~X-XLA 

UP-S'!'IF·UO 
.. • .. L ...... UP 
IF{ P .GT. MOP) P-PTOP 

ENDIF 
ENDIF 
IF( DEMAX .LT. ABS(X) ) THEN 

DEMAX·AB5(X) 
OOC (1 )-DEMAXI (HU·FACI-O 

ENDIF 
RETURN 
EHDIF 

C---RULE 31 

C 

IF( RULE .EQ. J ) THEN 
IF( HIGH .AND. OX .GT. 0 ) THEN 

RULE-3 
5TIF-SLOP3 
IF( P .LT. 0 )P·O.l·V .... 
IF(P .LE. O.l·VA) S"Ta'-st.QP3·0.01 

ELSE IF'( .NOT. HIGH ,AND. 01 .LT. 0 ) THEN 
R.ULe:·J 
STIF'-5LOPJ 
IF'{ p .GT. 0 JP-O.I-VAP 

IF(P .GE. O.l-VAP) S'l'Ir-SLOP3.0.001 
ELSE IF{ HIGH .AND. OX .LE. 0 ) THEN 

PTOp·PLA 
mop·XLA 
IF( PBOT .EQ. 999999 1 THEN 

IF«ABs(mOP/FACH)-ABS(HA1)+0.0042) .L.E. 0.0l:a6)THEN 
5TIF- (-520J0208- (AB5 (MOP /FACH) -ABS (HAl) +0.0042 ) 

+856026j·FAC 
ELSE 

S"TIr-(-5;zOJ0208·0.0126 + 856026)·rAC 
ENoIF 
RULE:-8 
VAP--2700·P"'CV 
HAP-crrOP-( nOO·PACV+P"!'OP) IS"TIF 
VBP- VAP+-4 65· rACV 
HSP- HAP-O. 0023-FACH 
••• F'OR UNBALANCE FORoCE ••• 
U~X-ILA 

UP-S'!'IF-UD 
P-PLA-+UP 
H( P .LT. VAP) p-VAP 

ELSE IF( PBOT .NE. 999999 ) THEN 
CALL LOOP(V"'l. HAL, PTOP. [11'OP. PBOT. OBCT, HD. VD, HE. VE, 

SMI. 5M2, FACH. FACV. FAC) 
STIF-( PTOP-VO) I( mOP-HOl 
RULE-4 
••• FaR UNBALANCE FORCE 
Uo-X-ILA 
UP-STIF"UD 
P-PLA,.UP 
IF( P .~T. PSOT) P-PBO'I' 

E:NOIF 
EL6E IF( .NOT. HIGH .AND. OJ: .GE. 0 ) THEN 

PBOT·PLA 
DBOT·ILA 
Ir( MOP .EQ. 999999 ) THEN 

STI F--5:20JO:;zoe· (ABSC OBOT) -ABS( HAP) +0.0042) +B 56026 
I F( (AaS( OBO'T I FACK) -ABS( HAPI ) +0.00401) • LE. 0.0 126)1'HEN 
STIr. (-520J0208- (ABS (DBCT IFACK) -ABS( HAPI ) +0.0042) 

+856026)·FAC 
ELSE 
Sl'IF-(-52030208.0.0126 + 856026)·FAC 

ENOIF 
RULE-e 
VA--2700-FACV 
HA.OBO'T+ (2700-FACV-P8OT) 1STif' 
VB-VA-' 6 5· FACV 
HB- HA+O. 00:23" FACH 
.... POR UNBALANCE FORCE ••• 
Uo-X-xI..A 
Up·S"TIF·UD 
P-P~A+UP 

Ir{ P .G't'. VA) P·VA 
ELSE IF( PTOP .NE. 999999 ) THEN 

CALL LOOP{VAI. HAl. PBOT .DBO'l'. MOP. MOP. HD. VD, HE, VE, 
5Ml.SM2, FAeH. FACV. rAe) 

51'1 P- (PBOT-VO) I (DBOT-HDl 
RULE-4 
.... FcR UNBALANCE: FORCE 
Ue-X-XLA 
UP-STIF·UO 
P-PL,I",.uP 
IF( P .GT. PTap) P-P'!'OP 

ENOIF 
ENDIF 

IF{ DEI-tA.I .LT. ABS(I) ) THEN 
OE"'-AX-AB5(l') 
OOC (l)-OEMAXI (HAI·rACH) 

ENOIF 
REl'URN 
END]F 

C---RULE 4. 7, 8. 9, 101 
IF( RULE .GT. ] 1 THEN 

CALL HJST9S( I(QP'I'. S"TI r, p. I. PLA. XLA. op, ox, 
RV, RU~E, PTOP, O'['OP, PBO'!', D8O'T. 

ENOIF 

RE:TURN 
'ND 

5PTOP, SDTOP, SPBOT, SDBOT, 
55P'['OP. SSD!'OP. S5pBQT • 5SDBO'!' , 
HA. v .... HB. VB, HD. VD. HE. VE. HAP, VAP. HBP, VBP. 
SSHD. S5VO, S5HE. SSVE. 
S55PTP, 5SSt11"P. 555PBT, 5S5DBT, 
5HO. SVD. SHE. SVE. PRI NT. 
EI'U , DUe. EXCR. DELI. E5E. PSE. PSEOLO, CSE. 
DEMAX. F ... CH. F ... CV. FAC. HIGH, SLOPl.SLOP2 • SLOP] , 
HAL, v"'l. HBl, V81. HAPl, VAPl, HBPI. VBPI ) 

SUBRoUTINE Ht' 5'!'9B (MOP'!' , S"I'I F. I' .X. PLA, XL ... , DP, OX, 
RV, RULE. PTOP. DTOP. PBOT ,OBeT, 
SPTOP. SMOP. 5PBOT. SOBOT. 
5SP'I'OP. 55Dt'OP. SSPBO'T. SSDBOT , 
HA. VA. HB. VB. HO. VD. HE. VE, HAP. VAP. HElP. VBI'. 
5SHD. SSVO, S5HE. 55VE. 

H1602560 
H'!'50J570 
8TS02580 
H1S02590 
HYS02600 
HY502610 
HYS026JO 
H150J6JO 
H1502640 
H1602650 
H1S02660 
H1S02670 
HT502680 
H1502690 
H160'2700 
H150:2710 
HY50;znO 
HY60;z7JO 
HY50;Z140 
H1'50;Z750 
H1502760 
HT50nl0 
H150:;:780 
H1'SO::l:790 
H150:;:BOO 
HTSO;z810 
H150:;:820 
HT50:;:SJO 
HTS02840 
H160'2850 
H1502860 
HlS0.2870 
H150;z880 
H1502890 
HIS02900 
H1502910 
HI50'2920 
HYSO:;:9)0 
H1'502940 
H1'50:l950 
H!50:l960 
HT502970 

H!502980 
H1S02990 
HlS03000 
H1603010 
HI50]O;zO 
H150]030 
H150)040 
H150J050 
H150J060 
H150)070 
H150)080 
HlS0J090 
H150)100 
HTS03110 
H'503120 
H150]130 
H!503140 
HTS03150 
H150J160 
H150]110 
H1503180 
H1S03190 
H150J200 
H1503210 
H15032010 
H190)230 
HI50J240 
H1503250 
HI50J260 
H150)210 
H150)280 
HI50J290 
H1603300 
H!50JJ10 
H1503J20 
HTS03330 
HlS03340 
H150J350 
H150J360 
HlS0]3"10 
H150]380 
H150)J90' 
HTSO)400 
H150J410 
H150]420 
HTSOJ4J0 
HI50JHO 
HYS034:;0 
HY60)460 
HIS03410 
H1503480 
H1S03490 
H1S0J500 
HT50]510 
HT503520 
H1503530 
HT60J540 
H150)550 
H150J560 
HlS035"10 
HTS0)580 
HJS03590 
HlS03600 
HY503610 
H1503620 

H150]630 
H1S03fi40 
H1503650 
H'503660 
H1S0J6"10 
H1S0J680 
H1503690 
H150)700 
HI503710 
HY50J720 
HYSOJ730 
H'503140 
H'S03150 
HY50JHiO 
HY50J7"I0 
HY503780 
H1503790 
H150J800 
H1503810 
HlS03820 
HlS03830 
HY50J840 
HJ60J850 
H150J860 
HY50)870 
HT50J880 
HYSO]890 
HY503900 
HY50]910 
H150394:0 
H150]9]0 
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c 

SS6P"J'P, 5S5171'P. 5SSPBT. SS50B'l', 
SHD. S'VD, SHE. SVE. PRIN't'. 
EllU • DUe, EJ:CR. OELI • ESE. P5E. P5EOLD. CSE, 

, DEMAI. FACH, FACV. FAC. HIGH.SLOPI. 5LopJ. 5LOP3. 
, tiAl,VAl,HBl,Vel,H ... pl,VAPl,HBPl.VBPI ) 

DIMENSION DUC( 3). EICFI( 6), E:SE(J) 
LOGICAL HIGH. PRINT 

400 IF( RULE .EO. 4 ) 'l'I-IEN 
IF'( HD .~T. HE .AND. J: .CT. DBO'!' .AND. OX .LE. 0) THEN 

IF( X .~T. HD) THEN 
STl P- (PTOP-VD) I ( O'I'OP-HD) 
-,... FOR UNBALANCED FORCE ••• 
Uo-X-HD 
UP-STIF·UD 
P-V!>+UP 

ELSE IF( X .LE. HD .AND. I .GT. HE) THEN 
BTl F- (Vo-VE) I (HD-HE) 
..... FOR UNBALANCED FORCE ••• 
Uo-X-HE 

P-VE+tJP 
EL5E IF( I .LE. HE .ANO. X .~T. DBOT) THEN 

57 I F- (VE~PBOT11 (HE-OBeT) 
••• FOR UNBALANCEO FORCE 
ue-X-oBOT 
UP·STIF·UD 
P·PBO'!'+UP 

ENDIF 
RULE-4 

ELSE Ir( HD .GT. HE • .MD. X .LE. DBO't' .AND. OX .LE. 0 ) THEN 
IF( I .GT. HBP) THEN 

RULE-:;Z 
CALL SRV(P.RV) 
STIF·SLOP2 
••• FOR UNBALANCE FORCE .... 
U~X-DBOT 

UP-BTl F·UD 
P-PBOT+UP 

E~6E IF( X .LE. Hep) THEN 
R.ULE-] 
CALL SRV( P. RV) 
BTl F.SLOP] 
IF{ P .GT. O.l"VAP .OR. PBOT .QT. 0.I·VAP)5TIF-5LOPJ"0.01 
•• - POR. UNBALANCE FORCE ... 
U~X-OBOT 

Up·S"I'IF-UD 
P·PBOT+Up 

ENOIE' 
ELSE rF( HD .GT. HE .ANO. ox .GT. 0 1 THEN 

SPBOT-PLA 
50BO'T-XLA 
SPTOP-PTOP 
50'I'0P-[11'OP 
CALL SLOOP ( SPBOT, SOBOT, PTOP, eTOP, SHo, SVD, SHE. SVE, 

SMl.S~2. YACH, FACV. F ... C) 
S'!'I F- (SP8O'!'-SVD) I (SOBOT-SHD) 
RU~E-l 
••• FOR UNBA.LANCE FORCE ._. 
UC-X-XLA 
UP-STIF·UO 
P-PLA+UP 

ELSE IF{ HD .LT. HE .AND. X .LT. mop .AND. OX .GE. 0) THEN 
IF( X .LT. HD) THEN 

S'l'IF· (PBOT-VDl/( DSOT-HOI 
... FOR UNBALANCED FORCE 
Ue-I-HD 
Up.STI F-UD 
P-VO+UP 

ELSE IF( X .GE. HD .AND. X .LT. liE) THEN 
srI F- (vo-liE) I (HD-HE) 
.... FOR UNBALANCED F'QRCE _ ... 
Uo-I-HE 
UP-STIF·UO 
p-vE+UP 

ELSE IF( I .GE. HE .AND. X .LT. DrOP) THEN 
5n r- (VE-PTOP) I (HE-O'I'OP) 
... FOR UNBALANCED FORCE" .. 
U!>)(-O'I'OP 
UP-STIF·UO 
P-PTOp+UP 

£NDIF 
RULE-4 

EL5E IE'( HD .LT. HE .AND. X .GE. O'I'OP .AND. OJ. .GE. 0 ) THEN 
IF( X .LT. H8) '['HEN 

RULE-2 
CALL SRV(P.RV) 
S"T] F-SLOP;Z 
••• FOR UNBALANCE FORCE ••• 
Ue-I-I7I'OP 
UP-STH'''uD 
P-P"J'OP+UP 

EL5E IF( I .GEl. HB) THEN 
RULE-) 
CA.t.L SRV(P,RV) 
STIF-SLOPJ 
IFe P .LT. O.l-V'" .OR. PTOP .LT. O.l.VA )5'TIF-5LOPJ·0.Ol 
.-. FOR UNBALANCE rOReE 

ue-J:-O'l'OP 
UP-51'I F"UO 
P-PTOP+UP 

~DIF 

ELSE: IF( HD .LT. HE .AND. DK .LT. 0 ) THEN 
5PB01'-PI!OT 
5DBOT-OBOT 
SPTOP-PLA 
SOTOP-ILA 
C ALL S~OOP( SPTOP. SMOP. PBOT, DBO'!'. SHD. SVD, SHE. 5VE, 

8MI ,SM2. FloCH. FACV. FloC) 
STIF· (SPTOP-SVD) I( SDTap-SHD) 
RULE-"I 
••• rOR UNBALANCE: FORCE 
ue-X-XLA 
UP-STIF·UO 
P-PLA+UP 

~OIr 
IF( oEKAI .LT. "'BS{I) 1 THE!N 

OEMAl:-AB5(X) 
DUC( l)-OEMAX/(HAl*FACH) 

ENDIF 
RE'TUR./II 

ENOIF 

C---RULE 71 
700 IF( RULE .EQ. 7 ) THEN 

IF( 5HD .GT. SHE .ANO. X .GT. SOBOT .AND. OX .~E. 0) THEN 
IF( Jt .GT. SHO) THEN 

5'1'I F· (SPTOP-5VO) I (SerrOP-SHO) 
••• FOR UNBALANCE:D FORCE ..... 
Ue-X-SHO 
UP-S'I'I F-UD 
p-svO+UP 

ELSE IF(X .Lt". SHO .AND. X .CT. 5HE) THE:N 
6"J' I F. (SVo-SVE) I (SHe-SHE) 
.... FOR UNBALANCED FORCE .... 
Uo-X-5HE 
UP-S"TIF-UD 
P-SVE+UP 

ELSE IF(X .LT. SHE .AND. X .GT. SOBOT) THEN 

H1S0J9~0 
H1S0J950 
H150J960 
HfSO]970 
HTS039BO 
HT503990 
HY50400Q 
HY504010 
H!5040::;'0 
H!S040JO 
H1S040010 
HYS04050 
H,.504060 
Hl504070 
HTS04080 
H1S04090 
HT504100 
H1S04110 
H'504120 
H1504130 
Hl5041~0 
HI504150 
H,504160 
HrSo4170 
HYS041BO 
Ht5041;0 
H'I'S04200 
HYSOnIO 
H15042JO 
H15042]0 
Hl'504'240 
HY504250 
H1504260 
H1504270 
H1S042BO 
H1S04290 
H150000 
H1504310 
H1504320 
HYS0030 
HlS0040 
HT50050 
H1504]60 
HT504)70 
HI50080 
H1S04390 
H'504400 
H1604410 
HYS04420 
H!SOUJO 
H1504440 
H1504450 
H1504460 
HlS0UiO 
H150~480 

HlS04490 
HTS04500 
H1504510 
HTS04520 
HYS04530 
H1S04540 
HTS04550 
H15045150 
H1S045"10 
H1504580 
H'504590 
HT604600 
H1504610 
81504620 
H15046]0 
HlS04640 
HI504650 
HYS04660 
H150H"I0 
H1S046BO 
H1504690 
H1S04700 
H1504"/10 
H150020 
H1504730 
H1S04740 
HlS04"/50 
H1'504760 
HTS04770 
1;1S04780 
H1504790 
H1504800 
Ii1'S04810 
H'504820 
H'S048]0 
H1504840 
H1504850 
HTS04860 
HlS04870 
HlS04 B80 
H1504890 
HT504900 
HY504910 
H'!'504920 

HY504930 
HY504940 
H1504950 
HlS04960 
HlS049"10 
HT504980 
HT504990 
H1505000 
H1505010 
H'905020 
H15050)0 
H1505040 
H1S05050 
H15050fiO 
HTS05070 
HY505080 
H'fS05090 
HYS05100 
H!S05110 
HT505120 
H.Y505lJO 
HI 50')1 40 
H1505150 
H,S05160 
HYS05170 
HT505180 
H1505190 
H1'505200 
H1505210 
HTS05220 
HYS052JO 
HYS05240 
HTS05:l5D 
HYS05;z60 
HYS05J70 
H1505280 
H1505290 
H1505JOO 
HTS05310 
HIS05J20 
HlS05)30 



C 

STI P- (SVE-SPBO'!' J 1 (5HE-50BOT) 
u* raR UNBALANCED raRCE u* 
Uo-X-60BOT 
uP-STIF*UO 
p-SPBOT .. u? 

ENDIP 
RUL~1 

HlS0Sl40 
,n50SHO 
HYSOS360 
H150SJ70 
HY50SJ80 
H'S05390 
H1505400 

ELSE IP(SHD .GT. SHE .AND. X .LE. SDaOT .AND. OX .LE. 0 ) THEN H1505410 
H'( I .GT. Hap) THEN 

RULE-J 
CALL SRV(P, RV) 
STIF-SLoPJ 
.". raR UNBALANCE PORCE •• * 
Ue-X-60B01' 
UP-STI F*UD 
P-SPBO't'+UP 

ELSE Ir( J: .LE. HBP) THEN 
RULE-J 
CALL 5RV(P,RV) 
STIP-SLOP] 

H'( P .GT. ILl·V"'P .01'.. SPBO'1' .G'J'. O.I· ... AP)STIP-SLOPJ.O.Ol 
••• fOR UNBI\L.ANCE fORCE ••• 
Ue-I-SDBOT 
UP-STH'·UD 
P-SPBO'!'+UP 

ENDIF 
ELSE IF(SHD .GT. SHE .AND. ox .Gr. 0 ), THEN 

RULE-9 
SSPTOP-SPTOP 
SSDt'OP-SDt'oP 
S5PBOT-PLA 
550SOT-II:LA 
CALL SLOOP ( 5SPBCT. S6D8OT. 6SF'TOP. ssmo?, SSHD, SSVD.SSHE,S5VE, 

5)011, S)oI2, FACH. FACv, FAC) 
5,. I P- (SSPBCT-SSVD) I (SSDBOT-SSHD) 
.". rnR UNBALANCE FORCE .... 
Uo-X-XLA 
UP-S']'I F·UD 
P-PL ... +UP 

H15054;;0 
H15054JO 
H1505440 
H150S450 
H150S460 
H15054iO 
HT505480 
HT605490 
HTS0!i500 
H150S510 
H1S05S;;0 
H"505530 
H1605540 
H1505550 
H1505560 
H1S05510 
H1S05S80 
HTS05590 
HT505600 
H150S610 
H15056'20 
I-IlS0S6JO 
H160S640 
H"50S6S0 
H1505660 
H1505670 
HT50S1580 
H15051590 
HI50S100 
H15051l.0 
HT505720 
H15057JO 

ELSE H( SHD .LT. SHE .MD. 'X .LT. 
!F(X .LT. SHD} THEN 

ST I P- (5PBO'l' -SVD}I (BDBOT-SHO) 
•• * FOR UNBALANCED PORCE *.* 
Ue-X-SHD 

5t71'OP .ANO. OX .GE. 0) THEN 1-11505740 
I-IT50S150 
HT60S760 
H1605710 
H1S057BO 

UP-S"I'IF·UD 
P-SVD+UP 

ELSE IF(J .GE. SHD .AND. I .LT. SHE) THEN 
STIF- (SVo-SVE) I (SHD-SHE) 
..... rcR UNBALANCED FORCE .... 
Uo-X-SHE 
UP-STIF"UD 
P-SVE+UP 

ELSE IF(X .GE. SHE .MD. J: .LT. smoP) THEN 
S'T I F- ( SVE-SMOP) 1 (5I-1E-Stn'OP) 
**. fOR UNBALANCED F'ORCE ••• 
Ue-I-5OTOP 
UP-STIF·UD 
P-SP"I'OP+UP 

ENDIF 
RULE-7 

HT5057!i10 
H150S900 
H'SOS810 
HTS05820 
HTS058JO 
H1505840 
H150S850 
H'S05860 
HTSOS8iO 
H1S058BO 
HT605890 
H1'505900 
HT605910 
H1'S05920 
H15059JO 
H1605940 

ELSE IP(SHD .LT. SHE .AND. X .GE. SOTOP .AND. ox .GE. 0 l THEN H1S05950 
IF( X .LT. HB) THEN 

RULE-::! 
CALL SRV(P.RV) 
STI F-SLOPJ 
.... Fall. UNBALANCE FORCE 
ue-.I-SD'roP 
UP-STH'·UD 
P-SPTOP+UP 

ELSE IF( I .GE. I-IB) TH~ 
RULE-:! 
CALL SRV(P.RV) 
S"J'IP-6LOP3 

HlS05960 
H16059iO 
HlS05980 
HlS05990 
HTS06000 
H16015010 
H15015020 
HTS060JO 
H1606040 
H1606050 
H1S06060 
H16015010 

Irt P .LT. O.l.VA .OR. SPTOP 
••• FOR UNBALANCE FORCE .. •• 
uo-x-sC't'OP 

.LT. O.l·VA)STIP-SLOPJ*O.OI H1S06080 

UP-STlr·uo 
P-SP'I'OP"UP 

ENorF 
ELSE IF(SHD .LT. SHE .AND. OJ: .LT. 0 ) THEN 

RULE-51 
S5PTOP-PLA 
S5mOP-lLA 
S8PSQ'I'-SpBOT 
5SDBm- 6D8O'r 
CALL St.OQP( SSPTOP, S6DTOP, S6PBOT, 660SOT, 6SHD, SSVD. BSHE, SSVE, 

Stoll ,8MJ. PACH. FACV, FAC) 
STI F- t 6SPTOP-SSVD) 1 (SSMOP-SSHD) 

... * f'OR UNBALANCE: raRCE: 
Ue-X-J:LA 
UP-S'I'IF·UD 
P-PLA .. UP 

ENDIF 
IF( DEMA.I .LT. AB6(1) ) THEN 

DEMA.!- ... SS (I) 
DUC (1 )-OEMAXI (HA1·rACH) 

ENDIF' 
RETURN 

ENDlr 

H1506090 
H1506l00 
H1506110 
H1506120 
H'SOI5IJO 
H16015140 
H1'6015150 
H150151150 
H1506170 
H1S015180 
H1S06190 
HT506JOO 
H1S06'2l0 
HTS06J:20 

C---RULE 8 

HlS062JO 
H1606210 
H1506:i150 
H1S06;;60 
H!S0I5:270 
H16015480 
H1606J90 
HlS06300 
HT506JI0 
HlS06]:;z0 
HT506JJO 
HT6015J40 
HTSOI5J~O 
HISCl6J60 
H1S06]70 
H1506J80 
H15015J90 
H1S06400 
H,506410 
H'S06420 
H'S06430 
HTS064040 
HY506450 
H16064150 
HlS015470 
H!S06480 
HI6064~0 
H15015500 
H'S06510 
HT5065'20 
H1506~JO 

H1506540 
H!S06;;0 
HTS06560 
H1S01S570 
H,S06580 
H150155~0 

HIS061500 
H'5061510 
H150615:i10 
HlS066JO 
HT506640 
HlS06650 
HTS06660 
HlS015670 
H1S0615BO 
H1S015690 
H1506100 
H'506110 
H1S06140 
HT5067JO 

IF( RULE .SQ. B ) THEN 
IF{ PTOP .EQ. 9519999 ) THEN 

51-VA 
ELSE IF( PTOP .NE. 999999 ) THEN 

51-MOP 
E:NDIF 
IF( PBO't' .EQ. 999999 1 THEN 

52-VAP 
ELSE IF( paaT .NE. 999999 1 THEN 

52-PBQT 
EN'OlF 
If( P .LT. 51 .AND. P .GT. S:iI ) THEN 

RULE-8 
S"l'IF-STIF 

ELSE IF{ P .LE. 5J ) THEN 
! F( PBOT • EQ. 999999 ) THEN 

U. FOR UNBALANCE FORCE ••• 
uPl-p-S'2 
Uo-UP1/STlF 
UP2--UO*SLQP:iI 
P-P-(UPl+UP2j 
HAP-X-UD 
VAP-S2 

RULE-J 
CALL SRV(P,RV) 
STI F-SLOP2 
HBP- HAP-O. 002 3. PACH 
VBP_vAP+4 6S * FACV 

ELSE IF( PBOT .NE. 999999 ) THEN 
IF( X .GT. HBP) THEN 

RuLE'":2 
C,I,l,r, 5RV{P,RV) 
STIF-SLOP2 
••• FOR UNBALANCED PORCE ••• 
Ue-X-DBOT 
UP-ST! F"UD 
P_PBOT"UP 

49 

C 

ELSE IF( X .LE. HBP) THEN 
RUU:-J 
C,l,LL SRV(P.RV) 
STIf-SLOP] 
IF( P .GT. O.I·VAP .OR. P8CT .GT. O.l*"'A?} 
STIf-SLO?3*0.01 
••• fOR UNBALANCED PORCE ••• 
Ue-I-D8OT 
UP·5'l'If·UD 
P-PBO'I'+UP 

EHDIF 
ENDIP 

ELSE IF( P .GE. 51 ) THEN 

IF( ?'I'OP .EQ. 999999 ) THEN 
••• FOR UNBALANCE PORCE ••• 
UPI-P-Sl 
ue-uPl/S't'tr 
UP;;--UD*SLOP'2 
P-P-(UP1"UP'2j 
HA-X-UD 
V ... ·Sl 

RULE-J 
CALL SRV( P, RV) 
STlr-SLaP2 
HB- HA+O. 00:il3· FACH 
"'B-VA-4 65· FACV 

ELSE IF( PrOP .NE. 999999 ) THEN 
IF( X .LT. HB) THEN 

RULE-'2 
CALL SRY(P,RV) 
BTl F-SLOP2 
••• FOR UNBALANCED FORCE ••• 
ue-X-DTOP 
UP-STlr·UD 
P-PTOP+-UP 

ELSE IF( II: .GE. H8) THEN 
RULE-J 
CALL SRV( p, RV) 
s-rIF-SLOPJ 
IF( P .LT. O.I"VA .OR. PTOP .LT. O.l·VA) 
S'TI F-SLOP)·O.O I 
* •• POI'. UNBALANCED FORCE ••• 
ue-x-crroP 
UP-STIF*UO 
P-MOP"UP 

EMDIF 
ENOIP 

EHDIF 
IFe DE~ .LT. ABS(I) ) THEN 

DEKA.X-ABS (J.) 
DUC ( 1) - DEMAX/ (HAl" FACH) 

ENDIF 
RETURN 

ENCIF 

C---RULE 9. 
900 [F( RULE .EQ. 9 ) THEN 

IF( SSHD .GT. SSHE .MO. X .GT. SSOBOT • .\NO. OX .LE. 0) THEN 
IF( X .GT. SSHD) THOI 

BTl F- (SSPTOP-SSYD) 1 (SSOTOP-SSHO) 
.... FOR UNBALANCED FORCE ••• 
Ue-lI:-S6HD 
UP-S't'Ip·UD 
p-SSY[)+UP 

E:LSE IP(X .LT. SSHD .AND. X .GT. SSHE) THEN 
ST I F- ( SSye-5SVE) 1 (SSHe-65HE) 
••• FOR UNBALANCED FORCE· ** 
UI>X-SSHE 
UP-S"l'IF*UD 
P-SSVE+UP 

ELSE IF(I .LT. SSHE .AND. J: .GT. SSDBOT) THEN' 
STI F- (S6VE-SSPBCT) 1 (SSHE-5S0SOT) 
••• FOR UNBALANCED FORCE ..... 
Uo-X-SSDBOT 
UP-STI F"'UD 
P-SSPBOT+UP 

ENDIF 

RUr,e:-9 
ELSE IF{6SHO .GT. SSHE .AND. 

X .LE. S5DBO'J' .AND. 01 .LE. 0 ) THEN 
RULE-4 
GO TO 400 

ELSE IF(5SHD .GT. SSHE .AND. OJ. .GT. 0 l THEN 
RULf:alO 
S5SPTP-5SPTOP 
SSSDTP-SSDTOP 
SS5P8T-PLA, 
SS6DBT-J.LA 
5'1'1 P- (SSSpaT-SSSP1'P) 1 (S5SDBT-SS5CTP) 
•• * POR UNBALANCE rO~E ••• 
Ue-X-Xt.A 
UP-STlr·uD 
P-PLA+UP 

E:LSE IF( SSHD .LT. SSHE .MD. 
I .LT. SSCTOP .AND. ox .GE. 0) THEN 

H'(x .LT. SSHD) THEN 
5'T I F- (SSPBO't'-SSVD) / (SSDBO'I'-SSHD) 
* •• FOR UNBALANCED f'ORCE ••• 
Ue-l'-SSHD 
UP-STIp·UD 
P-SSVD+UP 

EL6E IF(X .CE. SSHD .AND. X .LT. SSHE) THEN 
STI F- (SSve- SSVE 11 ( SSHD-SSHE) . I. FOR UNBALANC ED FORCE ••• 
Ua-I-sSHE 
UP-STI p·UD 
P-SSVE"UP 

ELSE IF(! .CE. SSHE .AND. I{ .LT. SSDTOP) THEN 
S'J'I P- (SSVE-SSPTOP) I (SSHE-6S01'OP) 
••• FOR UNBALANCED FORCE .... 
ue-x-SStn'OP 
UP-S'I'IF*UO 
P-5SPTOP"UP 

ENDIP 
RULE-51 

ELSE IF(55HO .LT. SSHE: .MD. 
X .GE. SS[.'PTOP .,l,ND. 01 .GE. 0 j TI-IEN 
RULE-4 
GO TO 400 

ELSE IF(SSHD .LT. 55 HE .AND. OX .LT. 0 ) THEN 
RULE-IO 
SSSPTP-PLA 
SSSOTP-ILA 
SSSP8T-SSPBOT 
SSSDBT-S5DBOT 
STI F- (SSSPB'I'-S6SF'T P 11 (SSS08T-SS5C1t'P) 
*** POR UNBALANCE FORCE **. 
Ue-I-lI:LA 
UP-BTl F*UO 
P-PLA"UP 

ENDIF 
IF( DEMA]: .LT. ABS(I) ) THEN' 

D~-ABS(I) 

DUC (1 )-DE)o(AX/( HAl" PACH) 
ENDIF 

H'S06140 
H1506750 
HlS06760 
H1'5015110 
1-1'506780 
1-1.15015790 
H160eeoo 
H1S0i!i810 
H1506820 
H1S068JO 
H'SOISBoiO 
H!S06850 
H1S06860 
H1S068iO 

HlS06880 
H1S06890 
Hl'S0I55100 
H'f'S06S110 
H,s06920 
H1S069JO 
H1506940 
H1506950 
HYS06960 
1-11506970 
HT5015980 
HTS06990 
H1601000 
H1501010 
H1S07020 
HY5010JO 
H1S07040 
H1'507050 
H1'S07060 
H1'S01070 
H'S07080 
H1S07090 
H1S01100 
H1S011.l0 
H1501120 
H1S0"'/130 
1-1.1507140 
HlS0i 150 
HlS0i 160 
HlS071"J0 
H1507180 
I-!IS01l90 
H15072ClO 
H1'S07';ll0 
H1S012:<10 
H1501430 
H1S0i240 
H1S07250 
H1S07160 
H1501210 
I-I.1'S07JSO 
H1501290 
HIS01JOO 
Ii1'S07310 
1-116013;;0 
li1507]JO 
H1S07J40 
H1S01)50 
HlS07 J60 
H1507J70 
HlS07 Jeo 
HTS07]90 
HlS01~OO 
HTS01410 
1-ITS01420 
H1S0HJO 
H1S01440 
H1'S01450 
H!501460 
H1501410 
H1S0H80 
H1S07490 
HlS07500 
H1S07S10 
HTS07520 

H1S01530 
HYS07540 
1-11507550 
H1S015150 
H1507570 
H!S01580 
H1'S01590 
H'501600 
H'SOHIO 
H1507620 
H15076JO 
H1607l5~ 0 
H1S07650 
HlS0Hi60 
I-IT507670 
H!SOHiBO 
1-115011590 
H1'S017QO 
H'S01110 
H,s01120 
H1S01"l]0 
H1507740 
HIS017 50 
H1S07760 
H1501770 
HTSOi780 
I-IT501790 
1-11507800 
H1S01810 
HIS07820 
H15078JO 
H150/840 
HlS07850 
H'S07860 
H1507810 
H1S01880 
H1501890 
1-11S07900 
H1S07!HO 
Hlso1920 
H'5079JO 
H'507940 
H1507950 
H1S0i960 
H1S079iO 
HlS0i980 
H1SC7990 
HYSOeoOO 
H'S08010 
HT508020 
H1S080JO 
H1508040 
HYS080sa 
Hl508060 
H'S08070 
HlS08080 
H1S0e090 
HTSOIHOO 
H1508110 



c 
c 

RE:I'URN 
r.NDIF 

C---RUt.E 10. 

C 
CoPA 

C 
C.PA 

IF{ RULE .EQ. 10 ) THEN 
IP{ S6HD .GT. SSHE ) THEN 

IF{ I .LT. 5S5tn'P .AND. I .G'T'. SSSDBT ) THEN 
RULE-I0 
STI P- (5SSPBT-iSSSP'l'P) / (5SSDBT-6S6tn'P) 

ELSE IF { J: • LT. S5SDD't" 1 THEN 
RULE·9 
~O TO 900 

ELiSE I P ( I • GT. SS6DTP 1 THEN 
RULE-7 
GO TO 700 

ENOIF 
ELSE IF( SSHD .LT. S5HE: ) THEN 

If( X .LT. S55DTP • .AND ••• GT. SSBDB'!' ) THEN 
RULE·lo 
srI f- ( SS6PBT-SSSPT P) / ( 555DBT-S55DTP) 

ELSE IF( J: .GT. SSSOTp ) THEN 
RULE·; 
GO TO 900 

ELSE IF( I • t.T. SSSDBT ) THEN 
RUt.E-1 
GO '1'0 100 

ENDIF 
ENOIF 

IFe DEI4AX .LT. ADSeX) ) THEN 
DEMAX-AB5eX) 
DUe( 1 )-OE:MAXI (HAl·FACH) 

ENOIF 
RETURN 

ENOIF 

END 

SUBROUTINE t.OQP(VAl, HAL, VC, HC, vB. HB, HO, yo, HE. VE, 
" SMl,5M2,rACH,rACV,rAC) 

VAl·VA/PACV 
HAl-HA/FAeH 
VCl·VC/FlI.CV 
HCl·He/rACH 
val·VB/rACV 
HBl·H8/PACH 

51'11.-( VC l-VB1) I (HC I-HBl) 
IP( (AB5(HCl)-ABS(H1r.l)+0.0042) .t.E. O.OlUi ) 'l'HEN 

5)1(2.-52 030::;OB* (ASS( HC 1 ) -ASS (Hi'r.l ) +0.0042) .. 8560'26 
EL5E IP( ("'SS(HCl)-ABS{HAl)+0.004j) .GT. 0.0126 ) THEN 

5)012--52030208*0.0126 + 8560'26 
ENOIF 
FACTl·.5 
PACT2- .1 
HL·HC 1-HBl 
vt.-VCI-VBl 
HI. HBl+HL* FACT 1 
Vl-VBl.vt.·FACTI 
H2· Ha 1 +HL· FACT'2 
v2-va 1 +vt.. PACT2 
HOI- (Vl+( Ht/5Ml) -VCl+5JoI2·HC1 ) /( 5M2+I/SMll 
VOl-S~2*HOI+VCl-5M2·HC I 
HE 1· HOI-HL* ( PACT l-FACT:ii) 
VEI-VOI-VL· (FACTI-PACT:ii) 
HD-HDl·PACH 
Vo-VDl"FAC .. 
HE-HEl-FACH 
VE-YEl-FACV 

RE'TURN 
END 

5UBROUTINE SLOOP(VC. HC. VB, HB, HD. VO, HE, VE, 
, 5Ml,SJoI2,PACH.FACV,FAC) 

VCI-VC/FACV 
HCI-HC/PACH 
val·VB/FACV 
H81·HB/PACK 

S~I· (VC I-V8 1 ) / (HC I-HSI ) 
5M2·4 4 7160 
FACTI".4 
FACT2".1 
HL·HCI-HBI 
vt..vCI-VBl 
HI" HBI +HL- FACT 1 
vl·VBl .. VL·FACTl 
H2·HBl+HL·FACT2 
v2·VBl+vt.·FACT2 
HOI· (V1+ (HI/SHI )-VCl+SM:ii.*HCl) / (5M2+lISMI) 
VOL· 5)012· HOI +VC 1-5M2*HCl 
HE:l· HDI-HL· (FACT1-FACT2) 
VEI.YDI-VL· (FACT I-FACT2) 
Ho-HOl·FACH 
Vo-vDl *FACV 
HE·HEl*PACH 
VE·VEl·PACV 

RE:'TURN 
END 

SUBROUTINE SRV{ P. FW) 
H( P .GT. 0 ) THEN 

RV-O 
ELSE IF( P .LT. 0 ) THEN 

RY·l 
ENDIF 

RETURN 
END 

C·*· ... *· HISTII •••••••••••••••••••••••• ** .......... * .. *** ............... . 
C DEBUG UNIT(I5) ,TRACE,5UBCHIt,INIT,SUBTRACE 
C END DEBUG 

PINO-5UARE:Z TOWE:R SHORT DIRE:CTION GIRDER MOMENT-ROTATION 
H'STERESIS r.(QOEL BASED ON HTSTERESI5 LOOP OF T2A GIRDER 

SUBROUTINE HTST1l (HOPT, S'l'I r, P, X, PLA.ILA, DP, 01, 
, FlV,RULE.PTOP,DTOP.PBOT,DBOT, 
, HA. VA, RATIO, PRINT, 
" EII(I ,DUC, EXCR, DEL' ,ESE. PSE, PSEOLD, CSE, OSJoIA.I. DUCMAX) 

DIMENSION DUC(3),EICR(6),ESE(3) 
LOGICI\.L HIGH,PRIWI' 

HYIS06ijO 
KY506lJO 
HT508140 
H1508150 
HT508160 
KT5081"/0 
HlS08i60 
HTS06190 
HTS08200 
HTS08210 
HTSOSnO 
HT90S'2JO 
H1609'240 
HI5082S0 
HTS08260 
HI508270 
HI508260 
HI60B290 
H!SOBJOO 
H!50BJIO 
H150eJ'20 
H150BJJO 
HlS08J40 
H!SOBJ50 
HYSOBJISO 
H'I509J70 
HI60BJ90 
H1508390 
H1506400 
81506410 
HIS08420 
HI50BOO 
HTS06440 
HTS06450 
8T509460 
HIS08470 
HTS08UO 
HT50B490 
HIS06S00 
HT60e~10 
H!60B510 
HI50BS30 
HI508S40 
HT60BS;0 
HT50BSIS0 
Hl'508570 
H'608580 
H'6085!i10 
H'I60B1500 
HI6081510 
H'I508620 
HlS0B630 
HY508640 
HI6081550 
HI50815150 
Hts086"/0 
HIS086BO 
HIS08690 
HISOB700 
HIS08710 
HI608nO 
HT50B"/ JO 
H1508740 
KI608750 
H!508"/60 
HT608770 
HTS08780 
HT608HO 
HT508800 
H'IS08810 
HJ60B820 
H'ISOB8JO 
HISOB940 
HI508850 
HIS06860 
H1508970 
HlS08860 
H'S08890 
H'508900 
H'S08910 
H'608920 
H1508930 
HT508940 
H'6089S0 
HT608960 
H'S08970 
HT608980 
HT508990 
H1609000 
H'!S09010 
HI609020 
H'fSO!ilOJO 
HT60!il040 
HI60!il050 
H160!il0150 
HI609070 
H'509080 
H'509090 
H'S09100 
81509110 
H'609120 
H'509130 
H'509140 
HT509150 
MI509I60 
HT609170 
HI509180 
H'509190 
HT609200 
HI509210 
HT5092'20 
H'I60r;J;jI30 
HI60!il'240 
HJ60r;J250 
KY509260 
HIS09270 
HTSOOOI0 
H'S00020 
H'500030 
H'S00040 
HT500050 
H15000150 
IH500070 
H'I500080 
HlS00090 
HI500100 
HY500110 
H'I500120 
H'I5001]0 
HJ600140 

..................... - ................................. - ......... -----..... --- KISOO 150 
DUC ---- ELE~ENT DUCTILITY RATE H'I600160 
EICiI. ---- ELEIoIEN't' EXCUil.SION RATE HYS00170 
ESE ---- ELE~ENT ELASTIC STRAIN RATE HlS00180 
PSE ---- ELE~ENT PLASTIC STRAIN RATE H'500 190 
P5EOLO ---- ELEJoIENT PLASTIC STRA1N RATE AT LAST ZERO CROSSING H'500200 
C5E ---- ELEIoIE:NT CONSTANT S"rRAIN ENERG' HTSOOHO 
RATIO ---- STRAIN HARTEN RATIO TO ELASTIC STIFFNE:SS H1S00220 
STIF ---- ELEJoIENT STIFF"NESS HTS002)0 
P ~-~~ CURRENT ELEMENT INT~RNAL FORCE HT500240 
X ---- CURRENT ELE)I(EN"!' INTERNAL DISPLACEMENT H1500250 
PLA ---- PREVIOUS ELEHENT INTEPJ.lAL FORCE HI500260 

50 

c 
c 
c 
c 
c 
c 
c 
c 
c 

XLA 
DP 
OX 
HIGH 
RULE 
PTOP 
",OP 

"0'\' 
DeO'\' 

---- PREVIOUS ELEM.E:N'1' INTERNAL DISPLACEMENT 
---- ELEHEN'I' INTERNAL FORCE INCREJoIENT 
---- ELEHEN'I' INTERNAL DISPLACEIoIEHT INCREJoI~ 
---- LOGICAL INOE;)[, IF P .G'l'. 0 THEN HIGH •• TRUE. 

---- RULE NUMBER 
---- REVERSEC LOADING POINT AT TOP ENVELOPE 
---- REVERSED DI 5P. POINT AT TOP ENVE'LClPE 
---- REVERSED LOADING POINT AT BOTTOM ENVELOPE: 
---- REVERSEC DISP. POINT AT BOTTOM ENVELOPE 

C HA,V'" ---- PI RS"l' BUCItLING POINT AT TOP ENVELOPE 
C DUCKAJ: ---- FAILURE OUCTILI'r' 
C 
C 

.GE. 1 PAl LURE DlJCTILITT CONSIDERED 

.LT. 1 rAILURE DUCTILIT' NOT CONSIDERED 
C • - -- ----••• ---.. ----- -_ ....... - .-- - - _. _. __ ........ __ .. ___ .... ____ ...... _____ •• 

c 
C - .... - ...... --.--..... --- •• -----
C - CHECI{. FAILURE DUCTILIT' --
C --••••• --- .. - ......... - ... ----.-

H( DUC(I) .GE. OUCMAX .AND. 
p-o 
5"I'IF-O.OOl 
RETURN 

ENDIF 

DUCKAX .GE. 1 ) THEN 

IF( RV .EQ. 1 ) HIGH-.FALSE. 
IFe RY .EQ. 0 ) HIGH-.TRUE. 

c 
C ............. - .............. --...... ------
C .. DEFINE ENVELOPE CONTROL POINTS· 
C - .. ----.... --................ ---.... - ... .. 

c 

IF( HOPT .EQ. 2 } THEN 
PTDp·YA 
PBO'l'·-VA 
DTDP·HA 
OBO'I'·-H1r. 

ENDIF 

IF( P .GT. 0 ) HIGH·.TRUE:. 
Ir{ P .LT. 0 ) HIGH-.FALSE. 
IF( HIGH) RV·O 
IF( .NOT. HIGH) RV.l 

C ----- ......... ----.......... ----
C .. DEFINE ENV~f:'E SLOPE -
c: .-----........ -----........ ---

SLOPI-V~/H ... 
SLOP2-R.ATIo·5LOf:'1 

HT500270 
HTS00280 
HT500:ii90 
HY500300 
HYSOOJI0 
HlS00no 
H1500))0 
HT500J40 
H'500350 
H'500l150 
H'SOO)70 
HISOO)eO 
HIS00390 
HTSOO~OO 

H1500410 
H'S00420 
HTSOOOO 
HT500440 
H'500450 
H'5004l50 
HI500470 
HT500480 
HT5004110 
HT500500 
Hl500510 
HlS00520 
HTS00530 
H'IS00540 
H'I500550 
H'I500560 
HT500570 
HT500580 
HT500590 
HT500600 
HT500~ 10 
HTSOOti::lO 
HTS00630 
HY5001540 
HYS00650 
H'I500~60 

H'500670 
H1500680 
HYS00690 
H'IS00700 
HT500710 
HTS00720 
HT5007)0 
HT500740 

IF' (PRIN'!) THEN HTS00150 
WIUTEe6, 561) RULE, HA. VA. HT500760 

, 5LOPl,SLOP2 Hl500710 
5157 PORJolAT(51, 'PINO-SUAREZ TOWER SHORT OIR. ~-R LOOP CONTROt. POINTS.' ,H'500780 

51, '-..... --.--............ _____ ......... _____ ....... -- •••• -----. ' , HT S007 110 

51, 'RULE ---------.' ,LX,GIO.4,1 HY500800 
5I,'(HA. VA) ----------',lX,'( ·.PI0.4,',',FI0.4,' )'./ H1500810 
51,'SLOPl --------- .. '.LX,GI0.4./ HlS00B20 , 5X.·SLOP2 ---------'.lX,GI0.4) H1500930 

EN DIE' H1500840 
c 
C .- ....... ---•••• -----••• - ••• 

H1S00850 
HI500660 
H'S00870 
H1500880 
HTS00890 
HJ500900 
H'S00910 
HT500;20 
HT5001130 
HT5001140 
HT500950 
HT500960 
HJS00910 
HT500980 
H'S00990 
HT501000 
HISOI010 
H'I501020 
H'I501030 
HI501040 
HISOl050 
HI501060 

C .. H'STERESIS lOOP RULES -
C ••••• - ••••• -.----•••••••• 
C'--RULE 11 

C 

H( RULE • Eg. 1 ) THEN 
IF( P .GE. PTDP .OR. P .LE. PBOT ) THEN 

RULE-2 
STIF-5LCP2 
.... UNBALANCED FORCE •• * 
IF( P .(iE. PTOP ) THEN 

UPl-f:'-PTOP 
UD-UPI/SLOPI 
UP2--UD·SLOP2 
P-P-(UPl+UP2) 

ELSE IF( P .LE:. PBOT ) THEN 
UP1·P-PBOT 
Uo-UPI/6LOPl 
UP2·-UD"SLO?2 
P-P-(UPl+UP2) 

ENDIF 

ELSE 
RULE'-l 
BTl F·SLOPI 

E:NDIF 
IF( OEJoIAJ: .LT. A8S(I) 

DEMA.J:-ABS(I) 
DUC( l)·OEHAl/HA 

ENDIr 
RETURN 

ENDIF 

) THEN 

C---RULE 2. 
IF{ il.ULE .EQ. 2 ) THEN 

IFe HIGH .MO. 01 .GT. 0 ) THEN 
RULE· 2 
S'TIF·6LOP2 

E:LSE IF( .NOT. HIGH • .AND. 01 .LT. 0 ) THEN 
RULE-2 
STIF-SLOP2 

ErL5E IF{ HIGH .AND. OJ. .LE. 0 ) THEN 
PTOP-PLA 
DTOp·ILA 
RULE-l 
STI F-6LOPI 
PBOT-PTDP - 2*VA 
DBOT-Dt'OP - (P'I'OP-PBOT)/SLQPl 
..... UN8ALANCED FORCE ••• 
Uo-I-DTOP 
up.uo· SLOP 1 
P-PTOP"'UP 

ELSE IF{ .NOT. HIGH .AND. OJ: .OE. 0 ) THEN 
PBOT"PLA 
D8OT-ILA 
RULE·l 
S"rIF·SLOPl 
P'rOP-PSOT + 2·"'A 
crrOP-DBOT .. (PTOP-PBOT) I SLOP 1 
.** UNBA.LANCED FORCE ••• 
Uo-l-DBO"r 
UP-UD*SLQPl 
P"PBOT+UP 

ENDIP 
IF( DEMAX' .LT. AB5CI) 

DEMAX-AB5 (X) 
DUC( 11·0EMAX/HA 

ENDIF 
RE:'TURN 
ENDIF 

END 

) THEN 

C· ••• • .. • HIS'l'l:1 •••••••• *** .............. * •••• *** ••••• * ••••• ** ••••••••• 
OEBUG UNIT ( 6 ) • TRACE. SUBCHIt, I NIT, 5UBTRACE 
END DEBUG 

THIS SUBROU'I'INE IS USED FOR NONLINEAR BE:.v4-COLUMN ANALYSIS, 
WHICH CAN ANALYSIS THE POSTPUCIl'ING, UNLOADING. AND RELOADING 
H'STERIS"l'IC LOOPS. 

HT501070 
H'50l0BO 
HT50 1090 
H'501100 
HY501110 
HTS01120 
HlS01130 
HT501140 
H'S01150 
H'501160 
HJ5011"10 
H'SOIIBO 
H'501190 
H1501200 
HTS01210 
HT501220 
HT501230 
H1S01'240 
HTS01250 
HTS01260 
HJ601270 
H'50l280 
H'I501290 
H"501300 
H'I50lJIO 
HT501320 
HY501330 
HYS01340 
H'50lJ50 
H1501360 
HI501)"/0 
H15013BO 
HTSOIJ90 
HTS01400 
H'IS01410 
HTS01420 
H'501430 
H1S01440 
H'I501450 
HlS01460 
HT501410 
H1501480 
H'I50 1490 
H'ISOlSOO 
H'S01510 
HY5015:20 
HIS015JO 
HYS01540 
HlS01550 
HJ501560 
H1500010 
HYS00020 
HT5000)0 
H1S00040 
HIS00050 
H"500060 
HT500070 
H"T500080 

__ .... ____ .... ___ ...... __ .............. ___ ._ ... _. _ • ___ •• ______ ... ____ ••• __ ._ HI SO 0 0 9 0 

SUBROUTINE HlS"l'12{ IOPT, NSEG, JS. EM. LIBN. HH. UU,H'S00100 
, ww , ZZ ,INEB, INEH, 5T , IREVl,IREV2,H'SOOllO 
, IREV), IRE:V4,IECOP,ECCXO, ECCIO. NUMP. HTS00120 



IOPT 

ELS , SMALL,RATIXO,R.ATITO, TO'l'A, IMD, 
ISPE ,OE:LTP2,52 ,SP ,ISTAR't' , pRIN'T, 
IELNO, ISTIF, IAlJ'rO,IMATER, 
RATIO), !R, G, QRNEE, ANEEE, 

RNP,IUFM, BETA, Eel, ECT, LJ, v, LJo, VO, GeD, 
EL, 01. DO, 000, TL, XLOC, fLOC, FGLOB, XGLO. 
EO. El, E2. TE, pR, TIR, SEA5AT, STF,RJo!DIAG, 
EEA6AT'. 'rPJT, 01', ClUMMl, PSK, Eecx, ECCT, 
FF 1, FAC:TOR, DPCOPT ,ASAT, E, DE, 
AO, B ,STR,OEP,EOP,S't'RP,TEP,EREF,SREf,fJL,Ftp) 
EII:I • OOC. EXC:R, OELT , ESE, PSE, PSEOLO, CSE) 

1 I FORMULATE THE INI1'lAL MEMBER STIFFNESS 
'2 • FORMULATE THE NONLINEAR ~EMBER S't'I FFNE5S 

RATIXO '" INITIAL IMpERFE:('TION OF THE Jll:EJoIBER IN X DIRECTION 
RATHO - INITIAL IMPERFECTION OF THE MEMBER IN T DIRECTION 
IECOp '"' ECCENTRIC LOAD OPTION 
W'III - ECCENTRIC DISTANCE IN X DIREC'l'ION 
zz. - ECCENTRIC DIS"l'ANCE IN 1 DIRECTION 
NUMP • TOTAL SECTIONAL POINT ON THE SEGMENT CROSS-SECTION 
ASAT ,. "'EMBER GLOBAL S"l'I FFNESS ""'TRn 
EEASAT - CONDENSED I(ATRIX 
CONMT .. RESlOOAL MATRIX 
00 - MEMBER'S DISPLACEI'IENT INCR£)I;ENT AT EACH D.O.F. 
NSEG - TOTAL NO OF SEGMENTS IN THE "'DI'BER 
IOOF .. TOTAL D.O.r. OF THE !IIE"'9ER 
ELS - TOTAL LENGTH OF THE !IIEMBER 
LUN - THE CROSS-SECTION LIBRARI NO. 
FLp .. FLAG FOR J1JDING LOCAL BUC!a.ING 

o • NO LOCAL BUC!a.IHG 
1-4 I LOCAL 8UCICLING OCCURRED 

IELNO '" THE STA81LITT !IIEMBER NO. 
NOME'" '" STSTEM MEMBER NO. 
RNEEE INDEI FOR LIMITING NORJo! OF DISPLACEMENT 

,ex 

,eT 

o • EEE .LT. QRNEE 
I • EEE .GT. QRNEE 
DISTANCE FROI'I REFERENCE COORDINATE (U,V.W) ORIGIN TO 
ECCENTRIC LOAD LOCATION IN U DIRECTION 
DISTANCE FROM REFERENCE COORDINATE (U.V,W) ORIGIN TO 
ECCENTRIC LOAD LOCATION IN V DIRECTION 

HTSOOIJO 
HTSOOUO 
HTSOOISO 
HTS00160 
HT600170 
HTS00190 
HTS00190 
HT600200 
HTS00210 
HT500220 
HTS00230 
HTS00'240 
HTS002S0 
HTS00460 
HTS002/0 
HTS00290 
HTS00290 
HT500300 
HTSOOJ 10 
HT500.320 
HTSOOJ)O 
HTSOO)~O 

HTS003S0 
HT600J60 
HTSOOJJO 
HTSOOJ90 
HT600J90 
HTS00400 
HT600~ 10 
HTS00440 
Hl SOO~ JO 
HTSOO~ 40 
HT500~ SO 
HT600460 
HT500410 
HTS00480 
HI600490 
HISOOSOO 
HT600S10 
HT600S20 
H1S00SJO 
HTSOOS40 
HTSOOSSO 

I~PLtcIT REAL(A-H.O-Z} HT600S60 
DI~ENSION NP( )'2.1'2). Ir~( 198), BE'l"AtNSEG),ECI(2),ECT(2) HTSOOS70 
DIMENSION U(NSEG.NUJIIP) ,V(NS8G.NU~P) .UO(NUI'IP) ,VO[NUI'IP) HT500S90 
DII'IENSION GCO( N5E(;. '2, ) J , 01 ( (NSEG+ 1) -6,1) ,DO( [NSEG+ 1)"6,1) , HT500590 

, OP ( (NSEG+ 1) -6, 1 J ,ASAT ( (NSEG+ 1)-6. (NSEG+l )"6) HT500600 
DIMENSION DOO«(N5EG+l)-6.1),EL(N5EG). TL(NSEG), XLOC(N5EG,l:ii) HTS00610 
01 MENSI 014 FLOC (NSEG, 12) , fGLOB (NSEG, 12) ,XGLO (NSEG, 11) , EO (N5EG, NUMP) HTS00610 
DIMENSION El (HSEG, NU!IIp) , E'2 (N5EG, NUMP) ,TE (HUMP) ,PR (NSEG, 9 ) HTS006)0 
DIMENSION E(HUI'IP),OE(N5EG,NU!IIP) HTS00640 
OIMENSION '1'1 R( NSEG, 9) , Slt( 12, 12) , RTSltR( 12, 121 , HT 6006 SO 

, SEASAT ( (NSEG + 1) -6, (N6EG+ 1)" 6) HTS00660 
01 MENSI ON S"l'F ( (NSEG + 1) - 15" ( (NSEG+ 1)"6 + 1) 12) ,S"l'R( NSEG, NUI'IP) HT 50067 0 
DIMENSION MOIAG( 199 ),OPCOPT«NSEG+l)-6,l) HTS006BO 
DIMENSION FACTOR( (NSEG+ 1 ) -6) , EEASAT ( 1'2, 12) ,TPJT ( 1'2, 1'2) , TEMP( 1.) HT 500690 
DIMENSION OOMKT«N5EG+1)-6,(NSE:G+1}1r6) H'500700 
DIMENSION R(12.12}, PSIt(N6EG,12,12), rGLO(1'2.1'2) HTS00710 
DIMENSION ECCI( 2). ECCT (2), AC (NUMP) ,Be NUMP). FFl( (NSEG+1) -6,1) HTS00720 
01 MENSION DEP (NSEG, NUMP) , EO P (N5EG, NUMp) , HT 600 7 JO 

, S"l'RP(N6EG,NUMP) ,TEp(NSEG,NUMp), H'500740 
, EREF (NSEG, NUMP) , SREf( N6EG, NUMP) HT 5007 SO 

DIMENSION OOC(),O:CR(iS),ESE(3) HT5001iSO 
OII'IENSION ANP( NSi:G, 12) , RI f'M{ (N5EG+l ) 1r15) , RJo!DI AG ( (NSE:G+ 1) -6+1 ) HT 50017 0 
OII'IENSION fJ'L(NUMP) H'SOO7aO 
LOGICAL PRINT. BUGS HT5007!il0 
REAL INSB, INEH HTS00900 

9UG6-.fALSE. 
FLP-O 

HTS00810 
HTS00820 
HTSOOBJO 

GO TO (740, 140, 200),IOPT 
14 0 CONTINUE 

H'600840 
HT500850 
HT5008iSO 
HT500870 
HT500880 
H!SOOS5IO 

looF-(N6EG+1) 1r 6 
ET-TS/EM 

DEFINE LOCAL BUCIO..ING FLAG 

'" 
00 6iS6 IIt-l,NUMP 

fJ'L(IIt)-O 

DErINE SEGMENT GL08AL AND LOCAL D.O.F. RELATION 

NP( 1,1 )-IOOF-14+1 
NP( 1,:<1 )-IOOF-12.4 
Np( 1, 3)-IOOf-14+) 
Np( 1,4 )-IOOf-12+4 
NP( 1, 5)-IOOF-14+5 
NP(1,6)-IOOF-12·6 
NP (NSEG, 7 ) .. I OOF-12+7 
I'll' (NSEG, 8)" I OOF-12+S 
NP( N6EG, 5I!) -I OOF-12.5I! 
NP(N5EG,10)-IOOF-14+10 
Np( NSEG, 11) -IOOE'-14+11 
NP(N5EG,12 )-IOOF-l2+12 

IF ( N6EG .EO. 1 ) GO TO 3060 
00 304 1-l,NSEG-l 

00 304 J-7, 1:01 
It-I"6-6 
"'P{I,J)-Jl:+(,J-IS) 

304 CONTINUE 
to )06 1-'2,N6EG 

00 J06 ,J-1.6 
11:-1 -6-6 
NP(I,J')-"'+(J-6) 

306 CONTINUE 

H!S005l00 

J060 CONTINUE 
e 

H!S005l10 
H!5005l20 
H!5005l30 
HTS00940 
H!5005l50 
HT500960 
HTS005l70 
HTS005lS0 
HT600990 
KTSOI000 
HT501010 
HTSOI020 
HTSOI030 
HT501040 
HTSOI050 
HT501060 
HT6010'l0 
HT6010S0 
H'60105l0 
HTSOI100 
HTSOl110 
HtSOl120 
HtSD 1130 
HtSOl140 
HtS01l50 
H'S01160 
HT5011iO 
HIS011eo 
HTS011510 
HTS01200 
HT501210 
HT501220 
HTS01230 
HTS01240 
HTS01250 
HT501260 
HTS01'270 
HTS01290 
HTS012510 
H!601JOO 
H'SOlJ10 
H'50U20 
HTSOIJJO 
HTSOIJ40 
H'l'S01350 
H'l'SOUiSO 
HTSOl370 
HT501380 
HT5013510 
HTSo1400 
H'I501410 
H'I50142o 
HTSOl430 
HT501440 
HTS01450 
HTS01460 
HTS01470 
HT501480 
Ht6014510 
HlS01500 
HtSOlSl0 
HlS0 1520 
HtSOl5Jo 
H1S0154o 

C DEFINE FORCE-MOMEN'I' INca 
e 
e 

e 
e 

00 51012 1-1. IooF 
IF !II ( I )-0 

9012 CONTINUE 
IFM(IDOF-12+4)-1 
IFM( IooF-12+5 )-1 
I FM( I OOf-l2+iS )-1 
IFM( lDOF-12+10)-l 
I FM( I oof-12+11 )-1 
I FM( I OOf-12+12)-1 

IF ( looF .EO. 1:01 ) GO TO 45.35 
00 JoS I-l,NSEG-l 

J-I"6 
IFM'{J-2)-1 
IfM(J-l )-1 
IFH(J )·1 

308 CONTINUE 
4S3S CON"I'INUE 

DEFINE SECTION POINTS AND SECTIONAL LOCAL COORDINATES 

CALL LI8{LIBN, HH,UU,W, ZZ, IHEB, INEH,ST, 
, I REV1. IREV'2. IREV3, I REV4, I ECOP, I ELNO, 
, UO,VO.AO,B,ECCXO,ECCTO.NUMP) 

DO SO I-l,NSEG 

51 

8E."TA(I )-0. 
00 SO J-l.NUMP 

U( I,J')-UO(J) 
V( I ,J'l-VO(J') 

50 CON'1'INUE 
IF( IECOP .EQ. 1 ) THEN 

ECX( 1 )-ECCXO 
ECX(2)-ECCXO 

ENOl:' 

EC1( l)-ECCtO 
E'Ct(2)-ECCTO 

IF( PRINT) THEN 
WRITE( 6, 54 J) I ELNO 

543 FORMAT('l','THE STABILITT MEM9ER ',IS, 
, SECTIONAL LOCAL COORDINATE.' I) 

W'UTE(6,544) 
544 FORXAT( IX,' SEC. ELE)IIENT 

00 S4:, l-l,HUMP 
WRITE(6, S46)1 ,UO{I), VOl I) ,AC( I J, B( I) 

5Ui FORMATe I 5, '2X, JGI0. 4, 2X, IP ,G10. 4) 
545 CONTINUE 

ENDIF 

READ EACH NODAL POINTS' GLOBAL COORDINATES 

00 20) I-l,NSEG 
00 203 J-1,2 

00 203 It-l,J 
GCD(I,J',K)-o. 

20J CONTINUE 
TEMPP-O 
00 )07 l-l.HSEC 

IF(NSEG .EQ. 1 ) THEN 
SEL-ELS 
EL(I )-SEL 
GCO( 1,1,3 )-'I'EMpp 
GeO( 1,2,3 )-'I'EMpP+SEL 

AREA 

ELSE IF( I .EQ. 1 .OR. I .EQ. ((NSEG-2)/2)+1 
.OR. I .EQ. «N6EG-2)/2)+2 .OR. I .EQ. NSEG 
.AND. NSEG .NE. 1 ) THEN 

SEL-SMALL 
EL(I)-SEL 
GCO(I,I,3)-TEl'IpP 
GCO( t, '2, J )-TEMpp+5EL 
TE",PP-TEIIIPP+SEL 

ELSE IF( I .NE. 1 .OR. I .NE. «N6EG-2)/2)+1 

ENDIF 
.307 CON'I'INUE 

.OR. I .NE. «N5EG-:<I)/2)+2 .OR. I .HE. N5EG 

.ANO. NSEG ,NE. 1 ) THEN 
SEL- ( ELS-4" SJr4ALL) I (N6EG-4 ) 
EL( I )-SEL 
GCO(I,l,l)-TEMpP' 
GCD( I, '2, J )-TEMPP+SEL 
TEMPP-TEIoIPP+SEL 

IF( PRINT) THEN 
WRITE(6,5J7)IELNO 

S3'1 FORJ(AT('l'.'STABILITT ELEMENT',IS, , SEGMEN'I", 

LENGTH' ) 

, ' END'S COORDINATES IN LONGITUDINAL DIRECTION') 

c 

WRITE(iS, 5J9) 
S38 FORMAT{ll,' SEGMENT A-END 8-END') 

to 539 I-l,NSEG 
WRITE(6, 540) I ,GCD( I ,l,J) .GCO(I ,2, 3) 

S40 FORHAT(lI,I5,'2GlS.6) 
S39 CONTINUE 

ENOIF 

INITIALIZ THE MEMBER GLOBAL DISPLACD1ENT AT EACH D.O.F 

DO 157 1-1. IOOf 
01(1,1)-0 
00(1,1)-0 
OPCOP' ( I , 1)-0 

lS7 CONTINUE 

INITIALIZ THE MEMBER STIFFNESS MATRII 

DO 6S66 I-I. I ooF 
00 e66iS J-l,IOOF 

ASAT{I,J)-O. 
6666 CONTINUE 

C GENERATE THE INITIAL IMPERFECTION DEFLECTION 
e 

e 

NOOF-IOOF 
1'1-3.141551:016 
00 llO I-l,HOOF 

000(1.1)-0. 
110 CONTI NLJE 

00 l1S l-l,NSEG 
DOO (NP{I, 1),1)- (RATIXO-ELS) -SIN( PI -GCD( 1,1,3) JELS) 
000 (NP( 1,7),1)- (RATIIO-ELS) -SIN( PI "GCO( 1.:01,3) JELS) 
COO(NP(I.:2), 1)- (RATITO-EI.S) -SIN( PI -GeD( 1.1,) IELS) 
000(NP{I,8), 1). (RATITO-EL6) -SIN( PI IrGCO( 1,2,J) IEL6) 

115 CON'l'INUE 
IF(PRINT) THEN 
WFHTE(6,534 )IELNO 

534 FORMAT(/lll,'THE INITIAL IMPERFEC'1'ION OF ELEMENT ',IS,',') 
WRITE(6,i34) 

1J4 FORJo(AT(ll,' 00E'. IMPERFECTION') 
00 53S l-l,IooF 
WRITE(6,536)I ,000(1,1) 

5315 fORMAT(lX,I5,6X,lP,GI5.iS) 
5JS CONTINUE 

ENDIF 

C GENERATE THE SEG~ENT LEHGTH (INCLUDING THE INITIAL IMPERFECTION 
e 

e 

DO 912 r-1.NSEG 
EL( I ).SQRT (EL( I )"'4.( OOO( NP( 1,8) ,1) 

-OOO(NP(I,:oI),l»"':il 
+( DOO(Np(I, i), 1 )-DOO(NP( 1,1),1»"2 ) 

TL(I)-EL(l) 
912 CONTINUE 

IF( PRJN'!') THE:N 
WRITE(6,9B) 

511'5 FORXAT( 1111. 'THE 6EGMElM' LENGTH.') 
WRITE(6,5116) 

916 FORMAT(ll, 'SEGMENT LENGTH') 
WRITE(iS, 5117) (I. EL( I) ,1-1 ,N5EG) 

51li FORNAT{I5,~15.6) 
ENCIF 

C HHTIALIZE THE r.ocAL DISPLACEMENT AND LOCAL INTERNAL fORCES 
C AND GL08AL INTERNAL fORCE 

DO 3:il51 I-1.NSEG 
DO J29 J-l, 12 

XLOC(I,J)-O. 
FLOC(I,J')-O. 
FGLOB(I.J)-O. 
XGLO(I.J'}-O. 

J29 CONTINUE 

INITIALI ZE THE SECTIONAL STRAIN AND BETA VALUE6 

00 325 I-l,NSEG 
BETA{I)-O. 
00 3.5 J.l, NUMP 

EO(I,J)-O 
El (I ,J)-ET 
E'2(I.J)--ET 

H'l'S015S0 
H!601560 
HTS01570 
HtS01560 
H'501S90 
HT601600 
HtS01610 
HT601iS20 
HtS01630 
HTS01640 
H15016S0 
HT501660 
HtS016'70 
HT501680 
HIS01690 
H'SOl'100 
HTSOlilO 
1'.1 SO 17 20 
HTS017 JO 
HTSOIHO 
HTS01750 
HT501'160 
HY501770 
HYS017BO 
HTS01790 
HT501800 
Ht501&l0 
H'SOIB20 
HT501BJO 
H1S01e~ 0 
Ht501850 
HTS01e60 
HTS019iO 
HT601eeO 
H'S01890 
HT601900 
HTS01910 
HTSOl5120 
HTSOI51JO 
HTS01940 
HTS01950 
HtSOI5160 
11"501970 
H'SOlgeO 
HT601990 
HTS02000 
H1S02010 
HTS02020 
HTS020JO 
KTS0'2040 
HTSO:il050 
HT602060 
HT502070 
HT6020BO 
HTS02090 
HT502100 
H!502110 
HTS021:ilO 
HTS02130 
H'l'60:ol 14 0 
H'l'S02150 
H'l'S02160 
H'l'S0'211o 
H'I60:ol1eo 
HT502190 
HTS02200 
H'I502'210 
HYS04240 
H'l'S02230 
H!50:l24o 
HTS02250 
HT602260 
HT502270 
H'S02280 
HTS022510 
HYSO:il300 
HTS02JIO 
HT602320 
HTSO:ol330 
HTS02340 
HT602JSO 
H'502JiSO 
HTS02370 
HT602380 
HT5023510 
HT502400 
HTS02410 
HT602420 
1'.'502430 
HTS02440 
HTS02450 
H!SO:il4iSO 
H!502410 
H'502490 
H'5024510 
HTS02500 
HT50:il510 
Ht6045:il0 
Ht50:il5)0 
HTS02540 
Ht50:il550 
HTSO:ilSiSo 
HtS02570 
HTS045So 
H'IS025510 
HTS02600 
HTS04610 
HTSO:il620 
HT502630 
HT50'2iS40 
HTS02650 
HT602660 
HIS02670 
HtS026eo 
HT5026510 
H1S0'2100 
HT502710 
HT5027;Z0 
HTS027JO 
HTS02740 
HT5027S0 
Hr502160 
HYS02770 
HTS02780 
HT5027510 
HT502800 
HT602810 
HT502820 
HTS02830 
HrS02B40 
H'6028S0 
Hr6028150 
Hr502B70 
HTS02880 
HT602B5I0 
H'l'602900 
H'l'6025110 
H'!'5025120 
H'!'50251JO 
H'!'5025140 
HrS025150 
H'l'S025160 



c 

32S CONTINUE: 

00 112 I·l.N5E:G 

~INE: THE: R01''''1'ION AA1'RI.I ~E TO INITIAL IHPE:Rf'OCTION E:~FE:C" 

PRj I, 1 )-1. 
PR(I,:<I )·0. 
PRj 1,3)·0. 
PRO, 4 )·0. 
PR(I.5)-I. 
PR(I, IS )·0. 
PR(I, 1 )·0. 
PR{I,9)·0. 
PRe I ,9)·1. 

K ..... 01 (NP( I, 1),1 )+GCO(I, 1,1 )+DOO(NP( I .1),1) 
n·Ol (NP( 1.:<1).1 )+GCO(I, 1,2 )+DOO(NP( I ,:<1) .1) 
ZA·Ol (NP(I ,3),1 )+GCO{I, 1, 3)+OOC(NP( I,]) .11 
ROIA"OI(NP{ 1,4),1 )+ooO(NP(I, 4),1) 
Ror ..... 01 (NP(I, 5),1 )+COC(NP( 1,5),1) 
ROZA"OI (NPO,6).1 )+ooO(NP(I, 6).1) 
KB"OI(NP{I,1), 1 )-t-GCO(I .2.1) +COO(NP( I.1) ,1) 
,.a·01(Np(I .8),1 )-t-GCO(I, 2, :<I)+DOO(NP( I,8), 1) 
n·Ol (NP(I.9).1 )+GCO(I.2 ,3)+OOO(NP( 1,9),1) 
ROxa·Ol (NP(I, 10).1 )-t-OOO(Np{I, 10), I) 
RO!B-OL (Np(I, 11).1 )+DOO(Np(I .11).1) 
ROZ8·01 (NpO.1:<I), I) "COO(Np(I ,12), I) 

OXA"OO(NP(I,I),I) 
orA"OO{NP(I,2),I) 
OU·OO{NP(I.]),I) 
ORDU"OO{Np(I.4), 1) 
OROlA-OO(NP(I. 5).1) 
OROZA-OD(NP( 1.6).1) 
DXS"DD(NP( 1.1).1) 
DU·DD(NP( 1.6). I) 
OZe-DD(NP(I.9) .1) 
OROXB-DD(NP( 1.10).1) 
ORO!'B-DD(NP( 1.11).1) 
OROZB-DD(NP( 1.12).1) 
IF(PRINT') T'HE:N 
WRITE:(6.8088) 
WRI TE (6, e089) XA.I A. ZA. ROI .... ROI ... , RDZ ... , 

xe.l' e. ze. ROIB, ROle, ROZB, 

E:NOIF 

ox .... 01 .... CZ .... CROIA, ORor .... DROZ .... 
OXB, 01 e, oze, OROIB, OROTB. OROZ e 

VA.RI,I"e~E5 FOR THE ROT ... TIONAL ~TRIX DUE TO INITIAL HIPER~E:CTIDN 

UXO"pR( 1,1) 
U"0"pR(I,2) 
UZ O· PRO, 3 ) 
VXO.PR(I ,4) 
VYO·PR(I,5) 
VZO"PR(I.6) 
Ii'XO"PR(I,1 ) 
,"0..-PR(I,8 ) 
WZO-PR( I ,9) 

C CM.CULAT£ ROTATIONAL ~TRlX OF 5EGMENT 
C 

c 

CALL ROP4A (IA.IA, tA. ReXA, ROI A. PaZA. OIA. OIA. OZA, DROIA, OROrA, ORDZA. 
Ie .IB. 2.B, ROle, ROI e. Raze. DXB. C18, DIB. OROle. DRor e, OROZB, 
ROWAO. RPWBO, VXO. VTO. VZO, WXO .WTO .NZO. I. 
R. pR, BE:'I'A. TL. PRINT. N6EG. I ELMO) 

TIR(I.l )-R( 1, I) 
T!R(t .2)·R( 1, 2) 
TIR(I.J)-R(l.J) 
TIR(t .4)·R(2.1} 
TIR(I.5)"R(2.2) 
TIR(1.6)·R(2.J} 
TIR(I.1 )-R( J,I) 
TIR(I.B)·R(3.2) 
TIR(I.9)·R(3.3) 

C GENERATE THE INITIAL ROTATIONAL MATRIX OR PREVIOUS RO'l'ATIONAL 
C MATRIX 
C 

c 

FIND SEGMENTS' PRINCIPAL AXIS AND MATERIAL PROPERTIES 
( SUBROUTINE STRATE AND JUDEL ARE CALLED BT PRINC l 

CALL PFlINC(O •• 0., 0 •• I,PRINT.ST.'T01'A.LIBN. 
E:M. ~ ,G. IS, 10M .NUMP.NSEG. 
EA,EIU,EIV,GIt'I'. 
I REVl, lREV:i!, IRSV], I RSV4, UCO, VCO. I £LNO, lMATER. 
AO,B.SETA.EO,El,E:iI,U,V,UO,vo ,'TE,E,OE. 
INEB,INEH,F'JL. 
RATI03. I R, STR, OEP, EOI', STRp.T EP. EREf'. SREF. FLP) 

C CALCULATE: OCCENTRICITIES Of' TWO E:No-SEGfI'IE!N'l'S 
C 

c 

IF( I .EQ. 1 .OR. I .EO. N5EG ) THEN 
IF( IECOp .EQ. 1 ) THEN 

CAL!. ECCENT(NSEG.UCO.YCO,I,O •• 0 •• Ee:!, 

ENDIF 
ENDIF 

E:CT, ECCX, ECCI. PRINT ) 

C CALCULATE INITIAL ROTATION P4ATRIX OF SEGMENT 
C 

c 

U,"OI (NP(I.1), I)+GCO(I .1.1 )+DOO(Np(I.1),1) 
tA.01 (HP(I,:iI).1 )+GCC(I, 1 ,2)+OOO(NP(I ,2) .1) 
U"C1(HP{1 .3).1 )+GCC(1, 1,3)+000(Np(1 ,3).1) 
ROXA·OI(NP(I.4) ,I ) +000 (I(P(1 .4).1) 
ROl'A-Dl (NP(I. 5).1 )+OOO(Np(I .5).1) 
ROU·Ol (NP(I .6) .1)+DOO(Np(I .6).1) 
XS-Ol(NP(I. 7) .ll+GCO(1 .2.1)+DOO(NP(I.1).1) 
TS.01(NP(I.9) .ll+GCD(I .2.2)+000(NP(I .9).1) 
ze-D1 (NP( 1.9). I) +GCO( 1,2.3) -t-OOO(NP( 1.9).1) 
ROn-DI(NP( I. 10}. I} +DOO(NP( 1.10).1) 
RO'B-OI(NP( I .11) .1) +OOO(NP(1.111.1) 
ROZe-DI( NP( 1.12), I} +DOO(NP( 1. 12). I) 

OXA-OC(NP(I,I).l) 
OTA-OO(NP(I.2).I) 
DZA-OD( NP( 1,3). I J 
DROIA-DD(NP(I,~).I) 

OROTA.DD{NP( I. S). l) 
DROZA-OD(NP( 1,6), l) 
DXB-OO(NP(l,7I,l) 
OIS·OO(NP(I.S).I) 
OZS·OO(NP( 1,9) ,1) 
OROIB"OO(NP(I, 10),1) 
DROIS'"OO(t-IP( I,ll), 1) 
ORoZe"oO(NP(I, 12),1) 
I FC PRINT) THE:N 
W'RITE(6,80SB) 
WRITE( 6,8089) KA, rA, ZA, ROXA. ROTA, ROZA. 

KB, rB, ZB, ROxe, ROIS, ROZS, 
Dr.A. O'A, OZA, DROIA, oROIA, OROZA. 

• Dxe,Dls.DZB,OROle.OROIB,oROZB 
ENDIf' 

C VARIABLES FOR THE: INITIAL ROTATIONAL MATRIX 
C 

UXO·TIR(I.I) 
Ul'O"Tl R{1. 2) 
U~O"TIR( 1,3 l 
VXO"TIR(I.') 

HYS02910 
HTS029BO 
Hl'602990 
Hr50]000 
Hr503010 
HI503020 
HrS03030 
HYS03040 
HrS03050 
HrS03060 
H,.SO]070 
H1SO]OBO 
H!SO]090 
HrS03100 
HIS03110 
H1S03120 
HYS03130 
HrS03140 
H,.S0:3150 
HIS03l150 
H!S03170 
H!S03180 
H!S03190 
H!S03200 
H!503210 
H!S03220 
HTS03:<130 
H!S03240 
HTS03:i!50 
HTS03260 
HTS03270 
HTS032BO 
Hl'S03290 
H1S03300 
H1S03310 
H1603320 
H1S0J3JO 
HIS03J40 
HTS03:350 
HIS03360 
HIS03310 
HIS03JBO 
HTS03390 
HTS03400 
HTS03410 
HIS03420 
HI503430 
HIS03440 
H!603450 
HtS03460 
HISOJ410 
HISOJ4eO 
HIS03490 
HIS03500 
HTS03510 
HrSOJ520 
H'S03530 
HTS03540 
HTSOJ550 
H1S03560 
H1S0J510 
HTSOJ5eO 
HTSOJ590 
HTS03600 
HTSOJ610 
H1S0J620 
HTSOJ6JO 
H1503640 
HTS03650 
HTS03660 
HTSOJ610 
HTS036eO 
HT503690 
HT50J100 
HTS03110 
HTSOJ120 
H1S03130 
H1603740 
H1S0J150 
HISOJ760 
H1S03770 
HIS031BO 
HIS03790 
HIS03BOO 
HIS03BIO 
HTSO]B20 
HTS03B]0 
H1S03840 
HrS03850 
HTSOJ860 
HTS03870 
HlS03880 
H!'S03890 
HIS03900 
H!S03910 
HTS03920 
HTS03930 
H1603940 
HIS03950 
HI603960 
HI603910 
HT603980 
HI503990 
HT504000 
H1604010 
HI5040::10 
HI504030 
HI604040 
HI504050 
HI604060 
HTS04010 
HTS040eO 
H1S04090 
H1S04100 
H1S04110 
HTS041::10 
HTSO'130 
HTS04140 
HTSO'150 
HTS04160 
HTS04110 
HTS04180 
HTS04190 
HTS04200 
HTS04210 
HTS04220 
HT504230 
HTSO'240 
HTS04250 
HTS04260 
HISC4:210 
HT504280 
HTS042!i10 
HIS04300 
H'504310 
HTS04320 
HT604330 
HI604340 
HIS04350 
HI504360 
HI50010 
HISOOBO 

52 

c 

YTO"TIR(I,S) 
YZO"TIR( I .15) 
'InIO"TIR( J, 1) 
Wl'O"TIR( 1.9) 
w20"TIR( I .9) 

C CALCULATE RO'TATIaNAL MATRIX OF SEG)o(ENT 
C 

CAL~ ROMA (IA. TA. ZA. ReXA. ROTA, RaJA, OIA. DJA, DZA. OROIA,CROl'A,CROZA, 
• 18, TB, ZB. ROIB. ROTs, Raze, OKS. 01 B, OZB. DROIB, OROl'B, OROZ8. 

DEC·O. 
o:::u-o. 
o:v-o. 

ROWAD. RONBO. V'l0. V10, VZO, wxo. WlO. WZO. J. 
R. PRo BETA. TL. PRI NT. NSEG, I E:LNO) 

IF(PRINT) THEN 
WRITE(IS,532lI 

532 FORMAT(lX,'SEGJlltNT '.15.' THE: INITIAL RO'l'ATIONAL ""'TRU;') 
WRITE(tS,533) (TIR( I .J) .J.l,9) 

533 FORMA'r(JG15.tS) 
ENOIP 

FORMULATE THE SEGMENT'S LOACL STIFFNESS MATRIX 

CALL E~ESTI( NSEG.I.IELNO.PRINT.ISTIF, 
EA.EIU.EIV,G-.:r.EL.FLOC,PSIt.SIt ) 

c 
C TRANSFER SEGM:ENT'S LOCAL STIFFNESS TO GLOBAL STIFFNESS 
C 

C 

00 101 11"1, 12 
DO 701 JJ·1,12 

DUMMY (II, JJ)"O 
DO i01 1t1t-1, 12 

707 DUMMY (I I, JJ)-OUMMJ (11 .,J,J) +SIt( I I, Itlt) -R( Itlt, JJ) 

DO 10B 11-1,12 
00 108 JJ·I,I:<I 

RTSltFl(II.JJ)"O 
00 iOB U-l, 12 

10B RTSItR(I I, JJ). R'l'SItR( II • JJ) +FI (ltlt, I I ) - DUMMY (ltlt, JJ) 

C ASSEJoIeLING SEGMENT GLOBAL STIFFNES6 TO MEHeER 
C CE:NTROID S'T'IFFNESS ""'TRII 
C 

c 

DO 85 J·l,1::1 
00 85 JJ·1,12 

ASAT (NP( I. J) ,NP( I, JJ) )-A6AT(NP( I .J) .NP(I .,J,J) )+RTSItR(,J, JJ) 
B5 CONTINUE 

112 CONTINUE 

PRIN'l' OUT 'ritE STABILITr MEJIIBER STIF~NE:SS MATRIX 

I F( PRINT ) 'rHEN 
WRlTE( 6 .1200 )IELNO 

1200 FORMAT(·I'.' THE' ST"'SI!.ITI MEJoI8ER'.I3.' ASAT MATRII;'!) 
00 IJOO I·I.looF 
WRITE( 6.1340) (ASAT (I, J), J-1, IOOF) 

1]40 FORMAT ( 11.6G1.2.6) 
1]00 COt-iTINUE 

E:NDIf' 

C M:EJIItORIZE THE STABILITY E'~E:MENT STIFFNESS 
C 

c 

00 986 I-l.IOOP 
00 9B6 J-I.lOOF 

SE:ASA"( I. J)·ASAT( I, J) 
9BtS CONTINUE 

C CONVE:RT ASA'!' MATRII TO HALF' STORAGE A.NO 8A.NOED MODE 
C 

C 
C 

NOOST·JDOF 
JSTOR--NOOST* (NooST+l) 12 

CALL SIt1( ASAT. STF.N'OOST, JSTOR, loof', MDIAG, IMO) 

FINO CONDENSED STIFFNES6 MATRIX CORRE6POtJDING TO TWO-END 12 COF 

IF' ( IOOF .Eg. 12 ) GO TO 4532 
LI-1 
L2"IOOf'-1:Z 
CALL GAUS62( I. PRINT. lOOF,IMD. NDOST, I,Ll, L:Z, MDIAG, ST~. DPCOPT. 

S FACTOR. J'STOR) 

4532 CONTINUE: 

C CONDENSE ASAT MATRIX TO G£'T' CONDENSED MATRIX CORRESPONDING TO 
C TWO ENOS TWELVE: oaf' OJ RECTIONS 
C •• - •••••••• - .... --•••• - •••••• ---------•• - ................... - ••• -.----
c 

LI·lOOF-12 .... 1 
L2-IooF 
CALL CONVeR( PRINT. STF, EEASAT .NOOST .,JSTOFl, looF, IMD. 

S 12.Ll.L2 .... 0IAG) 

IF( IECOP .E:Q. 1 I THEN 
CALL TRANIt(EE.A6AT.ECCX,ECCI.TPJ'T) 
IF(PRIN'I') THEN 

WRITE(tS •• ) '1'.' THE FINAL EEASAT MATRIX APTER CALr. TRANItI' 
CALL pRIN( EEAS""'T.12,12.12. 12) 

£HOIF' 
E:NDIF 

DO J65 I·LNSEG 
DO 365 J'·l, 1::1 

]tS5 RNP(I.J)·NP(I,J) 
DO 326 I-I,(NSEG+l)·6 

326 RIFJoI.(I )"IFM( I) 
00 327 t·I.UISEG-t-l)·15+1 

327 RMOIAG(I)-I4DIAG{I) 

RE."TURN 

HTS04JSlO 
HTSOUOO 
H!SOU1C 
Hl'S04420 
HIS044 30 
HISOU40 
H!S04450 
HTS04460 
Hl'604410 
Hl'504490 
H1504490 
Hl'S04500 
HISOt 510 
HIS04520 
HIS04530 
HIS045(0 
H1S04550 
HTS04560 
HTS04570 
HTS04 seo 
HISO( :'90 
HY504600 
HT504610 
HTS04620 
HIS046JO 
HTS04640 
H1504650 
HTS04660 
HTS04610 
HTS0468C 
HrS04690 
Hl'S0470C 
HT504110 
HIS04120 
H15047 30 
HIS04HO 
HT50nSO 
H'S04760 
H'S04710 
HTSOnBO 
HTS04790 
H'504600 
HTS04810 
H'504820 
HI504930 
HIS04840 
HTSC4850 
HIS04860 
HIS04870 
HrS0488C 
H'I'504890 
Hl'504900 
Hl'S04910 
Hl'504920 
Hl'S04930 
Hl'504940 
Hl'504950 
Hl'S04960 
HI504910 
H'fS04990 
HTS04990 
HI505000 
HTS05010 
HI505020 
HISO~030 
HTS05040 
HTS05050 
H1S05060 
H150S010 
HT505080 
H1S05090 
HT505100 
HT505110 
HTS05120' 
HISOSlJO 
HTSOSUO 
H'5051S0 
HTS05160 
H'50S110 
HJSOS180 
HTS05190 
H150S200 
HT505210 
H1505220 
H1S05230 
HTS05240 
H1S05250 
HTS05260 
HT505210 
H1505260 
H1505:290 
HTS05300 
HT505310 
HT505J::I0 
HT50S3JO 
HTS05340 
HTS05350 
HrS05360 
H'50S310 
HISOS3BO 
H'SOSJ90 
H'505400 
HTS05410 
HTS05420 
HIS054J0 
HT50S440 
HT50S450 
HTS05460 
HTSOS4iO 
HIS05480 
HTSOS490 
Hl'505500 
Hl'S05510 
HYS05520 
HTS05530 

C HT505540 
C.- .... --•••••• ------- ( 10M ":<I ) ••••••••• -----••• --------.................... H!505550 

200 CONTINUE Hl'S05560 

c 
C DEFINE PARAMETERS 
C 

lOOF'-(NSEG+I) -6 
NOOF"IOOF 
NOOST"IOOF 
JSTOR-NDOST * (NDOST+ I ) /2 
EY-YS!EH 
RNEEE"O 
IF( IST"'R'l' .LT. 5 ) THEN 

ISTART-ISTART+l 
ELSE 

IS'TART·S 
ENOIF 

co 425 1"1, NSEG 
DO 4::15 J-l, 12 

425 Np(LJ)·RNp(I.J') 
00 426 1-1, (N5EG+l)*6 

FACTOR(I)"O 
42 IS lFM(I)"RIFM(I) 

DO 42i I"1.(NSEG+l)·15+1 
427 JoIDIAG(I)"RMOIAG(I) 

Hl'505510 
HTS055BO 
H'505590 
Hl'S05600 
HYS056 to 
H1S05620 
H1S056]O 
Hl'S05640 
HY505650 
H'S05660 
Hl's056,O 
HYS056BO 
HIS05690 
HJS05700 
HTS05110 
HT505720 
H1so5i30 
H1S05140 
HISOS150 
HISOS160 
HT505110 
HTSOS7BO 
HY505190 
H'S05800 



•• INI'I'I-'LIZE THE I(£)(BER'5 ASI'.T NATRU .-

00 11 I"l.NOOF 
00 17 J'-I,NOOF 

AS .... T( I, J)·O. 
17 CON'I'INUE 

C DISPL ... cEMENT INCREMEN"!' TRANSFOFU4ATION OUE TO ECCENTIUC LO ... DS 

,,, 
c 

IF'( IEeOP .EQ. 1 ) THEN 
00 913 1"1,12 

TEMP(I)·OD(I,I) 
CONTINUE 
00 525 11-1,12 

OO{II, 1 )"0. 
00 5:25 1I:1It"1, 1:11 

OO( II, I) "OO{ 11,1 )+TPJ'I' (II, 1It1lt) ·TEMP( 1I:1It) 
CONTINUE 

ENDIF 

C CONVERT MEMSER END DISPL .... CEMENT INCREME:NT TO THE CORRESPONDTNG 
C MEMSER'S OOF DIRECTION 

00 ~aB 1"1,1:11 
TEMP( I )-00(1,1) 

~09 COt-iTINUE 
00 B37 1-1,1:2 

DD{ IOOF-l:t.I, 1 ).TE)oIP{ I) 
B37 CONTINUE: 

SA.CIIt SUBSTITUTE: TO GET MEMBER'S INTERNAL OOF' DISPLACEMENT INCREMENT 

'" 

901 

,0> 

'" 

l.1·IOOF'-I:il+1 
l.:il·lOOF 

00 B3B I"LI, l.2 
F''''CTOR(I)''CD(I.1) 

IMt)oMCI ... G( IOOF.l )-1 

CALl. G ... USS:il (4, PRINT. T OOF, IMD, NDOST, l, L1, L2, "'DI"'G, 6'N', 
$ OPCOPl , F ... CTOR. J'STOA) 

00 901 I-I, l.1-l 
DP{I, I )-0 
OPCOPt{I,I)·O 

00 902 I-Ll,L2 
OP(I, I )"OPCOPI (1,1) 

CALL G .... USS:2{I, PRINT,IOOF,IMO,NOOS'T'.I,LI,L:II,MOI"'G,STf', 
S OPCOPI , FACTOR. J'STOR) 

CALL G .... USS2 (3, PRINT, I OOF'. IMO. NOOS'r, 1.1, IOOF', MOI ... G, S'I'F. 
$ DPCOP'f ,FACTOR,J'STOR) 

00 B48 I·IOOF'-I:il.I,IOOF 
F'ACTOR(I)"OC(I,I) 

IF ( IOOF .EO. 12 ) GO TO 4544 

.... S .... CIIt SUBS'!'ITUTE BEGIN .--

Ll-l 
L:2-IOOF'-12 
CALL G ... U55:il (5. PRIN'!' .100F'. IMD.NDOST ,1,1, L:t ,MOI .... G. STF, 

S OPCOPI , F ... CTOR. J'S'l'OR) 
c 
4544 CONTINUE: 

c 

903 
00 Sl03 I"I,IOOF 

CD(I.l)"F"'CTOR{I) 

00 219 I"1,N5EG 
00 :il19 J'-1.1:11 

ltGLO( I, J)·OD( NP{I .J). 1) 
:il19 CONTINUE: 

C ADD GLOBAL DISPLACEMENT RATE TO TOTAL DISPLACEMENT 
C 

00 1109 I"I.IooF' 
DICI.l )"01 C I ,I) .00(1 ,I) 

1109 CONTINUE 
c 
C PRINT OUT STABILITT MEJ!I:BER INTERNAL DISPLACE:Jo1ENT 
C 

IF( PRINT) THEN 
WRIne 6, 8855)1 ELNO 

H1505BI0 
HT50'SB20 
H150'SB30 
H150'SB40 
H!SO'SB'SO 
HT50'SBiSO 
HT50'S910 
HT50'SBBO 
H1SO'SB5I0 
HT50'S5I00 
HT50'55110 
HTS05920 
H150'5!i130 
HT50'55140 
H1SO'S!iI'S0 
HT50'59iSO 
Hl505970 
Hl5059BO 
H'f5059510 
K'f50iSOOO 
HT50iS010 
Hl50iSO:i!O 
H1SOiS030 
HTSOiS040 
H'fSOiS050 
HTSOiSOiSO 
HT50iS010 
H'f50iSOBO 
H'fSOiS05l0 
HTSOiSl00 
HT50iSl10 
H1SOiS120 
H'fSOiS130 
Hl50iS140 
HISOiS150 
HI50iSiiSO 
HI506110 
HI5061B0 
H150iSl510 
HI506200 
HIS062l0 
HT5062:20 
Hl506230 
Hl506240 
HT506:2'50 
H1506260 
Hl506270 
HT506280 
HT5062!i10 
H1506300 
HT506310 
HT606320 
HTS06330 
HT506340 
H1S063'50 
H1506360 
H'fS06370 
Hl506380 
Hl506390 
HTS06-tOO 
HTS06410 
HTS064:10 
H1506430 
HIS06UO 
H'fS06t'S0 
Hl506460 
Hl506470 
HT506480 
H15064S10 
HIS06500 
H1S06510 
HTS06510 
HTS06530 
HT506540 
HT506550 
HT506560 
HT606510 
HT506580 
HT5e6590 
HT506600 
HT506610 
HT5066:10 
HT5066JO 
HT506640 
HTS06650 
HT606660 
HT506610 
HTS06680 
HTS06690 
HTS06700 

c 

B8S5 

e" 
FORMAT ( '1', 'THE ST"'SILITT MFJoIBER 
WRITE( 6. 873) (01( 1,1).1"1, I OOF) 
F'ORMAT( lX,6G13.6) 

ENDIF' 

'.13,' INTERNAL DISPL ... CEMENT.' }HT506710 
HTS067l0 
KTS067 JO 
KT506HO 
HTS06750 

C F'INO EACH SEGMENT INTERNAL FORCE: TN GLOBAL OIRECTIO!<l5 
C 
C 
C ADJUST THE INITIAL IMPERFECTION DErLE:CTION FOR NEW CTCLE. ISPE:"1 
c 

c 

IF'( TSPE .EQ. I ) THEN 
PI-3.1415926 
00 :210 I-l,NOOF 

DOO( I .11-0. 
210 CONTINUE 

ELS-O. 
00 211 l-l.NSe;G 

5U-Ol(NP( 1,3),1 )+GCO(I, 1, J) 
SZB-Dl(NP( 1,9),1 ).GCD(I,:2, 3) 
EL( I ) .. SZS-5Z .... 

211 ELS"ELS.EL{ I) 

",sSUME INITIAL IMPERFEC'!'ION RATIO e .... SEO ON MOtSER MIDDLE POINT 
DISPLACEMENT 

rOU",",{{N5EG/2)-1)·6 • 1 
RATIXO·Ol( IOUM.l) /ELS 
RATITO·Ol (IOUM.!, I) IELS 

00 215 I"I,NSEG 
000 (NP{ 1,1),1)" (RATIXO*EL6) .SI"'( PI'" 

, {Ol (NP{I,J), 1 )+GCD{I.I. 3)-01 (NP{ 1, J), 1) )/EL5) 
000 (NP{ 1,1).1)· (RATIXO*ELS) "SIN (PI. 

, (01 (NP{!,9), 1 )+GCO(I .:11.3)-01 (NP( L,J), 1) )/EL5) 
000 (NP( 1,2).1)· (RATITO-ELS) .SIN (PI I 

, {Ol (NP(I .J) .1)+GCO(I .1.3) -01 (NP( I.J), 1) )/ELS) 
000 (NP( I.e).l)- (RATITO.ELS) -STN (PI I 

Ii (01 (NP(I .9) .1)+GCD( I ,2.J)-01 (NP( 1 ,l).I» IELS) 
215 CONTT NUE 

23' 

IF'(PIUNT) THEN 
WRITE(6. 534) 
WRITE(iS,7J4) 
00 2J5 l-l,IOOF 

WRITE( 6. SJ6) I, OOO( 1,1) 
CONTINUE 

ENOIF 

C GENERATE THE SEGMENT LEHGTH (TNCLUDING THE INTTIAL U4PERFECTION 
c 

00 922 I-l,NSEG 
EL( I )"SORT( ELI I )··2+( DOO(NP( I, B), 1) 

HT606760 
HTS06770 
HT606780 
HI506790 
HT506800 
HT506810 
HTS068'20 
HIS06830 
HlS06840 
H1S06850 
Ht501S860 
H1S015870 
HISOtS8BO 
HISOlSB90 
HIS0!5900 
H'fS0!5910 
HIsalS9'2a 
HIsatSSl30 
H150694a 
HlSOISSlSO 
HlS06S1iSC 
Hl506S170 
H1506S1Ba 
HI506S1S1a 
HI501000 
HIS07010 
HTS07020 
H1S07030 
HIS07040 
H1S07050 
HIS010!50 
HIS07070 
HTS07080 
HTS070Sl0 
HI507100 
HTS07110 
HT507120 
HT507130 
HTS07140 
HTS07150 
HTS071iSO 
HTS07170 
H1S071eo 
H1S07190 
HTSonoo 
HTS07210 
1111507220 

53 

c 

_ooO(NP( I. 2). llJ" 1 2 
1'(DOO(NP(I,7),1)-DOO(NP(I,1).I»"-:II ) 

'l'L(I )"EL( I) 
922 CON"l'INUE 

WRITE:(6,!l15) 
WRITE:(6.Slll5) 
WRITE{6.917) (I. EL( I), 1.1,NSEG) 
ENDIF 

C ... --........ - ..... -.----.. ----------...... - .................. --
C F'IND E ... CH 5EGME:NT INTERNAL FORCE IN GLOSAL OIREC'l'IONS 
C ---........................... ---------..................... ---

c 

00 90 I"l,NSEG 
CALL CLOAF'( R, PRo I .NSEG,XGLO, PSIt, Slit , 

FGLO, FGLOB. PRINT) 

FIND SEGMEN'I' OEFORXllTION AND TNCREMENTS IN MEMBER CooROIN .... TES 
01 RECTIONS 

Ba8B 

BOBSI 

IF ( ISPE .EQ. 1 ) THEN 
x .... ·a. 1'GCD(I.I,I)+OOO{NP(I,l).l) 
lA-a. .GCD(I, I. 2 )1'DOO(NP{I, 2),1) 
ZA·Dl(NP(I, J}, 1}+GCO(I.1 ,J)+OOO(NP(I, 3),1) 
ROI ...... a. +OOO(NP(1.4).I) 
ROtA·O. +OOO(NP(I, 5),1) 
ROZA·Ol(NP( 1,6).1) .000 (NP( 1,6).1) 
X9-a. +GCD{ 1.:11.1 )1'ooO(NP( T, 7),1) 
IS"O. 1'GCD{I.2,2)+DQO(NP(I,B),I) 
ZB·D1(NP( 1,9).1 )+GCD(I.:II.J )1'OOO{NP{I,!l), 1) 
ROKe·o. 1'DOO(NP(I,10),I) 
R01S-0. 1'OOO(NP{I,II),I) 
RO:lS"Ol(NP( I .12) .1)+OOO{NP(I .12),1) 

OXA-O. 
OIA-O. 
OZA·00(NP(I.3).1) 
OROK .... -O. 
DReI"'-O. 
DROZ .... -OD(NP(l.iS) .1) 
DXS-O. 
Dle·o. 
DZS"DD(NP(I,9),I) 
OROIS·O. 
OR01S·0. 
DROZS·DO( NP( 1,12),1) 
0I{NP( 1,1),1)-0 
OI(NP( I .:2),1)-0 
Dl(NP(I.4).1)-0 
01(NP(I.S),I)-0 
Ol(NP( 1.7),1)"0 
D1 (NP( I, B), 1)-0 
Dl(NP( 1,10).1 }·o 
OI(NP( 1,11),1 )-0 

ELSE IF ( ISPE • EQ. 0 ) THEN 

ENDIF 

X ..... D1 (NP( 1,1), 1)1'GC0(1.1.1).OOO(NP(I, 1), I) 
1 ... ·DI{NP( 1,2), l)+GCO( t.1 ,:2)+ooO(NP(I. 2), I) 
U-Ol (NP( I, J), l)1'GCD(I, 1.3) "OOO(NP(I .J), I) 
ROX .... ·Ol{NP( 1,4), 1)+000(NP(I. 4).1) 
RO'f"'-OI(NP( 1,5),1) +DOO(NP( 1.5) .1) 
il.O~"""Dl(NP( I .6) .1)1'DOO(NP(1 .6),1) 
IB"OI (N'P(I, 7) .1) +GCO( I ,2,l)+OOO(NP(I, 7),1) 
'fB-OI{NP( L B), 1) +GCO( I. :2.2)+OOO(NP(I ,e), 1) 
ZB"OI(NP( L9), 1) +GCD( I .2, J) 1'OOO(NP(I.9), 1) 
ROXB·Ol (NP( 1,10).1) 1'DOO(NP( 1,10).1) 
RQIS"Dl(NP( 1.11), 1)+ooO(NP(1 ,II) .1) 
RaZB-OI (NP( 1,12). 1)1'OOO(NPO. 12). I) 

OI .... ·DO(NP(I,l) ,1) 
DTA·DD(NP( 1,2),1) 
D~""·DD(NP(I,l),I) 
OROX ...... OO(NP( 1,4),1) 
OROI .... ·DO(NP(l, 5).1) 
DRO~ ...... DO(NP( 1.6),1) 
OXS-00(NP(I,7),1) 
O!B-OO(NP(LB),I) 
0'llB"OD{NP(I,9).1) 
ORaIB·OO(NP( I .10).1) 
DRO'fB-OD(NP( 1,11),1) 
DROZB-OO(NP( 1,1:2),1) 

1f'(PRIN'I') THEN 
HRITE(6,80B8) 
FORMAT ( , 1', ' .... , I .... , z ..... ROI .... , ROT"', ROZA. '. 

'xe. IB, lie, ROxa, ROfa, ROlll!J. '. 
'DXA, DI ..... OZ .... , OROX .... DROT .... OROZ ... , , , 
'DIa, Dl e, Olla, ORa'le. OR01S, OROZB' I) 

WRITE( 6, BaB9) x .... , lA, llA. RDI .... , ROTA, RDZA, 
xe. 'fB, za, ROle, ROTe, Roza. 
D'IA, OT .... , OZ .... , DROX .... OROTA. DROZ ... , 
OXI!J, DTB, OllB, DROX!, DROTB. CRoza 

FOFU4A'l'{1I:,15F15.1S) 
ENDIf' 

V .... RIABLES FOR THE INITIAL ROT .... TIONAL MATRU 

U'IO-TIR(I,ll 
U10-TIR( 1,2) 
UZO-TTR(I.J) 
Vla-TIRII,4 ) 
VIO-TIRI 1. S) 
VZO-T I R( T ,6) 
W'lO-TIR(I.7 ) 
wtO"TIR( I, B) 
WZO·TIR(T,9) 

C C.u,cUt,ATE SEGMENT CURVATURE RATE IN PRINCIPAL oUES DIRECTIONS 
C 

CALL CURVAI NSEG.I.OEC,O:U,O:V.PRINT.R.EL,PR, 
, OXA. 01 A. DZ"', OROX .... , DROt' A., DROZ .... , 
, DlI:B.OTB.DZB.OROXB,OR01S,DROZS ) 

C WRITE{ is, *) I,' SEGMENT, DEC, DCU, DCVI ',DEC,!XU, OCIJ 
C 
C CALCULATE E"'CH SEGMF;N'5 PRINCIPAL AXI6 A.NO MATERIAL PROPERTIES 
C 

c 

CALL PRINC(DEC. DCU. lXV, I,PRINT.ST,TOTA,LISN, 
EM, ET ,G. TS. lOP'!' .NUMP, NSEG. 
EA,EIU.EIV.GIC'l'. 
I REV 1. I REV'4. I REVl. I REV4, ucO, VCO, I ELNO , IMATER. 
"'0, S.I!JEI' .... EO. El. E2,U, V. UO, VO, TE. E. DE, 
INEB, INEH. FJL. 
RATI03, I R, STR. DEP. EOP, STRP ,TEP, EREF, SREF, FLP) 

C CALCULATE ECCENTRICITI ES OF TWO ENO-SEGMENTS 
C 

c 

IF( I .EQ. I .OR. I .EQ. NSEG ) THEN 
H( tECOP .EQ. 1 ) THEN 

BB8 FOFU4AT(iX,1P.G15.4l 
CALL ECCENT(NSEG,UCO.VCO,I.ROZA .Roze.ECX, 

ENOIF 
ENOIF' 

ECT. ECCX, ECCT. PRI NT ) 

CALCULATE SEGMENT CURRENT ROTATIONAL MATRIX 

CALL RaMA (x .... '''', ZA. ROXA, ROfA, ROZA, ox .... , DT"', OZA. OROXA. OROI ... , OROZA., 
X8, IB, ze. Ra'lS, ROTS, ROze, OXS, 018, D3B. ORoxe. DRO'fB. OROZS, 
RON",O. ROwsa, vxo. VIO, VZO, WXO, WTO, WZO, I. 
R. PA. BE"I'A, TL, PRINT, N5EG, I ELNO) 

C C,l"[,,CULATE EACH SEGMENT t.OC-'L FORCE 
c 

CALL CSLF(R,NSEG,I,FLOC,F'GLO, PRINT) 
c 
C C.u,cULATE ELEMENT S'f'IFFN"E55 .aQ.TRU 

HTS072JO 
HTsa7240 
H'fS07:250 
HTS072!50 
HTS07:270 
HfS07:280 
H1S07290 
HYSODOO 
H'fS07310 
HfS07320 
HTS073JO 
HTS07:HO 
HlS07350 
HTS07360 
HfS07J70 
HTS07JBO 
H'fS07J90 
HIS07400 
HTS01410 
HISOH20 
HIS07UO 
H1SOH40 
Ht'S0145a 
HTSOH60 
H'fSOH7a 
H'fSOHBO 
HYS01490 
HYS075aO 
H1'S07510 
H'fS075:20 
H!5075JO 
H1'S07540 
H!S07550 
HYS01'SiSa 
HYS01'S70 
HYS01580 
HTS075!i10 
HYS076aO 
Ht'S07lS10 
H'f6071520 
HTS076JO 
HY5071540 
H1Sa7l550 
H'60715150 
HTS07670 
H'fSOHiBO 
H!50Hi90 
H15C7100 
HIsa1710 
H1S077:20 
Ht'S0173a 
H'fS07HO 
H!S01150 
HlS07760 
HlS07770 
H1S07780 
H'fS07190 
HIS07800 
H1S07810 
H'TS01e20 
HTS07eJO 
HTS07840 
HIsei850 
H1S07860 
HTS07870 
HIS078eo 
HISOi890 
H'fS07900 
H'fS07910 
H'fS07920 
HYS079JO 
H1S07940 
H1S07950 
HIS079tSO 
HTS07970 
H1S07geo 
HT507990 
HTsoeooo 
HTsoe010 
HTS08020 
HTSOeOJO 
HIsoe040 
HIsoe050 
H1S08060 
H1soe070 
HYSOeOeo 
HYS08090 
Hlsoel00 
H1SOBI10 
HYSOel40 
H'TSOaDO 
HISOe140 
H'fS08150 
HIS08160 
H1soeno 
H'fSOBIBO 
HYSOBI90 
HYSOB:IIOO 
HYSOe~10 
H1S08220 
HlSOB2JO 
HTSOe:240 
Hlsoe250 
H1SOe:ll60 
HTS08270 
HYSOe:llBO 
HIS08:290 
HISOeJOO 
HTSOeJIO 
HTSOeJ:20 
HTSOeJJO 
HISOeJ40 
Hlsoe3S0 
H1soe360 
HTSOBJ70 
HTSOeJ90 
HTSOBHO 
HTS09400 
iHSOB410 
Hlsoe420 
HTS08UO 
HTSOBHO 
H'fSOB4S0 
HYSOa4l50 
HTSOB470 
HTSOB4BO 
H'fS08490 
HrSOBSOO 
HfSOBSI0 
HIS08520 
HTSOe5JO 
H'fSOBS40 
HIsoa550 
HTSOB5150 
H'fSOB510 
H1SOB5BO 
H'fS08Sga 
HTSOBISOO 
HlSOBISI0 
H!S096:20 
HlSOBIS30 
Hlsoe640 



CALL ELESTI( NSEG.I.IELNO.PRI~,I5'TH. 

E"',EIU,Elv,GI('!',EL,FLOC,PSIt,61C ) 
c 
C CALCULATE SYS'I'EM S'I'IFF'NESS MATRIX 
C 

'0' 

808 

c 

00 807 11-1.12 
00 807 JJ. 1, 12 

CUI9f!(II.JJ)-O 
00 B07 IUt-1,12 

DUMMY (II, JJ)-CUMMY (11, JJ) +S1t( 1 I, U) -R( U.JJ) 

00 Boe II-I,12 
00 BOB JJ-l,12 

~TSI(R( II ,JJ)-O 
00 BOB 1':.11:-1,12 

RTSI(R( I I. JJ) ·RTS!CR( I I, JJ) +R( !CIC I I) -OUJO(Y( !C!C. JJ) 
H'(PIUNT) THE:N 

WRITE:(Ii,-)'I·.' THE SEG .... ENT R'TS!CR KATRIX.· 
CALL PRIN(RTS"R.12,12.1:i,12) 
ENDIF' 

C ASSE:"'SLING SEGMENT GLOBAL STH'FNE65 TO "'EJIIBE:R 
C CENTRorD STIffNESS ~'l'RIX 
C 

c 

00 B05 J-l, 12 
00 605 JJ·I,12 

"'S"'T(NP{I ,J) ,NP(I ,JJ) )· ... SAT(NP(I ,J) ,NP( I .JJ») +RTS1I:R(J.J'J') 
605 CONTINUE 

90 CONTHlUE 

c cALCULATE MEMBER'S LOAD INCREMEP<lTS BASED ON 
C 

00 5021 II"l,lOOF 
DP(II ,1)-0. 

DO 50::n 11:-1. I DOF 
DP( [1.1 )-OP( II.l) +5EASI'r.T( [I. 11:) -OD(I(,I) 

5021 CONTINUE 
C 
C CALCULATE "'EM8ER' 6 TOTAL F'ORCE IN THE GLOBAL DIRECTION 
C 

,OJ 

CALL F'ORCE:(Fn.PRINT. IOOF'.IELNO.NOO6T.NSEG. 
, fGLOB. NP ) 

CI'r.LCULATE STABILIT1' )(E:MBER' 5 S'l'1F'F'NE:S5 PARAJoIE."f'ER ANO 
OISPt.ACEMEN'T IIIOR)( 

IF ( IAUTO .EQ. 1 ) THEN 

00 5177 1<04-1, rOOF 
OPCOPY (~,l ).01(~, 1) 

00 977 NN-l,IOOF 
DU)o(JoI;l ()004, NN )-SEA6AT (Jio1M,NN) 

IF' ( IS'I'ART .EQ. 2 ) THEN 
CALL SNORJ04( 1. OPCOPl, FFI, DO, OP. DUJQ('f, OELTP2. 52, 

I DOF. IFM, NDOS'!', 1, I,NOOST) 
ENOIF' 

IF' ( IS'I'ART .GE. 2' ) THE:N 
CALL SNORM( I. DPCOPI , FFI. 00, OP. OUIoOl1 ,OELTPJ, SJ, I OOF. I fM, 

NOOST.1. 1. NOOS'I') 
CALL SNORJ!l( 2, OPeOP1'. FFI, 00. DP, OOMMY.EEE.OKl, IOOf, If"M. 

NooST. 1. 1. NOOST) 
SP- ( ( DEI..T?J IDELTP2) -·2) * (S2/SJ) 

IF(5P.LE. 0 .AND. PRINT) THEN 
WRITE(6.B944)SP 

HTS086S0 
KTSC866C 
KTSOB67C 
KTS08680 
KTS08690 
HTS08700 
HT508710 
HTS08720 
H1S08730 
H1S08HO 
H1S087S0 
H1S08760 
HTS08770 
H1S08780 
HTS08790 
H1508800 
HT50e810 
HT508820 
HTS088JO 
HTS088~0 
HTSOBS50 
HT50e960 
HT50BB10 
HTSOBBeO 
HlSOSB!ilO 
HlSOS!ilOO 
HTSOB!HO 
HTSOS9:i0 
HTSOB!ilJO 
HTS089010 
HTSOS9S0 
HTS08960 
HTS08970 
HTS08980 
HTS08990 
H1S09000 
H1S090 10 
HTS09020 
HTS090JO 
HTS090~O 
HTS09050 
HTS09060 
H1609010 
HTS09080 
HTS09090 
HTSC9100 
HlEi0911C 
HTS05l120 
HTS09130 
H'fSOSlUO 
HT50Sl150 
HTS091i50 
HTS09170 
HT50Sl1S0 
HT509190 
HTS09::l00 
HTS09210 
H1S092::20 
H1509::2JO 
H1S09240 
H1S09250 
H1S09260 
H1509270 
H1509280 
HTS09290 
HT609JOO 
HTS09JIO 
HYS09J'20 
HTS09JJO 
HY6C9J40 
HTSO!il350 

roRKAT (30J:,' .. - STABILITY 
E:NDIF' 

MEM.BER ',12,' 8UC"ED, SP- ·,FlO.0I)H1S0Sl360 

c IF( 6P .GT. 1.5 ) THEN 
C 
C8943 
C 

WRITE( I!i, B901l) IELNO 
fOR.K.Pr.T(30'l, , -_. STABILIT' MEMBER ',12.' SP .GT. 1.5 I') 

ENoIF 
C 

c 

9843 , 

RNEEE-AB5( EEE/CRNEE) 

IFe PRINT) THEN 
WRI TE{ 6,9843) EEE, ANEEE 
F'ORMAT(lJ:.· ... • STABILITT MEMBER ',12.' DISP. NORM .'. 

EHOIF 
ENOIF 

ENOIF 

FIO.6, 'ANEEE-' .FIO.6) 

C "'EMeRI ZE THE STABILITY ELEMENT BTl flF'NESS 
C 

c 

00 987 I-l.lOOF 
00 9B7 J·l,IOOF 

SEAB"T( I. J)-AS",T (I. J') 
SlB7 CONTINUE 

C CONVERT .MAT Jl4.ATRIJ: 'TO HALF' STORAGE AND BANDED 1<t00E: 
C 

CALL 61tT (ASAT, BTf'. NOOST, J'5't'OR, IOOF ,MDIA£i • HCO) 

FIND COIIIoENSEO STIFFNESS MATRIx CORRESPONDING TO TWO-END 12 OOF 

IF ( lOOF • EQ. 12 ) GO TO OJ? 
Ll-l 
L2-l:00F-12 
CALL GAUSS2 (I. PRINT. I OOf. IMD. NooST. I. LI,L2 .MDIAG .STf, OPCCP!, 

$ fACTOR. J'STORl 

4537 CONTINUE 
C 
C CONDE:NSE ASA'!' MATRU TO GE'T CONDE:NSE:O /llATRII CORRESPONDING TO 
C TWO ENDS TWELVE DOF oIRECTIO/llS 
C 

LI-100F'-12+1 
L2-IOOF 
CALL CONVERt PRItn' , STF', EEASAT, NOOST, JSTOR, lOOf. IHD, 

S 12 .Ll ,t:;! • Ji4CIAG) 

IF( IECOP .EQ. 1 ) THEN 
CALL TRASK{ SEASA'!'. £eeJ:, ECCT • TPJ'T) 
IF(PRINT) THEN 

WRITE(6.·)·1·,· THE FINAL EEAS"T MATRIX AFTER CALL TRAN1I:1' 
cALL PRHI( EEASAT.12.12.12, 12) 

ENOl f 
E:NDIF 

HYSOSl370 
HYSOSllSO 
HY50SlJ90 
HTS090100 
HTS090110 
HTS090120 
HTS0901JO 
HTSOSlUO 
H'fS09450 
H1S09460 
H1S09,.,0 
HTS09UI0 
HT509490 
H1509500 
H1S09510 
H1S09520 
HYS09530 
HI609540 
HTS09550 
HT6C9560 
HTS09570 
HI609580 
HY50!il590 
H150!ili500 
HT509610 
HTS09620 
HYS09630 
HY5096010 
HlS09650 
H150961S0 
H1609670 
HTS09680 
H1509690 
H1509700 
H1509710 
HY609720 
H1509730 
HIS09HO 
HI509750 
HI509760 
HTS09710 
HY509790 
H!509790 
H1509BOO 
HTSOSl810 
HTSOSlB20 
HT609BlO 
HlS09BoIO 
HIS09850 
H1509860 
HlS09870 
HJ509980 
HJS09990 

00 575 l-l,NSE:G HI609900 
00 515 J-1,12 HT60Sl910 

575 RNP(I.J)-NP(I,J) HT60SlSl20 
00 526 l-l.(NSEG+l)·1!i HTS099)0 

521!i Rlf"'( I )·Ir"'(I) H1'509940 
00 5:27 I"'1.(NSEG+l).6+1 HISO!il950 

521 RMDIAG(I).MDIAG(I) H!S0991!i0 
RE'i'URN H!S05l5l70 
END H!S05lSlBO 

c.pa HY505l5l5l0 
C DEBUG UNIT(6) .6UBCHIC HTSI0000 
C END DEBUG HTSI0010 
C HISI0020 
C--------------------- - - ----- - -- - - -- ------------ ----------------------- HIS 1 00 30 
C SUBROUTINE ROMA H1SI000l0 
C - - ---------- - ----- -- ---- - - - - ----- -- --- - - ----- ----------------- ---- - -- - HI S 100 50 
C HlS10060 

54 

c 

SUBROU'I'INE ROMA (IA.JA.ZA.ROJ:A.RO'A.ROZA. 
DIA. 01 A, DZA, DRClXA. OROJ A. DROZA, 
KB, JB, ZB. ROle. ROT B, RaZe. 
oIB, olB. OZ8. DROK8. OROTB. DRaZB. 
RQWAO. ROWBO. VXO. VYO. V'/iO. lOCO ,W'lO, WZO, I5E:G. 
R, PR, BE."TA,TL. P~INT. NSE:G. I EtNOl 

DI"'ENSION SR(J ,3), OA( 1:2,12). 001l( 12.12). R( 12. 12) 
DIMENSION OB(11,12),DoB(12.12) 
DIMENSION PR(NSEG, 9) ,BETA( NS~). 'l'L( NSE:G) 
LOGICAL PRINT 

TL( I SEeil-SCRT (IB-X"') - -:i+( JB-Y,,}· -2+( ZB-ZA)"2) 
wx- (XB-XA) ITL (I SEG) 
W'Y-(J8-T A) ITLC 16EG) 
WZ-( :118-2111.) ITLC I SEG) 
ROWO BA-BE:TA( I SEG) +0.5 * (ROZA+RO'Ii B) 
S·SIN( ROWOBA) 
C-COS( ROWOBA) 
VBAI-VXO*C- (VTO"WZO-vzo I WT 0) .. 5 
VBAY-I/T 0 *C- ( VZO-WXO-Vl:O· NZO) .. S 
V8AZ·VZO *C - (VXO"WYO-VTO· W'l0) '" S 
T",·VBA.I-WX+V8Al*WT "'V8A '/i-Wi 
TLV-SQRT ((VBAJI:-TM-Wll:) "2+ (V8AT-'l''''-Wl) "2+( VS .... Z-TM .. WZ) .. 2) 
VX· (VBA.I-TM*WX)/TLV 
vy. (VBAT-'I''''*wt) IT LV 
vz· (VBU-TM*WZ) ITt,V 
UX-V"!-WZ-VZ·W'Y 
UI-VZ·W'I,-V'X-wz 
UZ-VJ:"W'l'-vr·wx 
SR( 1.1 )·U'I 
SR( 1.2).UJ 
SR( I,Jl·UZ 
SR(2.1)·VX 
SR(2.2)-VY 
SR(2.J)-VZ 
SR(3.1)-WX 
SR( 3. 2)·wt 
SR(J. J)-WZ 
IF'( PRINT) THEN 
WRITE:(6, )44) 

lU FOR.K.Pr.T( U, 'THE ROTATIONAL MATRI'II') 
CALL PRIN(5R,).).),J) 
ENOIF' 

e FIND THE ROTATION MATRIX AND THE SECTION PRQPERTlE:S 
C 

00 52 1-1.12 
00 52 J-1,12 

R(I,J)-O. 
52 CONTINUE 

r-l 
72 R(I,I)·U'I 

R(LI+I )·U' 
R(I.l+2)·U'oI 
R( 1+1,I)·VJ: 
R(I+l. 1+1 )·vr 
R( I +l,I ... 2)-V'Z, 
R( 1 +2,1 )-Wlt 
R( 1+2. 1 ... 1 )-wt 
R( 1+2.1+4)-"''01 
1-1+) 
IF' (I. E:Q.l)) GO TO 64 
GO TO 72 

152 PRe I5E:G.I)-Ult. 

C.pa 

PR(ISE:G,2)-Ul 
PR(ISE:G,J)·UZ 
PR(15~,~)-VI 

PR(I6EG.5)-VT 
PR(ISEG,i5)-VZ 
PR(ISEG,1)-n 
PR(ISE:G,B)-WY 
PR(ISEG,!;)-WZ 

RETURN 
END 

C DEBUG UNIT (is) • suec loUt 
C E:ND DEBUG 

SUBROUTI NE CURVI'r.( N6EG, I 500, DEC. CCU, DCV, PRINT, R, EL, PR, 
, 0'1"', etA, oZA. OROXA. OROIA, OROZA, 
, DIB,DTB,oZB.OROIB,OR01B.OROZI!! ) 

DIMENSION R( 1::2, 12) ,OAt 12.12), oOAt 12.12). D8( 12,12) ,DOB( 1:1 .12) 
DIMENSION PR(NSE:G,9).EL(NSEG) 
LOGICAL PRINT 

00 52 1-1, 12 
00 5:1 J-L, L2 

R(I.J)-O. 
52 CONTINUE: 

r-l 
7:1 A(I,I)·PR(15EG.I) 

ReI, 1+1) .PR( ISEG, 2} 
ReI ,I+:i}·PR( ISEG, 3) 
R(I+l ,I ).PR( ISEG, 4) 
A( I +1.1+1 )·PR( t6E:G, 5) 
R( 1+1, I+::iI )·PR( ISEG. 6) 
R( 1+4, I )·PR( ISEG, 7) 
R( 1 +::iI, I +1 )-PR( ISEG. B) 
R( [+2,1 ... 2 )-PR( ISEG, 9) 
1-1+) 
Ir( r .EC. 13 ) GO TO 6:i 
GO TO 72 

I!i:i OA(I,I)-OXA 
OA(2.1)·OlA 
oA(3.1)-OZA 
DA(4.1)-OROIA 
OA( 5,1 )-oROT A 
OA(i5,l)"OROO':A 
DB( 1, 1 )·OXB 
08(2,1)·OT8 
OB(3,1)·oZB 
OB(oI.I)·ORaZB 
08eS.I)·oR01'S 
DB(IS.I)-OROze 

00 il0 II·l,12 
00 710 JJ-l,12 

ODA(II ,J'J)-O 
00 710 U-1.1::l 

110 OOA( 11 ,J'J)·OO"'( II. JJ) +R( I I, itIt:) "OA( 11:11:. J'J) 
00 720 !I-I. 12 
00 720 J'J-1.12 

D08(II.JJ')-0 
00 720 11:11:-1.12 

720 DDBt I I, J'J) -OOB( I I, JJ)+R( I I, 1tJ{) -OB( J{J{. JJ) 

•• FIND SEGH.E:NT BASIC OEFORMATIO!ol INCRE"'ENTS •• 

OW·OOB(l.l) - DDA(J.I) 
OV-008(2,1) - DDA(2.1) 
OU·OOS{1.I) - oDA(!.l) 
TTL-SQA'I'(Et.CISEG)+OW)"2 + OV"2 + CU .... ::l ) 
oEC-(TTt. - Et.(ISEG) )/EL(15EG) 
0011(4.1)-0011.(01,1) .. ( ov/E:L(I5E:G)) 
00S(4.I)·008CoI,1) + ( Dv/EL(ISEG)) 
00A(5.1)·00A(5,1) - ( OU/E:L(ISEG)) 
008(5.1)-008(5,1) - ( OO/EL(ISEG)) 
ceU-(DOB(4.1) - DOA(oI.I))/EL(ISE:G) 
cev-(00S(5,1) - 00A(S,1»/EL(t5EG) 

HTS10070 
HTSI0080 
HTSI0090 
HISI0100 
H1'SI0110 
HTSI0120 
HTSIOIJO 
HTS10HO 
HTSI0150 
HTSI0160 
HJ510170 
H,S101eo 
H1'S10190 
HTSI02QO 
HJSIOnO 
HYSI0220 
HJ510230 
H,S10240 
HTSI02S0 
HTSI0260 
HTSI0270 
HlSI0280 
Hl510290 
HJ510JOO 
HlS10no 
HY5103::l0 
HJSI0330 
HJSI0.HC 
H1'510]50 
HY5103150 
HJ510nO 
HT510380 
HTSI03!i10 
HTSI0400 
H'SI0410 
HYSI00l20 
HTSI00l30 
HYS10UO 
H1SIOoiSO 
H.1SI00l60 
H1SI00l10 
H1SI00leo 
HYSI00l90 
HTSI0500 
HT5l0510 
HYSI0520 
HTSI05l0 
HlS10540 
HT510550 
H1SI0560 
H1510570 
HTSI05BO 
HISI0590 
HJS1C600 
HY510610 
HT510620 
H1SI0630 
HY5106010 
H'fSl0650 
HTSI0660 
HlS10670 
H1510680 
H1510690 
IHSI0700 
HlS10710 
H1S10i20 
HTSI01]0 
HTSI0HO 
HJSI0i 50 
H1510160 
HlS10770 
HJSI07BO 
HlS10790 
H1'S10800 
H1'S10810 
H1'510820 
H1'S10BlO 
H!SI0BoIO 
HTS10650 
HT510B60 
H1'510670 
H!S10B60 
HTSI0B90 
H1'S105l00 
HTSI0910 
HTSI0920 
HY5109JO 
HI5109010 
HYSI0950 
HTSI05l60 
HT510910 
HlS10980 
HlSI0990 
HlS11000 
HISIIOIO 
HYSII020 
HTSll030 
HJ S 110~ 0 
HISII050 
HT511060 
HJSII070 
H1'SllOBO 
HY511090 
H1'51110C 
HYS11110 
HJS11120 
HT511130 
HISll1ol0 
H'5111S0 
HtS11160 
IHSIl170 
HYS11180 
H1611190 
HISII0100 
HlS11210 
H'S11220 
HlS112]0 
HY511240 
HT511250 
H1511260 
H1511270 
HYS1128C 
H1'SllJ90 
H'i'511300 
HYS11)10 
H1S11]20 
HYSl13]O 
HTSIlJoiO 
HT51lJSO 
){TSll]60 
HTSI \]70 
HYSll)BO 
H1511390 
HlS11400 
HT611'10 
HTS11420 
H15114 )0 
HlSIH40 
HTS1l450 
HTS11460 
HJSl1470 
H1'6114 80 



Ogc· (00S(3.1) -ODAt J, 1» /E:L( I5EG) 
oeU·( DOB{ 4,1 )-OOA( 4,1» IElL(I5E:G) 
oeVW( DDB( 5,1) -DDA( 5,1) )/~( I5E:G) 

C.pa 
C DEBUG UNIT( 15), SUBCHIt 
e ENO DEBUG 

c 

SUBROUTINE PRINC (Ott. ocu, cev, ISEG, PRINT, 5'T .TO'1'A, toI aN, 
, EM,E:I,G.TS,IOPT,NUNP,NSEG, 
, EA,EIU,EIV,GItT, 
, IREVI. IREV"2, IREV3, IREV4, UCO, veo, I ELNO, lM.ATER, 
, AO ,B, BETA, EO .E1 ,E:I ,v, V,UO, VO ,TE, E, DE, 

INEB,INEH.FJL, 

............... _ ....... ~;:~;~:~~~~~~:~~:~~~~RP ,TEP, ERE~, SREF, FLP) 

SUBROUTINE PRINC FOR CI\LCVLATE PRINCIPAL AXES 

ECCX • X- DISTANCE FRON ECCENTRIC t.OAD TO INS"I'ANCE SHAPE-CENTER 
ECCt' • t'- DISTANCE FRON ECCEN'!'RIC t.OAD TO INSTANCE SHAPE-CE:NTER 
ECX • J- DIS'!'ANCE FROM ECCEN'I'RIC t.OAD TO ORIGINAL SKAPE-CENTER 
Ecr • T- DISTANCE FROJIIJ ECCENTRIC t.OAD TO ORIGINAL SHAPE-CENTER 

DI)t{ENSION AO (NUJllJP) ,B (HlJJllJP) ,BETA( NSEG) , DEC NSEG, NVIIIP) 
DI)t{ENSION E( NUJllJP) ,EO (NSEG, NUJllJP) , E1 (NSEG ,NVJllJP), EOl (NSEG, NVIIIP) 
DI)t{ENSION TE(NUMP) ,V(NSEG.NUMP),V(NSEG,NVMP) 
CI)O(ENSIOI'J VO (NUNP) ,VO (NUMP) ,STR( NSEC, NUJIIIP) , FJL( NVNP) 
CI)o(ENSION CEP( NSEG. NUJllJP) , EOP (NSEG, NVNP I , 

, STRP (NSEG, NUMP) ,'rEP (NSEG, NVMP) f 

, EREF(NSEG,NUJllJP) ,SREF{NSEG,NVIIIP) 
LOGICAL PRIN'!' 
REAL INEB, INEH 
IELAS-1 

C C1o.LCVLATE STRAIN RATE OF EACH SECTION ELEMENT 
C 

c 

co 50 I·l,NUJllJP 

DE{ ISEG, I )·DEC+V(tSEG, I)· OCU-U(ISEG, I )"DC'V 

E( I )·EO (ISEG, I )+CIl:{ ISEG.l) 
EO(ISEG,I)·E(I) 

50 CONTINve; 
IF ( IJllJATER .EQ. 0 ) 

CALL JUCEL (I ELA5. NSEG. NUIIIP. I SEG, PRI NT, I ELNO, 
EM,Et.RATIOJ.Y6, 

, DE.E.EO.E1.E2.TE,STR ) 
IF ( IMATER .EQ. 1 ) 

, CALL .ruDEL2(IELAS.NSEG.NUMP.lSEO.PRIN'I',IELNO, 
, EM.ET.RATIOJ.1S. 
, DE.E.EO.El.E2.TE.S'TR ) 
IF ( IMATER .EQ. 2 ) 

, CALL JUDELJ(IELAS,NSEG,NUMP.15EG.PRINT,IELNO, 
, EJIII.EI,IR.YS. 
, DE.E.EO.El,E2.TE, 
, OEP. EOP. STRP. STR. TEP. EREF, SREF. lOP'!') 

IF ( lMATER .EQ. J ) 
, CALL JUDEL4(IELAS,NSEG.NU"'P.ISEG.P~IN'l',IELNO, 

EJIII. ET • RATIOJ. TS. 
DE, E, EO, El. E2,TE.STR ) 

C CHECI!: SECTION REACH TO PLASTIC HINGE OR NO'l' 
C 

c 

IPL·l 
00 566 I-I.NU"'P 

IF( 'I'E(ll .Ee. E"') THEN 
IPL-O 
GO TO 996 

ENDIF 
S66 CONTINUE 
996 IF ( PRI NT) THEN 

IF(PRINT .AND. IPL .E:Q. 1 ) THEN 
WRITE( 1\.567) IELNO, ISEG 

561 FORMAT(U:.' ..... THE STABILITY "'EJil.BER ',15, 
$ " SEG"'ENT ',IS.' REACH TO PLASTIC HINGE ...... ') 

ENorF 
WRITE (6. J2) IELNO. ISEG 

J2 FORMAT ( , l' , 'TE:NGE:N'T STIFFNESS FOR toIEJofBER '. I3. 
'SEGMENT ',15.' I ' 1 
WRITE( 6. J4) (TE( I). I-l.NUMP) 

H FORMAT ( 11, 5GlS.6} 
WRITE(6.J21) 

J21 FORMAT ( 141:. 'SEG. El', 
, E2 DE EO') 

WRITE ( 6, 44) (], El1( ISEG, I), E2( ISEG. I}. DE( ISEG.I). 
EO( ISEG, I). l-l.NUMP) 

44 FORMAT(lJ:.15.4G15.6) 
EHDIF 

JUO::;E LOCAL BUC~ING FOR Bel: SECTION 

[F( LIBN • EC. 1 .AND. IREY1 .NE. C ) 'THEN 
CALL BOI:LOC( LI SN. FJL. STR,NSEG,NUMP.ISEG, INEB. INEH. 

, TE.ST,E:M,VO.vC,rLP} 
ENDIF 

C CALCULATE THE SECTIONU PROPERTIES ABOUT SECTIONAL REFERENCE 
C AXES WITH ORIGIN AT ( 0 , 0 ) 
c 

c 

EAO-O. 
E:SVO-O. 
E:SVO-O. 
E:IUO·O. 
EIVO-O. 
EIVVO·O. 
00 150 I·l,NUMP 

H( F'Jt..{I) .Ee. 0 , THEN 
EAO-EAO+'I'E{I )·1.0(1) 
ESVO"ESVO+TE(I ,"YO{I )*,11,0(1) 
ESUO-ESUO+TE{I )·UO(I ''',11,0(1) 
EIUO·EIVO+TE{I ,"YO(I )*YO{l )*1.0(1 I 
ElVO· EI YO+TE{I ) "UO (I ) .UO (I ) ·,1,0 (I , 
EIUVO"EIUVO"TE( I) "UO( I) "VO (I) ·AO{l) 

ELSE IF( FJt..{I) .EQ. 1 ) THEN 
EAO·EAO+RATIOJ"E;M-AO(Il 
ESVO· ESVO+RATI OJ*EM.YO (I) 1,11,0 (I ) 
ESUO"ESUO"RATIOJ"EJof*UO (11*,11,0 (I ) 
EIUO"'EIUO ""RATIOJ" EM·VO( I) *vo (t) "'1.0 (I) 
EI VO- EI YO"'RATIOJ I EM.VO ( I ) ·UO (I) "AO (I ) 
EI UYO-EI UVO+RATIOJ" EJt(IUO (I) "YO (I) "1.0 (I ) 

ENDIF 
60 CONTINUE 

IF(PRINT) THEN 
WRITE(6,aa56)IELNO,ISEG 

a856 FOAAAT('l','THE STABILITT MEMBER ',IJ,' SECTION '.IJ/) 
WRITE(6,901) 

901 FORMAT ( IX, 'EAO. ESVO. ESUO, EIVO. EI YO, EIUVO. ' ) 
.,.,RITE( 6.902) EIIO. ESVO, ESUO, EIUO, EIVO, EIUVO 

9002 FORMAT(lX,lP,6G15.5/) 
ENDIF 

C THE NEW CENTROID LOCATION CORRESPONDING TO SECTION REFERENCE AXES 
C 

c 

VCO-ESUO/EAO 
VCO·ESVO/EAO 

C THE SECTIONAL PROPERTIES ABOUT SECTIONAL REFERENCE AXES WITH 

H!S1l4!J0 
K!S11500 
HY511S10 
H!SlB20 
H!S11530 
HY511540 
Ht'S1l550 
Ht'S1l5150 
Ht'S1l570 
HYSl1580 
HYS115Sl0 
HTSl11500 
H15111510 
H15111520 
H1Sll1530 
HTsll1540 
H15111550 
H1Sl115150 
H1Sll1510 
H1Sll1580 
H1S111590 
H1511100 
H1511110 
H1sll140 
HY6117JO 
H1511HO 
H1Sll1S0 
H1Sl17150 
H!S11770 
H1S11790 
HYSl1790 
H1S11900 
H1S1l810 
H1S11920 
H1S1l930 
H1S1l940 
H!SllB50 
HYS1l9150 
H1SI1B70 
HtS11890 
H1511890 
HYSl1900 
H1Sl1910 
H1Sl1920 
HYS119JO 
HTS11940 
H1Sl1950 
H1S1l9150 
HTS11970 
HTS1l980 
HY611990 
HTS12000 
HTSl1010 
HT5120:;)0 
HTS120JO 
H1512040 
H1Sl2050 
H1S12060 
H1S12070 
H1S1:Z080 
HYS1:Z090 
HT612100 
H1S12110 
HIS12UO 
HTS1:ZUO 
HTS12140 
HTS12150 
H1S12l60 
H1S12170 
H1S12180 
H1S1:Z190 
HYSlll00 
HIS122l0 
HTS12220 
HT6122JO 
HTB12l40 
HTB1l2S0 
HTS1:Z260 
H!S12270 
HYS1:Z280 
H1S12190 
HTS12JOO 
HTS12J10 
H1Sl2320 
HfS12JJO 
HYS12J40 
HYS12HO 
HT612360 
HTS12J70 
HYSl1J80 
HTS12J90 
HYSIHOO 
HY612410 
HY612420 
HTS12430 
H1B12440 
HIS12450 
H16124150 
HIS12470 
HY6l2490 
H1Sl2490 
H15l2500 
H1'S12510 
H1'6125:Z0 
H1'S1:1S30 
H!Sl0l540 
H1S12550 
H!S125150 
HYS12570 
H!S12580 
HYSl:Z590 
H1S121500 
H1S121510 
HYS121520 
H1S12630 
HT6121540 
H1Sl.2650 
HT612660 
HTS1:Z670 
H!61:Z680 
HT512690 
H1612700 
HYSl4710 
HYS12720 
H1S127JO 
HYS12HO 
HYS12750 
HY6121150 
HYS12770 
HTS12780 
I-IfS12790 
HfS12800 
HY612810 
HfS12920 
HYS128JO 
HfS12840 
Ht'S12B50 
H1S12B150 
HYS12970 
Ht'S12BBO 
H1S12890 
HTS12Sl00 
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C ORIGIN AT ( VCO, VCO ) 
C 

c 

EI U I-EI UO-VCO·VCO· EAO 
EI Vl-EI VO-UCO "VCO I EAO 
EI UVl- EIUVO -VCO ~VCO I EAO 

If'( EIVI .LE. O •• OR. Elv1 .LE. O. ) THEN 
WRIT£(I5,t)' ... INE~FICIENT SECTION ELEMENT ARREN'GEMENT 
WRITE( 15,") , • ..... ERROR ......... ERROR-...... • •• ERROR •••• 
WRITE{6,t)' EIUl OR EIVI IS NEGATIVE 

ENDIf' 

IF(PRI!fT) THEN 
WRITE{15 ,1(9) 

109 FORMAT{IX.'TI-IE UCO ,VCO,EIUl.EIVl.EIVV1.'I) 
WRITE( 6,8157 )UCO. VCO, EIU1. EIVl. EIVVI 

867 f'ORMAT(IP,5G15.15/) 
EN'DIF' 

IF( AB6«EIVI-EIU11fEIVl) .LE. 0.00001 .AND. 
ABS(EIUV1/EM) .LE. 0.00001 ) '1'HEN 
BETA( 1600)-0 

ELSE IF( ABS{(EIVl-EIU1)/EIVl) .LE. 0.00001 .AND. 
ABS(EIVVI/EM) .GT. 0.00001 l '1'HEN 
BETA( ISEG)-O. 5"ATAN2 (2 •• EIUVl.O.) 

ELSE IF( ABS«EIV1-EIU1)/EIVl) .~T. 0.00001 .AND. 
ABS(EIUVI/E"') .LE. 0.00001 ) THEN' 
BETA(ISgG)-O 

ELSE IF( ABS«EI'l1-EIUl)/EIV1) .GT. 0.00001 .AND. 
AB6(EIVV1/EM) .GT. 0.00001 l THEN 

BETA( ISEG)-O. 5 .... TAN2(2. "EIUV1, (EIVI-EIUI» 
ENDIF 

•• - LHHT BETA TO (90 DEGREE TO -90 DEGREE) -_. 

PIBO-3.14159215 
P90-3.14159215/2. 
If'( BE'TA(ISEG) .GT. P90 

.AND. BE'TA(lSEG1 .LE. Pleo ) THEN 
BETA( I SEG) -SETA( I SEG )-PlilO 

ELSE IF( BElTA( ISEG) .GE. -P190 
.AND. BE:'I'A(ISEG) .LT. -P90 ) THEN 
BE."I'A( ISEG)-BETA( ISEC) +P180 

ENOIF 

-_. AVOIC UNSTABLE BETA ANGLE OCCURREO ••• 
._. NEAR 90, -SlO, AND 0 DEGREE 

IF( ABS(ABS(BE:TAOSEG»-P90) .LT. O.OJ ) THEN 
IF(BETA(ISEG) .LT. 0 ) eETA(ISEG1--P90 
IF(BE'TA(I6EG) .GT. 0 ) BETA(16EG)- P90 

ELSE IFe ABS(BETA(16EG» .LT. O.OJ ) THEN 
BE'TA(!SEG)-O 

ENDIF 

IF( BE'TA{.ISEG) .Ee. 0 ) THEN 
EA-EAO 
ElU"EIUl 
EIV·EIVl 

ELSE IF{ BETA{ISEG) .NE. 0 ) THEN 
EA·EAO 
ElU-O. 5· (EI V 1 "EIVl ) - ( EIUVl/SIN( 2. I BETA( I SEG) ) ) 
El '1-0.5" (EIU1 +EIVl)" ( EIuv1/SIN ( 2. "SETA( I SEG) ) ) 

ENDIF 

I~(PRINT) THEN 
WRITE(6,l09) 

J09 FORMAT(ll:,'THE BETA.EA,EIU,EIV .'1) 
WRl't'E( 6, 867) BETA{ISEG), EA, EIV, ElV 
ENOl ~ 

C SECTION RIGIDITIES WITH RESPECT 1'0 THE INSTANTMEOUS PRINCIPAL 
C A..IES V AND v 
C 
c 

CALL SEC RIG (LI BN. S't'. TOTA, BJ, I REV1, 1 REV'2, I RE'V3, I REV' .1 ELNO. 
, B.NUMP) 

c 
C CALCULATE PRESENT SECTIONAL ELDCENT COORDINATE 
C ACCORDING TO INSTANTANEOUS .u:ES 
c 

00 " 

$ 

J-1, NU~P 
U( ISEG, J)-C05{BE'I'A( ISEe»· 

(UO (J) -UCO) "SIN'( BElTA( ISEG) ) .. 
(VO(J)-VCO) 

V( ISEG, J)--6IN( BE"U( ISEG»" 
(UO (J)-VCO) +COS( BETA( ISEG») 
*(VO(J)-VCO) 

52 CONTINUE 
IF( PRINT) THEN 
IIRITE(I5.7716) 

7776 FORMAT(a, 'THE U AND V IN' PRINC SUBROVTINS'I) 
WRIfE( 6,7718) (U( ISEG.J) ,V( II5EG, J), J·1.NUMP) 

1778 FORMAT(1I'.IP,2G15.t.i) 
EN'DIF 
RETURN 
END 

HTS12~10 

HYS12920 
HYS129JO 
Ht'912940 
HYSIOlSl50 
HTSI:l9150 
H1Sl:1970 
H1Sl:l980 
H!Sl:1990 
H!SlJOOO 
H!S13010 
Ht'S13020 
Ht'S130JO 
H!S13040 
H!S130'S0 
H'l'SlJ060 
HTS13070 
Ht'S13080 
HTSlJOSlO 
H1'SIJI00 
H1S13110 
H1S131020 
HTS131J0 
HTSIJ140 
HTSUISO 
HTS131150 
HTS13110 
H1S13180 
HTSIJlSlO 
H1SI32CO 
HTS13210 
H!S13:l0l0 
Ht'SlJ230 
H!S13240 
H!S13250 
H!S132150 
H1S13270 
HTS132BO 
HTS13:l90 
HTS13300 
HTS13310 
HTS13320 
HTS133JO 
HYS13340 
HYSll350 
I-IY9133150 
Ht'S13370 
HTS13380 
H!SlJ3SlQ 
HTSU400 
HTS13410 
HTSI3420 
HT5\J430 
H1SIJ440 
H1S13450 
H1SlJ460 
HTSlJOO 
HTSlJ4S0 
HTSlJ490 
HTS13500 
HTSlJ510 
HTS1J520 
HTS1J530 
H1S1J540 
HTSIH50 
HTSlJ560 
HTS1J570 
HTSIJ'S80 
H151.3S90 
H1Sl3600 
H1S13610 
HTS13620 
H!SlJ6JO 
HYSlJ640 
HTS13650 
HYSlJ15150 
H!S13610 
H1SIJ680 
H1SIJ690 
H1SlJ700 
H1SlJ710 
H1S1J720 
HTS1]730 
HTSlJHO 
H1513750 
HTSIJ760 
Ht513770 
H1S13780 
H1SlJ790 
H1SlJ800 
H1S13810 
H1S13820 
H1SlJ830 
H151J840 
HTS13850 
H1S13860 
H1SlJB10 
H1SlJBBO 
HTSlJe90 
H1S1J900 



c 
c 
C .pa 
C DE:BUG UNIT (I!i). 5UBCHIC 
C END DEBUG 
C 

c 

SUBROUTINE steRIG( LIBN. 6T ,TOTA, 8J'. lol, NI, L:2. N2. I ELNO. 
, a,HUMP) 

FINO SECTION RIGIClTT 

!-laTE_ 
THE TD~SICHAL RIG]Tl IS ASSUMED ELAS'l'IC CURRENTLY 

DI"'ENSTCN B(NUJo(P) 

BJJ-O. 
BJ'-O. 
GO TO (100,100,150.200.:200.300,400.400), LIBN 

100 CONTINUE 

rcR SECT 1.2 ELtJo(E:NT 

DO 48 I-l,NUMP 
BJJ-SJJ+B( I) 

48 CONTINUE 
BJ- 4. ·TO'1'''·TOT A'" S"T I BJJ 
RETURN 

150 CONTINUE 

rcR SECTION 3 Et.EMEN'I' 

'I'£,",P1-1-(8(::I )·.4/( l::l"B( 1 )·*4» 
BJ- (B{ 1)·8(::1) .... )) .. (5. JJJJ-( J .J6*S(:2) I (B( 1») -TE,",Pl) 
RETURN 

200 CONTI NUE 

C FOR SECT " ELEJoIENT 
C 

!!Iv-B( 1) 
R~URN 

300 CONTINUE 

rOR SEcT45 E:LDlENT 

!'lNUMP-NU,",P/2 
00 58 r-l,NNUIICP 

BJJ-BJJ+( (B( I) .. a(t +NNIJ,",P» /:;1.) 
58 CONTINUE 

BJ-4. *TO'l'.\"TOTA-S'T'/BJJ 
RE'TURN 

400 CONTI HUE 

FOR SECT? AND SECTS ELEJIIENT 

STT'l-ST/Nl 
!XI 50 I-1.L1 

SSTI-0. 
00 60 J'·l,Nl 

IC.·I+(J'-I) -Ll 
SST1-STT1+66'1'1 

60 CONTINUE 
BJ'-BJ+( (B( I )-56'1'1"J) IJ.) 

SO CONTINUE 
S'TT2·ST/N:i! 
00 70 I·(Ll"'Nl)+I,(Ll*Nl)+L2 

5S'T:i!-0. 
00 80 J-l,N:I 

1t·1+(J-l )*LOI 
SS'1'2-S'l'T:i!+SS't'2 

80 CONTHILJE 
SJ-BJ+{ t B{I) ·SST2"Jl n. 1 

"'10 CONTINUE 
RETURN 

E"D 
c 
c.pa 
C DEBUG UNIT(6) ,5USCHIt 
C END DEBUG 

c 

5U8~OU"TINE JUDEL( IELAS, NS£G,NU)O(P, ISEG, PRINT, IELNO. 
, EM,ET,RATIOJ,!S, 
, DE.E,&:O,El,E:iI,TE,STR ) 

ELA6TO-PLAS'!'IC STRESS-STRAIN HTSTERESIS MODEL 

DIMENSION DEt HSEe;, NUMP) , E (NUMP) , EO ( NSEG, HUMP) , El (NSEG, HUMP) 
DIMEr-ISION E:I(NSEG,NUMP) ,TE(NUtoIP) ,STR(NSEG,N'UMP) 
LOGICAl" PRINT 

c •• - ••• - .... -----.... ------......... ---
C ELASTIC CONDITION 
C ---•• -----.... ----......... ---........ - ... 
C 
C ••••• ELASTIC CASE SOLUTION 

IF( I'E:LAS • EO. 0 ) THEN 
00 19 I-l,HUMP 

TE( 1 )·EM 
S'TR( 15EG, I )-STA( 15EG. I )+TE( I) "'DE( I SEG, I) 

751 CONTINUE 
RE'TURN 

ENDIF 

00 "'/5 [-l,NUMP 
IF( E(I) .LT. El(ISEG,I) .ANO. 

S E(I) .CT. E2(ISEG,I)) THeN 
TE( I )·EM 
S'T1=I( I SEG.:;: l·STR( ISEG.l) +TEO) -oE( ISEG, I l 

ENOIF 

TENSION STRAIN CONTROL 

H'(E(I)_GE_El(ISEG,I) .ANO. DE(15EG,I) .GE. 0.) TH~ 
El(ISEG,I)·E(I) 
E2(ISEG,I ).E(I )-2 •• E'I 
TE( I )·RATIOJ-EM 
STRr I5EG, I )-5T1=I( I SEG. I) +TE( I) -DE( I SEG, I) 

ENDIF 
IF(E(I).GE_ElCI5EG.l) .AND. DE(15EG.I) _LT. 0.) THEN 

El( lSEG. I )·E( I) 
E2( 15E:G. I )-E( I 1-2_ -ET 
TE:( I)-EM 
5T1=I( ISEG, I )-STR( 16EG ,I) +TE( I)'" DE( ISEG, I) 

ENOIF 

-- COMPRESSION STRAIN CONTROL .-

IF(E(I).t.E.E4(ISEG,I) .AND. DE(ISEG,I) .t.E_ 0.) THEN 
EJ(ISEC,I )·E(1) 
Ei(ISEG,1 )-E(l )+2.·EY 
TEl I )·RATIOJ'"'EM 
5'l'R( I SEG. I )·STR( ISEG • .I) +TE( 1)· DE( ISEG, I) 

ENDIF 
tF(ECI).LE.E2(ISEG.I) _AND. DE(ISEG.Il .CT. 0.) THEN 

£2 ( I SEG. I )- E ( I ) 

HTSIJ910 
IiT513920 
10115135130 
1i!513940 
IiT513950 
IiT5139150 
I-I1s135110 
IiT5135180 
IiT5139510 
H'I514000 
IiT514010 
IiTS140:l0 
HTSHOJO 
H1514040 
H1S140S0 
HYS14060 
HTS140"'lO 
HTS14080 
H1S14090 
HTS14100 
l-1JS14110 
1-IJ514120 
HTS141JO 
H1514 140 
HTS14150 
HTS14HiO 
HT614170 
HTS14180 
H!614190 
HT514:i!OO 
H'IS14:;;lo 
HTSH:i!;CO 
HTS14:;;30 
H'I514:;;40 
H'ISH2S0 
HT614260 
HT5142"'10 
HT614280 
HT614290 
HI514JOO 
H'IS10IO 
HTSl4J20 
HTS14JJO 
H1S14340 
H151050 
HTS143150 
Ht'S14370 
H1514J80 
HTS14J90 

_H1S1UOO 
H1514410 
HT514420 
HTSIUJO 
H1S14440 
H161HSO 
H1514460 
H1S1H"'I0 
H1S144S0 
H1S14490 
H1S14 500 
HTS14 510 
HTS14510 
HUH 530 
H1514S40 
H!S14550 
H!5145tSO 
H!614S70 
HT514580 
HI5145510 
HT514600 
HT514610 
H'I5H6:;10 
H1514630 
HT614640 
H1S14650 
H1S14660 
HTS146"'1Q 
H1S1HisO 
H1S14690 
H1S14700 
HT614110 
H1S14720 
HT514130 
H1SHHO 
H1S14750 
HT614760 
HTS14710 
HT614780 
HTSH"I5IO 
HY614800 
HT514810 
H16148:;10 
H161U30 
H1614840 
H1614850 
H1S14S60 
H1S14870 
HT514880 
HTS14890 
HYS14900 
HT614910 
H'Is14920 
H'ISH5I30 
HT514940 
HT514950 
H'I5lt960 
H16149"'10 
H1514980 
H1S145190 
H'IS15000 
H1S15010 
HTS15020 
H1S150JO 
HT615040 
HTS15050 
HTS15060 
H'S15010 
H1S150BO 
HTS150510 
H1515100 
HTS15110 
H1S15120 
H1S15130 
H1S1S140 
HTSlS150 
H1S1S160 
H1S1S170 
HTS15180 
HTS15190 
HTS1S200 
H1S15no 
H!SI5:il::lO 
HTS15:1JO 
H1515240 
H'I61S2S0 
H'I515:;160 
H1S152"'10 
H1SI5280 
H1S15290 
HTS15JOO 
HTS15310 
HTS15:320 
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c 

El( ISEG, I )·E( I )+2 •• ET 
TE( I )·EM 
STR( ISEG. I )-STR( ISEG. I) +TE(1) "'OE( ISeG. I) 

ENDIF 

i 5 CONTINUE 

C OUTPUT SECTIONAL F;LE:)(ENT STRAIN RATE, S'l'RAIN, ~C. 
C 

IF(PRIN'T) THe:N 
WRITE(6,32)ISEG 

32 FORMAT('l', 'TENGENT STIFFNESS FOR MEMBER 
WRITE( 6.34) (TE(I) ,1·1. NUMP) 

• ,13, 'SEGMEN'I' ',15.'1') 

c 

J4 FORJ!VoT(1I.5G1S.6) 
WRlTE(I5,J21 ) 

321", FORMAT ( 14%. :SEG. E1', 
E2 DE 

WRITE(6. U) (I ,El{ISEG,I), E2( ISEG. I), OE:( tSEG, I), 
- EO(ISEG,I)'I·1,NUMP) 

U FORKAT(1.I.15.4G1S.6) 
Et-IDIF 
RE:'TURN 
END 

C 
C.pa 
C DEBUG UNIT (6). SUBCHP;; 
C END DEBUG 

SUBROUT INE .ruOEL2 ( I ELA5. N'SEG. NUMP. I SEG, PRI NT, I ELNO, 
, E:J!I.El.RATIOJ,T5. 
, oE,E:.EO,El,E2,TE,5'!'R ) 

MODIFIED BILlt-IEAR S7ESS-STRAIN HTSTERESI5 MODEL 

EO' ) 

01 JoI:ENSI ON DE( NSEG, NUMP) • E( NUMP) • EO (NSEG. HUMP) • El (N'SEG, N'UIo4P) 
DIMENSION' E2 (NSEG, NUMP) ,T E (NUMP) • STR( HSEG, NUMP) 
LOGICAL PRINT 

c 
C ...... ---••• ----••••••• -- ....... ---
C ELASTIC CONDITION 
C ••• --.... ----•••••••• - ........... .. 
C 
C •••• _ELAS'TIC CASE SOLUTION 

c 

H( [gr,A,S .W. 0 ) THEN 
00 79 I·l,NUMP 

TE( I) ·EJII 
J9 COrl't'INUE 

RE:'l'URN 
ENCIF 

00 J5 t-l,HUMP 
IF( E(I) .LT. El(ISE:G.I) .MO. 

5 E(I) .GT. E:i!{ISEG,I» THEN 
TE(I ).EH 
STR( ISEG, I ).S'TR( ISE:G, I) +TE( I) "DE( ISEG. I) 

TENSION' STRAIN CONTROL 

ELSe: IF(E(I).GE.E:1(ISEG,I) _AND. OE:(lSE:G.I) .GE. 0.) THEN 
IF'(ABS(STR(1SEG,I)) .GE. TS) THE:N 

El ( I 5EG. 1 ) - E (I) 
E:;; (ISEG. 1 )-E( I )-2. "'E'I 
TE( I )-RATIOJ-E:)( 
STR( ISEG.I )-STR(I BEG, 1 )+TE( I)· DE{ ISEG, I) 

ELSE IF(ABS(S'TR(ISEG.I)) .LT. TS) THEN 
TE(I )·EM 
STR( ISEG, I) ·STR( ISEG, I) +TE( I) ·CE{ISEG, I) 

ENDIF 
ELSE IF{E(I).GE.El(ISEG,I) .MD. DE(15EG,I) .LT. 0_) THEN 

E1(ISEG,I)·E(I) 
E2 (ISEG, I )·E( I) -2 _. ET 
TE(I ).EM 
STR( 16EG. I ,.STR( ISEG, I) +TE( I)-DE( t5EG. I) 

-- COMPRESSION STRAIN CONTROL •• 

ELSE IF(E(I).LE.E2{ISEG,1) .AND. DE(ISEG.I) .LE. 0.) THEN 
IF'(AB5(STR( 16EG,I) .CE. 'IS) THE~ 

E2( 16EG, I )"'E(I) 
El (ISEG. I ).E( 1) +2.-E'! 
TE(I)-RATI03"E:Jo( 
STR( ISEe. I ,.STR( ISEG, I) .TE( I)· DE( ISEG, I) 

ELSE IF(ABS(6'TR(ISEG,I» .LT. TS) THEN 
TE(I ).~ 
S'I'R( ISEG, I )·STR( ISEG, I) +TE( I) "DE( ISEG, I) 

ENOIF 
ELSE 1f'{E(ll_LE.E2(lSEG.I) .ANO. OE(ISEG,I) .GT. 0.) THEN 

E2{15EG,I)·E(I) 
E1 (ISEG, I )·E( I) +2. *E:T 
TE(I)·EM 
STR( 15EG. I )-STR( ISEG,I) 1-TE( I) -DE( ISEG, I) 

E:lIIDIF 

75 CONTINUE 

C OUTPUT SOC1'tONAL E.LEJotEN'l' STRAIN RATE, STRAIN. ETC_ 
C 

IF(PRINT) THSN 
WRITE(IS,32}ISEG 

32 FORMAT('l','''ENGE:NT 5'1'tFFNE5S FOR MEMBER ',IJ, 'SEGMENT ',15.':') 
WRITE( 6,34) (TE( I), I·I,HUMP) 

J4 FoRMAT{U,5GlS.IS) 
WRITE(6.321) 

321 FORMAT(/n,'SEG. El', 
'"' ' E2 DE EO') 

WRITE( 6,44) (I, E1 (15EG. I). E2( 15EG. I 1. DE( ISEe;. I), 
'" EO{ISEG,I),I·1.NUMP) 

U F'QP!)(AT( IX. [5,4e;15.(5) 
ENOIF 
RETURN 
E"D 

C 
c.pa 
clIpROCES8 SCU",P GOSTMT ::IREF 
C' DEBUG UNI'I'(6),SUSCHIt 
C END DEBUG 

c 
c 

SUBROUTINE .ruDEL3( IELAS. NSEG,NUMP. ISEG. pRI~, IELNO, 
, EM.El,IR,1S. 

OE,E.EO,El.E:2.TE. 
DEI', EO p. STR?, S'TR. TEP. EREF, SREF, MOPT) 

RAJo(8ERG-oSGOOD STRESS-STRAIN H!5TERESIS Jo(OOEL 

DIMENSION DE (N'SEG. NU,"«P) ,E( NUMP) , EO (NSEG. HUMP) • E 1 (NSEG. HUMP) 
DIMENSION E2(l'ISEG,NUMP) ,TE(t-IUMP) ,STR(HSEG,NUMP) 
DIMENSION DEP(NSEG.NUMP) ,EOP(N5EG,NUMP), 

, STRP (NSEG, NUMP) ,'l'EP (NSEG, t-IUMP) • 
, EREF(N5EG,NUMP) ,SREF(NSEG,t-IUMP) 

LOGICAl. PRINT 

C .--••••••• - ..... ---.......... ---- .. 
C EL .... SrIC CONDITION 
C --••••• - ............ ----••• --.. - •• 
C 
C_ •••• ELASTIC CASE SOLUTIDt-I 

[F( IELAS .EQ. 0 ) THEN 
00 79 I-l,NUMP 

TE(I)·EM 
"/9 CONTINUE 

HTS15330 
HTS15340 
H1S15350 
HTS1S360 
H151S310 
H1515J80 
H1S15J90 
H!515400 
H1515410 
H1515420 
H1S154J0 
H151S440 
H1515450 
H1615460 
H1S15470 
HTS1S480 
HT6154510 
HTS15500 
HTS15510 
HTS1S520 
H1S1 S5JO 
H1S15540 
H1SlS550 
HTSlS560 
H1S15570 
HTS155BO 
HrS15S90 
HIS15600 
H!S1S1510 
HIS151520 
H1S1S1530 
HTS151540 
H151S650 
1011515660 
HT515670 
H1S15680 
H1S15690 
H1515700 
H1S1S710 
HTS15720 
H1S157JO 
H1S1SHO 
H1S15i50 
H1S15760 
HTSlSJ70 
H1515i80 
HTSI5790 
1-11515BOO 
H1515610 
HTS15820 
Ht'SlS830 
HY515B40 
HTSlS850 
HT51SB60 
H1S158"'10 
H1SI5880 
H1515890 
HTS15900 
H1515910 
HTS15920 
HTS159JO 
HT51S940 
HTS15950 
HTS15960 
H1S1S910 
H1S1551BO 
HTS1551Sl0 
HT516000 
H'I516010 
HTSUiOJO 
HTS160JO 
14'1516040 
H'IS16050 
H1SHi0150 
HYS16070 
H1S115080 
H1S16090 
H1S16100 
H1S16110 
H1S16120 
H15115lJO 
1415115140' 
H1516150 
HTS16160 
H1S16170 
H1516I80 
H1516190 
H1516100 
H!5115210 
HT516220 
HT51152JO 
H!516240 
HT5115250 
H!51!5260 
H'I5115:i!70 
HTSll5:i!80 
H1S16:i!510 
HTS16300 
H1516310 
H1516J20 
HTS16J30 
HTS16340 
H1516350 
HIS16J60 
Hf5115J70 
IiTS163BO 
IiT51153510 
H1S16400 
HT516410 
HYS16420 
HlS164J0 
H1S16440 
HTS16450 
HTS16460 
H1S16470 
HTSl15480 
HTS16490 
HT5115S00 
H!51!5510 
HT5115520 
H1Sl!55JO 
HTS16540 
HTS16550 
HTS165tiO 
H!S16S"'I0 
H1S\15560 
HT516S90 
HYS16600 
H1S16610 
H1516620 
HTS115630 
HT516640 
H1516650 
I-ITS166150 
HT516670 
HTS16660 
HfS16690 
H!S16700 
HTS16710 
H1516720 
H1516730 
H1S16740 



c 

RE'TURN 
ENDIF 

... FOR INITIAL CONOITtON _. 

00 7S I-l,NU)(P 
H( MOP'T .EQ. 7 ) THEN 

TE{I )-EJ14 
S'l'R( ISEG. I )-S'l'FI.( ISEG, [) +'l'E{1 )"'OE{ ISEG, I) 
TEP(ISEG.I)·TE(I) 
DEP ( ! SEG. I ). DE (I SEG. [ ) 
EOP(ISEG.I)-E(I) 
STRP( I SEC, I )-STR( r SEe, [J 

-- CHECIit REVERSE paINT _. 

ELSE H'(DEP(ISEG.I)iII OE(15EG,I) .LT. 0 ) THEN 
EREF( ISEG, I )-EOP{ ISEG, I 1 
SREF(ISEG, I )·S'I'RP( ISEG, 11 
TE(I )-E:)4 
S'TR(ISEG.I )-S'TR(tSEG.I )+TE(I )"'0£( tSEG,I) 
'rEP (I SEG. I ) -TE (I) 
DEP( ISEG, I )-DE(tSE:G. I) 
EOP(15EG,I)-E(I) 
STRP( ISEG, I )·S'TR( I SEC;, I) 

-- FoR SItELE'TON AND BRANCH REGION --

ELSE IFeOEP(IsEG.Il" DE(1SEG,I) .GE. 0 ) THEN 
S'I'R(I SEG. I) -STR( 15EG. I J +TEP(ISEG. I) "DE( ISEG, I) 

C ••••• rOR FIRST SI(ELE'TON CURVE 

c 

H( EREF(ISEG.I) .EQ. 0 .~D. 
SREF(ISEG,I) .EO. 0 ) THEN 
IFf ABS(6'I'R(ISEG,I)/'fS) .LT. 0.:2 ) 'l'HEN 

TEJI4Pl-1iEJoII 
wRITEClJ,·) 'CASE '" 

ELSE IF( STR(ISEG.I) .GE. 0 ) THEN 
WRITE( 13,·) 'CASE A' 
TEMPl-(1 + IR·ABS(S"I'R(ISEG.Il/YS) ... ·(IR-l) )/EJ14 

ELSE IF( STR(I6E:G.I) .LT. 0 ) THEN 
WRITE(l3,-) 'CASE B' 
TEMPl-{l + IR1IABS(STR(I5EG,I)/1'5)"(IR .. l) l/EM 
TEJoIIPl-(l + (:2-IR)"'ABS(STR(15EG,I)i'f5)·-(IR ... l) )/E)! 

EHOIF 
TE(I)-liT04Pl 
TEP{ IsEG, I )-TE( I) 
OEPe IsEG. I }-DE( r SE:G, I) 
EOP{ISEG,I)-E(I) 
STRP( ISE:G, I )-S'TR( ISEG,I) 

C ••••• A~ER FI RS'1' SJitELETON CURVE 

c 

Et.SE If( EREF{ISEG,I) .HE. 0 .OR. 
SREF(ISEG,I) .NE:. 0) THEN 
'TEJoII~:2- STR(ISEG.I) - SREF{ISEG,I) 
IF( ABS{TEMP2I(:2-tS)) .LT. 0.:2 ) THEN 

WRI'!'E~lJ,1I)'CASE !!I' 
TEMP1-IIEM 

ELSE [f'( TEM?:2 .GE. 0 ) THEN 
TEMPl-(l ;. IR"ABS(TEJoIP2/(.-1'S»"(IR-l) l/EJoil 

ELSE H( TEMP:2 .LT. 0 ) THEN 
TE)IIPl-(l ... IR-ABS{TE)IIP:i!I(:;j-'fS»)·-(IR-l} )/EM 
TEJoIIPl-O'" (2-IR)·AB5{TEJoIIP:2/(:l .... fS) .. (lR-l) )/EM 

ENOIF 
'rE{I ).1/T04Pl 
TEP(ISEG,r'-TE(I} 
OEP( ISEG. I ,-OE( 16EG, 1) 
EOP(IS~,I)-E(I) 

5'l'RP( ISEG, I )-6'l'R{ ISEG. I) 
ENOIF 

&NOIF 

15 CONTINUE 

C OUTPUT SECTIONAL ELEME:NT STRAIN RATE. STRAIN. ETC. 
C 

IF(?RINT) THEN 
WRI'I'E{ 5, 3:il}l ELNO, ISEG 

32 FOfU(AT{' 1', 'TENGENT STIFFNESS FOR )oi{E'JIIBER 
WRITE{ 5,34) (TE(I), I-t, NUMP) 

34 f'ORMAT(lI,5GI5.6) 
WRITE( 5,3:21) 

3:21 FORMAT(/U. ·SEG. 

',I3,'SEGJoIItNT ',15,'.') 

STRESS' , 
STRAIN 

WRITE ( 6, 44) (I, STR(lSEG, I), 
5'1'1 FFNESS .) 

• EO(ISOO,I).TE(I),I-l,NUMP) 
~4 FORMAT(lJ:,I5,3X,GlS.I5.3:1,:2G15.15) 

E:NDIF 

R~URN 

END 
C 
c.pa 
C DEBUG UNTT(61,SUSCHIt 
C END DEBUG 

C 

SUBROUTINE JUDEL4 (IEL"S, NSEG, N\..[)(P. I SEG, PRINT, I £LNO, 
, EIoI,E1',RA'1'I03,lS, 
, DE,E.EO,El,E:iI.TE,S'TR) 

THI5 IS THE ELASTIC STES5-STRAlN MODEL 

DIMENSION DE( NSEG,HUMP), E(NIJ)(p} , EO(NSEG. NU)o{P) , El(N5EG,NUJoIIP) 
01 Jo4E:NSION E'2 (NSEG, N1JMP) ,TE( N'UMP) ,sr R( NSEG, NUMP) 
LOGICI\L PRINT 

C ••••• ELASTIC CASE SOLUTION 
00 19 l-l,NUMP 

1'E(I )-E)II 
S't'R( ISE:G, I )-STR( ISEG.l) 1'TE( I )-DE( ISEG,I) 

J 9 CONTINUE 
C 
C OUT"UT SECTIONAL ELE:ME:N'I' STRAIN RATE, 6'I'RAIN,ETC. 
C 

c 
c 

H'(PRIN'T) THEN 
WR.ITE(I5,]:;j)ISEG 

]:2 FORMAT('l','TEHGEN'l' STIFFNESS FOR JoIIEJoIIBER ',IJ,'SEG!o1ENT ',IS,"'} 
WiUTE( 6, 3~) (TE( I 1,1-1. NUM") 

H FORMAT ( IX, SGlS.IS) 
WRITE(IS,Hl) 

321 FORJolAT( 14)(. 'SEG. 1::1', 
.. ' £2 DE EO' 1 

WRI'l'E{6 ,44) (I, El (ISEG,I) ,E::2[ISEG,l). DE(ISEG ,I), 
• EO(ISEG.I},I-l.NUMP) 

n FORMAT(lX,I5,4G15.6) 
ENDIF 
RETURN 
END 

C .pa 
C DEBUG UNIT (6) ,SUBCHI( 
C END DE !!lUG 

SUBROUTINE ELESTI (NSEG, IStG, IE:LNO, ",RIN'T, ISTI F. 
, EA,EIU,E:IV,G~,E:L,FLOC,PSI(,SI() 

C"-LCULATE. STABILIT'f ELE)IIENT S'I'IFF"NESS 

H'fSlIS750 
H'fSH5160 
HtS16170 
HtSI6160 
HIS16J90 
HIS16600 
HIS16810 
H1'S16820 
H1'S168JO 
HI5115B40 
H1S16850 
K'fS168150 
HtS16670 
H'fS16680 
H1516890 
H1'S16900 
HTS16910 
H1'S16920 
H1'S16930 
H1'S16940 
H'fSHi!il50 
Ht516960 
HTSHi910 
HtS16960 
HTS16990 
HTS17000 
HTS17010 
H1'S11020 
HtS110JO 
H'fS17040 
HTS17050 
HlS11060 
H'517010 
H'fSUOeo 
HTS17090 
H1'S17100 
HT617110 
HrSlll:20 
HlS17130 
H'fS17140 
HlS11150 
H1'S11160 
H1'S17110 
HTS17160 
H1'S17190 
HrSl720Q 
H1'517:l:10 
H1'S17:220 
HlS17:;30 
HtSl1440 
H'f511:250 
H1'Sli260 
HTSl7'270 
H1' S 11280 
H1'S17290 
H1'S17300 
HlS11310 
HlS173:20 
H1611330 
H'fS11340 
H1'517350 
H1S17J60 
HTS17370 
HlS17JBO 
H1'S17390 
HtS11400 
HYS17410 
H'fSl14:i10 
HlSl1430 
H1S1H40 
JoITS17450 
H1'SIH60 
H1'SlHJO 
HlS1HBO 
HlSl1490 
H'fS11500 
HllS11510 
H1'6175:;t0 
H1S11530 
HTS17S40 
HY6175S0 
H1'S11560 
H!511570 
HlSl1S80 
HlS1"I590 
HlS11600 
H1617610 
Hl6176:20 
HYSl7630 
H1'617640 
Hl517650 
H1'SIHi60 
H1617670 
HTS116BO 
HtS11690 
H1617100 
H1S17710 
H1617720 
HYSl77 30 
Hl's17HO 
H'fS17750 
H1Sl7760 
H1511170 
H'fS11160 
HTSI7190 
HTS17600 
H'fS17IHO 
H'fS176:20 
H'f511830 
H'fSI7i340 
H'fS11850 
H'fS111360 
HT617810 
H1517880 
H,s17890 
HTSl"]900 
HT51"]910 
H!SI79:;0 
H1511930 
H'fSl1940 
HTSl7950 
H1517960 
HTSIH70 
H1'617980 
HTSl1990 
H!S18000 
HtS18010 
Ht516020 
H1'SlBOJO 
H1S1B040 
H1'S180S0 
H1'S180EiO 
HTS18070 
H!SI80BO 
HTSleO!ilO 
HtS18100 
H1S1BII0 
H1'Sl61:20 
HTSIBllO 
HTS1B140 
H'fSle150 
H!S18160 

57 

DH4ENSIDN EL(NSEG), n.oc (HSEG, 1'2), "SIt(NSEG. 12,12), Sltj 12,1:2) 
LOGICAL PRINT 

INIT IALIZE THE SEGJoIIENT STIF~NE5S 

",UN-1200. 
CO 430 1-1.12 
CO 430 J-1.12 

SIt(I,J)-O. 
.30 CONTI NUE 

fORMULATE THE EL.EMENT STIFFNESS JoIIATR.IX 

P-FLCX( ISEG,3) 
WRITE(l1,*}P 
cm'-pl (10 •• EL( ISEG)) 
IF(ISTIF .EO. 1) THEN 

Slt{ 1,1 )-1:2. *EIVI (Et( I5EG)·" J) -COF"n. 
SIt(:2, J )-1:;;). ·EIU/( Et(! SEG)· *J)-c'OF-12. 
511:(3,3 )-EA/EL( ISEG) 
SK:( 4,4 )-4 •• EIU/EL( ISEG)-

COF'" (4. iIIEL( ISEG) "Et( ISEG) 13. ) 
SIt( 5, 5)-'. *EIV/EL( ISEG)-

COF· ('. ·EL( ISEG)"EL(lSEG) 13. ) 
SK:( 6, 61-G~iEL( ISEG) 
SI( 1, S }-6. *EI VI (EL( ISEG) **:;;) )-COF*EL( ISEG) 
51(:2,4 )--6. ·mul (EL( ISEG) *. 2) -COF'" (-EI..( ISEG» 
S~(7 ,1)-SI':( 1, I} 
5~(8, 8)-S1t('2. 2) 
Sk{9,9)-SIt(3,3) 
Sk(10,10)-SI(4,4) 
5k(I1.11)-SIIt(5,5) 
SIIt( 12.I:2)"SIt(6 ,6) 
51((7,l1)--SI((I,5) 
SI{(B,lO)-"SIlt(:2,' ) 
SIC( 1, 1)--SIIt( 1.1) 
SIt(:il, 13 )--SIt(2, 2} 
SIt(3,9)--SIlt( 3, J) 
51C( 4,10 )-0. SiIISIC.{ 4, .)-COF* (-EL( 1 SEG) "'EL( ISEG)I3.) 
SI( 5,11 )-0. S"'SIt( 5, S) -COF·( -EL( ISEG) *EL( I SEG) i J.) 
51(6,12)--SIC(6,6) 
SII:( 1. 11)-SIC( l,S) 
SJt:(2,10)-SIC(2.4) 
5 iii: ( 4, 8)--SIt('2.10) 
SIt(S, 7}--SIlt( 1.11) 

ELSE IP(ISTIF .EQ. 0) THEN 
IF( AB5(P) .LT. l.} THEN 

ENOIF 

Slt{ I, 1)- D .• -ElV/( tL( UEG) ...... l)-COF·12. 
SIC(:2, '2 )_l:2."EIUI (EL( lSE:G)uJ) <OF*12. 
SI( J, J )-EAiEI.( lSEG) 
Slit ( 4. 4}-'. -EIU/EL( ISEG)-

COF*(4 .-EL(ISEG)·EL{ISEG)/3.) 
SIIt( 5,5)-4. *EIV/EL(ISEG)-

COF* (4 ."EL( 15EG) "'E:L(ISEG) 13.) 
511.:( 6, 6 )-G~/EL( ISEG) 
SIt( 1. 5 )-6. -EIV/( EL( ISEG)":2) -COF"EL(ISEG) 
SIC(:2,4 )--6. "EIU/e EL( ISEe) "2)-COF. (-EL{ ISEG)) 
Sk(?,7 )-SI( 1,1) 
SI((8.8)-SI({:2 ,1) 
SIt.(9,9)-SX{J,J) 
Sk(10,10)-SK(4,4) 
SIC( 11, 11 )-5X( S, 5) 
SIt(12,12}-SK(6,6) 
SIt(1, 11 )--SIC( 1. S) 
SK(B, 10)--SIIt(:2,.) 
SK( 1,1 )--51( 1,1) 
SIt(:2,8)--SI({:iI,:il ) 
SIt(3.9)--SIt{3,3) 
SIIt( 4.10)-0. 5 .. SIt{ 4,4 )-COf" (-EL( ISEG) .EL( ISEG) n.) 
SI( S. 111-0. 5"SI(( 5, S )-COF" (-EL( I5EG) iIIEL{ ISEG )/3.} 
SIlt(IS,l:2)--SI(6,6) 
Sk( 1,11)-SII:'( 1. 5) 
SIt(:;, 10)-SK:(2, 4} 
51(4 .8)--SIC.(:2, 10) 
5K(5,1 )--SIC{l, 11) 

1F(r' .GT. 1.) THEN 
S!ru-SQRT(P/EIU) 

EHDIF 

CU-C06( SlCU*EL( ISEG) )-AUN 
5U-SIN(SlCU"'e:t(ISEG) )·AUN 
5~-SQR'J' (p/EtV) 
CV-COS( SItV- e:t( I SEC} ) "AUN 
SV-SIN (SItV-EJ..{ lStG) )-"UN 
Sk( 1,1. )-EIV· {( SltV u 3j-SV/( '2. ""UN .. '2. *CV-SItV·EL( I5EG ) .. SV)) 
61( '2 ,1 )-EIU" ({ SIru"3) -SUI ('2. "AUN-2. *CU-SJtU-EL( ISEG )"SU» 
51( J, 3) -EA/EL( I SEG) 
6K:( 4.4 )-EIU·SItU· {( SU-SltlJiIIE:L( ISEG)iIICU) I 

(2."AUN-2 .... CU-SItU .. EL( ISEe) -SU» 
511: ( 5, S )-EIV*S,;v· «(sv-sn"EL( ISEe) ·CV) I 

( •• -AUN-2 .·cV-SItV"'ELC ISEG)"SV» 
SIt( 6.6 )-GIIt'1'/EL( ISEC) 
SIt( 1., S )_EIYiII « SJt'll**:2) "'( 1. *AUN-CV11 

(:2. -AUN-:2. iIIcv-SJ:V*EL( ISEe) 11 SV) ) 
SIt(.,4 )--EIU- ({ SICU":;j) - (1 •• "UN-CU) I 

('2. "'AUN-1."CU-SrJ.J iII EL( 15~) iIISU) 
6k( 7, 7)-SIlt( 1,1) 
SIC.(B,8)-SIC.(2,2) 
SIC.(SI ,9)-SIC.( J. J) 
SIC.( 10, 10)-SII:(4, 4) 
SIt(l1 , 11 )-5"( 5, 5) 
Sk( 12 ,1.2)-5"( 6 ,6) 
Sk(J,l1)--S~{I,S) 
SIC.(8,1.0)--SII:(:2,4 ) 
SIt.( 1. 7 }"-SK( 1,1) 
S"(2,B)-·Sk(2,2) 
SIt{ 3,9)---51(( 3,J) 
SIt( 4,10) - EIU*SItIJ* ( (SItU· EL( I SEG). AUN-SU) I 

( :2. ·"UN-2. *CU-SItU* EL (I SEG). 5U) ) 
Slt( 5,11) _EIv_sn_ « SJCV"'EL( ISEG) -AUN-SV) i 

(:il. iIIAUN-'2. -cv-SJCV.EL( 1 SEG) - SY) ) 
SIt(6,l:iI )--Sk(6, IS) 

SIt( 1.1l)-SIt{ 1,5) 
SIC(:2, 10)-Sk(2,4) 
SIC{4.13)_·SI(2,10) 
SIC( S. 7 )--SJit( 1.11) 

IF(P .LT. -1.) TH&N 
SItIJ-SQR'r{-PiEIU) 
CU· COSH [SItIJ. EL{ I SEG) ) • AUN 
SU-SINH (SItU· EL( 1 SEG) ) .. ~UN 
SICY-SQRT (-P/EI v) 
CV"COSH( SP;V*EL( ISEG) )"AUN 
SV-SINH (6P;V-EL( I SEG)) ·Al;N 
5 iii: ( 1,1) -EIV·( (SitV* *3)·SVI (2. -AUN-2. -CV+SItV·Et.( ISEG) iIISV») 
Slit ( :2,:2) -EIU· {( SIIi:U"3)·SUI (:2 •• "UN-2. -CU+SJ(1J.Et.{ ISEG) "51.1) 
Sk( 3, J )-EA/EL( I5EG) 
Slt( 4,4 )_EIU*SJ(1J1I « SltUiIIEL{ IseG )·CU-SU) I 

(2 •• AUH-2. 11 CU + 51t1J 11 Et( ISe:G) ·SU) ) 
SIt( 5, S)· E:! Y· an .. { (sn" EL( I SEG) -CV-SV)I 

( .... AUN-2. ·CV+SkV* EL{ I SEG)" SV) ) 
SIt( 6,6 )-GICT/EL( ISEG) 
SIt( 1,5 )_EIV" « SI(Y· *2)· (cv-l. ·,WN) I 

(:2. ill AUN-2 • -cv+Sp;v·EL (I SEG) *SV) ) 
site 1.4 ) __ EIU" « SItU"2)-CCU-l. • ... UN) I 

(:2 ." AUN-:2. ·CU+SItU .. EL ( I SEG) *SU) ) 
SIlt(7, 71-SIC( 1,1) 
SIt(B, 8}-SIC(:2, ':ill 
SIIt(9,9)-SIt( l,l) 
SIC( 10 .1.0)-SIt( 4,4) 
SIt( 11,11 )-SIIt{ 5, S) 

H1S1BlJO 
H1'S18180 
H1'S18190 
HTS18:200 
Htsle210 
H'fS18:220 
H1S18'2JO 
HTSl13:240 
H1'Sl13'2S0 
HTS1B:ileiO 
HtS18:210 
HTS182S0 
HISIS.90 
HtSlB300 
H1'S18310 
HTSIBJ20 
H1'S183JO 
H1'S18140 
HTSIB3'50 
H151B3150 
H'fSlB3'70 
H1'S16JBO 
H!SlB390 
HYSle400 
H1'SlB410 
HTSIB420 
HrS1800 
H!'51B440 
HtS18450 
HTS18460 
H'fSlB470 
H'fSlB4BO 
HtSlB490 
H'fSIBSOO 
HtS18S10 
H1518520 
HTSIB5JO 
HTS18S40 
H1'SlB550 
HTSIB51S0 
HtSlB570 
H'fSI85BO 
H'fS18590 
H1SIB600 
HtSl13610 
H1S186:20 
HIS19630 
HTS18640 
HlS1BIS50 
Hl'S181HO 
H'fSl13670 
H'fSlBEiBO 
H'fSIB1590 
H1'518700 
H'fSlB710 
H'fSlB120 
H'fS18130 
H'fSlBHO 
H1SIB'7S0 
H1'S18760 
H'fSIBnO 
HT51B'7eO 
HTS18?90 
HTS18eOO 
H1'S18810 
HTS188:20 
H!SlB6JO 
H!518B40 
HTS16850 
HtSlBBISO 
H'fSIBB70 
HtSIB6eO 
HTSIBB90 
HT51B900 
HTSIB910 
HTS18!il:20 
HTS18930 
HtS16HO 
H1'SIB950 
HY51B960 
HtSIB970 
H1'S189BO 
H1'S18990 
H1S19000 
HTS19010 
H1'S190:20 
H1'51Sl030 
HtS19040 
MtSlSl050 
HTS19060 
H'f519070 
"1519080 
H1S19090 
HYS19100 
I-nS19110 
HT5191:20 
H'!'S19130 
H1S19140 
HtS19150 
HtSI9160 
HY519170 
HTSl9180 
HTS1!;t90 
H'fS19200 
HTS19:210 
Ht519:2:il0 
HtSI9230 
HTS19:240 
H1S19250 
H1S19260 
HT519:ilJO 
H'fSl!il2BO 
H1S19:ii!il0 
H'fS19300 
HlS19310 
H'fS193:20 
H1'S19330 
H1S19J40 
HTS19350 
HTS193150 
H'fS19370 
HTS1!il390 
H!S19]!ilO 
HTSI9400 
H151941Q 
HlS194:20 
H1'S19430 
HTS194.0 
H'rSI!il450 
HtS19460 
HTSI9410 
H1S1949Q 
H151.9490 
H!S19S00 
HtS19510 
H'fSlH20 
H1519530 
H1'S19540 
H1'S19550 
HTS19560 
H!'S19570 
H'!'S19580 



c 

ENDIr 
ENDIr 

SIt(11.1:2)·Slte6,6) 
51t(7 ,11)--SJ{{ 1.5) 
Slte8,10)--SIt(:2,4) 
SIt(L 1)--SJ{{1.1) 
51t(:2,8)·-SIt{2,l) 
SIt(3,9)·-S1l:{l,J) 
site 4.10 )-EIU-SJru- « 5'U-6Jru-EL( r SEG) -"UN} I 

(2. - AUN-2. -CU ... SJru-EL( I5I::G) -SU} ) 
511:( 5, 11)-EIV-SltV-( (SV-6IN-E:L( ISEG) -AUN) I 

(2. -AUN-:2. -Cv .. s~-~( ISEG }-SV)} 
511:(6. 12)--SIt(!S,!S) 
5lC( 1.11}·SIt( 1,5) 
SlC(:2, 10 )·SIt(:;I, 4) 
SIt( 4 ,8)--SIt(:2, 10) 
51C( 5, 1}--61t( 1, 11) 

00 ;0 1-1.1:;1 
II·I+l 
00 510 J-II, 1:;1 

SIt(J,I )-SIIt(I ,J) 
510 CONTINUE 

IF(PRINT) THEN 
WRITE( 6. 4J2) I ELNO 

4n FOiI.HAT('l', 'THE ELE:MEN't",IJ,' STIFFNESS') 
CALL PRIN(SlC, 12,1'2,12, 12) 
ENDl:F 

C MEMORIZE THE ~LE:MOlT STIffNESS FOR BEING USED IN SUBROUTINE 
C CLDAF IN THE NEXT STEP 
C 

c 

00 1S10 II·lo12 
00 190 JJ·l,12 

PSIt( 15EG, II, JJ).5lC(II, JJ) 
1510 CONTINUE 

C MEMORIZE THE ELEJro1ENT LENGTH FOR BEING USED IN THE NE:lT STEP 
C 
C EL(ISEG)-EL{ISEG) 

RE:TURN 
ENO 

C 
C.pa 
C DEBUG UNIT(6) ,SUSCHIt 
C ENO DEBUG 

SUBROUTINE CLDAF( PRM, PR, I, NSEG,:rGLO, PSIt, Sit, 
i FGW,FGLOB,PRINT) 

C •••• ·--··------·.----•• ________ • __ .·_·· _______ • _____ •• -----.. ---...... 

C CALCULATE SEGMeNT Gt.OBAL FORCES c-···----·· .. ----·· .. ----·····················-···---·· ... --...• ---...... 

C 

DIMENSION XGLO( N6EG, 1'2) ,P51t(N6EG, 1:;1,12), SIt( 12 ,12), PRe NSEG, 9) 
DIMENSION FGLOB(N5EG. 12). FGLO( 12,12) 
DIMENSION DLOCAL(I:Z,12),PIlJII(12,12) 
DIMENSION XGLOB( 12,12), DFGI..O{ 1'2,12), DFLOC (12,12) 
LOGICAL PRINT 

CPREVIOUS STEP SEGMENT'S GLOBAL DISPLACEJro1ENT INCREJro1EfoIT 
C 

0099 II· 1. 12 
XGL08( II ,1)·XGt.O( I, I I} 

99 CONTINUE 

PREVIOUS STEP ELEMEN'!' ST IE'TNESS 

00 98 11-1,12 
00 98 JJ·1,l'2 

Slt( 11, JJ).PSK.{ I, II, JJ) 
98 CONTINUE: 

00 32 L·l, 12 
00 32 J·1, 12 

PRJoI(L,J)·O. 
32 CON't'IN'UE 

95911::-1 
4:iI PRM(IC,IC)·PR(I.I) 

PRJro1(IC.It+l)·PR(I.'2) 
PRJio1(IC,IC+2)-PR(J,J) 
PRJro1(II:"l,It)·PR( I •• ) 
PRM( 1C+1, It+l )·PR( I. 50} 
PRM( 1t+1,1t+2)·PR( 1.6) 
PRM(IC+2,1t)·PR( 1,1) 
PRM(It .. 2, lC+l)-PR(I, B) 
PRM( 1t+2 .1C+2 I-PRe 1,51) 
It-lC .. 3 
U' (It.EQ.13) GO TO 9:Z 
GO TO 42 

512 00 !S10 II-l, 12 
00 1510 JJ-l,12 

CLOCA.t.(II ,JJ)·O 
00 ISla KIt·l.12 

1510 CLOCAL{ II, JJ)·OLOCAL( II. JJ) +PRM( II .1tIt) -XGLOB( ItIt.JJ) 
00 620 11-1,ll 
00 620 ,J,J-l.12 

OFLOC(II,JJ)·O 
DO 620 JOC.l, 12 

620 OFLOC( II. ,JJ)-DFLOC (II, JJ}+61t( I I .n) * DLOCAL ( It'lt. J,J) 
DO 630 11·1,1'2 
00 !S10 JJ"I,12 

OrGLO(II,JJ)·O 
00 630 u-l, 1:;1 

630 DFGLO( 1 I, JJ)-DFGt.O( II, JJ)+PR/I4( 1CIt, I.t )-OFLOC( Itlt, JJ) 

IF ( PRIN'!') 'l'HEN 
WRITE(6,-)'I','SEGMENT GLOBAL OISPLACE:Jo1ENT 1 NCREMEN'!' I , 
CALL PRIN(JtGL08,ll.1, 12,12) 
WRITE(!S.-)'l','SEGMENT ROTATION KA.TRIJtI' 
CALL PRIN(P1U(,12,12.12.12) 
WRITE(6.-)'1','SEGMEN'I' LOCAL DISPLACEMEN't' INCREMEN't'I' 
CALL PRIN(DLOCAL.ll,1.12,12) 
WRITE(15,·)' SEGMENT LOCAL FORCE INCREMENTI' 
CALL PRINIDFLOC,12.1,12.12) 
WRITE( IS, -)' SEGMENT Gt..o9AL FORCE INCREMENT I' 
CALL PRIN(OFGLO.12.1.12,12) 

ENDIF 

00 "Il 11·1.12 
FGLDa( I. II ).OFGLa( II, 1) +FGL08( I. I I) 

72 CONTINUE 
00 502 J-1,12 

FGLD( J. 1 )·FGL08( I. J} 
52 CONTINUE 

IF(PRINT} THEN 
WRITE( 6.·) '1' , '1'HE SEGMENT', I, 'INTERNAL GLOBAL FORCEI' 

WRITE( 6 ,81) (FGLO(J, 1), J'"I, 1:;1) 
81 FORMAT(U,6G15.6) 

EHOIF 
RETURN 
ENO 

c.pa 
C OEaUG UNIT(6),SUBCHIt 
C END DEBUG 

SUBROUTINE CSLF(R, NSEG, ISEG, FLOC, FGLO. PRINT) C·····--···----· .. ··---····--·····--··· .. ---····---·····--.... --..... -
C SUBROUTINE CSLF FOR CALCULATE SEGME:NT LOCAL FORCE C·-----·· .. ----· .... ---···-······-····· .. ··--····--···---...... --..... -... 
C 

C 

DIME)IlSION FLOC(N5EG,12), FGLO(12,12) 
DIMENSION FLOCAL(1.2,12),R(12,12) 
LOGICAL PRIN'T 

C CALCULATE THE SEGMENT LOCAL FORCE 
C 

00 710 II·t,12 

HT519590 
H'519600 
HTS196l0 
HT519620 
I;TS19630 
HJS196.0 
HT619650 
HlS1915150 
HT51S1670 
HTS15l6BO 
H1515l!S90 
HI5151700 
H'f615l710 
H'fS15l720 
HIS19730 
HTS19HO 
HTSl9150 
H1519160 
H1S19110 
H'fS19180 
H'S19790 
HTS19BOO 
HlS19810 
HlS19820 
HlS198JO 
HI519840 
HI619850 
HTS19B150 
H'I'Sl51870 
H1S1518aO' 
HTSI51890 
HTSI515100 
H'S1.95110 
HIS199:;10 
HI519930 
HlS19940 
H1519950 
H1619960 
H1619970 
Hl5l9980 
H1519990 
HlS20000 
HIS20010 
H'620020 
HlS20030 
HTS20040 
HTS20050 
H'fS200150 
H'f620070 
H'fS20080 
H1S200510 
HTS20 lOO 
H1S20110 
HI520120 
H1620130 
H1620140 
HT520150 
HTS20160 
Hl620170 
HT620180 
HI520190 
Hl520200 
H'fS:;IOJlO 
HIS20:;120 
HTS20:;130 
HliS20240 
H1620:ZS0 
H1620260 
H1520270 
H1S20280 
HI520190 
H162:0300 
HT520JIO 
H1620320 
HI520330 
HTS20HO 
HI520350 
H15203150 
H'5:20370 
H'fS:;l0380 
H15203510 
HI520400 
H1620410 
H1520420 
H1520430 
H15204.40 
HlIS2:0450 
H'620460 
Hl620470 
HI620480 
Hl620.90 
HI620500 
HI520510 
HlS20520 
HTS:;I05JO 
HIS20540 
HI520S50 
HIS';I05150 
HT6l0S10 
HI620580 
HtS20590 
HIS20600 
HIS2:0610 
HTS20620 
H1S'206JO 
H16206.0 
H15201550 
Hl62015150 
HT6:20670 
H'S:20I5BO 
H'fS';I06!i10 
H'fS20100 
H1820710 
HIS20720 
HIS20130 
H'S20HO 
HlS207 SO 
HI620160 
HIS20nO 
HTS20780 
HTS:;I0190 
HYS20800 
H1S20810 
H'f520B:;I0 
HIS:;Z0830 
H1S20840 
H1S20850 
HlS20B60 
Hl820B70 
HIS'208BO 
HT620B90 
HIS20900 
HT620910 
H15:;109'20 
H'fS20930 
H'r620!il.0 
H1S20950 
HTS:Z0960 
HI620970 
HT620960 
H15'20990 
H1521000 

58 

00 710 JJ.l, 12 
FLOCAL(II.JJ)·O 

00 710 1tIt-1.12 
110 n.ocAL( II ,JJ)·FLOCAL( I I, JJ} +R( I I ,!tit) -FGLO( U,JJ) 

00 54 J·l.l2: 
FLOC ( ISEG,.J)·FLOCAL( J, 1) 

S. CONTINUE 
c 
c 
c .0 
c 
c 12 
c 

C.pa 

IF{PRIN'T} THEN 
WRITE(6.80)ISEG 
FORMAT('1','ELEJro1ENT',I3,' LOCAL FORCES.') 
WRITE( 15,12) (FLOC (ISEG, II), II·l, 12) 
FORMAT ( IX, 15G 1 S .15) 

ENCIF 
RE'TURN 
ENO 

C DEBUG UNIT(I5),SUBCHlC 
C END DEBUG 

SuaROUTINE LIB(NNOO, HH, UU, WW, ZZ. INE8. INEH, 
" S'T ,I ~l , 1102, 1"3, I A4 , I ECOP, I ELNO, 
" UO,VO,AO,B,ECCIO,ECC'fO,NUMP) 

C - -- -- - --- - - ------------------- ---- - - - - -- --- ----------------------___ _ 
C SECTI I sox SECTION 
C SECT2 I TUBE SECTION WITH ONE: LAIE:R 
C SECT3 I RECTANGULAR CROSS 5EC1ION 
C SECT4 I WI DE-FLANGE SECTION 
C SECT5 I NOT AV~ILA8LE NOW 
C SEC'I'15 I TUBE SE:l:TION WITH TWO LA'fER5 
C SECT1 I ,lJ>JGI.E: SECTION liITK EQUAL LEGS 
C SECTS I ANGLE SE:l:TION WITH EQUAL LEGS( OPP06IVE SITE) 
C --.- .-------------- - ---- •• ------------ ---------- - ------ - - -- -- ---- - - --

c 

DI MENSION UO (NUMP) ,VO (NUMP) , AO (NUMP) , B( NUMP) 
REAL INEB, INEH 

C THI6 SUBROUTINE IS FOR SEARCHING MEJ>l:BER'S CR06S-SECTION LIBRARI 
C 

c 
C 
C.pa 

IF(NNOO .EQ. I ) THEN 
CALL SECT 1 (HH ,UU, WW, n, INEB, INEH, ST, 

" Uo ,VO, 1.0 , B, ECCXO, ECCTO, NUJoIP. 
S IAl,IA:;I,IA3,IA4,IECOP,IELNO) 

E:LSE [F(NNao .EQ. 2 ) THE:N 
CALL SECTl( HH,UU ,IIfW, ZZ, ItJEB, INEM, S'T. 

i UO.VO,AO,B,ECCXO,E:CCTO,NUMP, 
S I AI, tA2, I~3, IA4, IECOP, IE:LNO) 

ELSE IF(NNOO .EQ. ] ) THEN 
CALL SECT3( HH. UU. WW, n .IHEB, INEH, ST, 

, UO,VO,AO.B.ECCIO,ECC'fO,NU)oIP, 
$ I,U,IA2,IAJ.IA4,IECOP,IELNO) 

ELSE IF(NNOO .E:Q. 4 ) THEN 
CALL SECT4 (HH, UU, \IN, n. INEB, INEH, ST, 

, UO, VO. AO. B, EC:CXO, ECCfO, NUMP, 
$ I AI, 1102, I AJ, 1 A4 , I ECOP, I ELNO) 

E:LSE IF(NNOO .E'Q. 5 ) THEN 
CALL SECT5 (HH, UU, WW, n, INEB, INEH, ST. 

, UO,VO,,I,O,B,EX:CXO,ECClO,NUIoIP, 
5 IA1,H.2,IAJ,IA4,IE:COP,IELNO) 

ELSE IF(NNOO .EQ. 6 ) THEN 
CALL SECT6( HH,UU, WW, n, INEB, INEH. S'T, 

i uO, VO. AO, B, ECCXO, ECCI 0, NUMP, 
S IAI, IA2. IA3, I~4, IECOP, IELNO) 

ELSE IF(NNOO • EQ. 1 ) THEN 
CALL SECT7 (HH,UU, n. ZZ.lNEB,INEH, ST, 

i UO,VO,AO,B.ECCxO,ECCTO,NUJroIIP, 
$ 1101, IA2, IAJ,IA4, I £COP, IELNO) 

• 
$ 

ELSE IF(NNOO .EQ. B ) THEN 
CALL SEC't'B(HH,UU,WW.ZZ,INE8,INEH.S'I'. 

ENDIF 
RE."TUFlN 
ENO 

UO ,VO, AO, B, ECCXO, ECClO, NUMP, 
IAl, IA2, 1 ... 3, IA4, tE:COP, IELNO) 

C DEBUG UNIT(!S},6UbCHK 
C END DEBUG 
C 

SUBROU'!'INE SECT 1 (HH, UU, ECCJtO, ECCTO. I NEB, I NEH, S"!', 
i UO,VO,AO,B.ECCl'O,ECCTO,NUMP, 
i 1"1,IA2.I"J,IA4.IECOP,IELNO) 

C-----·----... -------··-------------------------·----------------------
C THIS SU8ROlJTINE IS F'OR DEFINING SECTIONAL COORDINATES FOR 
C THE 80X CMSS-SECTION 
C HH. BOI HICH 
C UU. BOX "10TH 
C INE:8 • TOTAL NO. OF ELEJro1E:N'1'S FOR HALF WIC1I'H 
C INEH - TOTAL NO. OF' ELE!HEN'TS rcR HALF HIGH 
C S'T. THICICNESS C-----------------·-----------·------··------------------------------

DIMENSION UO (NUJ>l:P) • VO (NUMP) ,100 (NUMP) , B( NUMP) 
R&AL INE:a, IHEH 

UU·UU-:;I-S'I' 
N'UMP-4 - (INE:8+INEH) 
ELH· (( HH/2.) -6'J') I( IHEH-l) 
ELB· (UU 1:iI • ) lINES 
uO( 1)· (UUIl. )+( ST/2.) 
VO( 1).-( (HH/2. )-( S'l'/2.) 
AO( l)·ST-S'I' 
B( l)-ST 
00 52 1.2. INEH 

VO( I ).-( (HH/l.) .(ST+ELH/:;I.)- (I -2)-ELH) 
UO (1 ).( UU/2.) +(ST/2.) 
AO( t }·E:LH-6'I' 
B( I)-ELH 

52 CON'!'INUE 
00 53 I-l,INES 

.J·I+INEH 
VO[J)·-( (HH/2.}-(ST/2.)1 
UO (J). (( UU/2.) -( EL8/'2.) 1-( I -1) -ELB 
AO(J)·ELB-sr 
8(J)-ELB 

53 CONTINUE 
NEOO-INEB+INEH 
00 54 I·l.NEOQ 

J·NE:OQ+I 
UO{J}.uO( 1) 
VOl J)--VO( I) 
AO(J)·AO(I) 
B(J)-B(l) 
JJ·{NEOQ-2)+1 
UO(JJ)--UO( I) 
VO(JJ)·VO(I) 
AO(JJ)·AO(I) 
8(JJ)·S(I) 
JJJ-(NEOO-3)+I 
UO(JJJ)--UO(I) 
"'O(JJJ)--VO(I) 
AO(JJJ)·AO(I) 
B( JJJ)·B( I) 

54 CONTINUE: 

c 
c.pa 

IFe IECOP .EQ. 1 ) THEN 
ECCI'O·e:cCIO 
ECCIO-ECCIO 

ENDIF 
RE:TURN 
ENO 

C DEBUG UNIT(15) ,6UBCHIC 

H1S'21010 
HTS21020 
HT5210JO 
HrS21040 
HTS21050 
HTS:21060 
HTS21070 
HlSnOBO 
HYS21090 
H'f S:ii 1.100 
H'fS21110 
H'fS2\120 
HfS:;Z 1130 
HYS'21140 
H'S'211 50 
HTS211fiO 
HlS21110 
HTS211BO 
HTS21190 
HTS21200 
HTS21:2l0 
HTS:iil:il20 
H!S21230 
H!S21240 
HlS21250 
HTS21'260 
HIS'21210 
HlS21280 
HlS212S10 
HIS2lJOO 
HT52lJI0 
HTS2lJ20 
HTS21330 
H!521340 
HTS2lJ50 
HTS21360 
H!S2l)70 
HTS21 jeo 
H!S'2\J90 
H!S21400 
H'fS214\0 
H'fS21420 
HTS21430 
HlS21440 
H1S214 !l0 
HIS21460 
HTSl100 
HT S214 80 
HTS21~ 90 
HlS21500 
HI521510 
HTS:21520 
HYS:21530 
H!S:21540 
HfS:ZlSSO 
HfS21S60 
HIS21510 
HIS21SBO 
HISc15S10 
HTS211500 
1-115'211510 
HIS2Hi20 
H1'S21630 
H'l'S21640 
H'f5216S0 
HIS21660 
HfS21610 
HTS21680 
H15'21690 
HIS21700 
HIS21'll0 
H15211'20 
HY5217 30 
HTS217~O 
H1S21150 
HTS21160 
HIS21no 
Hr521780 
HT5211 510 
H1521800 
H1'521810 
H!521820 
HT521830 
HT521840 
HYS21B50 
H!S218150 
HTSJl870 
HIS21880 
H!S21B5I0 
KfS:i'1900 
HTS215110 
HTS21920 
HlS'21930 
HIS21940 
HIS:Z19500 
H'f521960 
HTS21970 
KIS21980 
HT521990 
H1'522000 
H'fSnOlO 
HTS:i':il020 
H1522030 
H1S'22040 
H1S22050 
HIS22060 
HlS22070 
HTS2'20BO 
HTS'220510 
HTS22100 
H'!S22110 
HT5221:iiO 
HrS:ii:;l130 
HYS2:i'HO 
HTS:i'2150 
HTS22160 
HfS2:2l10 
H1522160 
HI5'2'2190 
HI5'22'200 
HTS22210 
HTS22220 
HTS222]0 
HTS2:2240 
HTS:ii2250 
H'I'6222150 
M'fS22210 
H!S22280 
H'fS2:2290 
H1522300 
H1S22310 
HfS'22320 
H152'2330 
H1522340 
HIS'22J50 
1-1 TS.;z;t]60 
HT522370 
HTS223BO 
H1522J90 
HTS:2:2400 
HfS'22410 
HIS22420 



END OEBUG 

SUBROU't'1 NE SEC'i'2 (RAD, SPACEI. ECCXO, ECCYO. I NEB. I SPACE, ST, 
, UO.VO,AO.B.ECCJ:O.E:CCIO,NIJMP, 
S . tAl.IA::I.IAJ.1A4,IECOP,IELNO) 

C --------------------------- - - - -- - - - - --------------------------- - - - - -
THIS SUBROUTINE IS FOR DEFINING SECTIONAL COORDINATES FOR 
THE TUBE CFiOSS-SECTION 

RAD • RADIUS OF THE TUBE (8ASED ON CENTER LINE 
INEB .. TOTAL NO. OF ELE:MEHTS rcR 1/4 OF THE CIRCLE 

C ST - THIC~ESS 

C--------------------------------------------------------------------
DI)oIENSION UO(HUMP), VO(NU"P}. ~O(NUMP}, B(NU~P) 
REAL IHEB, tHEH 
NUMP-4 -IHEB 
PI-2.-3.14159215 
SITA-( PI 14. J I( 2.INE8) 
TE)o!P-2. -SITA 
00 25 I-I. INEB 

vo (I)-SQRT ( RAD-RAOI ( 1. +1' AN ( SITA) -TAN (SI TA) ) ) 
UO( I )-VO( I) -TAN( SITA) 

:1:5 SITA-SITA+TEMP 
00 30 I-INEB+I.2*INEB 

VO(I)-VO(I-IHE8) 
30 UO(I)--UO(I-INE8) 

!XI 35 1-2-IHEB+l,3--INE8 
VO( I )--VO( I-2-INEB) 

J5 UO(I)-UO( 1-2*INE8) 
DO 40 I-J"INE8+I.4--INEB 

VO ( I ) --VO ( 1-3*INEB) 
40 UO(l)--UO(l-J*INEBJ 

00 50 I-l,NUMP 
8( I )e( PI --RAO) INUMP 
AO( 1)-8( I )*S1' 

50 CONTINUE 
IF(IECOP .EQ. 1 } THEN 

ECCJ:O-ECCIO 
ECCY 0- ECC10 

EHOIF 
REn'URN 
E:ND 

c.pa 
C DE8UG UNIT(6).5UBCH){ 

END DEBUG C 
SUBROUTINE SECT 3 (HH. UU. ECC.lO. ECCTO, INEB. IHEH, ST, 

, UO,vO,AO,8,,OCCIO,ECCI0.NUMP, 
, IA1,IA2,IA3,1A4.IECOP,[ELNO) 

C --- ------------- ---- - - -- -------- - - - ------- - -------------------------
C THIS SUBROUTINE IS POR DEFINING SECTIONAL COORDINATES FOR 
C THE RECTANGULAR CROSS-SECTION 

HH - SECTIONAL HIGH 
UU - SECTIONAL WlmH 
IHEB - TOTAL NO. OF ELOIc:NTS FOR HALF WIMH 
IHEH - TOTAL NO. OF ELEMENTS FOR HALF HIGH 
ST .. 00101'1 VARIA8LES 
B( 1) - HH/2 (LARGER LE:NGTH) 
B(2) -- uu/2 (SMALLER LENGTH) 

C NOTE I 8(1} AND B(2) ARE raA CALCULATING TORSIOHAL RIGIDITT 

C ------ -- - -------- - - - ----------------- -- - -- -- ------ - ----- - -----------
DIM~SIOH UO(HUM?), VO(NUMP) .M(NUMP), S(NUMP} 
REAL IHE8. INEH 

NUMP- 4 -- (INEB -- INEH) 
ELH-HH/(2.-INEH} 
ELB-UU/(:I:.--INE8) 

00 50 M-1,1NE8 
II-(M-l)-IHEH + 1 
UO( [I )-( UU/2) -( EL8/2) -( M-l) -EL8 
VO(II Je( HH/2}-( ELH/2) 
AO(II)-ELH-ELB 
0-1 
00 60 I-(toI-l)--INEH"2, M-IHEH 

J'-J+l 
UO(I}-UO(II) 
VO( 1 )-( HH/2) -( J'-1) '"et,H-( E:LH/2) 
AO( I j-E:LH'"et,8 

60 CONTINUE 
50 CONTINUE 

IORT-INEB*INEH 
00 "10 I-IQRT .. l, 2'"IQRT 

UO (I )-UO (I-IQRT) 
vo (I)--VO (I-IQRT) 
AO(I)-E:LH'"~B 

70 CONTINUE 
00 eo 1-2--IQRT+I, 3*ICRT 

UO (I )--UO (1-2--IQRT) 
VO (I )-VO( I-:ii*ICRT) 
AO(I)-E:LH-EL8 

80 CONTINUE 
00 90 I-J'"IQRT+l, 4-IQRr 

UO (I l--UO( I-3--IORT) 
VO (I)- -YO( 1-3*IORT) 
AO(I)-ELH·E:LB 

90 CON'1'INUE 

IF( HH .GE. UU ) 
8(l )--HHn 
B(:2 )-UU/2 

ELSE IF( HH .LT. 
8( 1 )-UU/2 
B(:2 )-HHI2 

ENDIF 

THEN 

IJU ) THEN 

HI52:i:430 
H1522440 
HI522450 
HY522HiO 
HI52200 
HI522480 
HYS22490 
Hl522500 
Hl522510 
HI522520 
HlS225JO 
HY522540 
H1522550 
HI622560 
HI522570 
HlS22580 
HI622590 
Hl522i500 
HTS22610 
HY522i520 
HT6226JO 
HTS22640 
Hl522650 
HI522660 
HlS22670 
H!S22680 
H!622690 
H!S22700 
H!S22710 
H!S22720 
Ht'522730 
HTS22HO 
HT622750 
H!S22760 
H!S22170 
HT52:Z780 
HT5:.:.790 
HT622800 
H!522BIO 
HT522820 
HT5228JO 
H!622840 
Ht'522850 
HTS22860 
H1522870 
HT522880 
H'622890 
H'622900 
H!522910 
H1622920 
HTS229)0 
HT622940 
H!6229S0 
HT5.29150 
HT522970 
HT522980 
HY522990 
Ht'52)000 
HT523010 
HT52J020 
H!52JOJO 
HT52J040 
HT52JOSO 
HT52J060 
Ht'523070 
HT5:i130BO 
HT523090 
HT523100 
HT523110 
HTS:il3120 
HTS231JO 
HT52J140 
HlS2J1S0 
HT52J1I50 
HT52J170 
H152Jl!!0 
H1S2Jl!iIO 
H1523:'00 
HtSJ3210 
HT52J2:'0 
HT523:;lJ0 
HTS23240 
H"523250 
H"523J60 
HTS23270 
H15J3:lBO 
HlSJ3:l90 
HTS:l3300 
HTS:l3310 
HISJJJ20 
HISJ3330 
HYSJ3340 
HISJJJ50 
Hl5JJJ150 
HI5JJJ"I0 
HYSJJJ60 
HYS2J390 
HY523400 
HY523410 
HY523420 
HY52JOO 
HY52J440 
HY523450 
H1S23460 
HYS23470 
HIS23480 
HYS23490 
H1823500 

IF( IECOP .EO. 1 ) THEN H1823510 
ECCXO-ECCXO H1S235:1:0 
ECCIO-ECCTO HT823530 

ENDIF H1523540 
RETURN H1S2)550 
END H1S23560 

C H152J570 
C. pa H1S:l:3580 
C DEBIJG IJNIT(6),SUBCHI{ HlS:'J590 
C END DEBUG H1S23600 
C HlS2JiSl0 
'PROCESS SOU~P GOSTM'T XREF HYS23620 

SUBROUTI HE SECT4 (HH. UU. ECCXO, ECCI0. INEB. I NEH, ST, HY523iSJO 
, UO,VO,M.B.ECCXO,ECCYO.NUMP. HI523640 
, IREV1,IREV2.IREVJ,IREV4,IECOP.IELNO) H'S23650 

C ----- ------- --------- - --- - - - - - - - - - - - - - --- ------- --- - ---- --- --------- HT 62 J 660 
C THIS SUBROUTINE oS FOR DEFINING SECTIONAL COORDINATES FOR Ht'523670 

THE IW,DE-FLANGE SECTION HTS2J680 
ST - FLANGE THICIQH;SS KTS23690 
INE8 - WE8 THICItNESS HT82J700 
HH ,. SECTION HIGH HTS2l710 
UU - SECTION WIC7TH HT52J720 
IREVl- NO. OF FLMGE COLUMN IN THE REFERENCE AXIS U DtRECTIONHTS2J7JO 
IREV2- NO. Of FLANGE ROW IN 'THE REFERENCE AXIS U DIFtECTIONHTS2JHO 
IREV3- NO. OF WE8 COLUMN IN THE REFERENCE .\XIS V DIRECTIONHTS:lJ7S0 

C IREV4- NO. OF WEa ROW IN THE REFERENCE .uIS V DIRECTIONH'S:l37!S0 
C -- -- - - - --- ------ - ~------- --- ------------- - - -- --- ---- - ------ --------- HY S:l J 7 "I 0 

DIMENSION UO (NU)O!P 1 , vo (NUMP 1 ,AD (NUMP) , 8 (NUMP J HI 523 7 BO 
REAL INEB. INEH HTS2J"I90 

NUMP-IREV1·IREV2·2 + IREY3--IREV4 
WEBHIGH - HH- ;jj·ST 
55 - UU/IREV2 
11 - S'T'/IREVI 

HTS:lJBOO 
HT5:1J810 
HTI5':13820 
HTS2J8JO 
HIS23840 

59 

S5S - INEa/IREV] 
TTT - WE8HIGHIIREV4 
B( 1)- (2-UU*ST**J + WEBHIGH*INE8**3 )/3 

C 
C •••• CALCULATE TOP FLANGE ELE~ENT COORDINATES .-, 

c 

00 50 1-1. IREVI 
00 50 J-l.IREV2 

1{-1I::+1 
UO(~)-(-UU/2) + 0.5-SS • (J'-I)--SS 
VO(I{J-( HH/2) - 0.5"'TT - (I-l)-TT 
AO( 11::)-55-1'1' 

50 CONTINUE 

C •• , • CALCULAT E BOTTO!ll FLANGE ELEI"IENT CooRDI NATES 
00 60 1-1. IREVI 

c 

00 60 J'-l.IRE~ 
1{-1I::+1 
UO(II::)-(-UU/:2) ... 0.5"'55 ... (J'-lpSS 
YO(II::)-(-HH/2) .0.5-'1''1' + (l-l)"'TT 
AO(!{j-SS--TT 

60 CONTINUE 

C •••• CALCULATE WE8 ELEMENT COORDINATES 
00 70 t-l, IREV4 

00 70 J-l,IREV3 
1{-1{+1 
UO(II::)-(-IHE8/2) ... 0.5--555 + (J-l)-5SS 
VO(I{)-(WE8HIGH/2) - 0.5"'TT'I' - (I-l)--TTT 
AO(I{)-sSS-TTT 

70 CONTINUE 

IF( IECOP • EO. 1 ) THEN 
ECCIO-ECCXO 
ECC'O-ECCIO 

ENDIF 
RE"I'UAN 
END 

C.pa 
C DE8UG UNIT (15), SU8CHIt 
C END DE:BUG 
C 

SUBROUTINE SECTS ( 88. T. D. SPACEl ,NCS, NP5, T 1. 
, UO,VO,AO,8,ECCI0,ECCIO,NU!4P. 
S lAl.IA2,lAJ,IA4,IE:COP,IELNO) C--------------------------------------------------------------------

C THIS SU8ROUTINE IS rcR DEFINING SECTIONAL COORDINATES FOR 
C THE OPEN WEB J'OIST PLATE-CHORD CROS5-5ECTION(BO'I''l'O)l() 
C BB - PLATE WOIMH 
C 1 - PLATE THICICNESS 
C Tl - CHORD 'I'HICItNESS 
C NPS - TOTAL NO. OF EL~ENTS FOR HALF PLATE WIMH 
C NC5 - TOTAL NO. OF ELEMENTS FOR EACH ANGLE: CHORD'S TOE 
CD" THE ANGLE'S LENGTH 
C----------------------------------------------------------- ---------

01 !4ENSIOH UO (NUMP) • VO (HUMP) ,AO (NU~P) ,8 (NU)oIIP) 
REAL INE8, INEH 

IF(IECOP .EO. 1 ) THEN 
WRITE:(IS.-)'I','sECT5 LIBRARI FOR ECCENTRIC LOAD IS NOT', 

IECOP-O 
ENDIF 

'AVAILA8LE ••••••••••••••• L' 

NUJ4P-4 '"NCS+:l '"NPS+2 
S--( (-. S.B8'"T'"*2)-( 4. "Tl·T--D+D-TI--2 +1'1-D---:2-:2. ·1'*T 1'"-2-Tl'" '" J)) 

S 1(88"'T+4.*TI--O.o2.*Tl. 1I 2) 
os- (D-Tl) I (2. --NCS) 
IJO( 1 )-(B812.) -(Tl/2.) 
VOe I )--( S-(T+O. S*Tl) J 
AO(l )-Tl*--2 
Be 1 )-Tl 
00 52 I--2,NCS+l 

UO( 1)- (0. 5'"B8-D-DSj +2. ·DS- (1-1) 
VOl 1)- -( S- (T+O. 5--1'1 j) 
AO(I)-2.'"DS'"Tl 
B(I )-:l.'"OS 

5:1 CONTINUE 
00 54 I--NCS+:2. 2--NCS+l 

UOCI )-0.5'"B8-0. 5*'1'1 
VO (I ) - (D.T-5) +06-2. - OS* (I -NCS-l) 
AO(I )-2 •• DS'""1 
B(I )-:2 .*05 

54 CONTINUE 
uo (2--NCS+:I )--UO (1) 
vo (2·NCS ... :2) -VO ( 1) 
AO( 2.NCS+2) --AO (1) 
B(:I:-NCS+2)-S{l) 
00 56 I-:2.NCS+J, J-NCS+2 

UO (I )--( O. S--88-D-DSj -2. *os· (] -2-HCS-2) 
VO(1 )--(5-('1'+0. S*Tl» 
AO(I )-:2.'"05-Tl 
B(I )-2 •• 05 

56 CONTINUE 
00 58 I-3*NCS+3. 4*NC5+2 

UO( I )--0. S-8B+O. 5*'1'1 
vo (1)- (0+1'-5) +OS-:I • '" os- (1-) --NCS-2) 
AO(1 )-:2.·05--Tl 
8(1)-:1:. --06 

58 CONTINUE 
088-0.5" BBI (2. ·NPS) 
00 60 1-4 --NCS+J, 4-NCs+3"NPS-l 

UO (I )-0.5 --BB+DBB-2 • - D88'" ( I -4 --N'CS-2) 
VO(I)---(S-O.S·T) 
AO(I)-2."D88--T 
8( I )-2.-088 

150 CONTINUE 
00 64 1-4·HC5.NP5+3, 4'"NC6+2--N'Ps+2 

UO ( I ) --0.5 -- 88-DBB+:l. -- 088-- ( I -4 *NCS-NPS-2) 
VO(I)--(S-O.S·T) 
AOCI)-2.·0BB-T 
8( I )-2. ·DBB 

154 CONTINUE 
RETURN 
END 

C 
C.pa 
C DEBUG UNIT(6).I5'UBCHK 

~D DE8UG 

suaROUT I NE 5ECT6 (RAD, SPACE1, ECCXO, ECCTO, INE8, I SPAC E. ST. 
, UO,VO,AO,B,ECCJ:O,ECCTO,NUM'P. 
S IAl,IA:2,IA3,IA4,IECOP,IELNO) 

C--- - - ----- --------------------- - ----------- -- --- - - ---- - - -- -- - ---- - --
C THIS SUBROUTINE IS FOR DEFINING SECTIONAL COORDINATES FOR 
C THE TU8E CROSS-SECTIONWHICH HAS TWO LAYERS 
C RAD - RADt U5 OF THE TUBE (B"SED ON CENT ER LINE 
C IrlEB - TOTAL NO. OF ELEMENTS F'OR 1/4 OF' ,.HE: CIRCLE F'OR 
C EACH LAIER 
C S'l' - THICItNESS C--------------------------------------------------------------------

DIMENSION UO {NUMP) ,VO (NU~P) ,AO (NUMP) ,e (NUMP) 
REAL INEa, INEH 
NUMP-8-INE8 
NNUMP-NUMP/2 
RA01-RAD+( ST/4. j 
RA02-RAD-( ST/4. j 
PI-:2.·3.141S5I215 
SITA- (PI /4.) I (2--INE8) 
TEtoIP-2. "'SI'1'A 
00 25 l-l,INE8 

vo (I )-SQRT (RAD1*RADl/( 1. +TAN( 5ITA) ·TAN( SITA)) 
UO (I )-VO (I) -TAN( SUA) 

H1S:2JB50 
HTS2JS60 
HlS2J870 
HlS2JBI!J0 
HlS2J890 
HT523900 
HIS235110 
HT52J5I20 
HTS:lH30 
H'S235140 
HTS:l351!50 
HIS:il39150 
H,s23970 
HT523geo 
H,s2351510 
HTs24000 
HlS24010 
Hl524020 
H!'S:l40]0 
H!'s24040 
HTS24050 
HTS24060 
HIS:l40"l0 
HIS24080 
HY52405l!0 
H!'S24100 
HIS:il4110 
H!'S24120 
HTS24130 
HTS24HO 
HTS24150 
Ht'S24160 
HTS24170 
HIS24180 
H'524190 
H'524200 
HTS24210 
Hls24220 
HlS24230 
HlS24240 
HIS2n50 
HlS24:2150 
HlS24270 
HTS24280 
HTS24290 
HTS24300 
HTS24310 
HT524J20 
HTS24JJO 
H'S24340 
HT524350 
HIS24360 
H!S:l4310 
H!S24380 
HlS:243510 
H1524400 
H!5:14410 
H'1'S:24420 
H'I524430 
H'1'S24440 
HT5:244S0 
HTS24460 
HTS:24410 
HTS244BO 
HT624490 
HT524500 
HT5:24510 
H'1'524520 
H'1'S24530 
HT524S40 
H'I524SS0 
HTSJ45150 
HIS245"10 
HI524580 
H!S24590 
H'S24600 
H'S24610 
HTS2Ui20 
HTS:24630 
HTS:'4i!i40 
HTS246S0 
HTS24660 
HlS24670 
HT5246BO 
HT5241590 
HT524100 
HT524710 
HY524720 
HTS24730 
HTS24HO 
HIS247S0 
HIS24760 
H"524710 
H'IS24780 
H'IS24"190 
HTS:24800 
HT5J4810 
H'I524820 
H'I524830 
HTS:24840 
H'IS24850 
H'5248150 
HT5:24B70 
H'IS24BBO 
H'1'S:24BSlO 
H'I5:24900 
HTS245110 
HTS:24920 
HT524930 
HYS:24940 
HTS24950 
HI524960 
H1524970 
H1524980 
H1S24990 
H1S:25000 
HTS25010 
H1S2~020 

H1525030 
H1525040 
H1S25050 
H1525060 
H!S250'0 
H1S25080 
HlS25090 
HTS25100 
H1S2S110 
HIS25120 
H1S25110 
HlS25140 
HTS25150 
HTS25160 
HTS25170 
H'S2S180 
HIS25190 
HTS:l5200 
HT5:2S210 
H15:25:120 
HYS25:230 
HIS25240 
HIS25:25Q 
HIS:25260 



VO( I +tlNU,",P)-SQRT ( RAD2*RAD2/( 1. tTAN( 5ITA1"TAN( SITA))) 
UO( I+NNUMP1-VO( I ttiNUMP) ·TAN( SITA) 

25 SITA-SlTA+TEJIIP 
DO JO l-INEBtLOl·II'U::B 

VO(I)-VO(I·INES) 
Uo ( I }--UO ( I -INEB 1 
vOe I tNNUMP)-VO( I ·INEBtNNUMP) 

.30 UOe ItNNUMP)--UO(I-INEBtNNUMP) 
00 J5 l-:l:*INEBtl,J*INEB 

VO( I )--Voe I·2*INEB) 
UO(I )-UO( I-2·1NEB) 
vo ( I tNNUMP) - -VO (I _2_ INEB+NNU",P) 

:3 5 UO ( I +NNIJMP) ·UO (I -2. INEB+NNU"'P) 
00 40 1-3-INE8+1,4"IN'EB 

vOl I ).-VO( I-J*INEB) 
UOc I) ·-uO (1-3"INE8) 
VO (I tNNUMP) --VO (I _3 11 1 NE8+N'NUMP) 

40 UO (I +NN'UMP) --UO [I -3* I NEB+NNUMP) 
00 50 I-t,NNUMP 

B( I)- (PI *RACl) INNU ... " 
AC(I )-8(1 )*(ST/2.1 
B( I +N'NUMP) - (PI -RA02) INNUMP 
... 0 { I +NNU"'P)-8( t +NNUMP) - (STI4.) 

50 CONTINUE 
IF(IECOP .EQ. 1 ) THEN 

ECCXO-ECCXO 
ECCTO-ECC'O 

ENOIF 
RETURN 
END 

C 
C.pa 
C DE8UGUNIT(6),5UBCHIC 
C END DE8UG 
C 

SUBROUT INE SECT7 ( D, SPAC El • ECCXO. ECCTO, NCS, ISPACE, T. 
" UO,VO.AO,B,ECCJO.ECCTO,NU"'P. 
" Ll,Nl.L2,N2.IECOP,IE:!Ji0) 

C -- - - -_ •• ------••• ---- --- - ------. - - ---••• ------- •• - -- - - --------------
C tHIS SUBROUTINE IS FOR DEFINING SECTIONAL COORDINATES FOR 
C THE ANGtoE CROSS-SECTION 
CD- ANGLE SIDE: TOTAL LENGTH 
C T - THICI{NES5 
C HC 5 • DUMM"! V ... RIA8LE 
C ECCJ.O- THE X-DI6'TANCE: F'ROM ECCENTRIC LOAD TO SHAPE CENTER 
C ECCTO. THE T-DISTANCE F'ROM ECCENTRIC LOAD TO SHAPE CENTER 
C tol NO. OF COLU~ IN X DIRECTION 
C Nl NO OF' RON IN X DIRECTION 
C L2 NO. OF RON IN T CIRECTION 
C N2 NO OF COLU~ IN T DIRECTION 
C I ECOP- ECCENTRI C LOAD OPTION 
C 11 ECCEN'TRIC LOAD APPLI ED 
COl NITHOUT ECCENTRIC LOAD 

C------- ---------------------- ------------------- -------- ------- --- --

c 

DIMENSION UO(NUMP), VO( NU"'P) , AO(NU,",P). B(NU,",P) 
REAL INEB, INEH 
BB- (D"TtD**2-T*"Ol) I( 4. *0-2. *T} 
511. (T/Nl) *0. 5 
SXl-(D/Ll}"0.5 
DO 101 J-l,Nl 

II-J-l 
00 101 I-loLL 

"'-II-LltI 
UO( "')-88-( 0..( 2.1 -1) -5Jl) 
'.10 (1.1) -eB- (2 *J-l ) -ST 1 
II0(",)-STl*SI1-4. 
B(M)-:l:. *SII 

101 CONTINUE 

S"2-(T/N2)·O.5 
5T2- « D-T) IL2 )"0.5 
00 201 J-l,N2 

II-J-l 
00 ::;01 I-1.LOl 

HI-I I "L2+I + (Nl"Ll) 
UO{Hl )-BB-{2"'J-I)"SX'2 
vo (HI )-S8-{D-( 2*1-1) -512) 
AO (Ml) -512-SX2- 4. 
B(HI )-Ol.-512 

201 CONTI NUE 
NUMP-LI-N I+L2"N2 
IF(IECOP .EQ. 1 ) THEN 

ECClI:O-ECCXO 
ECCTO-ECCTO 

E:NOIF 
REn'URN 
END 

C 

C.pa 
C DEBUG UNI1(15) ,5UBCHIC 
C END DEBUG 

SUBROUTINE SE:CTB (D. SPACEl, EeCIO, ECCTO, NCS, ISPACE, T. 
, UO,vO,"'0,8.ECCJ:O.ECCI0,I'ruMP, 
S Ll,Nl,L2,N2,IECOP.N06'T) 

C - - - ----------- - --------- --------------------------- - - ------- -- -- - ---
C THIS SUBRDU'I'INE IS FOR DEFINING SECTIONAL COORDINATES FOR 
C THE ANGLE: CROSS-SECTIOH C8O'l''l''OM CHORD) 
CD- ANGLE 51 DE TOTAL LENGTH 
C T - THICDE5S 
C NCS - TD'T AL NO. OF ELEJIIENTS FOR EACH TOE 
C ECCXO. THE X-Dl STANCE FROM ECCENTRIC LOAD TO SHAPE CENTER 
C ECCTO- THE T-DISTANCE FRO,", E:CCENTRIC LOAD TO SHAPE CENTER 
C Ll - NO. or COLUJo!N IN I DIRECTION 
C Nl - NO or ROW IN X DIRECTlON 
C L2 - NO. or ROW IN T DIRECTION 
C N2 - NO OF COLUlCN IN T DIRECTION 
C 1 ECO!)- ECCENTR.IC LOAD OP'l'ION 
C 11 ECCENTRIC LOAD APPLIED 
C a I WITHOUT ECCENTRIC LOAD 
C -- ---- -- -- - -- - - -------- --------- -- ------- - ----- -- - --- -- -- - - - --------

01 "'EN5ION UO (NUMP) ,vO (NUMP) ,"'0 (NO"'P) , B( NUM!)) 
REAL INE8, INEH 
BS- (0-1''''0· *2-'I'1I*2) I (4. -0-2. *T) 
Sll.(T/N'l )110.5 
S'l[l-(D/Ll )110.5 
00 101 J-l.Nl 

II·J-1 
DO 101 I-l.Ll 

M-II*Ll+I 
UO (M)-88-( 0-( 2*1 -1) *S:ll) 
vo (1-1)--( BB-( 2*J-l) *STl) 
AO(IoI1-STl"SXl*4. 
8(101)-2. "SXl 

101 CONTINUE 

SX2-(T/N2)*0.5 
ST2- « D-T) IL2) *0.5 
00 201 J-l.N2 

II-J-l 
00 201 1.1, L2 

"11- II "L2+I + (Nl" Ll ) 
UO (/Ill) -88-( 2" J-l ) -SX2 
vo (Ml )--( 8B-(D-(2· I-I) *SI2)) 
... 0 (Ml) -ST2 -5X2* 4. • 
B(Ml)-2.·Sl'2: 

201 CONTINUE 
NUMP-L1 *Nl+LOl-N2 
ECCXO- ECCXO 
ECCTO- ECCTO 
RETURN 
END 

HTS25Ol70 
HTS25Ol80 
HT525290 
HI525300 
HI525310 
HIS25J20 
HfS25330 
HTS25340 
HTS25350 
HIS253150 
HI525370 
H'S:il:5380 
H'fS253510 
HT5::;5400 
HTS25410 
HIS25420 
HIS25430 
HIS25HO 
HTS25450 
HTSOl5HiO 
H'525470 
HT525480 
HT925490 
HT525500 
HTS25510 
HTS25520 
HT525530 
HTS25540 
1011525550 
HT525560 
HT625570 
HT525580 
HT525590 
HTS25600 
HT5251510 
HT5251520 
HT6:ii5t530 
HTS251540 
HTS:ii51550 
HIS25t5t50 
HIS2.51S10 
HTS251S!!0 
HTS251S5IO 
HTS25100 
HT525110 
HT525120 
HI525130 
H1525140 
H1525750 
HIS257150 
HTS25770 
HT5257E10 
HTS25790 
HTSOl5E100 
HTS25810 
H15258OlO 
HTSOl58JO 
HT525840 
HTS25850 
HrS25BIS0 
HrS25870 
HT625880 
HTS25890 
HT525900 
HT6259IO 
H162551:10 
HYS255130 
H1S255140 
H'S255150 
H16259150 
HT5255110 
HT525980 
HT525990 
HT6Ol15000 
H1626010 
HT626040 
HTSOl6030 
HTSOl6040 
HTSOl6050 
HT526060 
HT5Ol6070 
HT626080 
HTS26090 
HTS'21S100 
HT521S1l0 
H1621S120 
HIS2151JO 
HT6215140 
HI6215150 
HT52151150 
HTS215170 
HIS2151BO 
H15261510 
H1S21S200 
H192:6210 
HI526220 
HIS262.30 
HTS26240 
HTS215250 
H1S26260 
HT526270 
HT526Ol80 
HTS26290 
HT926JOO 
HT5215JlO 
HrS215nO 
HTS215J30 
HTS21S340 
H1S215350 
H'S2ISJ150 
HT521SJ70 
HT521S380 
HTS26390 
HT526400 
HTS26UO 
HI516420 
HT626430 
HIS26440 
HTS26450 
H1S26460 
H'S264i0 
HTS26480 
HT526490 
HTS215500 
HTS21S510 
HT5:16520 
HT526530 
H'521S540 
H'5:11S550 
HTS21S51S0 
HT521S570 
HIS21S590 
H15265510 
HTSOl6600 
HTS26610 
HT526620 
HT521S6.30 
H1921S640 
HT9Ol6650 
H1S261560 
HTS261570 
HTS215680 

60 

c 
c 
C 
C.pa 
C 
C 

c 

DEBUG UNIT (6) • SUBCHIt 
END DEBUG 
SUBROUTINE PRIN(A,N.M.NN,NM) 

C SUBROUTINE PRIN 
C 

HIS21S1S90 
H'521S700 
HTS21S710 
HT521S720 
HT521S730 
HT526740 
HTS21S750 
H'S26760 
HT526710 
HT626780 

DIMEN6ION A(NN,IOI) HT5Ol6i90 
DO 1 I-LN HTS26800 
WRITE:(IS,:I)(II(I,J).J-l,M) HT526810 

Ol FORMAT(1I.ISEI5.5) H1S26S20 
1 CON'TINUE HT526830 

1IIIUTE{6.7951) H'S21S940 169 FORMAT ( '1X, ,------- ___________ • _____________ ----_________________ • ) HT 5215S 50 

RETURN HTS21S81S0 
END HIS26910 

C .pa 
C 
C 

OE8UG UNIT(6) ,5UBCHIt 
END DEBUG 
SU8ROU'rI NE FORCE{ FFI • PRINT, I DOE". I ELNO. NDOS't'. N9EG, 

" FGLOB .NP) 

TRANSFERING SEGMENT INTERNAL rOReE TO GLOBAL FORCE DIRECTION 

r.oGIc/tL PRINT 
DIMENSION FFI (NOO6'T, 1 ) • FGt.oB (N5EG. 12) 
DIMENSION NP(J2 .12) 
00 804 I-1.IDOF 

FFl( I .1)-0. 
804 CONTINUE 

00 805 J-1.NSEG 
00 805 1C·1.12 

O"Fl(NP( J,It).1 )"FFI (NP( J, It). 1) .,.FGL09( J .It) 
805 CONTINUB 

c 
C 
C.pa 
C 
C 

RE.'1'URN 
END 

DEBUG UNIT (IS), SUBCHIt 
END DEBUG 
5U8lmUTI NE ECCENT (NSOO, UCO, veo, 1 SEG. R02iA. ROZe. 

" ECl: • ECT , ECCl:, ECCT , PIU NT) 

CALCULA'l'E MEMBER-ENO ECCENTRICITIES 

DIMENSION ECX(2). EeT (2). ECCX( 2). ECCT( 2) 
LOG ICIIL PRI NT 

ecCEN'I'RICITIES ABOUT SECTION REFERENCE CooRDINIITES 

IF( 15EG • 'SQ. 1) THEN 
EXI-UCO-ECI( 1) 
ETI-veO-ECT (1) 

ELSE IFe ISEG .EQ. NSEG) THEN 
En-UCO-ECX(Ol) 
ETT· ... CO-ECTCOZl 

E!NDIP 
C NOTEI EJ:I AND ElT AAE VEC'r'OR5 FROM LOAD ... PPLIED POINT TO CENTROID 
C IN SECTION REFERENCE COORDINATES DIRECTION 
C Eel IS THE OISTMCE FRaN REFERENCE COORDINATE ORIGIN TO 
C LOAD ... PPLIED t.OCATION 
C 
C ECCEH'I'RICITIE5 "'SOU'1' NEMBER COORDINATES 
C 

IF( ISEG .EQ. 1 ) THEN 
ECCJ:(l)-COS(ROZA).EXX - SIN(ROZA)1IETT 
E:CCT(I).SIN(ROZA)-EJ:I'" COS(ROZA)"ETT 

ELSE IF( ISEG .EO. NSOO ) THEN 
ECCI(2)-COS{flOZB)-E:D - SIN(R02iB)*ETT 
ECCT (Ol) -SI He ROze) 11 £II. ... COS( Raze) *E:1T 

ENDlr 

HTS26880 
HTS268S10 
HIS21S900 
HTS26910 
HT526920 
HTS26930 
HIS215940 
HT5269S0 
H1526960 
Ht526S170 
H'526980 
HT521S990 
HT927000 
H1527010 
HT52/020 
H'S270JO 
HT92/040 
HT527050 
HYS270150 
HYS27070 
HY927080 
H1S27090 
H152/100 
HT527110 
HTS27l20 
H15:ii1lJO 
HTS:il1140 
HTS:27150 
HTS2111S0 
HT921110 
HTS27180 
HIS27 190 
HT927200 
HI521210 
HY927220 
HTS272JO 
HTS27240 
HT527250 
HTS272150 
HT527270 
HTS272BO 
HI527290 
H1S27300 
HIS21310 
HTS213:10 
HTS21JJO 
HT621340 
HT927350 
HT521360 
HT927310 
HTS273BO 
HY527J90 
HTS27400 
HY527410 
HTS27420 
HTS27430 
HTS27440 
HT527450 

IF( PR.INT) THEN HT52H150 
\lfRITECIS •• ,' ROZ .... EXX.E".ECC .. (l).ECCT(I) FROM ECCE:NT 9UBROUTINE'HTSOl7470 
WRITE(IS.7BJROZA. EXX, EYT,ECCI(l).e:CCr(l) HIS27480 

18 rDRMAT(2J:, 5G15.4) HT52H90 
ENDIF HTS27500 

C NOTEI E:CCJ MO D:CT ARE VECTORS FROM LO"D APPtolED POINT TO CENTROID HY5'27510 
C IN NEMBER COORDINATES DIRECTION HT527520 
C HTS27530 

Re;,'URN HT527540 
END HT527550 

C·P'" 
c DEBUG UNI"f'(IS).SUBCHP;: 
c 

c 

END DEeUG 
SUBROl1"f'INE TRANIC( FFASAT, ECCJ:, ECCT. 't'PJ'T) 

TRANSFER MEMBER STI Ff'NE6S MA'rRU INTO ECCENTRICITT LO ... D 
... PPLT DIRECTION 

DU!ENSION ECCI( 2), E:Ccr (2) .TPJ'T( 12. 12) 
DIMENSION FFAS ... T( 1:<1,1:01) ,TPJ( 12 _ 12), ASATPJ'( 1::1: ,12) 
00 250 1-1,12 
00 250 J-l,14 

'T'PJ(I,J)-O. 
IF( I .EQ. J ) TPJ(I.J)-1. 

250 CONTINUE 
TPJ( 4. 2)-0. 
TPJ(4,3)-ECCT(I) 
TPJ(5,1)-O. 
TPJ(5.])--E:CCJ:(I) 
TPJ(IS.l)--ECCT(I) 
TPJ(IS,2)-ECCX(1) 
TPJ( 10. 8 )-0. 
TPJ(10,51)-ecCT(2) 
TPJ( 1 '1.7 )-0. 
TPJ( 11,51)- -ECCX C 2) 
TPJ(12.7)·-E:CCT(2) 
TPJ(12.8)-ECCJ(:ii) 

C TRANSPOSE OF TPJ 
C 

c 

DO 255 1-1,12 
00 255 J-I.l:2 

TPJT(I.J)-TPJ(J,I) 
255 CONTINUE 

lEEA5AT:-ITPJT: 

00 21S0 1-1.12 
00 21S0 J-1.12 

"'SATPJ( I, J)-O. 
DO 21S0 1t·1,12 

... S ... TPJ( I. J)-IIS"'TPJ( I. J) +F'F'ASAT( I .It) "TPJT (It, J) 
260 CONTHIUE 

C ITPJl- :EEASATl" :TPJ't': 
c 

00 Ol70 1-1.12 
DO 270 J·t,l. 

FFASAT(I.J)·O. 
00 270 X·1.12 

FFASAT (I. J)·FF"'5"T( I, J) tTPJ( I, It:l"AS ... TPJ( It.J) 
270 CONTINUE 

RE'TURN 
END 

H1S275150 
H1527570 
H'S21580 
HTS27590 
HTS27600 
HTS271510 
HT527620 
HT5271SJO 
HT5271540 
H'S271S50 
HT5211SISO 
HTS211S70 
HTS211S80 
HT5211S5IO 
HTS27700 
HIS2771.0 
HT517720 
H1S277JO 
H1927i40 
HTS27750 
HTSOl7760 
HlS27770 
H'S2n80 
HTS27790 
HTS27800 
HIS27810 
HT5:<17820 
H'f5218JO 
HT521840 
HTS21850 
H'S21860 
HIS27870 
HTS278eO 
H'S27890 
HTS2i900 
H'S27910 
HTS27920 
HTS279JO 
HlS27940 
HY927950 
HYS2i960 
HYS27970 
HIS2i9BO 
H'S27990 
HT52BOOO 
HT52BOI0 
H!528020 
H!S280JO 
HTS28040 
HI528050 
HI528060 
HT928070 
HIS28080 
H152B090 
HY52BI00 



SUBROUTINE: CONVERt PRINT. A. B. I OF, ISTOR.NOP, IMD. 16,t.1, L2 ,Ii4DIAG) c····· .. ··············· .... -.. -· .... ----...... ················· ............. . 
C··· CONVERT STIFFNESS MATRIX TO FULL STORAGE MODE c······ .. · .. ·········· ----------------------. --.. -....... -'O .. 'O ••••••• _ .. 

C NOTE : CONVERT ONLT TAKES PLACE FROM Ll TO LJ 
C A INPUT HALF STORAGE BANDED MATRIJ: 
C B I CONVERTED MATRIX 
C I STOR I 51 'aE OP A MATRII 
C NOP I !:OF OF A MATRIX 
C "'DIAG I A MATRIJ. MAIN DIAGONAL TERJoI ... DDRESS 
C IS : B M5ATRIX SI2iE 
C 

,oa 

LOGICAL PRINT 
DHIENSION A(ISTOR) ,8(IS,IS) .MDIAG( 

00 200 J·t.l,L2,+1 
00 200 r·J,L1,-1 

IJ·"'DIAG(J')+J'-I 

199) 

IF{IJ' .LT, MDIAG(J'+l) .OR. IJ' ,EQ, Ii4DIAG{J) 
B( r-Ll+l, J'-Ll+l )·A( IJ') 
B{ J-Lbl, I-Ll+1 )-8( I-L1+1, J'-Ll+l) 

Et.6E 
B( I-L1+1. J'-Ll+l )-0 
B( J-t.l+1.I-t.l ... 1 )-0 

ENDIF 
COt-lTIp.lUE 

I~ (PRINT) THEN 

) THEN 

WRITE(IS,-)' CONVERT HALF' STORAGE BANDED MODE TO' 

" 
78 
17 

//' FULL S"!'ORAGE MODE I ' 
WRITE( IS, -) 'TKE INPUT MATRIXI' 
WRI'I'E{IS ,1S7) (A(I) .I·I.H4D) 
FORHAT ( 11:, F15. 6) 
WRITE(6,-) 'CONVERT ONLY TAitE PLACE FROM' ,Ll,' TO ',L2 
00 77 1·l,L:I-Ll+1 

WRITE(6, 78) (B(l, J).J.l,L::i-Ll+l) 
FORMAT ( 11. 6F15, 6) 

CONTINUE 
ENDIP 

RETURN 
<NO 

HTS28110 
HTS28nO 
HT528lJO 
HTS28140 
HTS28150 
HTS28160 
HIS281"10 
HT628]80 
HIS28190 
HTS28'200 
HTS28210 
HIS282:10 
HIS282JO 
HT628240 
HTS28250 
HIS:l8260 
HIS282"10 
HTS:l8280 
"1528290 
HI6:18300 
HIS28JI0 
HTS:l83:Z0 
HT528330 
HT628340 
HIS28J50 
HIS28360 
HI528J"I0 
IffS:l8380 
HTS:l8390 
"'!S:Z8400 
H"S28410 
HT5:Z84:10 
H'!S28430 
HT528HO 
HI5:18450 
HT528460 
HT 5:1 84"1 0 
HTSJ8480 
HT528490 
"T528500 
HTS:l8510 
"15285:10 
H'S28530 
HTS28540 

CPROCESS SOUMP 0P'l'(3) GOST!r4'I' XREF HtS28550 
C····· ._-.......................................................... --.-------- HI5:1 8 5 6 0 
C DEBUG UNIT(6),TRACE,5U8CHIt,INIT,5UBTRACE H'5:18S"I0 
C END DEBUG HT528580 
C ................. _ •••••• _ .............................. - .. --------------....... Ht 5:1 8 590 
C IolATRU 50t.UTION OF EOUATION AJ:.p, WHERE THE UPPER TRIANGULAR MATRIX HT528600 

O~ THE 5TJoOoIE:'TFlIC IolATFlIX A IS STORED BI 5It'YLINES. P IS S'l'ORED AS HTS28610 
A ~ULL MATRIX, THE IolATRIX P IS REPt..ACED BT X "'~ER BACIt HTS:Z8620 
SUBSTITUTION 15 COMPt.EATE. BOTH A AND P ARE ALTERED..... HTS28630 

C GUTA./II OPTIONI IF GUT AN IS .TRUE. MASS IolATRII 15 ALSO CONDENSED NTS:l8640 
C--....... - .... _ ................... _. _ •••••••••••••••••••• ------------------.... NT SJ 8 6 5 0 

SUBROUTINE GAUS52 (IOPT. PRINT. N, nm, LROW, NLC, L1.L2. HD, A. P. ~ACTOR. HTS:lB660 
$ ISTOR) HT5286"10 

DIHENSION ,1,,( ISTOR), FACTOR( t.ROW) , P( t.ROW. NLC). HD( 199 ) H'!S28680 
LOGICAL BTE:ST ,ABORT, PRIm HT528690 

H1528"100 
IJ'I(I.J')-MD(J')+J'-I H1528"1l0 

C - -_ --- --- - - - - -- -------- - - - - ----- --____ -- -------- - - - - - - ---- - ------------HT 52 B "1:1 0 
C KATRIJ S'l'ORAGE SCHEMEl H'!6:18"130 
C -THE Jo<ATRII A IS BANDED AND S'I'IMETRIC. THUS ONL1 THE SIt'TLINE ABOVE HTS:Z8"140 
C AND THE MAIN DIAGONAL NEEDS TO BE STORED. HI5287S0 
C THE MATRIX A 15 STORED IN A t.INEAR ARRAI BI COLUMNS. THE VALUE ON K'!S:l8760 
C THE MAIN DIAGONAL 15 STORED IN THE LINEAR ARRAT ~IRS"!'. H'!S28no 
C ADDRESSES or THE LINEAR ARRAT ELE:)o[E:NTS COH'l'AINING THE MAIN DIAGONAL K152B780 
C TE:RJoIS ARE S'l'ORED IN MD. KTS:l8HO 

EXAMPLE I LET B BE THE 51.5 f'ULL STMETRIC KATRII BE:LOW... HT52BBOO 
: 1 : 3: : I 12 I H'!S:ilBB10 
: ::2: 5: 11 NOTEI B(l,J).B(1.4) AND B(2.4) ARE liERO. K'!SJBS:ilO 

8- : : ~ : 7 10 K'!S2BB30 
: STJoOol. : 15 9 Mo- 1. 2. 4. 6, 8, 13 HI52S840 
: : 8: KTS28B50 

THUS. B(J.J)"A( MD(3) ). A(4) KTSJSBISO 
B(I.J)-A( MD(J')+J'-I ) IF J'>I AND (MD(J)+J-I)-cMD(J+ll HlS:lBB"IO 

-0 I~ J'>I AND (MD(J)+J-I»MD(J'+l) KI528BSO 
C -MATRU P IS NOT STJoOolETRIC. AND IS STORED AS A FULL MATRIX HTS:lBB90 
C ______ --- -- - - - - -- -------------------- - - - - - -- - - - --- -- -- -----------------KI 5:1 8 90 0 
C .... ARIABLE TABLE. HIS28910 
C IOP't' - OPTION NUMBER K!S:il8920 
C N .. NUMBER OF DEGREES OF f'REEOOM OF A MATRU KTS48930 
C NLe • NUIoIBER Of' LOAD CASES FOR THE P MATRII KT5:1894.0 
C Ll • PIRST ROW TO BE WOR~ED WITH K!S:lE!950 

L2 • LAST ROW TO BE WORItED WITH H'54891S0 
MD - ADDRESS OF THE: I(AIN DIAGONAL TERMS OF A HT548970 
P • t.AOD MATRI:I ON INPUT. SOt.N (:I) OF A.I-P ON COMPLEATION OP KT5:l89BO 

IOP'l'.4 H1S28990 
~ACTOR- TE:MPORART STORAGE: MATRI:I KTS29000 
L • ROW NUMBER FOR ELIMINATION HTS29010 
I .. ROW NUMBER HTS:l.90JO 

C J' .. COLUMN NUMBE:R HT529030 
C ____________ - - - - - --- ----- ----- --- --- - - - - --- --- -------- -----------------H T 5:1 90" 0 
C HT5:l.9050 

Ll.KAX(L1.1) HTS:l.901S0 
L2-MIN(LJ,N) K15:190"l0 

GO TO (10.110,210.310.410).IOPT 
H'!S:il90BO 
HT5:19090 
K'f5:19100 

10 CONTINUE: K'529110 C--------- [OPT-l, REDUCE A AND P --------------------------------------H15:z9120 
C GAUSSIM ELIMINIATION IS USE:D TO REDUCE THE A AND P MATRICIESHTS:il!H30 
C FROlol ROW L1 TO ROW L:I. IF L1 IS NO'l' L IT IS ASSUMED THAT HTS:il9 14 0 
C A AND P ... RE: ALLREADI RECUCED PROM 1 TO L1... HTS:il9150 
C - - - --- - -- -- - - - - - ----- --- ----------------- ----- - - -- - - - - - - ---------------H1 52 9 lIS 0 

H (PRINT) THEN HTS:Z9170 
WRITE (1S,500) 'IOPT-l, RECUCE STIFFNESS AND LOADS',L1.L2.N HT6:;9180 
CALL t.M.ATIU(A.Io(D,N.IMD • 'INPUT STIFFNESS') HT5:Z9190 
CALt. WHATIU(P,N ,NLC,'INPU'!' LOAD') N"S29:l00 

ENDl~ HT5:Z9:110 

00 100 t.-t.l,L:I 
If' (L.Eg,N) GO TO 100 

c 
C------- TEST FOR ZERO PIVOT ••••••••••••••••• 

IF (A(MD(t.).EQ.O) TKE:N 

c 

WRITE (1S,:2000) L,I'ID(L),A<Io(O(t.» 
CALL ERRTRA 

RETURN ' ...... BNORMAL END IN SUBR.OUTINE G",USS ._, 
ABORT· ,TRUE. 
RE:'TURN 

ENDIP 

c------- CALCUt. ... TE 'I'HE FACTORS EACK ROW IS )o(UL'l'IPLIED BT 
00 30 I· (t.+l), 1'1 

30 
c 

LI·IJI(L, I) 
IF ( LI.LT.HD(I+l) ) 'I'KEN 

F.-.CTOR(I)·A(LI) IA( "'D(t.) ) 
Et.5E 

FACTOR(I)·O 
Et-IDIP 
CONTINUE 

C------- REDUCE A Bl COLUMNS (J) EACH ROW (I) ••• 
00 40 J·(t.+l),N 

LJ·IJI (L,J') 
IF (LJ,GE,MD(J'+l)) GO TO 40 
00 35 I·(L+l) ,J' 

IJ·IJ'I (I ,J') 
IF' (IJ', t.T .MD(J'+l) 1 A( IJ')-A{lJ')-FACTOR{ I) ·A(t.J) 
11{ I J')·A (I J') -FACTOR( I ) - A (LJ') 

HTS:Z92:10 
H'fS29:l30 
10115:;9:140 
HT5:19:1S0 
H16:il9260 
H'!829270 
HTS:l9:lBO 
HTS29290 
HT529300 
HT529310 
HTS:Z9320 
HTS2Q330 
HTSJ9340 
HTS:l9350 
HTS29JIS0 
H'!529370 
H'!S293BO 
101'5:19390 
KT529400 
HTS29410 
HTS294:10 
HT529430 
KTS29440 
KT829450 
HTS29460 
HTS29410 
HTS294BO 
H1S29490 
1011629500 
HTS29S10 
HTS:l9520 

61 

c 

J5 
40 

CONTINUE 
CONTINUE 

C------- REDUCE P BT COLUMNS (J) EACK ROW (I) ••• 
00 50 J-l.NLC 

IF (P(L,J').EQ.O) GO TO 50 
00 45 r-(L-d),N 

45 P(I ,J')·P(I ,J')-FACTOR(I).P(t., J) 
50 CONTINUE 

100 CONTINUE: 
I~ (PRINT) THEN 

CALL LMATRJ.(A,MD.N'.IMD, 'REOOCE:D S"l'IFf'NE:SS') 
CALL WHATRX(P,N ,NLC, 'Re:OUCE:.D LOAD') 

E:NDIF 
RE.'TURN 

H'!S29530 
Ht5:29540 
H'!S295S0 
HTS29560 
HTS29S10 
H'!629S80 
HT5:Z9590 
H"5:Z9600 
HT5:Z9610 
HT529620 
HTSJ9630 
HT5J9640 
H'!5296S0 
HTSJ9660 
HT5296"10 
HT529680 
HTS29690 
HTS29"100 

110 CONTINUE HTSJ9"110 
C--------- IOPT-2, REDUCE P ONLI ------------------------------_________ HTS29'20 

GAUSSIAN ELIMINIATloN IS USED TO RE:DUCE THE P MATRIX HTS29"1JO 
FROM ROW t.l TO ROW L2. IF L1 IS NOT 1. IT IS ... SSUMED THAT HTS29'40 

C A AND PARE ALLREADT RE:OOCED fROM 1 TO Ll... HT529"150 
C - - - - - ----------------- - -- - - --- - ---- - - - ------------ --------------_______ K1 52 9 j 60 

I~ (PRINT) THEN HTS29"/70 
WRITE (6,500) 'IOPT-2. REDUCE: WAD5 ONLT' .Ll.L2.N HT5J9"80 
CALL t.MATRJ.(A,"'D,N,MD(N+1), 'REDUCED STIE'F'NESS') KYSJ9i90 
CALL WMATRX(P,N ,NLC. 'NEW LOAD MATRIJ. ') HTSJ9800 

ENDlf' HIS29810 
c HT5J9820 
C------- LOOP PDR EACH ROW (L) TO REDUCe:, ••• 

00 160 L-Ll, L:il 
HYS29830 
HT529840 
HIS29850 
HTS29860 
HT529810 
HI529880 
HT629890 
H1S29900 
HI529910 
KTS'29920 
HT529930 
HTS29940 
H'!S:2GG50 
HT5:2gg60 
KI529970 
KT5299BO 
HT529;90 
KT530000 
K'530010 
I-I'1SJ0020 
HTS30030 
HTSJ0040 

If' (A[MD(L».EQ.O) THE:.N 
WRITE (6.JOOO) t.,MD(L),A(MD(L») 
CALL ERRTRA 
"'BORT- ,TRUE. 
RETURN 

E:NDIF 

LOOP FOR EACH COLUMN (J') 
[Xl 150 J'-l.NLC 

IF (P{t.,J).EQ,O) GO TO 150 
00 120 I·(L+l),N 

LI·IJI (t..I) 
IF (LI .LT .MD( 1+1) P( I, J')-P( I. J') -A(LI) ·P(L.J') IA(MD(t.» 

120 CONTINUE 
BO CONTI NUE 
160 CONTINUE 

CALL WMATRJ:(P.N' ,NLC,' RE:OOCE:D LOAD') 
REn'URN 

210 CONTINUE HT530050 C--------- IOPT.3, BACIt' SUBSTUTION _____________________________________ 101"530060 

BACK 5UBSTUTION 15 USE:D TO SDLVE FOR X IN Sx-v, WHERE S IS HTS300"l0 
THE REDUCE UPPER TRIANGULAR FACTOR OF THE ... t-tATRIX, AND V HTSJ0080 
IS TKE REDUCE:D f'ORRM O~ THE P MATRIX. THE RESUt.T5 (X) ARE HTS30090 
S"t'OREO IN P. HTS30100 

C BACIt SUBSTUTION ONLT TAItES PLACE BETWEEN JU)WS Ll AND L2, HT5JOIIO 
C ------------------ - ------------------------ ____________________________ H! 530 12 0 

IF (PRINT) THEN HTS30130 
"RITE (6.500) 'IOPT-J. BACIt SUBSl'UTION',Ll,L2,N HTSJ0140 
CALL t.KATIU (A. MD, N. MO( N+ 1) , 'REDUCED STI FF'NESS' ) HTS301S0 
CALL WMATIU(P,N ,NLC, 'REDUCED LOAD') HTS30160 

ENDIF HTS301"10 
c HTSJOHIO 
C------ LOOP FOR EACH ROW L 1011530190 

HTS30200 
H!S30210 
KT530J:l0 
KIS30230 
HTS30:Z40 
KTSJ0250 
HTS30260 
KTS302iO 
HTS30280 
K'!'5J0290 
KTSJOJOO 
K'!S30310 
KTSlono 
HI530330 
KTSJ0340 
HIS30J50 
HT5JOJIS0 
H1530370 
H15303BO 
HJ530390 
HT530400 
HT530410 
HT5304JO 
H15304J0 
HTS30440 
HT530450 
HTS3041S0 
K'fSJOOO 
HIS]0480 
K!530490 
HIS30500 
HT530S10 
HT530S20 
HT530S30 
HIS30S40 
Kf530S50 
HT53051S0 
HT530570 
HTS30SBO 
HTS30S90 
HIS30600 
HTS30610 
H'!SJ0620 
HTSJOISJO 
Hf5301S40 
HT5301S50 
HTSJOISISO 
HTS301S10 
HT5306BO 
HTS301S90 

C 00 250 L·L2,t.l,-1 I·ORIGINAL 
I--ORIGINAL 
/·ORIGINAL 
/*ORIGINAL 
I·ORIGINAL 
I--ORIGINAL 
I-ORIGINAL 
I-ORIGINAL 

C 
C 
C 
C 
C 

215 

IF (A(I4D(L)).LE.O) THEN 
WRITE (IS, 2000) L,IoID(Ll,A(MD(t.») 
CALL ERRTRA 
ABORT •• TRUE. 
RE'rURN 

ENDIF' 

CALCULAGE I. f'OR EACH LOAD C"'SE, STORE IN P 
co 250 J·L2,Ll.-l 
IF (A(MD(J».E(I.O) THEN 

WRITE (6,2000) J'.MO(J),A(MO(J'») 
CALL ERRTRA 
ABORT· .TRUE. 
R~URN 

ENDIf' 
00 215 LC-1.NLC 

P( J, LC)·P( J, LCl/"'(IoID( J» 
IF (J.GT,l) TKEN 

IJ'·MD(J+l ) 
NI-J-("'D( J+1)-MD( J'l) .. 1 

WRITE (6,·) 'NI.IJ",NI,IJ' 
00 J:;'O I·NI ,J-1. +1 

IJ·IJ'-1 
00 220 LC-l,NLC 

IoIRITE (IS,*) 'II' ,I, 'JI' ,J'. 'Lel' • I.e , 'IJI' .IJ 
wRnE (1S,1r) 'P(I,Le)I',PtI,LC) 
WRITE: (IS,·) 'A(TJ') ' .... (IJ') 
P( I, LC )-P( I .Lel-P( J,LC) -At IJ') 
III'RITE (IS,-) 'Q(I,LC)I',P(I,LC) 

220 CONTINUE 

c 
c 

''0 
C 215 
C 
C 
C 
C 
C 
C 
C 220 
C 250 

ENDIF 
CONTINUE 

00 215 J·l.NLC 
P( L, J)·P( L. J') /A( MD( L» 

/. 
/. 

MODIFI THE RE:KAINDER OF V /-
00 J20 1-1. (to-i) /-
00 440 J·l,NLC /-

IL.IJ'I (I ,L) ,-
H (It..LT.MD(Lt1)l P(I.J')-P(I,J')-A(IL)-P(L.J) 
CON1'INUE ,-

CONTINUE /-
If' (PRINT) CALL W1(ATIU(P,N .NLe,·DISPL ... CEMENT·) 

RETURN 

/. 

310 CONTINUE HT530100 
C _________ IOPT-4. RECUCED MULTI PLICATION --------------- _______________ HT S30 710 

SOLVE rcR v IN S*O-P WHERE S HAS BEEN REDUCED BI GAUSSIAN HT530720 
ELIMINATION. HTSJ0730 
THE RESUt.TING LOAD IS STORED IN P. HT530740 
THE DISPLACEMENTS ARE: INPUT IN D. HT530750 

C )o(UL1'IPL",CATION ONLI TAKES PLACE BETWEEN ROWS Ll AND L2. HT53011S0 C ___________________________________________________________ ----- - - - - _. - H 1530110 

IF (PRIN'l') THEN H1S30790 
WRITE (6,500) 'IOPT-4, RE:OUCE:D MlJLTIPLACATION',t.I,L2,t-I HTS30790 
CALL LMATRX( A, HD. N, HD( 101+1) • 'REDUCED srI FFt-IESS' ) HT 530BOO 
cALL WMATIU(PACTOR,N ,1,'DISPL"'cEMENT') HT530810 

ENDIF HT5:)0820 
c HfSJ08JO 
C------ ONLT ONE LOAD CASE:.,., 

LCo' 

HTSJOB40 
HT530B50 
HTSJOBISO 
HTS30B70 
HT5308BO 
Hf530890 
H'I'530900 
HI530g10 
H'!530920 
HT5J0930 
HTS30HO "0 

---- ZERO P ---
DO 320 J'·Ll, L:ii 

IF (A(MO(J» .EO.O) THEN 
WRITE: (6.:2000) J',MD(J').~(MD(J'» 
CALL ERRTRA 
ABORT·.TRUE. 
REn'URN 

E:NDIF 
P(J',LC)·O 



c 
C------------ MULTIPLT 9 RED'" D1SP - P 

00 J40 I-Ll,L2, +1 -

,"0 

''0 

00 340 J-Ll,L2 .... 1 
IF( I .LE: • .J ) IJ'-MD(J')"'J'-I 
H'( I .GT. J' ) IJ'.MO(I)"'l-J' 

PI I, t.C ).P( I, LC) +A.( IJ) -FAC"l'OR(.J) 
IF (PRINT) Co\LL WM1r.TR..I.(P,N .1. 'REDUCED LOAD') 

COtlT INUE 

H' (PRIN"!') CAU. NMATR:r(P,N ,1.'LOAC') 

HlS30SlS0 
H1S30Sl150 
HlS30Sl70 
HYS30Sl80 
HlS30SlSl0 
H1531000 
HY531010 
HY531020 
Hl5310JO 
HY5Jl040 
HYS310S0 
H1SJI060 
Hl531070 

RE'l'URN H1S11080 
410 CONTINUE HlSJI090 

C--------- roP'!'· '), BACII: 5UB5TUTIO~ ----------------------------- --------HTSJ 1100 
C SOLVE FOR D'IN S' "D'''P' HYSJllI0 
C H1S3II10 

Ll--> H!'S31130 
S' : :0': 'P' Hl531140 

1,2--> : ------- ... ----- " '" ,'--,' • ,'--,' HT 5311 SO 
: 0 P HY5311150 

LJ--> : : : I : : I Hl531110 
WHERE 5 IS THE CONDE:NSED 14ATRU B1 GAUSS ELEMINATION. HtS31180 
AlIIo IT IS A )\lON POSITIVE oEFINITIIIE JotATRIJ: HT5H190 
D AND P ARE THE-REDUCED DISPLACEMENT .l..N0 WAD JotATRU HTS31200 
P' ARE INPU'I' IN ARRAT P HYSJl:il10 

C D O\RE INPU'I' IN ARRART FACTOR H1531220 
C ------- ---------------------------------------------------- -- ------ --- - HI 53 1230 

IF (PRI!<lT) THEN H1531240 
WRITE (6,500) ·IOPT·S, BACK SUBSTUTION',Ll.L2,N HT6J12S0 
CALL LMATR.X(A.MD,N.MD(N+ll.· REDUCED STIFFNESS') HTS1l2150 
CALL WJQr.TRX(E'ACTOR,N ,l,'INPUT DISPLACEMENT') HYSJ1270 
CALL W)(ATRX(P.N .NLC. 'INPUT LOAD') HT631280 

EN DIE' HT5312510 
c 
C------ ONLT ONE WilD CllSE: •••• 

Le-l 

720 
c 

00 720 J·Ll,L:;I 
H' (IIr.(IoID(J)).E:Q.O) THE'JoI 

WRITE: (I5,:lOOO) J.IoID(J),A(MD(J» 
CIlr..LL ERRTRA 
IIr.BOR'!' •• TRUE. 
RETURN 

ENDIF 
CONTINUE 

C-------CALCULATE DISPLACEMENT MATRU • BACIt SUBS"t'UTION ONLT 
C TAXES PLACE BE'TWEEN Ll AND 1..2 

'" 

'so 

LJ-N 
00 640 I-Ll,L2 

FACTOROJ-O. 

00 350 I-L2,Ll.-1 
00 ]SO J'·I, L3,+1 

IJ·MD(J)+J-I 
H( IJ .EQ. MD(I) ) THEN' 

FAC'l'OR( I )-Fo\CTOR( I) +P{I, LC) /A(MD( I)) 
ELSE IF( IJ' .LT. MC(J'+I) ) THEN 

FIlr.CTOR( I ).FACTOR( 1)- A{ IJ')1I FACTOR( J) IA(MD( I)) 
ENDIP 

CONTINUE 
IF(PRINT) THEN 

CALL WMATR.J:(P,N,LC,·OUTPUT LOAD') 
WRITE(6,"') • PRINTING MATRIX I OUTPUT DISPLACEHEN'I" 
WRITE( 6.19) (J. F'ACTOR( J'). J'-l. N} ,. 

"0 
:;1000 

rClRMA'I'( IX. 'ROW' • IS. JX. FlS. 6) 
ENoIF 

RETURN 

rClRMAT (/JX,A.:;I:r,'Lll',IS,' L:lI',IS,' N,',IS) 
rClRMAT (l1J1X,SO('·')1 

'. ER·.·ROR IN SUBROUTINE GAUSS', T51,'·'1 
, • PIVOT IS LE 0 ------- ROW.',IS, TSl,'·'1 , , , , 

srORAGE LCN.·,IS. T51,'·'/ 
PIVOTI' ,lP,G15.I5,TSl,' -' I 

'. SOLUTION IS o\eoRTED " T51,'·' I 
lx, 50(' "") I} 

END 
c 
C. PA 

SUBROUTINE sn (ABAT,S'TIFF,IDF.ISTOR,NOP.MDIAG,IMD ) 

C .. ··-----------·-----······-·--· .. ----- .. -----··---···----••• ----•• - •••• 
CONVERT STIFF'NESS IQTRU TO HALF S'TORAGE AND BANDED MODE C··-----------·· .. ·----··---·-·····-· .... ·---····---· .. -----.. ---..... ----. 

C DIMENSION A6AT( IoF, IDF). STIFF( ISTOR). MDIAG( 10F"'l) 
DIMENSION ASAT(IDF,IDF),STIrF(ISTOR).MDIAG( lS1S1 ) 

c 
C CONVERT S'I'IFrNESS MATRIX oro HALF STORAGE BANDED MODE - STIri' 
C THE HAIN DIAGONAL ADCRESS ARE srORED l!<l NOIAG ;IoRRA! - IIIDIAG 
C 

L-O 
00 10 J-l,NOP 
00 80 I-l,J' 

WRI'TE(6,.) '1-'.1. 'J'-'.J 
IF( ASAT(I,.J) .EQ. 0 .AND. I .NE. J' )GO TO 80 
IF( ASAT(I,J) .EQ. 0 .AlIIO. I .EQ • .J ) THEN 

WRI'!'E(6,")''1'HE S'I'IFFNE6S .. r. 'TH DTAGONAL TEIU': ARE 

RE'l'URN 
ENDTF 
H-I 
GO TO 1.00 

80 CONTINUE 

100 00 10 I·J',JoII.-l 
L·L+l 

II' • SOLUTION ASORTED' 

IF( !.EQ. JJ MDIACi(J'}-L 
H( ASA"(I,J') .EO. 0 .AlIID. I .E:Q • .J) THEN 

ZERO' 

WRI't'E( 6. '" J 'THE STIFFNESS " I, 'TH DI.\GONAL TERM ARE ZERO' 
II' - 6OLU'fION ASORTE:.o' 

RE.'TURN 
ENDIF' 
5"l'IFF(L)·ASAT(I,J) 
IP'J'·L 

70 CONTINUE 
JoIIoIo\G(NOP+l )·IPT+l 
I Jolla-MOl AG (NOP+ 1 )-1 

C 
C.pa 
C 
C 

RE'rURN 
END 

DEBUG UNIT ~ 6) ,SUBCH'" 
END DEBUG 
SUBF'l.OUT I HE: 5NOR.)( 10PTT. SF!., BR. D6R, DBR, T 11\, DELT p, DEN, NOP. I FJoil. 

, ~,LL,JJ',NN) C'"······· .. •••··· _ ............ -...•• --....................... -•. --....... -•• 
C CALCULATE NORM OF LOAD INCREMENT AND NORM of' OlSPLACEMEt-iT INCREMENT 
C 
C IOPT I 1 - CALCULATE DELTP FOR NORM OF LOAD ANC CEN 
C rOPT :I - CALCULATE DELTP E'OR NORM Of' DISPLACEMENT 

SR 
COR 
C DSR 
C DBR 

or SPLACEMENT VECTOR 
I LOAD .... ECTOR 
• DTSPLACEMEN'1' INCRE:MEN'1' VECTOR 

LOAD VECTOR. INCREMENT VECTOR 
C Tit • 
C DELTP. 

S'I'I~FNESS MATRIX 
NORM or LOAD OR DISPLACEMENT 

HTS31300 
HIS3I310 
H1S31J20 
HT53lJJO 
HTS31340 
HTS313S0 
Ht5313150 
HYSJ1370 
HISJ 1380 
HTS31390 
H1SJ1400 
H1S31410 
H!'SJlUO 
HTS314JO 
HTS31440 
HYS3 14 SO 
HTS314150 
HlS31470 
HlS314BO 
Hl5314S10 
HY531500 
HTSJlSIO 
HTS31520 
HYSJ1SJO 
HYSJlS40 
HTS3lSS0 
HT6JlS60 
H16Jl510 
H16JlS80 
H1SJlS90 
HT6311500 
H16311510 
HT6311520 
HT5311530 
HlS311540 
HlS311550 
HY5Jl15150 
HT5Jl1570 
H15311580 
HT53115510 
H1S31700 
HTSJ1710 
HUllno 
H15317]0 
H16JIHO 
H16l1750 
HTS3l7150 
HTS31170 
H!S31180 
HlSJl190 
HYS31800 
H!S31BIO 
HYSJ18:a0 
HlSJ1830 
HT531840 
HTSJ18S0 
HTSJl860 
HTSJIB10 
H1531BBO 
H1531890 
H1SJl900 
H1631910 
H1S3l920 
H!S3151JO 
H!S315140 
HTS31950 
HlS3IS1150 
Hl5J1S170 
HlSJ1980 
HlSJ1990 
H16J2000 
HT5)2010 
HTS)2020 
H1S32030 
HTSJ2040 
HTS320S0 
HT6]2060 
HT532070 
HTS320BO 
HlSJ2090 
HYS3:alOO 
H1S32110 
HlS32120 
HT5J2130 
HI S3214 0 
HT5JJl50 
Hlsn160 
HlSJ2170 
HTS32160 
H!S12190 
H!S12200 
HT532210 
HlS3:1220 
HTS32:;130 
HTSJ:I:l40 
Hl53:i1:150 
HTSJ2:1150 
HTS32270 
HlSJ2280 
H1S32190 
H1SJ2JOO 
H!S31310 
H!632320 
HTSJ:;IJ30 
H1S]:;I340 
H!S3:;1]SO 
HTS3:13iSO 

62 

C DEN I DEN - TRANSPOSE or :OSR:",:,.,.:·:DSR: 
Clf')! I TRANVERSE AND FlOTATION DOF IDENTIFICATION INDEx 
C 0 FOR TRANVERSE 
C 1 FOR RO'!'ATION 
C 
C NOTE. SR(I04,J'J'), BR(Io04,JJ), DSR(MM,LL), DBR(MM,LL). TII:("IM,MM) 
C IFM(NN) 
C DSRT AND OSRTII: o\ARAT ;loRE B;IoSED ON 3:;1 SEGMEJ,lTS, IF SEGMENT'S 
C NUMBER IS LARGER THAN 3:1, THE DIHE:NSION or DSRT ~D OSRTIt 
C NEED TO MODI FI ED 
C .. ·-· .. ------·-.. ---············· .. ···············--·--"'---.. - ___ •••• ___ _ 
C 

DIMENSION o5R(""". LL), DBR{HM, LL), SR(MM, JJ), BRCHM. JJ') .TIt(HM,104) • 
, D5RT(1. 19B),OSRTII:(l,l9B) ,IFIII(NN) 

C 
C SKIM STIFFNESS TERMS 
C 

DO eo I-l,NOP 
0080J-l.NOP 

IF( o\e6('1''''(I.J)) .LT. 1.E-1 ) TIt(I..J)·O 
80 CONTINUE 

GO TO (lOO,:lOO),IOP'!'T C----· ... ----···.. 10PTT.l .-•• -----••• --.-
C 
C SEARCH MAXIMUM FORCE OR DISPLACEIIIE'NT INCREME:NT 
C 

C 

100 CONTINUE 
E'1II1\J:-0. 
TMMAX-O. 
DO 25 I·I.NOP 

IF(If'M(IJ .EQ. 0 ) THEN 
IF(1Ir.8S(BR(I.l» .G'\'. o\BS(FKAX) ) THEN 

FMAX·SR(I, 1) 
ENDIF 

ELSE IE'(IFM(ll .NE. 0 ) THEN 
IF(IIr.B6(BR(I.I») .GT. AB5(TMMAX) ) THEN 

TIOtAX-BI=I( 1,1) 
SNDIF 

ENDIF 
2S CONTINUE 

FIND NORM OF DBR 

DELT-O. 
00 32 l·l.NOP 

IF(IFM(I) .EO. 0 ) THEN 
IF(FM.A:I .EO. O. ) GO TO 3:1 
DELT- DE:LT+ (ABS (OBR{ I , 1 ) IFMAX) ) 11.:1 

ELSE IE'(IFM(I) .NE. 0 ) THEN 
IF(THMAX • EO. O. ) GO TO J2 
DELT·DELT ... (ABS( DI!IR( I, Il/TMMAX)) ··2 

EHDIF 
J2 CONTINUE 

DELTP·SQR'I' (DELT INOP) 

00 61 I·I,NOP 
D5RT( 1,1 )-OSR(I, 1) 

1S7 CONTINUE 

DO iS8 J-l.NOP 
DSRTI{(l • .J)-O. 
DO 6B l{-l.NOP 

OSRTJ( 1. J')-DSRTJ( 1 ,J') +DSR't' (1.1I:)·'t'JI:( K, J') 
6B CONTINUE 

: OSRTP;:: • : DSR:. : OSR1' : 

DSRT(l.l)·O. 
00 7B 1t-I,NOP 

DBAT( 1,1 ).OSRT (1,1) +DSRTII:( l, "'). DSR(,., 1) 
18 CONTINUE 

oE:N-OSR'I'( 1.1) 

RE'l'URN 

C··· •• -.· •••• ---. IOPTT-2 •••••••••••• - ••• 

c 

:a00 CON'!'INlJE 
FMAJ:. O. 
TMMA.I-O. 
00 oIS I·l,NOP 

IF{IFM(I) .EQ. 0 ) TH~ 
IF{o\BS(5R(I.l)) .GT. ABS(rMAXl } THEN 

FMAJ:·SR(Ll) 
ENDIF 

ELSE IF(IFM(I) .NE. 0 ) THEN 
TF(AB5(SR(I.1») .GT. ABS(TMMAX) ) THEN 

TMMAI·SR( 1,1) 
ENDIF 

ENDIF 
45 CONTINUE 

C FINO NOR)! OF 06R 
C 

DELT·O. 
DO 4:1 l-l,NOP 

IF{IFM(I) .EQ. 0 ) THEN 
IF(FHAJ: .EO. O. ) GO '1'0 42 
DELT-CELT'" (;loBS ( DSR( I • 1) IFMAJ: »"*2 

ELSE IF(IFM(I) .NE. 0 ) THEN 
IF(TMMAX .EQ. O. ) GO TO ~2 
DELT-CELT'" (O\BS (DSR( I , l) ITMMAJ[) ) "·2 

ENoIF 
42 CONTINUE 

C 
C.PA 

DEL" P-SQRT (DELT INOP) 
RETURN 
END 

C'PROCESS SooMP GOST,,", XREF JotAp C--··-······ _ .... -.-..• --_ •. ----... -........... -......... -......... . 
SUBROUTINE SOJLOC (LI aN, FJ'L. STR. NSEG, NUMP, I SEG. I INEB, I INEH, 

, TE.ST,EM,UO,VO.FLP ) 

.ruCGE LOCAL BUCItLING STRESS FOR BOX SECTIOI'I 

NOTEI FLp.O I NO LOCAL BUCICLING OCCURRED 
FLP-1-5 • LOCAL BUCICLIt-iG OCCURRED 

DI)O(ENSION STR(NSEG,NUMP) ,UO(NUIIIP) ,"O(NUMP) 
DHIENSIQN E"J'L(NUMP) ,TE(N"UMP) 
REAL lINEB, IINEH 
INEB·lINEa 
IN"EH·IINEH 

IF( LIBN .NE. 1 ) RETURN 

00 ISO I-I,HUMP 
60 E'J'L(I )"0 

IPTl-l 
INEQ-INEI!I+INEH 
IP'!'2-INEQ"'1 
IPTJ·2"'INEQ+l 
IPT4·3"'INEO ... 1 

CALCULATE SECTION ELEMENT LENGTH 

ELH·ABS( Va (:;I) -VO (3» 

HTSJ2370 
HY532360 
HT5323510 
HTSJHOO 
H!S3:;1410 
H'fS3JnO 
HTSJ20130 
HTS32440 
H1SJ2450 
HYS324150 
HT5J2nO 
HTS]2480 
Hl5J2490 
HTSJ2S00 
H1SJ2S10 
HTSJ25:;10 
HTS):;IS]O 
HTS]:;!S40 
H'fS3:1SS0 
HTSJ:lS60 
H1532510 
HTS3JSBO 
HTSJ2590 
HTSJ21500 
HTSJ2610 
H1S3'2620 
H!'SJ'26JO 
HTSJ2640 
HTSJ46S0 
H!S3215150 
HTSJ2610 
HT5J26eO 
HTS32690 
HT532100 
HTSJ2110 
HTSJ:;I120 
HT53:;1130 
HTS]2140 
HTS32750 
HTS3:;17150 
H1S]:;I770 
HTSJ:;I780 
H!SJ:;!7S10 
HTS3:;!eOO 
HTSJ:il:el0 
HlS32S:il:O 
HTSJ:;IB30 
HTSJ2840 
HYSJ2BSO 
H!'snS60 
HTsnB70 
HYS3:;!880 
H!S32S90 
H!S32900 
HTS32910 
HTSJ2920 
HTS329JO 
HYSJ2940 
HTS)29S0 
H1S]2960 
HlSJ2970 
HTSJ2980 
H!SJ251510 
IflS3JOOO 
HTSJ3010 
Hl'S330:;lO 
HTSJ3010 
H!SJ]040 
HlSJJ050 
H!S3J060 
HTS33070 
HTS330S0 
HTS33090 
H1S3JlOO 
H1SJ3110 
H!SJJ120 
HTSJ3lJO 
HT5JJl40 
H163JlSO 
H1SJJl60 
HTS33170 
HTS331BO 
HTS331510 
H1S3J200 
H!SJ32l0 
HTS33:;1:;10 
H!53]:;IJO 
H!S33HO 
HlS33:;150 
H!SJ32150 
HTSJ3:;!70 
H!S33:;!80 
H'fS3J290 
H!SJ.3300 
HT5JDIO 
HTS3JJ20 
H1SJJ3J0 
HTS3J3~0 

HlSJJJ50 
HlSJJJ60 
HT5JJ370 
HTSJ3J80 
H!533390 
H!53J400 
HT533410 
H!S33420 
HTS334JO 
HTS]J440 
HTS3301S0 
HTS3J460 
H1SJ300 
HlS]J480 
HTS]3~ 90 
HTSJ3S00 
H!S3]510 
HTS3JS:;I0 
HTS33S30 
H1SJJ540 
HTS33SS0 
HTS13560 
H1S13570 
HT5J.35S0 
HTSll590 
HlSJl600 
HTSlJ610 
HY53J620 
HlSJ3610 
HTSJ3640 
HTS3J6S0 
HTS33660 
HTS33610 
HTSJ3680 
HTS331S90 
H!S33700 
HTS33710 
Hl5Hno 
H1S331J0 
HTSllHO 
HTSl)7S0 
HTSJJ760 
H!5JJ770 
HT5J]780 



ELS-AB6 (UO ( 1 NEH"'l)-UO ( INEH+2» 

-- ..ruo:a: LOCAL BUCItLING INOE:Z FJI. _. 

AVOID SE:CTION REACH TO PULLT TIE:LD COMPRESSION STRESS 

IF( STR(lSc:G.IPTl) .LT. 0 .,IJoI0. S"'I'R(lSEG.IPT2) .LT. O.AND. 
, STR(ISEG,IP"I'3) .LT. 0 • .\NO. S'TR(ISE:G,IP"I'4j .LT. 0 ) THEN 

IF( TE:(IP"I'l) .NE. EM .MO. TE(IPT2) .NE. E)4 .AND. 
TE:(IPT3) .NE. EM .AND. TE(IP'1'O .NE. EM } THEN 
CO :HiO I-l.NUMP 

260 NL(I)-I 

ENDIF 

FLP-S 
RSl'UR,N 

ENDIF 

IF( S'l'R(ISEG,IP't'l) .LT. 0 .AND. STR(I5EG,IPT3) .LT. 0 ) THE:N 
IF(TE(IP'!'l) .NE. EM .AND. TE(IPTJ) .NE. EM) 'l'HEN 

DO 70 t-INEH"'I,INEQ 
10 FJ'L( I )-1 

00 12 I-2*INEQ+INEH"'1. J*INEQ 
12 FJ'L( I )-1 

.... 0 
TOTS'1'-O 
J-O 
00 14 1-2,INEI-I 

IF{STR{ISEG,I) .LT. 0 ) THEN 
J-J ... 1 
"'-"HELH 
TOTST-TOTST+S't'R(ISEG,I) 

ENDIF 
14 CONTINUE 

00 Hi I-INEQ+~,INEQ+INEH 
IF(S't'R(ISEG.I) .LT. 0 ) 1'HE:N 

J-J ... l 
W-W+ELH 
TOTS1'-TOTST+S'TR( ISEG. I I 

ENDIF 
76 CONTINUE 

FIND ~VERAGE STRESS MD CRITICAL STRESS SCR 

IF{ J .EQ. 0 ) THEN 
5AVE-0 
SCR-999 

ELSE IF( J .NE. 0 ) THEN 
SAVE-ASS (TO'l'S'T I J) 
SCR-O. 425- (J. 14 159*J. 14 159) -EM! (12-0.91'"' (WIST) - ·:n 

ENOIF 

IF( SAVE .GT. 5CR) THEN 
00 79 I-.,INEH 

19 If'( S"l'R(ISEG.I) .LT. 0 .MO. FJL(I) .NE. 1 ) F.JL(I)-1 
00 80 I-2.INEH 

80 H( STR{I5EG,I) .LT. 0 .ANO. F'JL(I) .NE. 1 ) FJL(I)-l 
FLP-l 

E~DIF 

'-0 
TOTST-O 
J-O 
DO 84 I ... ·INEIl+2.~*INEQ+INEH 

IF( 6'TR(l5EG.I) .LT. 0 ) THEN 
J-J+l 
W-W+ELH 
TD't'S't'-TOTST+$TR( ISEG. [) 

ENDIF 
94 CONTINUE 

DO 86 I-J*UE(I+2.3-INEQ+INEH 
H( S'rR(lSEG.l) .LT. 0 ) THEN 

J-J+l 
IrP-W+E:LH 
TOTST-TO'['S'l'+STR( I5Ee. I) 

E:.NDIF 
86 CONTINUE 

FIND AVERAGE STRESS AND CRITICAL STRESS 6CR 

If'{ J .EQ. 0 ) THEN 
SAVE-O 
SCR-999 

ELSE IF( J .NE. 0 ) 1'HEN 
SAVE-ASS(TOTEiT/J) 
SCR.O. 425-( 3. lit 159*3. lit 159 1 *EM/( 12-0. 91-(W/ST1"'2) 

E:NOH' 

I F( SAVE .GT. SCR) THEN 
00 88 I-2-INEQ+.,2-INE:g+INEH 

ee IF{ STR{I6EG,I) .LT. 0 .AND. FJL{I) .NE. 1 ) FJL(ll-l 
00 9Q I-J*INEQ+2,J*INEQ+INEH 

90 IF{ STR(ISEG,I) .LT. 0 .AND. FJL(1) .NE. 1 ) FJL(I)-1 
FLP-l 

ENDIF 
SNDIF 

ENDIF 

IFC S'I'R(I6ECi,IPT'2) .LT. ° .MD. STR(ISEG.IPT4j .LT. 0 ) THEN 
IF(TE(IPT2J .NE. t:M .AND. TE(lP'l'4) .Ni:. EM) THEN 

00 40 [_INEQ+lNEH+l,2*INt:Q 
40 FJL( 1 )-1 

00 42 I-3-INE:Q+INEH+l, 4·INE'g 
42 FJt.( I )-1 

"0 
'l'O't'ST-O 
J-O 
00 44 1-2,IN'EH 

IF(STR(ISEG,I} .LT. 0 ) THE:N 
J-J+l 
W-W+E:LH 
TOTST-TOTS"!'+EiTR{ ISEG, I) 

E:NDIF 
44 CONTINUE 

00 415 I-INEQ+:I .INEQ+U1EH 
IF(S'TR(I5E:G.I) .LT. 0 ) TH&N 

J-J+l 
W-W+E.LH 
TO'l'S'T-TOTST+STR( I6EG, I 1 

ENDIF 
46 CONTINUE 

FIND AVERAGE STRESS A.ND CRITICAL STRESS SCR 

IF( J .EQ. 0 ) THEN 
5AvE.-0 
SCR-999 

ELSE IF{ J .NE. 0 ) THEN 
SAVE-AB5{ TO't'ST I J) 
SCR-O. 425· (3.14 159*J. 14 159) • EJoil I (12"0 .91" (WIST) --:2) 

ENDIF' 

IF( SAVE ,GT. SCR) THEN 
DO 48 I-2,INEH 

48 IF( STR(ISEG,I} .LT. 0 .AND. FJL(I) .NE. 1 ) FJL{I)-I 
00 50 I-INEQ+2.INEQ+INEH 

50 IF( STR(I5EG,I) .LT. 0 .AND. FJL(II .NE. 1 1 FJL(I)-l 
FLP-2 

ENOl F 

HTSJJ190 
HT5JJBOO 
HTS33Bl0 
HTS33820 
H1SJJ930 
H16JJ840 
H'fSJ38S0 
H1SJ3860 
HTSJ3870 
IfTSJJB80 
HTSJJ890 
H1S33900 
H1SJJ910 
H1SJ3920 
H15J39JO 
H16JJ940 
H1S33950 
H15JJ960 
H153J970 
iUSJ3980 
i;TSJJ!l90 
HT534000 
HTS34010 
HT534020 
H!534030 
H!5J4040 
HTSJ4050 
HT5J4060 
HTSJ4010 
H1SJ4080 
H16J4090 
H1SJ4100 
H1SJ41tO 
iHSJ4120 
H1SJ4130 
H'S34140 
HT634150 
HTSJ4HiO 
H1634170 
HTS)4180 
H1S34190 
H15J4:100 
1(1534210 
H'fS34J:.0 
HTSJ4:lJO 
HTSJ4240 
HTS342S0 
HT6J4260 
H16J4270 
HTS34260 
H1SJ4290 
HT6JOOO 
HTS3010 
HYS30.0 
HTS34330 
H!sJ4340 
H!534J50 
HT5J4J60 
H1534J10 
HTSJ4380 
HTSJ4J90 
H1SJHOO 
H1SJHIO 
HTSJ4nO 
HYSl4DO 
H1934440 
HT634450 
HT634460 
HT5HOO 
HTSH480 
HTSJU90 
HI6J4500 
H1SJ4510 
HT5J45J:0 
HTSJ45JO 
HT534540 
HTSH550 
HT514560 
HTS34570 
H15J4580 
H15J4590 
H1SJHiOO 
HTSJ4610 
H1SJliEi20 
HTSJ46JO 
HTS34640 
H15J4650 
H15J4660 
H1634610 
HTS341580 
H1SJ4690 
H16J4700 
H1SJ4710 
H18J4720 
H1SJ41J0 
HTSJ'HO 
HT15H750 
H1SHHiO 
HT534710 
H1S34180 
H!634190 
H'fSH900 
H1S34810 
H1SJ4S:l0 
H1SJ48JO 
H1634940 
H1SJ4950 
HTS34960 
HTSJ4SiO 
HTS34S80 
HT534e90 
H'634900 
H16J4910 
HT5J49:i0 
HTSJ49JO 
H1SJ4940 
H16J4950 
H1614960 
H1SJ49iO 
HTSJ4geO 
HTS34990 
HI535000 
HT535010 
HT535020 
H15J5030 
H1SJ5040 
HT6J5050 
HT5)5060 
H1535010 
H1S]5080 
HTS)5090 
HTSJSIOO 
HTSJ5110 
HTS35120 
HTS35lJO 
HTS35140 
H!S35150 
H!635160 
HTSJ5170 
H16J5190 
H1SJ5190 
H15J5200 

63 

J-O 
00 54 r-2·INEQ+2,2*lNEQ+INEH 

IF( S'I'R{ISEG,I} .LT. 0 ) THEN 
J-J+l 
W-W+ELH 
'l'O't'S'I'-TOT5T+S'T R( I 5EG, I } 

ENCIE" 
54 CON'TINIJE 

!Xl 56 I-J-INEQ+2, 3·INEQ+INEH 
IF( STR(I6EG,I) .LT. 0 ) THEN 

J·J+l 
W-W+ELH 
TO'1'ST-TO'l'S'I'+STR{ lSEG, I I 

ENOIF 
56 CONTINUE 

FIND AVERAGE STRES5 AND CRITICAL S'I'RESS SCR 

1Ft J .EQ. 0 1 THEN 
S,WE-O 
SCR-999 

ELSE IF{ J .NE. 0 1 THEN 
5J.vt-ASS( TOTST I J) 
SCR-O." :25-( 3. 141S9* 3.14159) *EMI (1:i*0. 91- (WIST) "''21 

ENDIF 

IF( SAVE .G'I'. 5CR} THEN 
00 58 I-J:.INEQ+2,2-INEQ+INEH 

58 IF( S'I'R(ISEG,l} .LT. 0 .MD. FJL(Il .NE. 1 ) FJL(I}-l 
DO 61 I-J*INEQ+:ii,3-INEQ+INEH 

iS1 IF( STR(ISEG,I} .LT. 0 • .MD. FJL(I) .NE. 11 FJL(I)-1 
FLP-2 

ENOIF 
E:NDIF 

ENDIF 

IF( STR(ISEG,IPTl) .LT. 0 .AND. S'I'R{ISEG,IP1':ij .LT. 0 ) THEN 
IF{TE{IP'l'I) .NE. EM .AND. TE:(IPT2) .NE. EM) THEN 

00 20 l-l.INEH 
20 f'JL( I )-1 

00 42 I-I~EQ-tl. INEQ+INEH 
22 FJL{I)-l 

.. 0 
TO'1'S'I'-O 
J-O 
00 24 I-INEQ+INEH+l, 2-INEQ 

IF(STR(16EG,I) .l.T. 0 ) THEN 
J-J+) 
W-.+ELS 
TO'rS'T-TO'1'5T+STR( I SEG, I ) 

ENDIF 
.4 CONTINUE 

00 26 I-3-INEQ+INEH+l,4*INEQ 
IF(S'l'R(ISEG,I) .LT. 0 ) THEN 

J-J+l 
W-W+ELS 
TO'I'ST-TOTST+S'TR( ISEG, [) 

ENDIF 
26 CONTINUE 

FIND AVERAGE STRESS AND CRITICAL S'I'RESS SCR 

1Ft J .EQ. 0 ) THEN 
SAVE-O 
SCR-999 

ELSE IF( J .NE. 0 ) THEN 
SAVE-ASS (TO't'ST!J) 
SCR-O. 425* (J. 14 159-J. 14159 )*EIo4! (12-0.!H· (W'/S'J' }*-2) 

ENDIF 

IF( SAVE .GT. SCR} THEN 
to :18 I-INEQ+[NEH+l,2"INEf,;l 

28 IF( S'TR{ISc;G,I) .LT. 0 .AND. FJL(l) .NE. 1 ) FJL(I)"l 
00 1:10 1-3*INEQ+INEH+1.4*INEQ 

120 IF{ S'l'R(I5EG,I) .LT. 0 .ANo. FJL(l) .NE. 1 ) FJt.{I)-1 
FLP-J 

EMDIF 

"0 
TOTST-O 
J-O 
00 154 I-INEH+l,INEQ 

IF( STR(ISEG.l) .LT. 0 ) THEN 
J-J+1 
W-"'+ELB 
TO't's-r-TOTST+STR( I SEG, I ) 

ENDIF 
154 CONTINUE 

00 156 I-:l-Ir.lE::Q+INEH+l,J*INEQ 
IF( STR(ISEG,I) .LT. 0 ) THE:N 

J-J+l 
W-W+ELB 
TO't'ST-TO't'S'!'+S'TRt I SEG, I ) 

ENOIF 
156 CON"l'INUE 

FIND AVERAGE STRESS AND CRITICAL S'I'RESS SCR 

IF( J .EQ. 0 ) THE:N 
SAVE-O 
SCR-;99 

ELSE 1Ft J .NE. 0 } THEN 
SAVE- ABS{ TO'I'ST I J) 
SCR-O. 425- (3.14159*3.14159) *E",I (1:1"0.91* (W/ST)· -2) 

ENOIF 

IFt SJ.VE .GT. SCR)- 'T'HEN 
00 15e I-INEH+l,INEQ 

158 1Ft STR(ISEt:i,I) .LT. 0 .AND. f'JL(I) .NE. 1 J FJL(I)"1 
00 161 [-2*INEQ+INEH+l,J"INEQ 

161 1Ft STR(ISEG,I) .LT. 0 .AND. FJL(I) .NE. 1. } FJL(I)-l 
Fl.P-3 

&NDIE" 
ENDIP 

ENDIF 

1Ft STR(ISEG,IP'I'J) .l.T. 0 .AND. STR(lSEG.IPT41 .LT. 0 ) THEN 
IF(TE(IPT'J) .NE. EM .AND. TE(lP'l'4) .NE. E)o!) THEN 

00 JO l-:l.INEQ+1,:;Z·INEQ+INEH 
JO FJL(I)-1 

00 32 J-J·INEQ+l. 3·INEQ+INEH 
J:;Z f'JL(I)-1 .-0 

TOTST-O 
JoO 
00 J4 I-2*INEQ+INEH+1. J"lNEQ 

IF(5'l'R(I5EG.I) .LT. 0 ) THEN 
,J-J+l 
W-W+ELB 
TOTS'l'-TOTS'l'+5TR( lSEG. I) 

ENDIF 
34 CONTINUE 

00 J6 [-INEH+l,HIEQ 
IF(STR(ISEG,I) .LT. 0 ) THEN 

J-J+l 
W-W+ELS 
TOTST-TOTST+STR(I5EG, I) 

ENDIF' 
J6 CON'T'INUE 

FIND AVERAGE: STRESS AND CRITICAL STRESS 5(,~ 

H1S35.10 
H1535220 
H1535230 
HTSJ5240 
HY535250 
H'535260 
HT535210 
HTSJ5jeO 
HT535290 
H1S35300 
H1535J10 
H1S35320 
HT535330 
HY5J'5340 
HTSJ5J50 
H'fS]5J60 
HTSJ5J10 
H15J5JSO 
H15)5J90 
HT535400 
H1SJ5410 
HTSJ500 
H!S35430 
HTS]5440 
Ht'S35450 
H'f5J5460 
HTsJ5410 
H1635480 
HISJ5490 
HYSJ5500 
HTSJ5510 
HTSH520 
HTS355JO 
HTSJ5540 
HTS35550 
HTS35560 
HTS35570 
HT535580 
H1535590 
H1535600 
H15351510 
HT535620 
HY535630 
HYS]5640 
H1535650 
HT5J5660 
H15J5610 
H15J5680 
HTS35690 
H1S35100 
HT535710 
H1535120 
H1535130 
HT 53 5? ~ 0 
HYSJ5150 
H1SJ5160 
H1SJ5'/i0 
H1SJ57eo 
H1S35190 
H15J5900 
HTS]5810 
HTSJ5820 
HT535830 
HTS35840 
H1S35e50 
H1535960 
H!5J5810 
H15J58eO 
H!SJ5e90 
H1S]5900 
HT5J5910 
H15J5920 
H1SJ5930 
H15J5940 
H'f5J5950 
HTSJ5960 
H15]5910 
H1SJ5980 
HTSJ5990 
H15J6000 
H1536010 
H1S)60:10 
HTSJ60JO 
H1536040 
H'5J6050 
HTS36060 
HTS36010 
H1S36090 
HT5360;0 
H1SJiSl00 
H'fSJlSllO 
H15J61:10 
HTSJ6lJO 
H15J6140 
H'S36150 
H1516160 
HT5J6110 
I1TS36180 
HTS36190 
Hl'S36200 
H1536210 
HT536220 
H1536230 
H1SJ6240 
H'I'SJ6250 
H1SJ6260 
HTS36270 
H1S]62eo 
H1SJ6290 
H1536300 
H15J6JlO 
HJ536J20 
HT536J30 
H1536340 
HYS3iS350 
H'f6J63150 
H1SJ6J10 
HT536J80 
H1536J90 
HTS36400 
HT53600 
H1536420 
HYS36430 
H1536440 
H'l'S36450 
HY5J6460 
HYSJ6470 
H1SJ64S0 
HTS36490 
H'f536500 
'i1SJ6510 
H1SJ6520 
H1S365JO 
H1SJ6540 
HTS36550 
H1S)6560 
HT536570 
11'5365130 
H1536590 
H!536600 
H'l'536610 
H'f536620 



H( J .EQ. 0 ), 'l'HEN 
SA,VE·O 
SCR-999 

ELSE IP( J .N'E. 0 ) THEN 
So\VE-ABS(TO'I'ST/.J') 
SCR-O .·42~- (J. 14. l ~9·J. 14159) ·EiIII (12·0.91" (t"/ST )"2) 

E!'lDIF 

IF( SAVE .GT. SCRl THEN 
DO 38 l-INEH+l. INEQ 

38 IF( STR(ISEG.I} .LT. 0 .,toND. FJL(I) .NE. I 1 FJL(I)·I 
00 130 1-2" INE:QHNEH+ I. JIrINEQ 

130 H( ,5TR(lSEG.I) .~T. 0 .AlIlD. FJL(I) .NE, 1 } FJL(I)-l 
FLP"" 

ENDU' 

woo 
'l'OTST·O 
J-O 
DO 14 I·J"INEQ+INEH+l.4-INEQ 

IF( S'I"R{ISEG.I) .LT. 0 ) THEN 
J'·J+I 
W·W+ELB 
TOTST·TOTST+STR( I SEG. I) 

ENOIF 
14 CONTINUE 

DO 16 1-INEQ+INEH+I.2·INE:Q 
IF( STR(ISEG.I) .LT. 0 ) THEN 

J-J+l 
W-W+ELB 
TO'I' S'1'·TOTST+S'I'R( I SEG, I ) 

ENDIF 
Hi CONTINUE: 

F'IND AVERAGE 5'["RESS AND CRITICAL STRESS seR 

H( J .EQ. 0 ) THEN 
So\VE·O 
SCR-999 

ELSE IF'( J .NE. 0 1 THEN 
SAVE-ABS(TOTST/J) 
SCR-O. 425· (.3. 14159·J. 14159) ·E:lo:l (12·0.91· (WIST ,...J) 

ENOIF 

IF( SAVE .aT. SCR) THEN 
00 18 t·INEO+INEH+l. 2·INE(! 

16 IF'( srR(ISEG.I) .LT. 0 .ANO. FJL(I) .NE. 11 FJ'L(I)-1 
DO 11 I·]·INE:Q+INEH+1,4"INEO 

11 IF( STR(ISEG.I) .LT. 0 .,I,lII0. FJL(I} .NE. 1 ) FJLtl)·1 
FLp-4 

ENOIE' 
ENDIP 

ENDIF 

RE:"!'URN 
ENe 

C@PROCESS SOUMP GOS'I'Jo1T XREF 

HTS36630 
HTSJ6Ei40 
HTS36650 
HTSJ6660 
HTSJ6670 
HTS36680 
HTSJ6690 
HTSJ6700 
HTS36710 
HT536120 
HTS36130 
H!S35740 
HY53151S0 
HTS36160 
HTS36710 
H!S3157BO 
HYSJ6790 
HYSJ6S00 
HTSJ6610 
HYSJ6920 
HYSJ66JO 
HTS36840 
HYSJ6850 
HY536660 
HISJ6670 
HTS]!5880 
HY536890 
HJ536900 
H!536910 
HJS369:ii0 
HTS36930 
HTS36940 
HYSJ6950 
HTS36960 
HTSJ6910 
HTSJ6980 
HJ63CS990 
HIS37000 
HIS37010 
HI637020 
HYS370)0 
HT631040 
HTS3l050 
HJ5310CSO 
HJ637010 
HJS37080 
HYS)1090 
HTS37100 
HJS31l10 
HYS31120 
HYSJ11l0 
HTSJ7140 
HTSJ7150 
HTS371CSO 
HISJ7170 
HJS37180 
HTSOOOIO 

c .............. HYSTll •• •••• .. ••••••••• .... •••• •• ••••••• .... •••• .. • .. •••• ...... • .... ··HTS00020 
C DEBUG UNIT(6).TRACE.SUBCIiJ(.IN1'J'.SUBTRACE HTS00030 
C END DEBua HJS00040 
C H'fSOOOSO 
C GOEL TRUSS HTSTERESIS tocoOEL FOR 6IMULATED LOCAL aUCIU.ING HTS00060 
C OF BOX SECTION HTS00010 
C NOTEI IT IS ASSUME:O THAT OVERALL BUCKLING WILL NOT OCCURRED HTsoooeo 
C HYS00090 
C HT500100 

SUBROIJ1I'INE: HTST13{p.PLA. DE:. DELA. V. VLA. EL,SLJ(. HTSOOIIO 
iii E .... AREA.RAOO.TS.PY. HTS00120 

CC. C'fCLE. RULE, STI F. I RV. I oue. HT600 130 
HA. VA, HC. VC, RSN, DEMAJ:. REGIN. PREGI N. HTSOO 14 0 
PBOT, DBO't'. PTOP. MOP. PRINT. HTS00150 
EJ(I. OOC. E:XCR. DELT, ESE, PSE, PSEOLD. CSE) HT500160 

DIMENSION DUC(3). El:CR(CS). ESE(3) HJ500170 
LOGICAL REVRSC, PRINT HYSOOl80 
REAL·4 IRV. IOOC H'fSOOUO 
IF( IRV .EO. 0.) REVRSC-.FIU.SE. HTSOOJOO 
[F( IRV .EO. 1.) REVRSC·.TRUE. HTS00210 
PI.J.14159215 HYS002JO 
S:S-AREA· E:MI EL HY S00230 
DELr-PT/E6 HTS00240 
DEL-OS:/DELT HTS00250 
PL.P/PT HTS0021150 
ESR- SLIC. EL/RADG HIS00270 
SLOP7.STIF/ES HI500280 
DA.A8S{DE) HTS00290 

DP-P-PLA 
DDE-DE-DELA 
DOEL- ODE I OE:L I 

HYSOO)OO 
HT600310 
HTS00320 
HTSOOl30 

C .--- CALCULATE EXCURSION RATE AT F;VERT 
C 

ZERO CROSSING --•••• --•••• ---. HYS00340 
H'fS00350 

c 

IP( P·PLA .LE. 0 ) TH£N 
CALL ONE(O. ruC.E.J.CR.OE:LI. CA.ESE.pSE.P6E!OLD.C6E) 

ENOIF 

C-·· .--•• -_ ..••••. -•••••. _ .••••• -•••••• -•••• -.• -••.. -••••. --••••.•••••• 
C OUC ---. ELEMENT OOCTILITT R.ATE 
C EICR ---- ELEMENT EXCURSION RATE 
C DEL! ---- ELEMENT tI ELDING 01 SPLACEMENT 
C E:SE ---- ELEMENT ELASTIC STRAIN' ENERCiT 
C PSE ELEMENT PLASTIC STRAIN ENERGT 

PSEOLD ---_ ELEMENT PLAS'J'IC STRAIN ENERGI AT LAST ZERO CROSSING 
CSE ---- ELEJIIIEN'T CONS'l'ANT STRAIN ENERGI 

OP ---- ELEMEN"I' .uIAL LOAD INCRE:)(DlT (ICIP5) 
ESR ---- EFFECTIVE SLENDER MUO (KL/R) 
IS ---- 'l'IELDING S"I'RES6 
fl.REA ---_ CROSS SECTION MEA (A) 
EM ---- ELAS'I'IC Jo1000LUS (E) 
DP ---- ELEMENT A%IAL LOAD INCREMENT (I(IPS) 
P ---_ CU~RENT AJ:I.\L LOAD (ItIPS) 
PL ---- P - PT RATIO (P/PT) 
PLA ---- LAST AlIAL LOAD 
ODEL ---- 01 SPLAC E:KC:N'!' ·INCREME:N'I' (IN) 
DE .--- CURRENT .uIAL DISPI..ACEMEN'r (IN) 
DEMAX .--- Jo(A.IIMUM .uUL OI5PLACE:MEN'I' (IN) 
DA ---_ CURRENT ABSOLU'!'E: PLlIAL OISPI..AC£MENT (IN) 
DE:LlI ---. LAST AlIA!. DISPLACEMEN"r 
DDE: ---_ ELEMENT DISPLACEMENT INCRE)oIIENT 
DE:L --.- DEL·DE/DELT 
OELT ---- TIELDtNG DISPLACEMENT 
V --__ CURRe:N'T VELOCITT 
VLA ---- LAST VELOCITJ 
E:S ---- ELEMENT ELASTIC STI FFNESS 
EltI --__ UNLO .... DING EOUIV-'LE:NT STIFFNESS FOR CALCULATING E:ESE 
PT ---- TENSION TI ELDINa LOAD 
EL ---- ELE .... EN'T LENGTH (IN) 
CC ---- C SUB. C CONSTANT 
pMAJ: ---- BUCICING LOAD (J(IPS) 

HT500360 
HTS00310 
HT600J80 
HT600390 
HT600400 
HTS00410 
HJ500420 
HTS00430 
HYSOOUO 
HJS00450 
HTS004150 
HTS00470 
HTSOO4BO 
HTS004!l0 
HTS00500 
HIS00510 
HJS00520 
HJS005JO 
HTSOO')40 
10116005')0 
HJSOO,)60 
HJS00570 
HTS00580 
HT500590 
HTSOOCSOO 
HY600610 
HTSOOfi20 
HTS00630 
HT600640 
HTS00650 
HIS00660 
HTS00670 
HI5006eo 
HJ500CS90 
HTS00700 
HJS00110 
HTS00120 
H'fS00130 

DELMAX ---- BUCICING DISPL ... CEMENT (IN) 
HA.HB •••• HC1,HD1 ••• HF ---- p/PT - DE/DEL'f 
VA.VB, ••• VC1.VD1 ••• VF ---- p/PT - DE/cELT 
RSN ---- RESICUAL S't'RAIN 

HTSOOHO 
PLOT'S DE:/DELT COORDINATE HTS00150 
PLOT'S P/PT COORDINATE HIS00760 

HTS007l0 
~Ut..E ---- RULE NUMBER 
CTCLE - ___ NO. OF CTCLE 
STIF ---- ELEMENT STIFFNESS 
REVRSC --__ LQGIC"-L INDEI FOR REVERSING CURVE OCCURRED 
IOUC 11 He: LESS THAN 12. 01HC-12 
REGIN REGIN 1: OE)o HA 

21 DE: • (HH. HA) 
31 DE • (HB. HH) 
41 DE· (HC. HB) 

HTS007eo 
HTS00790 
HTS00800 
HTSOOBI0 
HYSOOB20 
HJS008JO 
H'fS00840 
HTS00850 
HT600B60 
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C PREGIN ---- PREVIOUS STEP ReGIN 10 NUMBER 
C· ••• --........ -.-...................... - ..... ---•••••••••••• --••••••••••••• 
c 
C INITIAl. BUCItLING LOAO 
C 

IF( ESR .LT. CC .AND. CTCLE .EQ. I ) THEN 
PMAX·-JS· ... REA 

ELSE IE'( ESR .GE. CC .AND. CYCLE .EQ. 1 ) 'rHEN 
PKA.I·· PI"PI .AREA· EMI (ESR"·2) 

ENCIf' 

RESIDUAL ELOG ... TION F1I.C"f'OR RFAC 

/ .... F'OFI aox AND ANGLE SECTION "I 
RFAC·l.15 

/ .. FOR I SHAPE SECTION •• , 
RFAC-l.~ 

C GENERATE CONTROL POINTS COORDINATE 
C 
C (1) POINT A 
C 

c 

IF( CTCLE .EO. 1 ) THEN 
VA-PMAI/PT 
HA-PMAl/( ES"'OELT) 

ELSE IF ( CJCLE • EQ. 2) THEN 
!F( ESR .LE. 40 1 THEN 

PKA.I·-0.2·PY 
ELSE H( ESR .GT. 40 1 THEN 

pKAJI:·-0.2·PI 
ENDIF 

ELSE IF{ C'feLE .GT. 2) THEN 
IF( E:SR .LE. 40 ) THEN 

pJolAX·-O.J"Pf 
ELSE IF( ESR .GT. 40 I THEN 

PJo1AX··0.2"P'f 
ENOIF 

£NDIF 

(2) POINT a 

HB .. -5. 
IF( ESR .LE:. "0 ) THEN 

va·-O.15 
ELSE H( E6R .GT. 40 ) THEN 

VB·-O.IS 

va·-0.15 
ENDIF 

(3) POINT C 

I·· FOR Sal: .AND ANGLE SECT! ON ·-1 

/ ... POR I SHAPE SECTION .... , 

IF( IotiC .EQ. 0.) THEN 
HC·-12. 

H( ESR .LE. 40 ) THEN 
VC·-O.l 

ELSE IF( ESR .CiT. 40, ) THEN 

VC·-O.l 

VC·-O.l 
ENDIF 

END.IF 

(4) POINT E 

I •• FOR BOX ANO ANGLE SECTION .... / 

I" rcR I SHAPE SECTION "I 

101 E-l. + ( RSN" EL/OELT) 
"E-l. 

(5) POINT Dl 

SLOPE· ( 'w'E-VC) I (HE-HC) 
HOI· (SLOPE· HC -VC) I (SLOPE+O. 267 94 9) 
V01--0. 4:15194 9· HOI 

(CS) POIN'\' D 

IF( ESR .LE. 40 ) THEN 
HD-HDI·lI./40 
V1)ooV01·l1./40 

ELSE IF( ESR .GT. 40 ) THEN 
/ ... FOR BOI AND ANGLE SECTION .. / 

H[)eHOl·60./40 
v[)e'w'01·CSO./40 

I •• rcR I SHAPE SECTION "I 
HD-H01·20./40 
VD-VOl·:ii0.140 

ENDIF 

DEFINE ENVELOPE SLOPE:: 

SLOP1-1. 
SLOP2-( VB-VA) / (HB-HAl 
SLOPJ·( VC-V8) I( HC-HB) 
IiLOP4-(Vo-ve) I(HD-HC) 
5LOPS- (VE·VD) 1 (HE-HO) 
5LOP15-0. 000 I 

DEFINE ENVELOPE INTEJU4IOIATE: POINTS 

(I) POINT H 

VH· (VB+SLOP:ii" ( -VO+ 1010- HB) ) I ( I. -SLOP2 1 
HH-VH-VO+HD 

(2) POINT Cl 

'JCI-O. 
HCI·HC-(VC/SLOP4 ) 

C (3) POINT (PREF.DREF) I CALCULATE IN RULE: NO.4 
C 
C 
C (41 POINT (HREF.VREF) I CALCULATE: IN RULE NO.5 
C 
c--- DEFINE CURREN'!' REGIN ZONE NUIo1BER 

PREGIN·REGIN 
IP( DEL .GE. HA) REGIN-I 
IF( OE:L .GE. HH .ANO. DEL .LT. HA REaIN-2 
1Ft DEL .aE. HB .AND. DEL .LT. HH REGIN-J 
IF( DEL .GE. He: .ANC. DEL .LT. HB REGIN-4 

!F' (PRINT) THEN 
'ii'RITE:( 6, 56l}CJCLE. RULE.MA. VA. HB. VB. HC, VC. He1. VC1. 

, HO.VD.HDI.VDI.HH.VH.HE.VE 
5157 FORMAT (S., 'GOEL HYSTERESIS ENVELOPE: CONTROL POIN'l'S •••• ' / 

, 51, .•••• - •• - •• --•• ---....... - ••••• - ••••••••••••• ' / 
, 51. 'CTCLE ---------··.FIO.4.1 
, 51.·RULE ----------·.FI0.4./ 
, 5X.·{HA. VA) ----------·.IX.'( ·.FIO.4.·.·.FIO.4,· '.1 
, ~I.·{HB. VB) ---------·'.11.'( ·.FIO.4.·.·.F10.4.· '.1 
, ~J:.·(HC, ve) ----------'.11.'( ·.F10.4.·.·.FIO.4.· '.1 
, 5X.·{HC1. VCl) --------',11.'( '.FIO.4.'.'.FIO.""· '.1 
, 5X.·(HD. VD) ---------··.11.'( ·.FIO.4.'.'.F10.4.' '.1 
, 51,' (HOI. VOl) -------·',11.' ( '.FIO.4.·.·, F10.4,' '.1 
, 5I,·(HH. VH) ---------··,11.'( '.FIO.4.',',FIO.4,' ',I 
, 5,r.'(HE, VE) ----------·.11,·( ',FIO.4,','.F10.4.· '.1) 

ENDIF' 

GOEL'S HTSTORESIS LOOP RULES 

HJSOOB10 
H'fSOOBBO 
HTS00890 
HTS00900 
HYS00910 
HTS00920 
HJ500930 
HIS00940 
HT500950 
HJS00960 
HT500910 
HYS00980 
H'fS005l90 
HJ501000 
H!SOlOIO 
H1'SOI020 
HT5010JO 
HYSOI0<10 
HTSOI050 
HYS01060 
HT501070 
HISOI060 
HI501090 
H1'S01100 
HTSOlll0 
HTSOl120 
HTS011JO 
HTSOl140 
HTS01150 
HTSOl160 
HYS01l70 
HYSOlleo 
HIS01l90 
HTS01200 
HTS01:ii10 
HYS01220 
1011501230 
HTS01240 
HTS012S0 
HIS01260 
HTS012l0 
HY501260 
HJS01290 
HYSOllOO 
HJSOl3l0 
HTS01320 
HTS01330 
HTSOIJ40 
HTS01350 
HTS01J60 
HTS01310 
HJS01380 
HISOIJ90 
HT501400 
HJSOI4l.0 
HTS01420 
H!SO 1430 
Hl501HO 
HTSOl450 
HT501460 
HYSOIOO 
HTSOl460 
HTS01490 
HI501500 
HTS01510 
1'11501520 
HTSOlS30 
HYS01540 
HIS01550 
HJSOl560 
HTS015l0 
HTSOl5BO 
HJS01590 
H!'S01600 
HT501610 
HTS01620 
H'!SO 1630 
HTS01640 
HTSO 1650 
HTSOl660 
HYS01670 
HTS01660 
HTSOl690 
HTSOl700 
HTSOI710 
HIS01720 
HTS01730 
HJSOl140 
HJSOl150 
HT501160 
H'f501770 
HTSOl180 
HTS01790 
HTS0l800 
HTSOI810 
HTSOl820 
HISOl630 
HTSOIB40 
HTS01850 
HIS01860 
HJSOl8l0 
HTS01880 
HISOIB90 
HJS01900 
HTSOl9l0 
H'fS01920 
HTS01930 
HTS01940 
HTS01950 
HTS01960 
HTSOl970 
HY5019BO 
HIS01990 
HJS02000 
HTS02010 
HT502020 
HtS02030 
HYS02040 
HYS02050 
HTS02060 
HTS02070 
HTS020BO 
HY502090 
1011502100 
HT502110 
HTS02120 
HI502130 
HTS02140 
HJS02150 
HJS02160 
H'fS0217 0 
H'!S021BO 
HTS02190 
HTSOnoO 
HTS02:210 
HTS02:ii20 
HJS022JO 
H1S02240 
HJS02250 
HJS02260 
H1S02210 
H1'S02280 



(1) RULE 1 

H'( RULE. EQ. 1.) THEN 
IF( P. GE. PKU: .AND. P .LT. PI ) THEN 

S'I'I F" St."OPl-ES 
E:I(!-SLOPI-ES 
IF{ DEMAI. .LT. 0 .AND. DE .~E:. De:MAX ) THE:N 

RSN- { (0.55'" ABSC DE) 140) +0.000:;z- ... BS ( DE) *"':;Z l"Rf'AC 
E:NDIF 

ELSE IF{ P. CE. P! ) THEN 
S'I'IP-SLOP15 
RULE-6 
RSN-O 
EI(I-SLOPl"ES 

ELSE H'C P. LT. P)!(AX) THEN 
HA-DEL 

ENDU' 

V ..... PL 
SLOP2- (VB-VA) I (HB-HAI 
ST I F- SLOP:il- ES 
RULE":;Z 
IF( DEMAI .LT. 0 .AND. DE .LE. DEMAX J THEN 

RSN- « O. 55-ABSe DE) 140) +0. 0002· ... BS( DE)"'2) ·RFAC 
E:NDIF 
EI(I-SLOPI-E6 

CALL 5T RENG (ESE, PSE:, PSECLD, p, PLA. DE. DELA, S'T 1 F, EI(I ) 
CALL [mE(1, DUC, EXCR, DELI. DA, ESE, PSE, PSECLD, C5E ) 

RE:'l'URN 
E:NDIF 

(:ill RULE 2 

IF( RULE .EOO. :il.) THEN 
I F( DEL .GE. HH) THE:N 

IF( DOE .LE. O. ) THEloi 
IF(PREGIN .NE. RE(;IN J REVRSC- .FALSE. 
STIF-SLOP2"ES 

IF( DEMAJ .LT. 0 .ANO. DE .LE. DEMAX ) THEN 
RSH-C (0. S5 .. US( DE) 140) +0. OOO:;Z-ABS( DE)"']) -RFAC 

ELSE IF( DEMAI .CT. 0 J THEN 
RSN- ( (0.55 -ASS ( DE) 140) +0.0002· ABS (DE)"2) - RFAC 

ENDIF 

IF( .NOT. REVRSC JTHEN 
EIlI-SLQPl"ES 

ELSE IF( REVRSC lTHEN 
EI(I-ES" ( ( PTOP-PL) I (D'J'OP-OEL) ) 

ENDIF 

ELSE IF( DOE .GT. O. lTHEN 
IF(.NOT. REVRSC )THEN 

RULE-7 
STIF-SLOPI-ES 

PLA-PL-SLOP2·DDSL 
DLA- DEL- DOEL 
DSOT-DL" 
PBOT-PLA 
PL-PLA-+SLOPl"DOEL 
P-PL"PI 

PTOP-VE+( SLOPS" (PBO't'-VE-SLOP 1"090'1' 
+SLOPl"HE) I( SLOP5-SLOPl)) 

D'I'OP- (PBOT -vE+SLOP5 - HE-SLOP 1-0BOT) 
I(SLOPS-SLOPl) 

'EI(I-ES·SLOPI 
ELSE I F( REVRSC ) THEN 

RULE-12 
DBOT-OEL 
PBOT-P/PI 
SLOP7-( PTOP-PBOT)/( I71'OP-090'1') 
STIF-SLOP7"E5 
EItI-ES"SLOP7 

ENDIF 
ENDIF 

ELSE IF(OEL .LT. HH .AND. DEL .GE. HB ) THEN 
IF( ODE .LE. O. ) THEN 

H'(PREGIN .NE. REGIN ) REVRSC- • FALSE. 
STIF-SLOP2"E6 

1F( DEMAX .LT. 0 .AND. DE .LE. DEXA.'I ) THEN 
RSN- ( (0. 55 -ASS( OE)/4 0 J -+0.0002- ABS (DE J - -2, ·RFAC 

ELSE IF( DEMAI. .GT. 0 ) THEN 
RSN-( (0. 55-ASS( DE)/40) +0. 0002·ABS( OE)"::;Z )-RFAC 

ElNOIF 

IF( .NOT. REVRSC JTHEN 
EIU-SLOPI-ES 

ELSE IF( REVRSC JTHEN 
EItI-ES"( (PTOP-PL) I (MOP-DEL)) 

ENDIF 

£'LSE IF( DOE .GT. O. )THEN 
IF( .NOT. REVRSC ) THEN 

RUt.E-S 
STIF-SLOPl*E6 

PLA-PL-6LQP2"ODElI. 
OLA- DeL- DOEI. 
DSOT-DLA 
PeaT-PLA 
PL-PLA-+SLOPI-DOEL 
P-PL-PY 

PTOP-VO+ (6LOP4 - (PBOT -YO-SLOP 1·0901 
+SLOP] *HD) I (SLOP4-SLOPl) 1 

CTOP- (PBOT-IIO+SLOP4 -Ho-SLOPl·D8OTl 
I (SLOP4-SLOP1) 

EItI-ES-St."OPl 
ELSE IF( RE:VRSC 1 THEN 

RULE-Il 
osar"OEL 
p&O'l'-p/py 
P'l'OP-VO 
C'I'OP-HD 
SLOP7- (P'l'OP-PBOT) I (D'l'OP-DBOT) 
STI~st.oP7-ES 

EItI- ES- SLOP7 
ENOIF 

ENOIF 
ELSE IF( OE:L .L.T. H8) THEN 

ENDIF 

IF(PREGIN .NE. REGIN ) REVRSC- • FALSE. 
RULE-3 
E!I!:I -ES- SLOP 1 

Ir( REVRSC ) IRV-I. 
If' ( .NOT. REVRSC) IRV-O. 
CALL. STRENG (ESE, PSE, PSEOLO, p, P['A, DE, DELA, STI f', E!I!:I) 

IF( ~BS{OEIoIAX) .L.T. ABS(DE) ) THEN 

Rl:'I'URN 
ENDIF 

(.3) RULE 3 

CALL ONE( 1, DUC, EXCR, DEL 'I' , DA, ESE, PSE, PSEOLD, CSE ) 
OE)o(A.I-OE 

ENDIF 

If'( RULE .EQ. 3.) THEN 
IF( DEL .GT. He) THEN 

IF( DOE .LE. O. ) THEN 
IF(PREGTN .NE. REGIN ) REVRSC- .FALSE. 
STIF-SLOPJ-ES 

H1SO]290 
H1SO::;Z300 
H150JJ10 
H1SO:l3:10 
H1S02330 
H1S02340 
H'I'SO:l350 
HTSO:l3150 
HTSO:l370 
HTSO:l3BO 
HTSO:l390 
H'I'SO:l400 
H'I'SO:lUO 
H'I'S024:l0 
H'I'SO]430 
HTSO:lUO 
H'I'SO]450 
H'I'S0241!iO 
HYS02470 
HYSO::;Z480 
HYS02490 
HTSO:il500 
HTSO:l510 
HIS025:il0 
H1SO:l5JO 
H!SO:l540 
H'fSO:l550 
HTSO:l5150 
H'I'SO]570 
H'I'S025BO 
H'I'S02590 
H1S02600 
H'I'SO:;zt510 
H'I'60::;Z1520 
H'I'S021530 
H'I'S02t540 
H'I'502t550 
HYS02t5t50 
HYSO:l1570 
HTS02t5eO 
HYS02t590 
HYS02700 
HY602710 
HT502720 
HIS02730 
HYS02740 
HTS027S0 
HIS027t50 
H'I'502770 
HISO:il7S0 
H1602790 
HYS02S00 
H'I'S02S10 
HYS02S:l:0 
HIS02BJO 
HT50::;ZS40 
H'I'SO:ilB50 
H'I'S02St50 
H'I'S02S70 
HTS02SS0 
HTS02S90 
HYS02900 
Hl602910 
HY502920 
H'I'S0:39JO 
HYSO:il940 
HTS029S0 
H'I'5029t50 
HYS02970 
HTSO:l:9S0 
HTSO:zg90 
HISOJOOO 
HISOJ010 
HTS030::;ZO 
HISOJOJO 
HIS03040 
HYSOJ050 
HISOJ0t50 
HISOJ070 
HYSOJOBO 
HIS03090 
HISOJIOO 
HISOJllO 
HISOJ120 
HYSOJlJO 
HlSOJHO 
HISOJlSO 
HISOJI150 
H!503170 
HYSOJIBO 
HlSOJ190 
HY603::;ZOO 
HlSOJ2l0 
HTS03220 
H!SOJ2JO 
HTSOJ::;Z40 
HIS03::;Z50 
HT6032t50 
H1S03:l70 
H!603:3S0 
H!603290 
H!S03300 
HTS03JlO 
H16033:il0 
H1S03330 
H1S03340 
HlS03350 
HISOJ3150 
H1S03370 
H1S03380 
HTS03J90 
H!503400 
HTS03UO 
H!S034:l0 
H!S03430 
HT503UO 
HT503450 
H'I'SOJ4t50 
H'I'503"70 
H'I'503"BO 
HISOJ4!iO 
HTSOJ500 
HTSOJ510 
HT503520 
H1503530 
HTSOJ540 
HlS03550 
H1S03St50 
H'I'S03510 
HTSOJ5BO 
H1S03S90 
Hl5031500 
Hlsonl0 
HI50J15::;ZO 
HTB0315l0 
H1S03640 
HTS031550 
HISOJ6150 
HISOJ610 
HTSOJ6BO 
HTS031590 
HISOJ100 
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IF( DEKAJ' .['T. 0 .AND. DE .LE. DEHAX ) 'l'HEN 
RSN- « O. 55-ABS( DE) 140 J +0. 0002-ABS( DE)"":il) "'RFAC 

ELSE IF( OEMAJ: .GT. 0 J THEN 
RSN- « O. SS-ABS( DE) 140) -+0. 0002·ABS(DE)"'2 )"RFAC 

ENOIF' 

IF'( .NOT. REvR.SC )THEN 
EItI-SLOPl·ES 

ELSE IF( REVR.SC )THEN 
EItI-ES" ( ( PTOP-PL) I (MOP-DEL) ) 

ENDU' 

ELSE IF( DOE .GT. O. )THEN 
IF( DEL .GT. -12. ) THEN 

IF ( • NOT. REVR5C ) THEN 
RULE-9 
STIF-SLOPI-ES 

PLA-PL-SLOP2" ODEL 
DLA-OEL-OOEL 
D801-OLA 
PBOT-PLA 
PL-PLA+SLQP 1. DOEL 

P't'OP-VO+ (SLOPoI- (PBOT-VD-sLDPI- 0801 
+5LOP 1· HO) I (SLOP" -SLOP 1 ) ) 

DrOP- ( PBOT-VD-+5LOP,," HD-sLOP 1" D8O'T ) 
I (SLOP4 -SLOP 1 ) 

EltI-ES-5LOPl 
ELSE IF( REVRSC ) THEN 

RULE-IO 
DOOT-OEL 
PBO't'-P/P1 
SLOP7- (P'l'OP-PBOT) I (DTDP-DBOT 1 
STI F- SLOP1- ES 
EXI-ES*SLOP7 

E:NOIF 
ELSE IF ( DEL .LE. -12. ) 'l'HEN 

REVRSC- • FALSE. 
RULE-4 
STIF-SLOP4·ES 
EItI-ES-SLOP4 

ENOIF' 
E:JIlDIF 

ELSE: IF( DEL .LE. HC ) THEN 
IF( ODE .LT. 0 ) THE1'I 

RULE-3 
He-DEL 
VC-PL 
IOJC-1. 
STIF--SLOP6-ES 
EItI-ES*( (VD-YC)I (HD-HC» 

ELSE I F( 

IF( DElQJI: .LT. 0 .ANO. DE .L.E. DEIolAX ) THEN 
RSN-( (0. 55·ABS( DE) IESR)+O. 0002* ... BS( DE)"2) -R.FAC 

ELSE IF( DEMAX .CT. 0 ) THEN 
RSN- « O. 55-ABSe DE) IESR)+O. 0002·A8S( DE)":il) '"RFAC 

ENDIF' 
DOE .GT. 0 ) THEN 

RULE-4 
STIF-SLOP .... ES 
E!I!:I-ES-SLOP4 

E:NOIF 
ENDIF 

IF( REVRSC ) lRv-l. 
IF ( .NOT. REVRSC) IRY-O. 
CALL S"!'RENG ( ESE. PSE. PSEaLO, P, PLA, DE, DELA, S't'I F, EICI ) 

IF'( ASS(OEMAX) .LT. AB5{OE) ) THEN 

HTSO)710 
HJSO)720 
HJSOJ7l0 
HTSO]740 
HT50J1S0 
HT50J7t50 
Hr50J710 
H!SOJ780 
HTS03790 
H'I'SOJ800 
HTSOJ910 
HTSOJ820 
HlSOJBJO 
H!S03840 
H'I'S03650 
H'I'50381S0 
H'I'SOJ810 
HT50J8BO 
H'I'503B90 
HTs03900 
H!S03HO 
HTSOH:ilO 
H'I'SOJ930 
H'I'S039,,"0 
HTS03950 
HTS039iSO 
H'I'503970 
H'I'S03980 
HTS03990 
HTSO .. OOO 
HTS04010 
HTSO,,"o20 
H'I'S040JO 
H'I'SO,,"040 
HTS04050 
HIS040iSO 
H'fS04070 
HTSO .. 080 
H'I'S04090 
H'I'S04100 
HTS0411C 
H'I'S04l:ilO 
HT50UJO 
H!SO,," 140 
H!S04150 
HIS04160 
H'I'504l70 
HTSOUBO 
HrS04190 
H'I'S04200 
HTS04:ill0 
HTS042:il0 
H'I'S04:il30 
HtS04:il40 
HTS04:il50 
H!S04:ilISO 
HTson70 
HTS04:il80 
HTSOol::;Z90 
HTSO .. JOO 
HTSO .. 3l0 
H'I'SO .. 3:i10 
HTS04330 
HIS04340 
H'I'SO .. 350 
HTS04J150 
HTS04370 
HTSO"380 

CALL DNE(l, DUC, EXCR, DELI, DA, ESE, PSE, 
DEMAJ-OE 

PSEOLO, CSE ) H!S04390 

RE'TURN 
ENDIF' 

(4) RULE 7 

E:NDIP' 

IF( RULE .EQ. 7.) THEN 

H!SOUOO 
H'I'S04410 
HTS04420 
HTS044JO 
HTS04440 
HIS04 '" 50 
HIS04460 
H1504410 

IF( DE:!. .GT. OBOT .ANO. 
6'l'IF-SLOPI-ES 
EItI-ES-SLOPI 

DEL .LT. D'rOP .ANO. P .GT. PIolAX) THEN HISOHBO 
HT50H90 
Hl504500 

ELSE IF(DSL .LT. DBO't' .011.. P .LE. PM.\X) THEN 
IP( P .LE. PKA% ) THEN 

RE:VRSC- • FALSE. 
PTOP-O 
D'J'OP-O 
PBOT-PL 
DBOT-OEL 
HA-DEL 
.... "-PL 
SLOPE2- (VB-VA) I {HB-HA) 

ENDIP 
S"l'IF-SLOP2·ES 
RIJLSoo2 

Pt..-PBOT-( DBOT-DEL)·SLOp;;t 
P-PL-PT 

EItI- ES- ( ( PTOP-PL) I (D'J'OP-OEL) ) 
ELSE IF(DEL .GT. 171'0P .AND. PL .LT. VEl THEN 

STIP-SLOP5*ES 
RULE-S 
EItI-ES-SLOPI 

ELSE IF(DEL .CT. OTOP .MlD. PL .GE. VEl THEN 
STIF-SLOP6 t ES 
RULE-6 
E!I!:I-ES-SLOPI 

ENDIF 
JF{ REVR5C ) IRV-l. 
IF ( .NOT. REVRSC) JRV-O. 
CALL STRENG ( ESE. PSE, PStoLD. p, PLA, DE, DELA, BTl F, EItI ) 
CALL ONE(l, DUC, EXCR, DELI, 01., ESE, PSE, PSEDLD, 
RETURN 
ENOIF 

(5) RULE B 

IF( RULE .EQ. S.) THEN 
IF( DEL .GT. OSOT .AND. 

STIF-SLOPI-ES 
EK:I-ES*SLOPI 

ELSE IF(OEL .LT. DSOT ) 
S'I'IF-SLOP2"ES 
RULE-2 

DEL • LT. OTOP ) THEN 

THEN 

PL- PBO'!' -( DBOT-OEL) -SLOP2 
P-PL"P! 

EK:I· E5- ( ( PTOP-PL) I ( DTOP-DEL) ) 
ELSE IF(DEL .GT. D'I'OP ) THEN 

S'I'IF-SLOP4*ES 
RULE-4 
E!I!:I-ES-SLOPl 

ENOIF' 
IE'( REVRSC ) IRV-l. 
IF ( .NO'1'. REVRSC) IRV-O. 
CALL STRENG { ESE, PSE, PSEOLD, P, Pt. .... DE, DELA, STI F, EXI ) 
CALL DNE(l, DUC, EXCR, DSLI, DA. ESE, PSE, PSEOLO, 
Re.-rURN 
ENOIF 

(t5l RULE 9 

eSE ) 

CSE ) 

HIS04510 
Hl5045::Z0 
H15045)0 
H1504540 
H1504550 
HT504560 
HTS045ja 
HlS04 S80 
HIS04 S90 
HJS04600 
HJS04610 
H1S04620 
HJS046JO 
H1S04640 
HTSO .. 650 
H1S04660 
HIS04670 
HYS046S0 
HY504690 
HTSOOOO 
HT504710 
HTS04120 
HTS047JO 
H1S04HO 
H1S0050 
HTSon 60 
HTS04710 
HTS04780 
HT50090 
HTS04BOO 
HJS04BI0 
H'I'S04B20 
H!S048JO 
HJS048"0 
H'I'SO"650 
HTS048150 
HTS04810 
H'I'50"880 
HT504890 
HTS04900 
Hl504910 
H'I'5001920 
H'I'SOol9JO 
HlS04940 
H'I'5001950 
HTS04960 
H'I'S04910 
HTS049BO 
1'1'1'504990 
H'I'505000 
H'I'S05010 
HTS05020 
HTS050JO 
HTS05040 
HTS050S0 
Ht5050150 
H'I'S05070 
HTS05060 
HTS050g0 
H'l'505100 
HrS05110 
1'1'1'505120 



IF( ~ULE .EO. g.) THEN 
IF( DEL .GT. DBO'\" .AND. DEL .ur. [)TOP) THEN 

STI F-SLOPl·EG 
EII::I-ES"'SLOPI 

ELSE IF(DEL .LT. OBOT ) 1'HEN 
STIF-SLOPJ"ES 
RULE-3 

Pt-PBOT-( DBO'1'-DEL) '"SLOPJ 
P-PL'"PI 

EltI-ES'" « P"!'OP-PL) I ([1J'OP-DE;L)) 
E.LSE IF(DEL .GT. [1J'OP ) THEN 

S1' I F- SLOP4 - ES 
RULE'"" 
EII::I· ES'" SLOPl 

ENDIF 
IF( REYRSC ) IRV-l. 
IF ( .NO'!'. REVRSC) IRY-O. 
CALL STRENG (ESE, PSE, PSI;:OLO, P, PLA, DE, DEI..A, 5'I'I F, EICI ) 
CALL DNE( 1, DUC, EXCR, DELT, DA, ESE, PSE, PSEOLD, 
RE"I'URN 
ENDIF 

(7) RULE 4 

C5E ) 

HTS05I30 
HT 50 514 0 
HTS05150 
HIS05HiO 
HIS05170 
HIS051BO 
HIS05190 
HIS05200 
HTS05210 
H'f505220 
HYS05::1lJO 
HYSOS::Il40 
HT505::lS0 
HYSOS::Il150 
KT50S::Il70 
HTS05290 
HYSOS290 
HI505300 
HTSOS310 
HYS05320 
KTSOS330 
KT50S340 
HT505350 
HIS05360 
HYS05370 
HYS05JeO 

IF[ RULE .EO. 4.) THEI'I HI505390 
IF (DEL .GE. HCI .AND. DEL .LT. HD ) THEN HTS05400 

!F[DDE .GE. O. ) THEN HYS05410 
STIF-SLOP4 "E5 HTS054::1l0 
EltI.ES·SLOPl 10.1505430 

ELSE IF( DOE .LT. O. ) THEN HIS05440 
PREF-VO+ (SLOP4· (VB-~D-5LOP 1.HB MISO 54 50 

+5LOPPHD) I( SLOP4 -SLOPl)) HI505460 
OREF· ( VB-VD+SLOP4 "HO-SLOP 1.HB) I (SLOP4 -SLOPl ) HT SO 54 7 0 
H( DEL .LT. DREF) THEN HTS054BO 

PTOP-p/pl HI505490 
CJTOp-DEL HTS05500 
DSOT· (SLOPJ'"HB-VB+PTOP-SLOP I" DEL) I (SLOP3-SLOPl ) HT SO 5 510 
PBOT-VB+SLQPJ* (DBOT-HB) HTSOS520 
5'I'IF-SLQPl-gS HTSOS5JO 
RULE.9 HISOS540 
REYRSC •• TRUE. HISOS550 
EII::I-E5'"SLOPl HI50S51S0 

ELSE IF( DEL .GE. DREF) THEN HTS05S70 
PTOP-P/P!' HTS05S90 
OTOP-OEL HTS05S90 
DBOT· (SLOP2'" HA-YA+P"!'OP-SLOPl'" DEL) I (SLOP2-5LOPl) HTSOS600 
P80T·VA+5LQP2'" (DBOT-HA) HTS05610 
STIF.SLOP1'"ES HTS05620 
RULe:-e HTS05630 
REVRSe- .TRUE. HTS05640 
EltI-ES.SLOPi HIS05650 

ENDI F HT505660 
ENDIF HT505670 

ELSE IF[ DEL .GT. HD .AND. DOE .GT. O. ) 'rHEN H'!5056eO 
STIF-SLOPS"'ES HYSOS690 
RULE-S HTSOS700 
EIU-ES"SLOPI HI50S710 

ELSE IF( DEL .LT. Hel .AND. DEL .GE. HC ) THEN HISOS140 
REVRSe.. • FALSE. HIS05710 
RULE.4 HIS05740 
STIF-SLOP4"ES HIS05150 
EI:.I .. ES.SLOP4 HIS05760 

ELSE IF( DEL. LT. HC ) THEN HISOS710 
REVRSC" • FALSE. HIS057BO 
RULE" 3 HIS05HO 
He-DEL HISOS800 
ve.PL HY505810 
IOlle.1. H!'S059::1l0 
STIF--5LOP6-e:5 H!SOS8JO 
EItI.ES*( (VD-Ve) I (HD-HC» H!'SO'SB40 

ENOIF H!SOS9'S0 
IF( REVRSC ) IRV-l. H'fSOS81S0 
IF ( .NOT. REVRSC) IRV.O. H'fSOS970 
CALL 5'I' RE:NG ( ESE, PSE, PSEOLD, P, PLA, DE, DELA, 5'I' IF, EII::I ) H'! SOS9BO 

IF( ABS(OE)I(AJ) .LT. ABS(DE) ) THEN HTS05890 
CALL ONE(1, OUC, EXCR, DEL!', DA. ESE, PSE, PSOOLO. CSE ) HTS05900 
DE)o(AX.OE HTS05910 

ENDIF HTS05920 
RE.'TURN HTS05930 
ENDIF HI505940 

(B) RULE 5 

HIS05950 
HT5059150 
HIS05970 

IF[ RULE .EO. 5.) THErN HTS05980 
IF (DEL .LT. HE ) THE:N HI505990 

IF(DDE .GE. O. ) TH~ HIS06000 
STIF.SLQPS'"ES HJS06010 
EltI-ES*SLOPI HTS015020 

ELSE IF( DOE .LT. O. ) THEN HYS06030 
BRE.F"YA-SLOPl'"HA HT50E040 
HRE.F- (YD-SLOPS '"HD-BREi') I (SLOP I-SLOPS) HY SOEO 50 
IF( DEL .GE. HRE.F ) CTCLEwCYCLE+l HT60150150 
P'I'OP-P/PT HIS015010 
OTOP-DE:L HT506090 
DBOT. (SLOP2'" HA-VA+PTOP-SLOP l* DEL 11 (SLOP2-6LOP 1) H! S06090 
PBOT·VA+6LOP:;j'" (DBOT-HA) H'!S06100 
5'I'IF-SLQPl"'e:S HTS06l10 
RULE-1 H'fS061::l0 
REVRSC •• TRUE. HTS06lJO 
EI:.I-ES'"SLOPI HI506140 

ENDIF 
ELSE 1F( eEL .GE. HE .AND. DOE .GT. O. ) THEN 

51'IF-SLOP6 
RULE-6 
Eltl"ES'"SLOPl 

ENOIF 
IF[ REVRSC ) tRY"I. 
IF ( .NOT. REV~SC) IRV-O. 
CALL STRENG ( ESE, PSE, PSOOLD, P, PLA, DE, DELA. BTl F, EI:.I ) 

IF( "'BS(DEJ(.U) .LT. "'BS(DE) ) THEN 

~E:TURlII 
ENDIF 

CALL DNE.(I, ClUC. EXCR. DELI, OA, ESE. PSE, 
DEMAX-OE 

ENDIF 

(9) RULE 6 

IF( RULE .EO. IS.) THEN 
IF(DDE .GE. 0.) THEN 

5'I'IF-SLOP6 
EltI-ES·SLOPl 

ELSE IF'[DDE .LT. 0.) THEN 
STIF-SLOP1"ES 

ENDtF 

RULE-l 
CTCLE-CTCLE+ I. 
REVRSC- • F .\LSE. 
EltI-ES"SLOPl 

IF( REVRSC 1 IRV"l. 
IF ( .NOT. REVRSC) IRV·O. 
CALL STRENG ( ESE. PSE, PSEOLO. P. PLA, DE, DEL .... STI F. EICI J 

IF( "'BS(DEMAJ:) .LT. ABS(DE.} ) THEN 
CALL DNE.(l. DUC, EXCR. DELT. 0"', ESE, PSE. 
DEH.AX" DE 

ENOIF 
RE:TURl\I 
ENDIF 

C (10) RULE 10 

HTS06150 
HISOU60 
HI506170 
H1S0U90 
HIS06190 
HIS06200' 
HTS06210 
HIS06220 
HTS06230 
HIS0i5240 

PSEOLD, CSE ) H1501S250 
HI5015260 
HTSOlS270 
H'fS015280 
HTS06290 
HYSOISJOO 
HlSOISJIO 
H'f501S3::1l0 
HTS06JJO 
HTS06340 
HTS06350 
HTS06360 
HIS06370 
HYS063BO 
HIS06390 
HTSOlS400 
HIS06410 
HI506420 
HIS06430 
HTS06440 
HT501S"50 
H'fS0641S0 
HYS06470 

PSEOLD, CSe: ) HTS064BO 
HTS015490 
HYS015500 
HTSOISSIO 
HTS065::1l0 
HTS06530 
HT506540 

66 

IF( RULE. E:Q. 10.) THEN 
IF( OiL .GT. DBOT .AND. 

STIF-SLQP7"ES 
EIU-iS·SLOP7 

ELSE IF( DEL. LT. OBO'[' ) 
STIF'-5LOP)IES 
RULE-J 
REVRSC •• FALSE. 
PTOp·O 
OTOP"O 
PBOT-O 
DBOT·O 

DEL .LT. D'I'OP ) THEN 

TKEN 

EII:I· ES'" ( ( PTOP-PL J I ( DTOP- DEL) ) 
ELSE IF(DEL .GT. mop 1 THEN 

S'TIF-SLOP4"'ES 
RULE-4 
EII:I"ES"'SLOPI 

ENDIF 
IF( REVRSC ) IRY-l. 
IF ( .NOT. REVRSC) IRV·O. 
CALL STRENG( ESE, PSE, PSEOLD, P. PL ... , DE, DELA. STl F. Eln ) 
CALL ONE( 1. OUC, EXCR, DELI. OA. ESE, PSE. PSEOLD. 
RE:TURN 
~OIF 

(11) RULE 11 

IF( RULE .EQ. 11.) THEN 
IF( DEL .GT. DBO'!' .AND. DEL .toT. DTOP ) THEN 

BTl F"SLOP7 *E:S 
EItI-ES·SLOP7 

ELSE [F(DEL .LT. DBO'!' ) 'i'HEN 
5'I'IF-SLOP2·E6 
RULE-2 
REVRSC- • FALSE. 
P'l'OP-O 
DTOP-O 
PBOT-O 
DEMYr-O 
tltI .E5" ( ( vD-PL) I (HD-DEL) ) 

ELSE IF(DEL .GT. OTOP 1 THEN 
STIF·SLOP4*ES 
RIJLE-4 
EII::I·ES·SLOPI 

ENDIF 
IF( REVRSC ) IRV .. L 
IF ( .NOT. REVR5C) IRV·O. 
CALL STRENG( ESE, PSE, PSEOLO, p, PLA, DE. DEL .... STI F. EltI ) 
CALL ONE(l, DUC, E'ICR, DELI. 01'., ESE. P5E. PSEOLD, 
R~URN 

E:NDIF 

(12) RULE 12 

CSt) 

CSE ) 

H'!S06550 
HTS06560 
HYS06570 
HTS06S80 
HTS06590 
HI606600 
HI506610 
H15015620 
HTS066JO 
HTS061S.0 
HYS066S0 
HTSOlS660 
HT5061S70 
HT5061580 
HT501S6;0 
HTSOlS700 
HlS06710 
HTS06720 
HTS06730 
HTS06140 
HT5067S0 
HTS06760 
HTS06770 
H16067130 
HTS06790 
HT506800 
H'TS06BIO 
H'lS06820 
HTS06830 
10.1506840 
HTS068S0 
1-('506860 
H1S06870 
HTS06880 
HT506990 
HI606900 
HT506910 
HTS015920 
HYSOlS9JO 
HT501S940 
H'!SOIS9SO 
H!'S06960 
HIS06970 
H1506980 
HT506990 
HT507000 
HTS07010 
HTS07020 
HY507030 
HYS07040 
HYS07050 
HTS07060 
HTSOIO"/O 
HTS01080 
HTS07090 

IF( RULE .EQ. 12.) THEN HTS07100 
IF( DEL .GT. DBOT .~D. DEL .LT. CJTOP ) THEN HTS07110 

STI F.SLOP7 '"E5 HT507120 
EICI"E:S.SLOP1 HT507130 

ELSE IE'(DEL .LT. DBOT 1 THEN HTS07140 
S't'I F"SLOP2:'" ES HI5071S0 
RULE.'2 HI501160 
REVRSC- • FALSE. HT S01l70 
P'l'O p .. 0 HTS071BO 
CJTOP-O HIS07190 
PBOT-O HIS01::l00 
DBOT-O HTsonlO 
EIU.ES. ( (PTOP-PL) I (MOP-DEL) ) HT 507::l::ll 0 

ELSE IF( DEL .GT. DTOP ) THEN HTS01::ll30 
STIF"SLQPS.ES HTS07::l40 
RULE.5 H1S07'2S0 
EltI.ES"'SLQPl H'fS07260 

ENDIF H!S07270 
ENDIF' H'!S07280 
IF( REVRSC ) IRY-l. H'fS07290 
IF ( .NOT. REVRSC) IRV"O. HTS07JOO 
CALL STRENG (ESE, pSE, P5OOLD, P. PLA, DE. DELA. STI F. EICI ) H'! 501 3 10 
CALL ONE(I, DUC. EXCR, DEL!', DA, ESE, PSi. PSEOLD. CSE ) HTSOi320 
RE:'!'URN HISO? 330 
E.ND HTS07340 

C ............ ___ .................... -- ........... -- .............. -- .. _-........ - .... - ....... - •• oo .... HT 500010 
C DEBUG U~I'l'(E),TRACE,SUBCHII::,INIT.SUaTRAcE HTS00020 
C END DEBUG HTS00030 
Coo. _ ••• ___ .. _ ...... _ ..... _ ••••• -- - _ •• - - .-.- .. - - •• -oo - ____ ........ ____ ............. __ •• -- HT 5000 4 0 

C-- THIS HT5'I'ERE5IS SUBROUTINE FOR PERFORATED SHEAR WALL •••• HYST14 •••••• HTS00050 c---_ .. __ .. __ ....................... -. ----_ .... ----_. _ ........ ---...... ----.. ---.. --.. -..... HT 500060 
C HTS00070 

SUBROUTINE HIST14(FP • OF' ,FPP ,DPP ,H HT500080 
, arc ,OOC ,OFI ,OO!' ,OFU ,000 HIS00090 
, OFF .ODF ,BDAJo1 ,HO ,HS ,LWP HTSOOI00 
, "'D , ... V ,MQD ,OSOC ,OSCT ,OSOI H1500110 
, OSIU ,OSUF ,OSCU ,0508 ,OOOE Hl500120 
, I{ ,LRULE ,nL ,DSINC ,CIMAlI ,OM HlSOOIJO 
, FM. .ltP ,soc ,SCT • SO!, ,STU HYS00140 
, SUF ,5CU .SOB ,SOE .FUO ,DUO HY500150 
, I{EYDS2 ,5EC~C ,S2T ,OU17 ,ru17 ,ARE:Al, HI50011S0 
, CTCL~ .CSE .FUOO ,DUOO ,DltP ,TNP'I'FG, HTSOOI10 
, POSTF'G ,Cal ,RAT ,RATl ,506 ,SR HIS00180 
, DP::IlO .SRFLAG ,USE ,lOPT2 ,IOPT HTS00190 
, PS06 ,1a.A.ST ,DPTT ,OPT ,ESE ,PSE HTSOO:;jOO 
" PBooLD ,E.XCR ,FC ,FT ,FU ,Ff" HTSOOUO 

0: ,DY .CIU .DF ,DSINCL ,UPOS HTS00220 
UNEG ) HTSOO:;j30 

INTEGER CTCLEN,LRULE,LRULS'T,IOPT 
RE.AL It, J::P. 000(4), FUO( 4). ItLA5'I', I(ETD51, IC.ETDS2 ,MQO.LWP 
R&Al. UPOS(3),UNEG{3),E'ICR(IS),ESE(3) 
~ICAL SRFLAG,TNP'I'FG,P05'I'FG 

H!S00::ll40 
HlS00250 
HTS00'260 
HTSOO:il70 
HTS00280 
HI500290 

C ~--C--- ___________________________ ~ _____ --- ~ __ ~- ---- -- ~ - ------ -------- -----HI 500 J 1 0 

C DEFINITION FOR VARIABLE I HYS00320 
C ______________________________________ - --------- - - - -- - -- - ---- - - - - ---- - - HT 500 3 30 

C HS _____ WALL SHEAR SPAN,FROM LOADING PoINT TO THE BOTTOM OF WALL HISOO)40 
C WID----- WALL WIDTH H!'S003S0 
C HO ----- THE HEIGHT OF THE OPENING H!'S00360 
C H _____ THE HE.IGH'!' OF THE WALL HT500370 
C ... 0 ----- THE r.lE:T AREA OF DIAGONAL STEEL B ... RS HTS00380 
C "'V _____ THE ~E'T AREA OF VERTICAL S"t'EEL BARS HTS00J90 
C HO, H ... eOVE JU5'I' USED FOF\ CALCULATION OF FAILURE DISPL. (STIFF SU8RTN) HJ500400 
C 00::: ----INIl'IA.L (OR OIHGINALJ CRACltING DISPL. HTS00410 
COOT ----INITIAL IIELDING DISPL. HTS00420 
C 000 ----INITIAL ULTllolATE OI6PL. HTSOOOO 
C OOF ----INITIAL FAILURE DISPL. H!'S00440 
C OFC ----INITIAL CRACltING LO"'D H!S00450 
C OFT ----INITIAL IIELOING LOAD HTS0041S0 
C OFU ----INITIAL ULTIIolATE LOAD H!S00470 
C OFF ----ItUTIAL FAILURE LOAD H1'S00490 
C c:c ----CRACItING DISPL. HTS00490 
C DT ----TIELOING DISPL. HT500500 
C DU ----ULTIMATE DISPL. HTS005l0 
C DF ----FAILURE DtSPL. HTSOOS20 
C Fe ----CRACItING LOAD HTSOOS30 
C FT ----TIELDING LOAD HYSOOS40 
e FU ----ULTIMATE. LO ... D HYSOOSSO 
C FF ----FAILURE: LOAD HTSOOS60 
C DMAX --IotAJ(. DI5PL. FOR THE LOADING SENSE: IN THE CURRENT CYCLE HT500570 
C DCP ----CRACII::ING OISPL. HI THE NEGATIVE LOADING SENSE HI500S80 
C OTP ----YIELDING DISPL. IN THE NEGATIVE LOADING SENSE HTS00590 
C DltP---SEE DFORCE SUBR'TNr WHICH EQUAL TO CURRENT DP AND ASSIGNED TO HTS00600 
C OPP JUST BEFORE CHANGING DP TO A NEW VALUE HT5001S10 
C FCP ----CRACltING LOAD IN THE: NE.G ... TIVE LOADING SENSE HTS006::1l0 



C FTP ----JIELDII'lG LOAD II'l THE NEGATIVE LOADING SENSE 
C OP ,FP-----CURREN'!' 01 SPL. ,CURRDM' LOAD 
C F'F' -----F'AILURE LOAD-O.S-(Fe+FI) 
C F'M -----~. LOAD BEFORE THE CURRENT CICLE 
C ruo ,cuO-----LOAD AND DISPL. FOR UNLOADING POINT UO 
C FIOB----O.S-FI 
C 1t1{L-1 --- FOR POSITIVE LOADING 
C ~1tL"2 --- FOR POSITIVE UNLOADING 
C Ul.-3 --- FOR NEGA'UVE LOADIN'G 
C 1t1tL-4 --- FOR NEGA'I'IVE UNLOADING 
C 1t1tL-5 --- FOR REVERSAL LOAOING FROM POSITIVE 1'0 NEGATIVE 
C ItICt.-fS --- FOR REVERSAL LOADING FROM NEGATIVE '1'0 pOSITIVE 
C 1t1tL-7 --- FOR RELOADING AF"!'ER UNLOADIN'G IN POSITIVE DIRECTION 
C 1t1tL-8 --- FOR RELOADING An'ER UNLOADING IN' NEGATIVE DIRE:CTION 
C SRPLAG --- SEE NEWS'!'I SlJilRTN,TO CONTROL RE:'VERS. LOAD IN YIELD STATE 
C /r4QD --- )oI/(CIIID) ,SHEAR-SPAN-LENGTH RATIO 
C LWp-----L'/W' POR OPENING SHEAR WALL CASE 
C ltLAST----L ... ST STIFFN'ESS 
C ItE!cSl-ItE:1'DS(SECNO-2) ,ItEID62-ItETD5(SECNO-1) 
C FUO(1)-FUO(2 I11 CTCLEN), FUO(2)-F1JO(2*C!CLEN-l) 
C FUO (3) - FUO (:2*CTCLEN-:2 ) r FUC (4 ) -FUO (2*Cl'CLEN-3) 
C DUO(I)-CUO(:Z-CICLEN)1 CUO(:2)-CUO(2·CICLEN'-1) 
C USE- EQUIVALENT UNLOADING STIFFNESS (SI\.ME AS SE IN THE HTS'1'03) 
C 
C 

LRULS'I'-LRULE 
ltLAS'I'-1t 
ItICLLS'I'-1t1tL 
OSI NC-OP-OPP 

C ____ IF WALL FAIL(JII:-O) AT FOACE-O THEN STILL 11:-0 AND RE'T'URN 

c 

H'{II:.EQ.O) THEN 
11:-0. 
F'P-O. 
FPP-O. 
OP-OP 
CALL DOISSI (IOPT2. ESE, PSE. PSEOLD. DPP. FPP. DP, FP, AREAl, 

It,USE. Itn. FC. OC, PI, 01, OM, OMAX • DOC , S09, FUOO, LRULE) 
051 NCL- 051 NC 
STOP 

END IF 

C--- WHEN DISPLACEMENT IHCRE:J!!ENT CHANGE SIGN. REMEMBER TWO PREVIOUS 
C MAX. DI5P. OF TWO HALF CICLES 
C 

c 

IF( (DSUlCL*OSINC) .LT.O) THEN 
ItEIDsl-ItETDS2 
ItEIDS:2-0PP 

C TO MEMORIZ.E THE POINT6 AT WHICH DSINC*OSINCL < O. 
C 

IF(POSTFG) THEN 
IF(ItItLLST.EQ.2 .AND. ItItL.EQ.S) THEN 

FUO( 2)-0. 
DUO(2)-0. 

END IF 
tF(ICItLLfiT.EQ.4 .ANO. ItItL.EQ.15) THEN 

FUO( IJ-O. 
DUO( 1}-0. 

END IF 
IF(DSINC.LT.O) THE:N 

IF(ULLST.EQ.B .OR. ~JCL.LST.E:Q.I0) THEN 
ruO( 1 )-MAJ( ruO( 1), FPP) 
DUO( 1 )-MAXe ruO( 1), ItETDS2) 

ELSE 
ruO( l)-rpp 
DUO( l)-ItETDS:2 

END IF 
END IF 
IF(OSINC.GT.O) THEN 

IF(ltItLLST.EQ.7 .OR. ULL6T.EQ.9) THEN 
ruo ( 2) -MIN ( FUO (2) ,FPP 1 
DUO( 2l-MIN( 000 (2) ,1tE'TOS2) 

ELSE: 
ruO(2)-FPp 
CUO (2) - ~ET 062 

END IF 
END IF 

ELSE 
IF(ItJliLLST.EQ.2 .MO. Itn.EQ.5) THEN 

ruO( 1 )-0. 
OOO(l )-0. 

END IF 
IF(ItJCL.LST.EQ.4 .AND. ItItL.Eg.fS) THEN 

FUO(:2)-O. 
000(:2)-0. 

END IF 
IF'(DSINC.GT.O) THEN 

IF(Itr::LL.ST.EQ."I .OR. 1t1tLL6T.EQ.9) THEN 
FUO( 1) -MIN(FUO( 1), FPP) 
DUO( 1 )-MIN(ruO( 1), ItEICS2) 

ELSE 
FUO( 1 )-FPP 
OUO(1)-Jll:EIDS2 

END IF 
END IF 
IF(DSINC.LT.O) THEN 

IF(ItItLLST.EQ.e .OR. ULLST.EQ.I0) THEN 
FUO (:II )-MAX (ruo (2). FPP) 
DUO (2 )-M.U( DUOe 2), ItEIOS2) 

ELSE 
FUO(2 )-FPP 
CUO(2)-ItEIOS2 

ENC IF 
END IF 

END IF 

IF( (ABS( ItETDS2). LT. DC) .MD. (ltltL. EQ. 6) .AND. (ItETDS2.GT.0.» THEN 
1t1tL-2 
GO TO 23 

END IF 
IF( (AB6( "'E"TOS~). LT. DC). A.ND. (ltltL. EQ. 5). A.NO. (II:ETOS2. LT. 0.» THEN 

1t1tL-4 
GO TO 23 

END H' 
I F( (UL. EQ. 2) .AND. « t»I.GE. OC) .OR. (DMIJ(.GE. DC») THelIl 

UL-8 
GO TO 23 

E.ND IF 
IF( (UL.EQ.:2) .ANO. (OM.LT.OC) • .\NO. (DMAI.LT.OC» THE.N 

ItICL-1 
GO 'I'D 23 

E:ND IF 
Ir( (ltltL. EQ. 4). AND. « DM.GE. OC) .OR. (cM.U.GE. CC») THEN 

1t1tL-7 
GO TO :113 

END IF 
IF( (]I;JU,.EQ.4) .AND. (DM.LT.CC) .AND. (OMAX.LT.DC» THEN 

Itr:::r..-) 
GD TO 23 

END IF 

IP(ItItL.EQ.l) THEN 
1t1tL-2 
GO TO 23 

ELSE IF(ltltL.EQ.3) THEN 
ItKl .. -4 
GO TO 23 

ELSE IF( (It~. EQ.:2) .AND. (FP. LE. O).AND. (DPP. HE. 0) 
.AND,(DSINC.LT.O» THEN 

1t1CL-5 
GO TO 23 

ELSE H( (UL. EQ.") • AND. (FP. ~E. 0) .AND. (DPP .NE. 0) 

HI600630 
HI600640 
H1s006S0 
HI500660 
HT5006"10 
H1500680 
HTS00690 
HT600100 
HISOO"l10 
HI600120 
H1600"130 
HIS00740 
HI600"lSO 
HI600760 
1011500"1"'10 
HI500100 
HT600"/90 
HI500000 
HI500810 
HI500820 
HI600630 
HI6008<10 
HT6008S0 
HI600660 
HI600e10 
HT600eeo 
HI600090 
HI600900 
HIs00910 
HTS00920 
HTs00930 
HI6009<10 
HTS00950 
HI600960 
HTS009"10 
HTS00980 
HI500990 
HTSOI000 
HTSOI0I0 
HISOI020 
HI6010JO 
HI501040 
HISOIOSO 
HIS01060 
HISOI0"l0 
HISOI080 
HTSOI090 
HTSOllOO 
HT601110 
HTS01120 
HT501130 
Hr501HO 
HrS0l1S0 
HTSOll150 
HTS01l70 
HT601180 
HTSOl190 
HT501200 
HrS01210 
HrS01220 
HIS01230 
Hr601240 
Hr501250 
HIS012150 
HI601270 
HTSOl:il80 
HI501290 
HIS01300 
HT501310 
HIS013.0 
HTS01330 
HTS01340 
HTS013S0 
HTS013150 
HIS01370 
HT601300 
HI501390 
HISOHOO 
HTsOl410 
1011501420 
H'f501430 
HTS01HO 
HIS014S0 
HIS01460 
HI50100 
HlsOUOO 
HIS01490 
HI60 1 500 
HI601S10 
HT601S20 
10116015)0 
HT601S40 
HTS015S0 
HTS01560 
HT60U"I0 
1011801580 
HT501590 
HTS01600 
HIS01610 
HIS01620 
HIS016JO 
H16011540 
HI60115:'0 
HI601660 
HTSOlfS70 
HTSOI1580 
HTS01690 
HIso1700 
H'!'SOl1l0 
H'!'S01720 
HIS01730 
HT601HO 
HT5017S0 
HTS01760 
HT60l"l70 
H1501"/80 
H'fS01"190 
Ht601800 
1011501810 
HT501820 
HT601830 
HIs01840 
HI5018S0 
HI5018EO 
HI501e10 
HT601eeo 
HIS01890 
HT501900 
HT501910 
HI6019:20 
HI501930 
HI5019'0 
HIS019S0 
HIS01960 
1"1601970 
HTS01980 
HTS01990 
HI602000 
HIS02010 
HYS0:2020 
HTS02030 
HTS020'0 
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.ANO.(DSINC.G1'.O» THEN 
1tn.-6 
GO TO 23 

END IF 
IF(ItICL.EQ.8) THEN 

1tn.-2 
GO TO 23 

END IF 
IF(ItItL.EQ.1) THE'" 

UL-4 
GO TO 2) 

END IF 
tF(ItItL.EQ.10) THEN 

1t1CL-:2 
GO TO :23 

END IF 
IF(ltltL.E:Q.9) THEN 

Itn-' 
GO TO 2) 

END IF 
IF(Itr:::L.EQ.S) THEN 

ItItL-I0 
PSEOLD-AREAl 
GO TO 13 

END IF 
IF( ltr::L.EQ.fi) THEN 

1t1tL-9 
P6EOL~AREAl 

GO TO 13 
END IF 

IF(ltE:ID52.LT. 0.) THEN 
IF( (ABS( ItEIDS2). L'r. OC). MD. (~Itt.. EQ. 5 J) 1t1tL-~ 

END IF 
IF(It.EIDS2.GT. 0.) THEN 

I F( (ItETDS2. LT. 0:) .ANO. (UL. EQ. IS» 1t1tL-2 
END IF 

END IF 

13 IF«UL.EQ.I0).ANO.((05INCIIICSIN'CL).LT.0» THEN 
IF(POSTFG) THEN 

FFFr-ruO( 1) 
DDCD-CUO( 1) 

.cso 
FFFF-ruO( 2) 
DODD- CUO ( 2) 

END IF 
FPI-FFFpIIIO.9 
cPI-DDDD 
Jll:P- (F'PI-0.) I( DPI-DPP) 
JII:-ItP 
USE-KAX(It,50B) 

I Fe POS'I'FG) CICLEN-CICLEN+ 1 
IOPT2-3 
CALL 001551 ( 10M2, ESE, PSE. P5EOLD. OPP. FPP. OPP, O. , AREAl, 

It, U6E, 1C1tL. FC. OC, FI, 01, OM, OMAX.DOC, SOB, FUOO, LRULE) 
FP-O • + (OP-DPP) IIIItP 
PPP-O. 
LRULE-Sl 
CALL NEWfiTI (I'IQD, OIX, ODT • 000. OFC. OFT. OFU, AREA 1. Dfo4. FC, Ft , 

ru, FP, DC, OT, DU. OF. HO. H.LWP.OsOC .SRFLAG.OSCt • SOC • 
SCT, STU, SUF, SR. SOB. sOE. 6efS. OPP,COI. pSQ6. OPT, 
SOP ,OSUF) 

CALL DHrrER( FC, PI, ru, FF, PPP, ex:, 01, DU, OF, DPP. SOC, sCT, StU ,SUP. It. 
PP, DP. DSINC ,ltltL, LRULE, POSTFG. DUO. FUO) 

0MAI.-"B9(OP) 
DSINCL-DSINC 
RE."TURN 

END tF 
IF(II:KL.EQ.IO) THEN 

IF(POS'l'FG) THEN 
oon-CUO(I) 

EL6E 
DOItlC-CUO (2) 

END If' 
IF(AB6(OP).LT.AB6(DDltlt» THEN 

LRULE-S2 
CALL OINTER( FC. n, ru, PF, FPP. IX, OT, DU, OF, DPP. SOC .SCT, STU, sur, 

It, PP, DP, D6INC. 1t1tL. LRULE. POSTFG. DUO, FUO) 
E:ND IF 
IF(ABS(DP) .GT.AB5( DDItJ(» THEN 

It-ItP-O.S 
IF(It.NE.n.AS'I') THEN 

I F( POSTFG) FP-FPP+( DUO( 1) -oPP) * 1tLAS'l' + ( DP-DUO( 1»-1{ 
IF ( • NDT. POS'TFG) FP- ppp ... ( 000 (.) -DPP) -ItLAST+ (DP-DUO r 2) ) *It 

END IF 
LRULE-S3 
CALL DINTER( Fe, FI, ru, FF, rpp, IX. oT, 00. OF. DPP, soc ,SCT, STU, SUF, 

It, FP, DP, D5INC , ItKL, LRULE. POSTFG. DUO. FUO) 
END IF 
OSINCL-DSINC 
0MAlC-MAJ: (AS5 (OP) , CMA:I) 
IDPT2-1 
CALL 001 sst (IOP'l':II, ESE. P5E. PSOOLD, DPP, PPP, OP, FP. AREAl. 

RETURN 
END IP 

It,U5E,II:KL, Fe, DC, n, OT, 0)4, OKA:I ,DOC, SOB. FUOO,LRULE) 

IF( (UL. EQ.9). AND. ( DSI NC III OSI N'CL) • LT. 0» THE:N 
IF( POSTFG) THEN 

F'FFF- PUO ( 2) 
DDDD-DUO( 2) 

ELSE 
FFFF-ruO( 1) 
DODD- 000 ( 1) 

END IF' 
PPI-PFFFIIIO.9 
DP1-0DDD 
ItP-(F'Pl-O.) I( oPI-DPP) 
It-ItP 
USE-MAJ.( It, SOB) 
IP{ .NOT.POS'I'FG) CICLEN-CTCLE~Hl 
tOPT2-3 
CALL 001 SSI (IOP"r2, B5E. P6E. P6EOLD. OPP. FPP. DPP, 0 • ,AREAl, 

It, USE:.ItItL. Fe, ce, Fl. 01. OM, Dt'.AX.OOC, SOB, FUOO, LRULE) 
FP-O .... { OP-OPP) - Itro 
FPP-O. 
LRULE-Sl 
CALL NEWS'I'I (/llQD,ODC, ODT ,OCU.0E'C,OFI.OFU.AREA1. OM. FC, PI, 

PU, F'F'. DC. 01, OU, OF, HO, H,LWP.OSOC, SRFLAG ,DSCT, SOC, 
set, StU, SUF, SR, SOB, SOE:. SQI). DPP.COI. pSQ6, OPT, 
SDP,D5UF) 

CALL DINTER( FC, FY, F1J, FF, FPP, OC. Oi, CU, OF, DPP. SOC, sCT .sTU, Sur,]I;, 
F'P, OP, DSI NC. 1tltL, LRULE, POSTFG. DUO. FUO) 

QMAX-AB5 (OP) 
OS 1 NCL- 051 NC 
RE:TURN 

END IF 
IP(~ItL.EQ.9) THEN 

IF(POSTFG) THEN 
ODItIt-DUO(:2) 

ELSE 
DOU-OUO( 1) 

END [F 
IP(ABS(DP).LT.ABS{DOItK» THEN 

LRULE-52 
CALL DINTER( FC, FT .FU, FF, PPP, DC, DT, OU, OF, DPP, SOC, SCI, STU, SUF, 

It, FP, OP. 051 NC, Jll:1tL, LRULE, POSTF'G, DUO , FUO ) 
END IF 
IF(ABS(OP).GT.AB6(DOr::Jt» THEp,J 

1t-ItP-0.5 
IF'( It.HE. 'U.AST) THEN 

H,.S020S0 
H'l'6020fSO 
HTSO:ll070 
HIS02080 
HT50:11090 
HtS02100 
HT50:11 110 
HTS02120 
H'fSO:ll130 
HT5021<10 
HtS021S0 
H'fS02160 
HtS021"'10 
Ht502l80 
HI502190 
HTS02200 
HTs02210 
Ht602220 
HI602230 
HT602240 
HTS022S0 
HTS02260 
HTS02270 
HIsonoo 
HIS02290 
HIS0:2300 
HTS02310 
HTS02320 
HIS02J10 
HT S02 3 ~ 0 
HI502350 
HTS02160 
HJS02)70 
HIS02380 
HI602390 
HTS02400 
HTS02410 
HTS02420 
HI502430 
HT502440 
HT5024S0 
HTS02460 
HIS02470 
HIS024!!0 
HIS02490 
HISO:ilSOO 
HTS02510 
HIS02520 
HIS02530 
HIS02540 
HTS02550 
HTS02SIS0 
H'!'S0:2570 
HIS02580 
HTSO:llS90 
HTSO:ll600 
HTS02ti 10 
H'f50:21520 
HTS02630 
HTS02640 
Ht50:ll5S0 
HT502660 
Ht5026"'10 
H'TS02680 
KIsOl690 
HI502"'100 
HT502710 
HTS02"120 
HT502730 
HT502140 
1011602"150 
Hts02760 
HTS02770 
H'f502"100 
HTS02"190 
HtS02800 
HtsO:ll810 
HTS02820 
HTS02030 
HTS02940 
HTS02850 
HTS02850 
H!SO:ll070 
HTS02Beo 
HTS020510 
HIS02900 
HIS02!HO 
HT50:2920 
HTS02930 
HTS02940 
HTS02950 
HTS02960 
HT50:119"10 
HT602980 
KIS02990 
H't'50)000 
HIS03010 
HT503020 
HT60)030 
HTsO)040 
HT50JO,)0 
HT50)060 
HTSOJ070 
HT50)000 
HISO)090 
HIS03100 
HTS03110 
HIS03120 
HIS03lJO 
HTS03140 
HTS031S0 
HTS031150 
H'!'503170 
H!S03180 
HTS031510 
HtS03200 
HIS03210 
HTS03:Z20 
HT603:ZJO 
HTS03240 
HtS032S0 
HTS032150 
HIS0J270 
HIS03280 
HIS03290 
HTS03300 
H'!'S03310 
HYS03320 
HI503330 
HTS03340 
HTS03]SO 
Hts033fSO 
HI603370 
HT503380 
Ht503390 
HTs03~00 

HTsOHI0 
HISO)420 
HTS03430 
HTSO)440 
Hi60H 50 
HYSOJ<I60 



IF( P06'l'FG) FP-FPP+( ruo (l) -OPP) -'JtLAS'!' ... ( oP-OOO( 2) .. 1t 
IF ( • NO't'. POSTFG) FP- FPP+ (DUO ( I) -oPP) '*1tLAS'!' ... {oP-CUO ( I) )"It 

END IF . 
LRULE-53 
CALL DINTER( Fe, Fl, FU, FE', FPP, OC, 0', DU, CF,CPP,5OC, scr, STU, SUF, 

It, FP, OP, DBINC. ~.LRULE, POSl'FG, DUO, rUO) 
END IF 
[)to(AX-MAlI:(A8S(DP),CIttAI) 
DSINCL-OSINC 
IOPT2-1 
CALL 001 S61 ( IOPT:l , ESE, PSE, PSE:OLD, OPP, FPP, op, FP, AREA 1, 

It, USE, Kia.. Fe, DC, FI, DT, ON, OMAJ ,OOC, SOB. FUOO ,LRULE) 
Fl.E'TURN 

END IF 
C----- CHECIt IF PASS TURNING POIN'!' 

23 CALL DCURRD{ p;JCL., P;EIOS2 ,06INC, FP, FPP, ON, FC, fT, FU, FF, 
, X, oP, DMAl', DPP, DC, 01, DU ,CyCLEN, AREAl, FHAI, TNPTFG, 
, LRULE,MQO.OOC ,001 .000, OFU ,OF, HO, H, LWP ,osoe. POSTFG, 
, osel ,SOC, set ,S!U,SUF,SR,SOb, SOE, DP20, SQiS ,OFC ,oFT, 
, 5RFLAG, CO 1,1'506, KLAS'T', OPT, OPTT ,1t1CLL6'I', USE, 
, 05UF, PSEOLD. uPOS, UNEG, ESE. PSE, eSE, EleR. IOPT, IOP'I''2) 

IF( (It. EQ. OJ. AND. (FP. EQ. 0). AND. (FP. EO. FP)) THEN 
GO TO 77 

END IE' 

-- TO CALCULATE THE S'TIFFNESS IN E.ACHLOAO STEP 
Co\LL DNC ItUL ( Fe, F1, FU. FF, DC, DT, DO. OF, FP, DP, DMA.I, DJoII, 01, XP. 

, SOC, SCT, SOT, S!U, iiUF, SCU, SOB, SOE, "Ja.,LRut.E, FPP. DPP, 
FUO, CUO, oSINC, "EToSl, It, 6:lr, DUll, rU17 ,CTCLEN ,060B, 
"'REA1, HS. WID, AV. AD, FUOO, DUOO, POS'I'FG, PEiEoLO. PSE. ESE, 
DK.P, HO, H, RAT, RA.T 1 • OF<: ,OF! ,Of'U ,ODC ,OoT ,000, 
SQ6, osoc ,aSCI, OSlU, OS'1}F, MOD, LWP, SR, DP40, ItEl 062, 
5RFLAG, COl, PSQ6, JCLAS'l', oPTT, OPT. FPT, TNPTFG, 
XItLLS'I', LRULS'I', 0151 NCL, I 0P'\'2, USE) 

HtS03410 
HtS03460 
HtSOlUO 
H,sOHoo 
HT50l510 
H1S035'20 
H1503530 
HT603540 
Hts0J550 
HT601560 
H1603570 
H15035BO 
H'S03590 
H'60J1500 
HT60J1510 
H!SOll5:i10 
H!SOJI5)O 
H!S031540 
H!SO)1550 
H!S03660 
H'503610 
HTS031560 
H1S03690 
"TSOJ100 
HT603710 
HYS03720 
HrSOJ730 
H!SOJHO 
H'SOlBO 
H!S037150 
H!503770 
H1'S037BO 
"150l790 
H160l600 
H160]610 
H15038'20 

IF('LEQ.O.) RETURN H1S03eJO 
n IF(TN'P'l'FG) THEN' H!SO)640 

IF(P;Ja,.EQ.I .OR. P;Ja,.EQ.6 .OR. ItJCL.EQ.IO .OR. !tJCL.EQ.J HrSOl650 
.OR. !tJCL.EO.7 .OR. ~JCL.EQ.9 .OR. ~1tL.EQ.5 HTSOlB60 
.OR. It:1O...~Q.6) THEN H!SOlB70 

IF(ABS(FP).LE.(0.7*F!') .MD. 1tn..NE.l .MO. Jt:fCL.NE.J) THEN HrS03BBO 
USE-!t H1'603B90 
IOP'T'2-J H!603900 

END If' H!S03!HO 
H'(ABS(f'P).GT.(0.1'*F!) IOP'!''2''1 H1503920 
CALL 001 SSI (IOPT'2 ,ESE, PSE, P6EOLD, OPT, f'P'I', DP, FP, AREAl. H! 601930 

p;, USE, P;Ja."FC, 0::, F!, D!, OM, OIQJ.,ODC, SOB, FUOO, H150)940 
LRULEl H150l950 

ELSE IF(P;Ja,.EQ.'2 .OR. P;1tL.EQ.4) THEN HT60J960 
IOP'l'2 .. ) H1503910 
CALL 001 sst (IOPT2. ESE. P5E. PSEOLD. OP'l', FPT, DP, FP, AREAl, HTS03980 

11:. USE, P;fCL, FC. OC, Fl, DT. OM, DIQ.X .00: ,508, FUOO, IU50J990 
LRULEl HT604000 

END IF H1S04010 
TNPTFCi •• FALSE. H1504020 

ELSE IF«P;ItL.NE.S .AND. ItIa..NE.fi).OR. HrS04030 
, ((It:fCL.EQ.5 .OR. ItIU..EQ.iS) .AND. «DP*FP).GT.O.lll THEN' H!S04040 

IF(,I"aS(FP).LE.(0.7"FT) .AND. ItItL.NE.I .MD. XICL.NE.J) THEN H!S04050 
USE-It H!S040iSO 
IOPT'2") HT604070 

END IF HT504080 
If'(ABS(f'P) .GT. (0.1'*Pl)) IOPT2"1 H1'504090 
C o\LL 001 SSI (IOPT'2, ESE, PSS, PSEoLD, opp, FPP. DP, FP, ARE:AI, H1604100 

, P;, USE ,KKL, FC , OC ,Ft ,C! , OM, DMAX ,ODC ,SOB, ruco ,t.RULE:) H1604110 
ELSE IF{(KItL.EQ.5 .O~. 1tJ:L.EQ.15) .AN'D.({DP-FP).LT.O.)) THEN H1S041l0 

USE ... IE25 HT504lJO 
CALL DOISSl (IOPT2, ESE, PSE, PSEOLO, DPP, FPP, OP, FP, AREAl, H1S04140 

, X.USE, XfCL. FC. OC, E'T, DT. OM, DMAZ ,OOC .SOB, FUOO, LRULE) HT604150 
END IF H!S04160 
OSINCL-DSINC H!S04170 

C CALC DUCTILITl H!S041BO 
IF(XItL.EQ.l .OR. 1tJa,.E:Q.B .OR. ItICL.EQ.IOl THEN H'S04190 

oLI-MAX( DP, DPP) HlS04200 
CALL ONE( 1 ,UP06, EICR, OO! ,CLI ,ESE( 2) , P5E, PSEOt.D, C6E) H1604210 

END H' H!504l:20 
H'(~fCL.EO.3 .OR. XItL.EQ.1 .OR. KICL.Eg.9 ) THEN H1504:230 

oLI-MIN(oP,DPP) H1S04:240 
CALL ONE( I, UNSG, EICR. -001 ,DLI ,ESE( 3) , P6E, P6EOLD, CSE) HTS04 :250 

END IF H1S04l60 
156 RE'l'URN H1604170 

ENe HTSC4:260 
C H'50'290 
C-" __ • ___ •• ___ • _ •• - ••• -.--.----••• ----•••• --.... ----•• ---.-... -- .... - _ ...... - - .. HI S04] 00 
C DEaUG UNIT(iS) ,'I'RACE,SU8CHIt,INI1',SU8TRACE H!S04JlO 
C END DEBUG HTS043:3C 
C- ....... ----•• ---- ....... --............... --................ --......... - ..... -.-.-... ---.. ---•••• HI 604 l 30 
C." SUBRoUTINE DNCItUL SU8RTN (FIND STIFFNES6 AND FORCE IN EACH STEP) -·HT604340 
C ...... -_ .. _._ .................. - ... _ ..... - ....... - .. -.---•• - •••• - .......... _--.... - •• - •••• - HlS04 350 

SUBROU"!'INE: DNC ICUL ( FC', F!, f'U, FF, 0:: ,OT, DU, OF, FP, DP, CMAX, OM, FH, It:P, 
, soc, SCt , SO! ,StU, SUF, scu, SOB, SOE, p;n., LRULE, FPP, opp, 
, ruo ,DUO, DSINC ,ItETDSI,It,S'l1' ,OUl1 ,rol1 ,C!CLEN,OSOa, 
, AJtEAl, HS,WID, AV,AD, FVOO, DUOO, POS't'FG, PSEOLD, PSE, ESE, 
, oltP, HO, H, RAT, RAT I, OFC. on ,OFV. oa:, 001' ,oro, 
, SQ6 ,OSOC .OSC1,OSlU,OSUF,MQD, LWP, SR, DP20,ItE'1CS:2, 
, SRFLAG,C01, PSQ6.1tL.AST, OPTT, OM', FP'I',TNP'l'FCi, 
, P;fCLL6T. LRULST, 06INCL, 10M2, U6E} 

REAL X, DUO( '2). ruo (2), XP, DSINC ,IIIQO,LWP, KL.AB'I', u:TO:Sl.ItETDS'l 
INTEGER CICLEN 
DIMENSION ESE(l) 
LOGICAL. SR~AG ,TNP'I'FG, POS"I'FG 

C 1 ••••••• LOAD ••••••••••••••••••••••••••••••••••••••••••• RULE 1.0 
IF«(ltfCL.EQ.I).OR.(XICL.EQ.3)) THEN 

LRULE'"lO 
IF(A8S(DP) .LE.DL) THEN 

<-soc 
USE·X 
10PT2-3 
RETURN 

ELSE IF«ABS(DP).G,[,.DC).AND.(ABS(DP).~E.D!)) THEN 
DO'T"SIGN(DC,DP) 
It .. SC, 
IF(A8S(FP).LE.(0.7'*FT») IOP'l'l·:2 
IF(A8S(FP).GT.(0.1"P1)) IOP'l''l·l 

ELSE IF( (ABS(DP) .GT. 01) .ANO. (ABS( oP) .LE.OO)) THEN 
DO'\'·SIGN(Dl,DP) 
X·SIU 
IOPT2-1 

ELSE IF(,I"BS(oP).GT.DU .ANO. ,l"eS(oP),LE.DF) THEN 
DCYT'-SIGN(DU.OP) 
X-SUF 
IOPT2-1 

ELSE IF(AB5(OP).GT.or .AND. ,l,,8S(oP).LE.(20*OT») THEN 
DC1I'-SIGN(DF,DP) 
It .. ( (O .1"FU )-FF) / « 20-01' )-DF) 
USE .. OSoe 

ELSE IF(ABS(oP).GT.('lO"Dl)) THEN 
DD't'-SIGN(::I0"Dl.0P) 
';:·-o.ooOl"SCI 
USE-osee 

END IF 
IF(ICLAST.EQ.It) RE'TURN 
Ir(TNP'I'FG) THEN 

FFPP-FPP 
FP-FFPP+ ( oOT-oPP) -1tL ... S'T+ (DP-oOT)" It 
FP'I''' FFPP"'( DD'l'-OPP) "ItLAST 
OPT-DO'!' 

END IF 
RE'TURN 

E~D IF 
C 2 •••••• UNLOAD •••• 

HIS04360 
HIS04310 
HTS04l60 
HTS04390 
H1S04400 
HTSOUIO 
HTSOU'20 
HTSOII.30 
HT90U40 
H!SOU50 
H!50UiSO 
H160U70 
H150U80 
H1504490 
HI504500 
H1S04510 
H15045'20 
H1S04530 
H1'604540 
H!S045S0 
HrS04S150 
H!S04570 
HTS045S0 
HI504590 
HlS04600 
H1604610 
H1604620 
HTSOUlO 
H1S04640 
HTS041550 
H!S04iS60 
HrS041570 
HrS0415BO 
HlS04lS510 
H!S04100 
H1'S041l0 
H1'S04nO 
HTSOOlO 
HTS04HO 
H1504i50 
HIS04i60 
H1S04770 
HTS04780 
HTS0090 
H1S04BOO 
H1S04BIO 
H1504a;jlO 
"lS048l0 
H!S04B40 
HIS04850 
HlS0HI60 
HT504BiO 
HTS04B80 
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IE'«XJa.,.EQ.:iI).OR.(lI::fCL.EQ.4)) TKEN 
IOPT:2-3 
IF(~.LT.OO: .AND. oJo(AJ.~'['.ODC) THEN 

C •••••••••••••••••••••••••••••••••••••••••••••••••••••••• RULE ::1.1 
LRULE-21 
<-soc 
IF(XJa.LST.EQ.5 .OR. XItLLS'I'.EQ.iS .OR. ItIO..LST.EQ.7 

.OR. ItJa.LST.EQ.B) THEN 
OP1-DP 
FP1"FP 
CALt. DOl 551 ( J, ESE, PSE, PSEOLD. DPP, FPP, OM. O. ,,I,,REA 1, 

X,USE, p;JCL, FC, DC, F!, DT, OM, DMAJ .OOC, 50e, FUOO. 
LRULE) 

Fp·O .... It .. OP'l''l' 
oP'TT-O. 
DPP-oP'!' 
FPP-O. 
OP-DPl 
FP-FPl 

END IF 
IOPT::I-J 
~E:TUR.N 

END IF 

IF(LRULE.EQ.54 .OR. LRULE.EQ.'l3) THEN 
It''ICLAST 
RETURN 

END IF 

[F(XItLLSi'.EQ.5 .O~. II:ItLLST.EQ.6 .OR. ULLST.EQ.1 .OR. 
XICLLS'I'.EQ.8 .OR. ItIt:I.LS'T.EQ.9 .OR. XItLLS'I'.EQ.10) THEN 
sn .. (O.-FPP) I (OPP/3-DPP) 
X-5XI 
IF( (OM.GE.OIX) .ANO. (,I"SS( ItETDS'2). LE. DL) J THEN 

IF(P;JlC.LST.EQ.7 .OR. "KLLST.EQ.B .OR. 
XItLLS't'.EQ.9 .OR. ItItLLST.EQ.10) THEN 
It-IQ.X (P;P, SKI ) 

END IF 
FP-FPP'" (DP-OPP)·I{ 

e ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• RULE 5.4 
t.RULE-54 
IF«FP-FPP).L'I'.O) THEN 

IF(FPP.G'I'.O) X·FC/COC-DPT) 
IF(FPP.t.T.O) 1t--FC/(-OC-oPP) 
FP-O .... It .. OPTT 
IF(XItL.E:Q.2) UL-S 
I F(ItItL.E:Q. 4 ) 1t1CL-15 

END IF 
R£n'URN 

END IF 
IF«,I"eS(FPP).LE.(0.1-F!'1).ANO.(II:IO..LS'T.EQ.7.0R. 

"ICLLST.EO.iI .OR. 1{1tL~5T.EQ.9 .OR. "IO..LS'T.EQ.I0)) TKEN 
X-MAlI: ( ItLAST, 0508) 
X"MAX(lt:.5Kl) 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••. RULE 2. J 
t.RULE-23 
USE-It 
F'P-FPP+( DP-DPP) "X 
tFC(F'p.FPP).LT.O.) THEN 

0P'!'''cpp ... ( O. -FPP) Ix 
CALL !-IEWS'!' I (MQO,ODC ,OOT ,ODU ,OFC ,OFI ,OFU,AREA1, DM. FC, Fl, 

f"LI, FF, DC. OT. OU, OF. HO, H,L1IIP,OSOC, SRFLAG,OSCl, 
SOC, SC!, STU, SUF, SR, 50B, SOE, SQ6, DPP ,COl, PSQ6, 
OPT, SOP, OSUF) 

IF(SQ6.LE.0.l .ANo. SQiS.GT.O.) THEN 
DJP-StGN(O::,-DP'!') 
F.JP-SIGN(FC,O.JP) 
It·FJP/(O.JP-DP'l') 

"" .. 
X-SR 

END IF 
IOP'I':il-3 
IF(P;;:ItL.~.2) ,(fCL-S 
IF(ItItL.E:Q.4 ) ~fCL-iS 
DPP·DPT 
FPP"O. 
FP·O .... (CP-oPT) .. 1I: 
REn'URN 

£NO IF 
IOP'T2-3 
RETURN 

END IF 
END IF 
IF(ltfCL.NE.ItIU.LS'T) THEN 

IF(POS'!'FG) THEN 
FFFP-ruO(l) 
GGGG"f'UO(:l) 

ELSE 
FFFF" FUO (2) 
GGGC- ruO ( 1 ) 

E:ltD IF 
IF(OfiINC.LT.O.) THEN 

FUOO-FFFF 
ru09-0. 60)- FFFF 
ru17·FFFF/6 

END IF 
IF(OSINC.GT.O.) THEN 

FUOO·GGGG 
FU09-0.!lS-GGGG 
FUI1-GGGG/6 

END IF 
EHD IF 
IF( (FP"F'PP) .L'r.O) THEN 

tF(FPP.GT.O) X"FC/{DC~DP'I') 
IF(FPP.LT.O) II:'"-FC/(-DC-OPP) 
FP-O. +X-DPTT 
IF(II:ItL.E:Q.::IJ UL-5 
IF(ItItL.EQ.4) UL-6 

END IF 
IF«(ltfCLLS'T.EQ.7 .OR. ItfCLLST.EQ.iI .OR. XItLLST.EQ.9 

.OR. II::ItLLS'T.EQ.10).AND. (A8S(FPP) .LT.ABS(FUOO»)) THEN 
pu09-F'PP"0.B5 
FUl1"FPP/6 

END IF 
IF(A85(FUl1"6) .LE.{O. 70*F'T)) THEN 

IF( (A8S(FP) .GT.FC/l) .AND. (A8S(FP) .LE. (0. 70-Fl))) THEN 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• RULE 2.2 

LR\JL~22 
11:-050:: 
IF( X.NE. !tLAST) THEN 

F'P- FPP+ ( DP-DPP)" X 
END IF' 

END IF 
IF(ABS(FP).LE.FC/3) THEN 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• RULE 2.3 
LRULE":23 
IF(LRULE.NE.LRU~S'T) TNP'TFG .... TR.UE. 
IE'(TNPTFG) 'l'HEN 

IF(ABS(oP) .GT. (:lO"Dl» THEN 
It .. so: 

ELSE 
FPT-StGN (FC /J, FPP) 
OP'l'-OPP+( FPT-FPP) IJa.AS'I' 
DC P-6IGN ( DC, -DPP) 
FCP"SIGN ( FC, DCP J 
x:- (FC P-FPT) I (O::P-DPT 1 
IF{It.GT.OSOC) THEN 

FCP·O 
ocp .. opp/3 
X .. (0 .-F'P'T) I (DCP-DP'1') 
USE·p; 

H!S04890 
KrS0.f900 
HJS04910 
HT604920 
H1504.5UO 
H1S04940 
HlS04950 
H!S04960 
"1504910 
H1504960 
HTS04990 
H' 505000 
H1505010 
HTS05020 
HTS05030 
Krs05040 
HTS050S0 
HJS050iSO 
H!S05010 
HIS050BO 
H1'S05090 
H1505100 
HI50SII0 
HJ505120 
H1505lJO 
H1's05140 
HIS05150 
HT505160 
HlS05170 
H!50S1BO 
"!S05190 
H1S05200 
HT505210 
HTS05220 
HIS05230 
H150S240 
HTS05250 
KI505260 
HTS05'210 
K1505'280 
HT50S290 
HJSOS300 
HI50S310 
HTSOS320 
HT505330 
H!505340 
H!S05350 
HIS05liSO 
H1505310 
H1S05J80 
HIS05390 
H1505400 
HJSOS410 
HTSOS420 
HTSOS430 
HrS05440 
H'!505450 
K!505460 
K1'S05410 
H!S05460 
HTSOS490 
HIS05500 
HI505510 
HIS05S20 
HIS05530 
HIS05540 
H!S05550 
H!SOS5iSO 
HJS05510 
HYS05SBO 
H!505590 
H1'S05600 
H1s05610 
H!S05620 
HTS05630 
HIS05640 
HlS05650 
H!S05660 
HlS056" 0 
HTS05680 
HTS05690 
HIS05700 
H1'S05710 
H1505720 
I-IT50S7 )0 
HTS05HO 
IiT50SHO 
I;T60S760 
IilS05770 
HTS051BO 
H1505190 
HlS05800 
H!S05BIO 
H16058:l0 
HlS05BJO 
HI505e40 
HI605850 
H1S0~860 
HrS05670 
HI505Beo 
HIS05B90 
HIS055100 
H!505910 
H1605920 
"15059)0 
HlS05940 
HIS05950 
KTSOS960 
HTS059iO 
H,SOSgeo 
HIS05990 
HI50iSOOO 
H!S06010 
H1S06020 
HlS060)0 
H!S06040 
HIS06050 
H1506060 
H1506070 
HTSOiSoeo 
HTS06090 
HTSOiSl00 
HISOiSllO 
H!S06120 
K!SOiS130 
H!506140 
H'!506150 
H!506l60 
H1'S06l10 
"TS06H10 
HlS06190 
H1506200 
H1S06210 
H1S06220 
HTS06230 
10(1506240 
HI5062S0 
H!SOiS260 
HT506:270 
H!506:280 
HI50iS290 
H1S06)00 



~D IF' 
F'PT- FPP+{ DP'!'-DPP) -1tLAS'I' 
F'P· F'PP+ (DP't'-DPP) -1tLAB"+ {DP-DP'T' )-IC 

END IF' 
RE.'TURN 

OlD IF' 
E:ND IF' 
RE"I'uRN 

ELSE 
I F'( (A8S( F'P) .GT. A8S( F'U17». AND. ("'B6( FP). LE .... eS( FU11 *6) 

.OR. ICLAST.LT.O.» THEN 
FF'F'-F'U09 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• RULE 2.5 
LRULE-25 
IF(LRULE.NE.LRULST) THOl 

DDPP-SIGN ( DC, -DPP) 
FFPP-SIGN'( FC. DOPP) 
SlItlltl-( rFPP-FFF) I (oDPP-oPP) 
It-KAl( SUI. 0508) 
FP·FFF+( DP-DPP)*1It 

END IF 
END IF 
I F( ("'SS( ... es( FP) -"'SS( F1J17»). LT. "'SS( )(-D61NC) j. ,\lIlD. 

( ... eS(FPj.LT.AB6{FU17») THEN 
FPT·F1J17 
oPT·DPP+( FPT-FPP) IIC 
TNPTF'G·.TRUE. 

END IF 
I F( (TNMF'G) .OR. ("'BS( FP). LE.ASS{ F"U17») THEN 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• RULE 2.6 
LRULE-215 
IF'(TNPTFG) THEN 

F't'P·SIGN{Ft', -DP) 
DTp-.SIGN(of.-DP) 
It· (FfP-FPT) I (DTP-DPT) 
Fp· F'PP+ ( oPT-OPP) -!CLAST+ (oP-oPT)-1It 
F'PT·FPP+( DPT-oPP) -ICL"'ST 
IF'«FP*FPP).LT.O.) THEN 

OPT. OPP+ (0. -FPP) IIC 
CALL NEWSTI (MQD,ODC ,OOt' ,ODU ,OF'C ,OFT ,OFU, ... RE ... l. OJ!I. 

FC, Ff, FU. FF, DC, Of, DU. OF, HO, 11, LWP,OSOC. 
SRFL.AG, OSCT ,SOC, SCT , STU, SUi', SR, soa, SOE. 
Sg6, DPP,C01, PSQ6, OPT, SOP ,06UF') 

IF(Sgti.LE.O.3 .AND. SQ6.GT.O.) THEN 
OJP- SIGN (DC, -OPT) 
FJP· SIGN ( FC , OJP) 
It-FJP/(OJP-DP'l') 

ELSE 
It·SR 

E:ND IF' 
IOPT2-3 
IF( 1It1CL. EQ. 2) 1It1CL-5 
IF( 1It1CL. Eg. 4) 1It1CL-15 
DPp·DPT 
FPP-O. 
Fp·O.+(DP-DPT)-lt 
RE:'I'URN 

END IF' 
END IF 
RE:'I'URN 

END IF 
RE:'I'URN 

END IF' 
END IF 

C J. . ..... REVERSAL LO ... DI tolG ••••• 
IF«It"la..EQ.5).OR.()(ICL.EQ.I5» THEN 

I F( (6Q6. LE.C01) .OR. (LRULE.~. 31» THE:N 
LRULe:-31 
IF(OM.LT.DC .AND. CMAX.LT.DC) THE:N 

•• 1tt.AST 
PSE-O. 
DPP·O. 
F'PP-O. 
USE-)( 
rOPT2·3 
IF(IC"Ia.. EQ. 5) 1C1a..-3 
IF'(JtItL.EQ.ti) ltlCL·l 
RE:'I'URN 

END IF 
IF( 1tn..NE.ItItt.LST) THEN 

OJP-6IGN( DC, -DP'I') 
FJP-5IGN(F'C,OJP) 
IF(DPTT.NE.O) THEN 

It-FJPI (OJP-DPT) 
ELSE 

1(. FJPI ( DJP-OPP) 
END IF' 
IF'(DP'TT.NE.O) THEN 

IOPT2-J 
CALL 001 S61 (10M::!, ESE, PSE, PSEOLO, opp, F'PP, OPT, O. ,ARE ... l. 

IC, USE, ItKL, F'C, DC, FT, DT, OM. OMAI.ODC, SOB, F'UOO. 
LRULE) 

FP·O.+It*OPTT 
DP1'T·O. 
OP?-DPT 
FPp-.O. 

END IF 
END IF 
tF«OP*FP) .GT.O.) THEN 

USE1II( o. -f'P) I (DP/l-OP) 
END IF 
10P1'2·J 
RE:TURN 

E:ND IF 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••• RULE J. 2 

LRULE-32 
IF«F'P-F'PP).LT.O.) THEM 

It-SR 
END IF' 
IF{OPTT.N'E.O) TH£N 

rOPT:;!-l 
CALL DDI551 {IOPT2, ESE, PSE, PSEOLD, OPP, FPP. CPT, O. ,AREAl, 

II:,USE,ICJCL. Fe. DC'. Fl, 01, OM, DMAX,OO: ,60B, ruoo, 
LRULE) 

FP-O. +It-'DP'T"'[' 
CPTT·O. 
OPP-OP'l' 
FPP·O. 

END !F 
IFC(DP-FP).GT.O.) THEI'I 

USE. CO. -FP) I (DPI J-OP) 
END IF 
IoP'I':2·J 
RETURN 

ENO IF 
c~ ••••• RELOADING AFTER UNLO ... DING •••••• 

IF«UL.EQ.1).OR.(!t:ICL.EQ.811 THEN 
IF(D~.LT.OOC .AND. DMAX.LT.OOCl THEN 

II:-ICLAST 
USE-II: 
10PT2-J 
IF(II:KL.EQ.7) ~1CL-3 

IF(ltlCL. EQ.8) ~ICL-l 

RETURN 
END IF 
IF(II:KL.NE.)ULL5T} THEN 

IF(POSTFG) THEN 
FFFF.FUO( 1) 
GGGG·FUO(:i!} 
OOOo-ooO(l) 
EEE£·000(2) 

ELSE 

HTS06JI0 
HT506320 
HT506JJO 
Hts063-40 
HtsC6l50 
HTS06360 
HT506370 
H1506380 
HlS06390 
HTS06400 
HTS06410 
HT506420 
H1506430 
HlS06440 
HlS06450 
H1506460 
HTS015470 
H1506480 
H1506490 
H1606500 
H1606510 
H1506520 
H1506530 
H1506540 
HT506550 
H16065150 
H1606570 
H15065eo 
H1506590 
H1506600 
H1506610 
H1506640 
H15061530 
H150151540 
H1506650 
H1S0615150 
H1606670 
H16015680 
H160151590 
H1506700 
H1606710 
HT5067:l.0 
H1606730 
H1606740 
H1506750 
H150157150 
H15015770 
H1506780 
H15015790 
H1506800 
H1506810 
H1506820 
H1506830 
H1506840 
H1606850 
815068150 
HT606870 
H1506e80 
H1506890 
H1506900 
H1506910 
HI5065)::20 
H15015930 
HT5065)40 
H15065)50 
H1506960 
H1506970 
H1506980 
H1506990 
H1607000 
H1607010 
816070::20 
H1607030 
HT6070-40 
H1507050 
H16010150 
H1601070 
HT5070eo 
H160705)0 
H1607100 
81507110 
HT5011::20 
H1601130 
H160"ll40 
H1607150 
HTS071150 
HlS07170 
HY501180 
H1601190 
HT501400 
H1507:;n0 
HT601420 
HTS01:;Z30 
HY50'lJ-40 
HT501250 
HT501:2150 
HT607:;Z70 
H1607:280 
111'607290 
HT601300 
HT601JIO 
HT5013'20 
HTS013JO 
H1501340 
HT507350 
H1'507360 
HT507370 
HT50, 380 
H1S07390 
HT501400 
HTS07410 
Hf501-4:l.0 
HT501430 
HTSO'440 
HTS014SO 
HT501460 
HT501470 
I1f601480 
HISOH90 -
HTSOi 500 
HTs07510 
HT607520 
HIsOi 530 
HIS07HO 
Hfs01550 
HT501)60 
HfS07570 
HfsOi 5BO 
HIS07590 
HT507600 
Ht'S07610 
HT5076lC 
HIS07630 
HfSOHi40 
HTS07650 
HTS07660 
Ht'507670 
HfS07680 
Ht'507690 
Hf607700 
HTS07710 
HTS077'20 
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FFFF·FUO(2) 
DODO-DUO (::2) 
GGGG· FUO ( 1 ) 
EEEE"CUO (1) 

END IF 
IF(DSINC.GT.O) THEN 

FU09-O.9-FFFF 
IF (AB5 (FFFF) • LT. 0.7 - FT) OPT· 0000-( FFFF-FU09}/OSOC 
1 F ("'8S (FFFF) .GE. 0.7 - Ff) OPT· DODD 

END IF 
IF(D5INC.LT.0) THEN 

FU09-0.9-GGGG 
IF (ABS{ GGGG) • LT. 0.7 - FT) DP'l'- EEE:E- (GGCiG-FU09) losOC 
IF(ABS{GGGG).GE.0.7-F'f) DPT-EEE:E 

END IF 
IF(LRULE.EQ.54) THEN 

ICp·ICL ... ST 
ELSE: 

51tP· (FUOSl-FPP) I ( OPT -DPP) 
!{P·Jr4AX(5ICP,KLA6"I') 

END IF 
t'NP'I'FG· .TRUE. 

END IF 
IF(ABS{DP).LE.ASS(DP1'» THEN 

LRULE-41 
II:·III:P 
USE-It 
10PT::2-) 
I F{TNPTPG) THE:N 

pp .. FPP+ (DP-DPP) *~ 
END IF 

ELSE 
IF(LRULS'I'.EQ.42) GO TO 6ee 
IF'{LRULS'I'.EQ.54) THEN 

ItP·ICLAST 
END IF 
IF(LRULS'!'.NE.U) THEN 

!{"JoIAJ(O.S-I(P,ICLAST) 
Fp·PPP+ (OP-DPP) *!t: 
10PT::2"l 
OPp·DP'!' 
FPp·FP1' 
LRULE"4'2 
TNPTFC·.FUSE. 
GO TO 158B 

END IF 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• RULE 4.2 

HTs07? JO 
H1'S07HO 
HfSOi/50 
I1TS07HiO 
I1T50i/70 
HTS07780 
HT501190 
HTs07800 
HT507810 
KTS07820 
HT507830 
HT507840 
HIS07850 
HTS07860 
KT507870 
IHS01880 
HTS07890 
KT507900 
HT507!HO 
HTS07920 
I1'S079JO 
HTS07940 
H1507950 
HTS07960 
KT507970 
HlS07980 
I1T507990 
HTS08COO 
HTsoeOl0 
HYS090::20 
HTS080]0 
HT508040 
H1'60eOSO 
H1'SOB060 
HlS0B070 
H1508090 
H1509090 
H1508100 
HlS09110 
HlS08120 
HTS081JO 
H1508140 
Hf509150 
Hf5091150 
Hf509170 
H1508190 
Hl508190 
H1508::200 
H150B::210 
H15082::20 
HYS082JO 
HT508240 
HT50B250 
HfS08260 
HTS08270 
HlS08280 
HlS08290 
KT508300 
IU50BJlO 
Hf508320 
HTSOB3)0 
HfSOBJ40 
Hf50e350 
HTSOBJ60 
HfSoeJ70 
HT50BJ80 
HT50B390 
HT50B400 
HT508-410 
I1TSOB~ 20 
HTsoe4 )0 

'" 

LRULE-4:2 
!{·O.S-ICP 
10PT'2-l 
IF(II:.NE.ICL"'S'!') TNPTFG· • .rrRUE. 
IF{TNPTF'G) THEN 

Fp·FPP..,( DPT-DPP) -Ja,"'ST+( DP-OPT)-It 
FPT·FPP+ (OPT-DPP) * ICL ... S"I' 

END IF 
END IF 
CALL DINTER(FC,FT ,FU, FF. F'PP.IX, DT, DU, OF', DPP,50C,SCf, STU,SUF, 

It, FP, DP, OSINC, n:r.. LRULE:, POSTFG, DUO, FUO) 
IF(DM.GE.ODC .AND. ASS(ltETo62).LE.OC) THEN 

Sltl· (0 .-FP) I (OP/3-0P) 
U5E·MAX(IItP, 511:1) 
IOPT2-3 

ELSE IF(A85(FP).LE.(0.7*F'T») THEN 
5 lit 1- (0. -FP) I (OP/l-DP) 
U5E·MAX{!CLAST. OSoe) 
USE.MAJ.( U5E, Sltl) 
IOPT1-3 

ELSE IF(AB5(FP).GT.(0.7-FT» THEN 
10PT:2·1 

OlD IF' 

RETURN HTsoe440 
END IF HTS06450 

99 FORJQ.T(2Pll.5,Ifi,F9.4,IJ) HT50e460 
199 FORMAT(2Fll.5,I4,I5) H1'SOe470 
299 FORMAT(5r14.-4) H150B~80 

RETURN HTsoe490 
gHD H1509S00 

C ................. - .......................... - ..... - •• - •••••••••••••••••••••••• HY 50e 510 
C DEBUG UNIT(I5),TRACE:,6UBCHIt,INIT,SUSTRACE H1506520 
C END De:SUG HlS06530 
C-...... -._ ............................ --.-.......................................... HI 60e 5 4 0 
C -- SUSROUTINE DCURRD S'UBATN (TO COMPUTB CURRENT DISPL,DM,DMAX) H1S065S0 
C _ ................. -_ ........................... - ........................... HI S06 560 

SUBROUTI NE DCURRD( ItICL .II:ET 06:1, OSINC, FP, FPP. OM, FC, FT ,FU, FF, HTSOB 570 
, IC, op, DMAI, DPP, DC. DT ,Olr. CTCLEN. "'REA1 .. FMAX, TNP't'FG, HTSOB 5eo 
" LRULE ,IIIQD, ODC, ODT ,OOU, OFU, OF. HO. H, LWP, 050C, POSTFG, HT50B 590 
" aSCI, SOC. sct' ,STU. SUF, sR, soe, SOE, OP::20, 5Q6, OFC. OFI , H1S0B600 
" 5Af'LAG, Cal, P5Q6, ItLAST, DP'1'. OPT'!' • II:ICLLST , USE, HT508610 
" osur, PSE:OLD, UPOS, UNEG, BSE:. P5E, CSE, EXCR, I OPT, I OPT2) H150B6:;!0 

DPP ----DI6PL BEFORE DISPL INCREMENT ... DDED 
LOGICAL 5RFLAG,TNPTf'G,POSTrG 
INTEGER CICLEN 
DIJoIENSION ESE(3),E::ICR(6) 
REAL ItETDG1,DSINC, DUO (2) ,!CLAST,!t. LWP.MQD.lI:l::! .UNEG( 3) ,UPOS( 3) 
IF«ItICL.LST.~.l .AND. OSINC.GT.O.) .OR. 

, (1It1tt.LS'l'.EQ.3 .AND. OSINC.LT.O.») THE:N 
IF( (US(DP) -DC) .LT. ABS( 06INC» THEN 

IF(ABS{OP).GT.OC) THEN 
TNPTFG- .TRUE. 

END IF 
END IF 
IF«AB5(OP)-Df).LT .... e6(DSINC» THEN 

IF(AB6(OP).GT.OT) THEN 
TNPTf'Ci •• TRUE. 

END IF 
END IF 
IF«AB6(OP)-OO).LT .... SS(DSINC» THEN 

IF(AB5(OP) .GT.OU) THEN 
TNPTFG·. TRUE. 

END IF 
E:ND IF 
IF« ... S5(DP)-DF).LT .... BS{05II'lC» THe:N 

IF("'BS(DP) .GT.OF) THEN 
TNPTFG-.T'RUE. 

END IF 
END IF 
1 F( (AeS( DP1-( ::20-0T). LT .... es{ D6INC» THEN 

IF( ... BS(DP1.GT.(:20-0f» THEI'l 
TNPTFG·.TRUE. 

END IF 
END IF 
GO TO 131 

END IF' 
IF(ltlU..EQ.5 .OR. !{1CL.EQ.6) .AND. (oP*FP).G1'.O.)) THE:N 

IF'( (ABS( DP)-OC).LT .... BS(05INC» THEN 
IF(A8S(DP).GT.O:) THEN 

TNPTFG·.TRUE. 
IF(ItICL. EQ. 5) 1I:1CL-3 
IF(ItICL. EQ.6) !{KL-l 

END IF 
EI'lD IF 
GO TO 131 

END IF' 
IJIOMA:1-MAI(ABS(OP).O""'U) 

IF{(F'P.EQ.O).OR.«FP-FPP).LT.O» THEN 
OM- HAJ( ( OM , DMAJ: ) 

C DP't'T, OPT 
C (O,DPT) :(0,0) 

c-------------* --------- : ------------

HlS0B630 
Hl150B1540 
H150B650 
H150B6150 
HlS08670 
HlS081580 
HlS091590 
HlS08700 
H1S08710 
Ht'S06120 
HY5087JO 
HTS08HO 
HT50e750 
HT1506160 
I1T509770 
H15087eo 
H1S09190 
HT150eeOO 
Hfsoeel0 
HTsoe820 
I1TSOBBJO 
HTS06B40 
HT50BB50 
HT50e660 
H150ee70 
HfS08e80 
HT508e90 
HTS08900 
HT60B910 
HT50B920 
H1soe930 
KT50B940 
Hfsoe950 
HYS06960 
HlSOB9iO 
HYS089BO 
H150e990 
HTS09000 
HTS09010 
HTS09020 
HTS09030 
I1T509040 
Hf509050 
H1509060 
HfS09070' 
HTs090eo 
HTS09090 
HfS09100 
HTS09110 
HlS09120 
I1f509130 
Hf509140 



->IDP'I'T 1":_ : 
DSINC 1<-: 

If"{{F'P"FPP).LT. 0.) THEN 
DPT-OPP-F'PP/IIt 
OP'I'T·OP-OP't' 
CALL DNE( 0, UP05, E::XCR, ODT • DP, ESE. PSE. PSOOLD,CSE) 

IF "-SUF AND REACH f'O~E-O THEN 5ET f'ORCE"O MO OP-DP1'T 
..... FTER THAT 1t .. 0 

IF(It.EQ.(-O.OOOl·SCT» THEN 
OP·OP 

STOP 
END IF 
I F( OM. LT. ODC 

IOP'I':oI"3 
ELSE 

10P'I'2"2 
END IF 

.AND. CMAI.LT.ODC) THE:N 

HY509150 
HI509160 
HI509170 
HT509180 
HI509190 
HI509200 
HIS09J10 
H1509420 
HI509J30 
HT509J40 
HTS09J50 
HTS09J60 
HTS09:o170 
HT509J80 
HT509290 
HT509300 
H1509310 
H1509320 
HT509330 
HT509340 
HYS09350 

CALL DDIS6I(IOP'J'2,E:SE,PSE,PSEOLD,DPP,rpp.oPT.0. ,AREAl, HYS09360 
~,USE:. ~Ia.. FC. DC. f'T, OT. DI'I. D""-'X. ODC , SOB, FUOO, LRULE) H150!H70 

IF((POSTFG).AND.(rpP.LT.O» THEN HI509380 
CTCLEN-CICLEN + 1 HI 509 )90 
FMAX.O. H'S09400 
DMAX·AB6( DP) HY609410 

END IF HYS09420 
IFe .NOT. P05'l'FG .AND. FPP.GT.O ) THEN HIS09410 

CTCLEN-CTCLEN+I HIS09HO 
FMAX-O. HI 609450 
0MAX-AB6eDP) H1609460 

END IF HIS094 i 0 
END IF HIS09480 
IF(DM.GT.OO::) THEN H1509490 

CALL NEWSTI e JoUJO, OOC, OOT ,000, OFC, OFT, oro, ARE .... 1 ,OM, FC , FI , HY 509500 , -, FU, FF. OC, 01,00. OF, HO, H ,LWP. OSOC ,5RFt.AG ,OSCY ,SOC. HIS09510 
SCT ,STU, SUF, 5R, SOB, 50E, SQ6 , DPP. COl. P5Q6, OM , HTS095JO , SDP,OSUF) HTS09530 

END IF' HT509540 
IF{K.Ia..EQ.';/) KICL-S HT509550 
IF(KICL.EQ.4) KICL·6 HT609560 

END IF H'S09570 
Ir( « ~ICL. EQ. 7). AND. (KICLLST. EQ.4» .OR. HT609S80 

, «ItIa..EQ.8).ANO.(ICJI!l.LS'r.EQ.J») THEN HT509S90 
CICLE:N·CICLE:N+1 HTS09600 
OM-M.AJ[( DI'I, DMAX) HT609610 

END IF HT5096JO 
RE."TURN HT609630 
END HtS09640 

C-... • •• - •••••••••••• - ••••••••••••••••••••• - .-----.------------------.-•• HI SO 9 6 50 
C Oe:BUG utHT(6) ,TIV..Ce:,SUBCHIt,INIT.SU8TRACE HTS09660 
C e:NO De:aUG H'509670 
C-------.------... - ....... - ........... ·.-·-·.-•••• ·········.····---···········HT509680 
C -- NEWSTIE' S1JBRTN (FINO S'l'IFFNES5 WHEN PAS6ING HORtz. oUIS (FORCE"-O) HT509690 
C ••••• _ •••• _ ••• __ ._ •••••••••• ___ • __ •• __ ........... _ •• _ ..... ___ ._ •••••••• _ - .... H1 50 9 7 0 0 

SUBROUTINE NEWSTt (MQD,ODC ,ODT .000 ,OFC ,OFT .OFU. AREAL OJoI, FC, FT, 
, F'U. FF. OC. OT, 00, OF, HO, H, LWP,05OC ,5RFLAG.OSCT, SOC, 
, SCT, STU. SUF. SR, SOB, SOE. SQ6, OPP.COl. PSQ6. OPT, 
, SDP.OSUF) 

REAL JoIQO,LWP 
LOGICAL 5RFLAG 

5QIS·AREAII (OFU·Ooo) 
TOL·IE-I0 
IF( .... SS(DM) .LT.OOC .'AND. SQ6.LT.TOL) SQIS·O. 
PSOP·SOP 
SOP· OPT 
ALPHA-HO/H 
IF( (SQ6 .GT.O.) .ANO. (SQ6.LE. O. J)) THEN 

oc-oc 
FC·FC 

ELSE 
6·-0.25473"506 
SR- (0.27799"10--8) ·05oe 
DC"ASS( SOP) ·0.25 
DC-tr4AJ:(OC,OOC) 
H(DC.GT.(l.5·oOC) THE:N 

OC·l.5·OO:: 
END IF 
H(ABS(5DP) .GT.OU) THEN 

rc·0.98·FC 
SR·rcl ( .... eS{50P) +0::) 

END IF' 

HT609710 
HTS09720 
HTS09730 
HT509740 
HT509750 
HT509760 
HYS09770 
H16097BO 
HT609790 
HT60Sl800 
HYSOSlBI0 
HI609B20 
HI609B30 
HIS09B40 
HI609B50 
HI509860 
HISOSl870 
HTSOSla80 
HTS09890 
HTS09900 
HI609910 
HT609920 
HT6099JO 
HYS09940 
HT509950 
HIS09960 
HI509970 
H1509990 
HTS09990 
HISIOOOO 

f'C.5R-(AeS{SDP)+0:) H1610010 
END IF HT5100'20 
IF(SQ6.NE.0.) THEN HT610030 

e.-0.;;)010J-SQ6 H1610040 
BB"'1.1578'"10."S HT610050 
lr(BB.GT.l.) BB·l HT610060 
SCT-ee.OSCl HT510070 

END IF' HT610090 
COEF 1. (OFI -arc) I (OOT-oo:) HTSI0090 
COEF'2-(oru~FT) I (000-001) HT610100 
STU- (COEF2IcoEFl ). SCI HTSI0110 
IF(6Q6.LE.0.) THEN HT5101'20 

DT-DY HT510130 
ELSE: IF((SQ6.GT.0.).ANO.(SQ6.LE.0.31J» THEN HISI0140 

DI-ODI HT510lS0 
ELSE HT510160 

DI-( 1. 5;;)99+0. 4S46·~(5Q6) )·001 HlSI0170 
ENO If' HI510180 
Ir(5Q6.EQ.0.) THEN H151015l0 

OO-DU HTSIOJOO 
ELSE HYSI0210 

oo-Ol.{OOO/ODT) H!S10220 
oo-MAX(OO,1.5.D1') HTSI0J30 

END IF HTS10J40 
f'l.f'C+(DT-DC).SCI H'S10250 
f'U.FT+ (DU-DI) -STU HTS10:il60 

C .... SSUIoIE RErERENCE FAILURE POIrJ'I' F H!810270 
cc DF.W+(FF-FU)/SUV H'S10J80 
C 7/11/9'2 10130 SA1'. BASED ON OB6EIWA1'IOIli. SUF"--0.5-SCT H!S10490 

sur.-o.s.SCI H'S10300 
FF·( FC+F'TJ Ii. H'610310 
Df'.OO+( rF-FU) ISUF H'610320 
SOC-FC/DC H'610330 
501-F'lIDT HT510340 
SCU-(Fu-f'c)/(DU-OC) HTSI0J50 
XA-FT/SOC H!S10360 
xa-(XA+Dl) 12 H'610370 
50a-FT/xB HT610380 
)[~FU/SOT H'610390 
XE·(XD+DU) 12 H'610400 
soe:"FU/xE H'610410 
P5\l6-5Q6 HT610420 
RETURN HT5104J0 
END H1510440 

c .. --............... -.-.................... - •••••••••• - ........................... ·"'H1 Sl 04 50 
C DEBUG UNIT(I5).TAACE.SUBCHICINIT,SUBTRACE H'610460 
C END DEaUG H1610410 
c .......... "' .................... ------.-----.... -.-.... --•••• "'.-."'.-•••••••••• HT S 1 0" B 0 
C .... SUBROUTINE DDISSI SUBR1N (AREAI-E:NE:RGT DISSIPATION) HlSI0490 
C --. CALCUL .... TE THE ELASTIC STRAIN E:NERGT(ESE(l» AND HT510500 
C... PLASTIC STRAIN ENERGI (PSE) HY510510 

C ----.-------- ----------- •• --.---.. ------------------------------••••• - HI 510520 
SUBROUTI NE DOl S51 ( IOPT2, C:SE, PSE, PSOOLD, DPP, FPP. OP, FP, AREAl. HT 610 5 30 

, K,USE, KJCI., FC,DC,FT,Dl,OJoI,DMAX.OO::,soe,FUOO, HY610540 
'LRULE) HY510550 

INT£'GER LRULE HT510S60 
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REAL It "11510570 
DIIoIENSIO~ E6E(3) HTSI05eO 

C HTS10590 
C AREAl REPRESEN'I'ING .... REA ENCLOSED aT THE HTSTERE5IS RE5PONSE H1510600 
C T6E.ESE(1),ESE(J),ESE(3),PSE,PSEOLD SEE STRENG 5UBRTN HTSI0610 
C USE • EQUIVALEN"T UNLOADING Sl'IFFNESS HTSI0620 
C ~ - -------------- --. - - - --~-. ~-- ----------- ~- - ---- - - _______ ~ _______ HT S 1 0 6)0 

IF(IOPT2.EQ.l .MD. leNE.O.) THEN HlSI0640 
C ••• CALCULATE THE EQUIVALENT' UNLOADING STIFFNESS HTS10650 

IF((AB5(F'U00).GT.0.i"FT).OR.(KItL.EQ.7 .OR. itla..EQ.a .OR. HTSI0660 
II:ICL.EQ.9 .0R. !t:JCL.EQ.I0» THEN HTSI0670 
DOPP-SIGN(OC,-OP) HT510680 
F'F'PP· SIGN ( rc. OOPP) Ht 5 10690 
SltK.l· ( FFPP-ruOO"O. as) I (ODPP-OP) HT S107 00 
Sltl·HAJ:(SItU.SOB) HTSI0710 
OP 1. DP + ( FP 16-F'P·O. 65) ISlItl HT 5 1 07 20 
F1p·SIGN(FI.-DP1) HT510730 
D1P·SIGN( OT ,FTP) HT510HO 
slI:'2- ( FT P-FP 16) /( DIP-OPI ) HTSI0750 
DP2-DP1+(0.-FP/6)/SIIt2 HTSI0760 
u-o. S· (0. a5·FP+f'P/6)· (DP-DP1) +0. S·FP/6- (DPI-OP2) HT510770 
USE-( Fp··J) I (2 ..... B5( AA) HT510760 

ELSE lr(ABS(FP).LE.0.7·F') THE:N HTSI0790 
SlItl .. Fc/oc HtSl0800 
FP1.5IGN(FC/J,FP) HISI0910 
DPl.DP+(FPI-FP)/51n HTSI0820 
OCP • SlGN(DC,-OP) HYS10B]0 
FCP • SIGN(FC,DCP) HTS10840 
Slt2 • (FCP-FP1) I (DCP-DP1) "lT510850 
DP2· DPl + (0.-FP1)/5K.2 HT510960 
M"'O. 5· (FP1+FP).( OP-DP1) +0. 5.FP1·( OP1-DP2) HT510870 
USE. (FP"'2)/(2.AB6(AA» HT510B60 

E:]IIO IF HlSloa90 
END IF HISI0900 
If'(foPT2.EQ.2 .AND. ".NE.O.) THEIIl HtS10910 

rF(OJooI.LE.OOC .MD. DMAX.LE.OOC .ANO.(ltJCL.EQ.l .OR. HT510920 
!t:1a..EQ.3 .OR. KICL.EQ.S .OR. ItIa..EQ.6» THEN HTSI0930 
USE-II: HISI0940 

ELSE IF«(OP.FP).GT.O.) THEN HT5109S0 
USE-(O.-FP)/{OPI3-DP) HT51091S0 

END IF H!510970 
END IF HYSI0'180 
CALL S'I'RENG{ ESE. PSE, PSEOLO. FP. FPP, OP, OPP, It, U6E) HT 51 0; 90 
AREA1-ESE( 1) ",PSE HT511000 
RETURN H1511010 
END HY511020 

C--.--------····----.···- .... ---......................................... - ........ - •• HT 5110 30 
C DEBUG UNIT(6).TRACE,SUaCHIt,INIT,SU8TRACE HT511040 
C END DEBUG HT611050 
C.-•••••••••••••••••••••• ·---··------•• ----.-.··· ... - ......................... HT 611 0 ISO 
C --- 6UBROlJ'l'I NE OINTER 5UBRTN (CHECIt I F NEW CURRENT TRACIIt I N'I'ERSECT HT 511 0 7 0 
C .. -- ,IF TES.FIND CONNECT P't'.(UPDATEO CURRENT PT.) H!S11080 
C ............................. "'--••• -"'----••• - ..................... - ••• - •••• HY51105l0 

SUBROUTINE OINTE:R( FC, Fl, FU, FF, FPP,O: .OY, CU. OF, DPP, SOC, SCT, STU, HTSI1100 
, 6UF,K.,F'P,DP, DSINC,KICL.LRULE,POS'l'FG.OUO, FUO) H'511110 

REAL K.ItJ,OUO("),'FUO(4) 
LOGICAL POS'TF'G 
IF( .... eS{OP).LT.DC) THEN 

II:J-FP/op 
IF(IItJ.LT.SOC) RE.'TURN 
IF(ItJ.EQ.6OC) THEN 

IF(OSINC.CiT.O) KJCL·l 
IF{DSINC.LT.O) UL-3 
RE.'TURN 

END IF 
IF(ltJ.C'I'.SOC .ANO. IIt.GT.SOC) THEN 

IF(LRULE.EQ.51 .OR. LRULE.EQ.52) 
I· (K.·DPP-FPP) I (K-SOC) 
T·I·SOC 
ADP-SIGN(I,OPP) 
AFP-SIGN(T,OPP) 
FP-ItFP+SOC. (DP-AOP) 
IF(OSINC.GT.O) UL-l 
IF'(DSINC.LT.O) ItKL .. 3 
It· SOC 

E:ND IF 

THEN 

C •••••••• roR ReLOAD DURING REVERSAL ST .... GE 
IF(LRULE.E'C.41 .OR. LRULE.Eg.42) THE:N 

IF( DP.GT.O) THEN 
U'(POSTFG) 'l'HEN 

FFFF-FUO{ 1) 
GGGG· DUO ( I ) 

E:LSE 
FFFF-FUO (2) 
GGGG. DUO ( J ) 

E:ND IF 
BLSE 

IF(POSTFG) THeN 
FFFF-FUO(2) 
GGGG·OUO (2) 

ELSE 
FFFF-FUO( 1) 
GGGG-DUO (1 ) 

END IF 
END IF 
IF(ABS{OP) .GT ..... 86(GGGG) • AND. (Dp.GGGG) .GT.O) THEN 

n·FPP+(GGGG-DPP) .1{ 

Sit. (ASS( PC) -ABS( T:il») I( A8S( OCl-ABS(GGGG) 
FP·tJ.( DP-GGGG)-SI{ 
IF(OP.G'I'.O) 1I:1a.-6 
IF(DP.LT.O) KICL·5 
It· Slit 
RE'I'URN 

END IF 
END IF 

END IF 
END IF 
IF( (AB6(OP) .GE.DC) .ANO. (ABS(OP) .LT.OT)) THEN 

IF(OP.GT.O) THE:N 
IP(POSTF'G) THEN 

FFFF·FUO(l) 
GGGG-- CUO ( 1) 

ELSE 
FFFF"-ruO(2) 
GGGG·CUO(;;)) 

END IF 
ELSE 

IF(POSTf'G) THEN 
FFFF. ruo ( 2 ) 
GGGe· CUO (2) 

ELSE 
f'Ff'F·FUO( 1) 
GGGG· CUO ( 1) 

END IF 
END IF 
IF(AS5(OPP).LT.O .AND. (LRULE.EQ.41 .OR. LRULE.EC·42) 

.ANO. (DP"GGGG).GT.O) THEN 
T:il·FPP+(GGGG-DPP)·1t 
SK. (ABS( FC J ~ABS( T2))1 (ABS( DC )- .... S5(GGGG» 
IF (OP. GT .0) FP-T2+ (OC-GGGG)· SK+ (DP-DC j. SC! 
IF( OP. LT. 0 1 FP"'l'2+( -oc-GGGG) -SK+( OP"'DC) ·SCT 
IF(DSINC.GT.O) lCn-! 
IF(DSINC.LT.O) 1tJCI.-J 
IIt·SCY 
RE'!'URN 

END IF 
IItJ. ( .... BS( FP) ~F'C) I (ABS( OP) -DC) 
IF (IitJ. LT. SCT) RE.'TURN 
IF(IItJ.Eg.SCIJ THEN 

IF(DSINC.GT.O) lClCL-l 
IF(DSINC.LT.O) II:n-J 

HT5111JO 
HTSl1130 
HT611140 
H'611150 
H1511160 
H'!'511170 
H!SI11BO 
H!611BlO 
H1511JOO 
HlSllJ10 
H!Sll:il:ilO 
HY511230 
HT611240 
HT511:0150 
HT5112150 
HY511270 
H'!'511280 
HTS11290 
HTSll:300 
HTSl1310 
H'Sl1320 
HT511330 
HlS11340 
HI511350 
HTS11360 
HTSllJ70 
HTSI13BO 
HT511390 
HlS11400 
HTS11410 
H1S114:;Z0 
HT5114JO 
H!511440 
HT51l450 
Ht61141S0 
HT5114iO 
H!S1l4BO 
HTSl1490 
HYS11500 
HY51BI0 
H'611520 
HTS11530 
H1S11540 
HTSl1550 
HYS11560 
H'!'S11570 
H'!'611580 
H!SlIS90 
H'!'S11600 
H1511610 
HT511620 
H'!'511630 
HY511640 
H1511650 
HYSl1660 
HTSl1670 
Hysll6aO 
HTSl1690 
HTS11700 
HTSl1710 
HYS11720 
HT511130 
HTSIIHO 
HT511750 
HT5117150 
H1S11770 
HTSl1780 
HTSl17510 
HT511800 
HT511BI0 
HT511820 
HTSIIBJO 
HY511840 
H1511850 
HTS11860 
HTS11870 
HYS11880 
HTS11690 
H1511900 
HT611910 
HTSl1920 
HYSl19JO 
HT511940 
H1511950 
HY511960 
HT611970 
HT511980 



RE:']'URN 
~D IF 
U'(I(J.GT.SCT) THEN 

x· (1It· ... SS( DPP) -OC.SCT- ... SS( FPP) +~) I (IIt-SCT) 
T- ... SS ( F'PP) +It .... SS (X) -I(. "'SS( oPP) 
IF'(I'.SS(I).LT.OC) THEN 

x'" (I(. DPP-FPP) I (It-SOC ) 
T-X·SOC 
"'DP"'SIGN'{X,DPP) 
"'FP-SIGN(!,oPP) 
IF (OP. GT ,0) FP- ... FP"'SOC'" (O:- ... OP) +SCT· ( DP-OC ) 
I F( DP. LT. 0) FP- ... FP+SOC'" (-DC-ADP) +SCT· ( DP+OC ) 
IF(05INC.GT.0) ItJtL-l 
IF(DSINC.LT.O) !tJU.-J 
IIt"'SCY 
RE:TURN 

END IF 
ADP-SIGN(X,oPP) 
AFp·SIGN{!. DPP) 
Fp· ... FP+ SCT· (DP-AoP 1 
IF(DSINC.G".O) ~1tL-1 
U'(DSINC.LT,O) I(1CL.-3 
II::-SCT 

END IF 
RE."TURN 

END IF 
I F( (I\BS( DP) .GE. o't') • .\NO. ("'SS( OP) .LT. 00» THEN 

II::J- ("'BS( fP) -F'l) I (ASS( DP) -D!) 
IF(ItJ.LT.STU) RE'T'URJII 
IF(IItJ.EQ.STU) "HEN 

IF(D6INC.GT.0) I(ICL.-l 
If(DSINC.LT.O) IUL-J 
RE:TURN 

END IF 
IF'(IItJ.GT.STU) THEN 

11:- ( F't' -oT - STU ... j(· "'SS( OPP) -"'BS (FPP) ) I ( It-STU) 
!· ... SS( FPP) +-"· ... BS( X) -!t ...... BS( DPP) 
IF("'BS(X).LT.Dt') THEN 

X· (lit- ... BS (DPP) -OC· SCT - ... BS( FPP) +f'C) I ("-SC! ) 
! - ... BS (FPP) +1(* "'BS( X) -I(. "'BS( oPP) 
"'DP·SIGN(X,DPP) 
... Fp·SIGN(! ,DPP) 
IF (OP. GT .0) F'P ..... FP+SCt· (oT-"'oP) +StU· (OP-OI ) 
If( DP.LT. 0) F'P ..... FP ... SCP (-ot-ADP)+STU* (oP+ol) 
IF'(DSINC.GT.O) IOtt •• l 
IF(oSINC.LT.O) 1tn..J 
"-STU 
RE'I'URN 

END IF 
ADP-SIGN(X,DPP) 
AFp·SIGN(Y,DPP) 
F'P·AFP+-S't'U- (OP-ADP) 
IF(DSINC.GT.O) IItJtL·l 
H'(DSINC.LT.O) ItJtL.J 
I(-S'fU 

END IF 
RE:'TURN 

END IF 
IF("'SS(OP).GE.OJ .AND. ABS(DP).LT.DF) THEN' 

IF( ("'BS{ DP). EQ. 00) .ANO. (ASS(FP) .LT. FU» RETURN 
ItJ· ("'BS( FP )-FU) / (ABS( DP) -DU) 
IF( (ItJ.LT.O) .ANO. (ItJ.LT.SUF» RETURN 
H(I(J.EQ.SUF) THEN' 

IF'(DSINC.GT.O) Itn.-l 
H(DSINC.LT.O) 1t!tL-3 
RETURN 

E:N'D IF 
IF(ltJ.GT.SUF) THEN 

X· (FU-OU·SUF+It·ABS (DPP) -ABS (F'PP) ) / (It-SUF) 
Y·ABS( FPP) .. It-ADS (lI:) -1t·ABS (DPP) 
IF(ABS(X) .LT.oo) THEN 

X- {FT -0' ·SIU+It-ABS (DPP )-AB6 (FPP) ) / (It-STU) 
T·ASS (FPP) +1t·ABS (X )-It·ABS (DPP) 
ADP·SI GN (X. DPP) 
AFP-St GN (I. DPP) 
IF (DP. GT. 0) F'P-AFP+STU· ([:IJ-ADP) +SUF· (DP-OU) 
IF (DP. LT. 0) FP.AFP+STU. (-oo-ADP) ... SUF· (DP+DU) 
IF(DSINC.GT.O) IC!tL.1 
IF(DSINC.L'I'.O) 1tJtL.-3 
It-SUF 
RE"['URN 

END tF 
ADp·SIGN(X.oPP) 
AFp·SIGN'(T.DPP) 
Fp·AFP+SUF·( oP-AOP) 
IF'(DSINC.GT.O) 1It1CL.-1 
IF(DSINC.LT.Ol 1It!tt.-3 
It·SUF 

END IF 
RETURN 

E~D IF 

IF(AaS(DP).GE.DF .AND. AS6(DP).LT.(20·0T» THEN 
IItJ· (ABS( FP l-FF)/C ... BS( DP) -OF) 
oc;-2o-- 01 
SFG· (0. I·FU- FF) / ( OO-OF) 
IF(IICJ.EQ.6rG) THEM 

IF(OStNC.GT.O) It!tt.-l 
IF(DStNC.LT.O) 1(1;1..-3 
RETURN 

END IF 
IF(IICJ'.G'l'.5FG) THEN 

X· (0. 1. FU-OO· SF'G+I{-ABS( oPP) -ASS{ FPP) ) / ( IIt-SrG) 
I·ABS( FPP) +IIt.ABS( J.) -I{- ... a6( oPP) 
IF(ABS(X).LT.CU) '!'HE:N 

cc ... TRY WHE."THE:R IT IS LOC ... TED IN aWN U AND f' •••••• 
X· ( FU-OU· SUF+I(· ... as( DPP) -ABS( FPP) ) I (I(-SUF') 
T· ... BS( FPP) ... 1(. ABS( I) -It- AaS( DPP) 
IF{ABS(X).LT.DV) THEN' 

x .. (FI-DT.SIU+'IIt .. ABS( DPP) -ABS{ FPP) ) I ('lit-StU) 
't'. ABS (FPP) ... It .. ABS{ X) -IIC" ABSC DPP) 
ADP·SIG~qX,DPP) 

AFP-SIGN(T,DPP) 
! F (DP .COT. 0) FP-AFP+SlU· (OJ-ADP) +SUF- (OF-CU) +srG· ( OP- OF) 
I F{ DP. LT. 0) PP-AFP+STU" (-oo-ADP) +SUF" C -DF+DU) +SFG- ( D?+DF) 
tF(OSINC.GT.O) 1tJU.·l 
IF(OSINC.[..T.O) UL·3 
It-SFG 
RE:I'URN 

END IF 
ADP-SIGN(X.DPP) 
AFP· SI GN (t , DPP) 
IF (DP. GT. 0) FP-AFP +SUF" (DF-ADP) +SFG· (DP-DF) 
IF (OP. LT. 0 1 Fp·AFP +SUF· (-DF-ADP) "'SFG" ( DP+OF) 
IF(DSINC.GT.O) 1t!tt.-1 
IF(DStNC.L'I'.O) It!tt.-J 
It-SFG 
RE:'t'URN 

END IF 
IF(ASS(X).LT.DF .ANO. ABS(I).GT.oo) 'l'HEN' 

x- ( FF·DF- SUF+It.ABS( OPP) -ASS( FP? 11/ ( It-SUF) 
T·ABS( FPP) +1t· ... SS(X) -"'· ... BS( DPP) 
ADp·SIGN(X.DPP) 
AFP·5IGN(T.DPP) 
I F( OP. GT. 0) Fp·AFP+SUF- ( DF-ADP) +SFG* ( DF'-DF) 
I F( OP. LT. 0) FP .... fP+ SUF· ( -DF-ADP) +SFG· ( DP+DF) 
IF{OStNC.GT.O) 1t!tL·l 
IF(DSINC.LT.O) 1It1tL·3 
It-SFG 
Fl.E:TURN 

END IF' 
... op·SIGN(X,DPP) 

HTSl1990 
HIS1:2000 
HTS12010 
HIS120:20 
HYSIJ030 
H'1'61J040 
HISI:2050 
HIS1201S0 
HTS1:2070 
HIS12080 
HIS1:2090 
H'1'SI:2100 
HTSl:2110 
HYSl:Zl:20 
HIS1:2130 
HTS1:2HO 
HISl:2150 
HTSl:2l1S0 
HYSl:2170 
HYS1:21S0 
HTS1:2190 
HTS1:;!:200 
HISIJ210 
HtS12220 
HtSl:2:230 
HISI:2240 
H'1'S12250 
HTS12:21S0 
HTSl:2:270 
HTS12280 
HTSln90 
HISI:2300 
HTS1:2310 
HTS12320 
HTSIJJ30 
HYS12340 
HIS12350 
H'1'S1231S0 
HT612J70 
HTS12JBO 
HYS12390 
HYSl:2400 
HIS12410 
HTSl2420 
HTS1200 
HYSl2440 
HYS12450 
HTS12460 
H1S12470 
HIS124BO 
H1S12490 
HTSI2500 
HTS12510 
HISI2520 
HTS125JO 
H1S1H40 
HTSl:2550 
HTS12560 
HTS12570 
HTSl2580 
HTS12590 
H1S12600 
I-IT512610 
HT512620 
I-IT51:26JO 
HT512640 
HTS12650 
IHS12660 
HI512670 
H1612680 
HT612690 
HTS12700 
HT612710 
HT612720 
HT612DO 
H1Sl2HO 
HT612750 
HTSI2760 
HTSI2770 
HTS12780 
HYSl2790 
HTSl2800 
HTS12S10 
HTS12S20 
HTSI2SJO 
HT512840 
H!512B50 
HY61:2Bi50 
HI512B70 
HISI2SS0 
HIS12S90 
HIS12900 
H!S12910 
H't'Sl:2920 
HY51:29JO 
HlS1:ii940 
H'S1:2950 
H151:29150 
H!Sl2970 
H1Sl:29BO 
HIS1:2990 
H'fS13000 
HYS13010 
HI6130JO 
HtS13030 
HIS13040 
HTSlJ050 
HI61J060 
HIS13070 
HIS130eo 
HIS13090 
H1S1J100 
HISIJlIO 
H1S131:20 
H1513130 
H1s13140 
H1613150 
HTSIJ160 
HTSlJl"'/O 
HTS131eo 
HTS13190 
I-ITSlJ200 
HTS13210 
HTSI3220 
HTS1J2JO 
HT51J2-40 
HTS13250 
HTSlJ260 
HTSlJ270 
HISIJ2S0 
H!51J290 
HTS13300 
H!SIJJI0 
HIS13J:ilO 
H1S13JJO 
HYSIJ340 
HYS13350 
H!S13J60 
HIS13370 
H!S13JBO 
H!513J90 
HTSl3400 

71 

AFp·StGN(I.DPP) 
FP-Af'P+SF'G - ( DP- ... oP) 
IF(OSINC.GT.O) 1t.!tt. .. 1 
If'{OSINC.LT.O) It!tt.-J 
X·SFG 

END IF 
RETURN 

END If' 

HT5lJ410 
HTSlJ420 
H1Sl34J0 
H1Sl3440 
HTS13450 
H1S13-4i50 
HTS13470 
H!S134BO 
H!S13490 

DH·20·DT"'{ O. -0.1 *FU) I (-0. 0001*SCT) H!SIJ500 
SGH·-0.0001-SCT HTS13510 
SFG- (0. I-FU-FF) I (20·oT-DF) HtS1J5.20 
IF(AaS(DP).GE.(:2.0-DT) .AND. ~BS(OP).LT.DH) THEN H!SIJ5JO 

IF(ABS(DP).E:g.(20*01) .ANO. ASS(FP).LT.(O.l"'FU)) RETURN HT51J540 
ItJ- (ABS{ FP )-( a .1.FU) / (ASS( OF' l-t 20·DT» HTS13550 
tF(ItJ.LT.O .ANo. 1tJ'.LT.SGH) RE:TURN H!51J560 
tF(ItJ.EQ.SGH) THEN HT51J510 

IF(DSHfC.GT.O) 1t1tL-1 HtSl)5eO 
IF(DSINC.LT.O) 1t1tL-3 1-1'1'513590 
RE'TURN HT51J600 

END IF HTS13610 
IF(ItJ.GT.SGH) THEN HT51J6:20 

x- (0. 1·FU-20· DY" SGHH. ASS ( DPP) -ASS ( FPP) ) I ( It-SGH) HT 5 1 3630 
Y-ASS (FPP) +-It .. ASS( X) -It .. ABS( DPP ~ HY S IJ6 4 0 
IF(ABS{X).LT.DF) THEiN HY61J650 

CC ••• TRT WHETHER IT IS LOCATED IN STN F' AND G ••••• H!S13660 
X· (0.1· FU_c:GiI SFG +lit. AB5 ( DPP) -~SS ( FPP J ) I ( 1It-5FG) HTSI 367 0 
I·ABS( FPP) +1It .... BS( X) -1t·ABSt DF'?) HT5136S0 
IF(ABS{X).LT.Df') THEN HISlJ690 

X· (FU-OU" SUf+-lt ...... 8S (O?P) -AB5 ( FPP) ) I (X-SUF) HI 5137 00 
T·ASS( FPP) + It .. AS6( X) -It-AB5 ( DPP 1 HTSl J7 10 
ADp·SIGN(X,DPP) HI51J720 
AFp·SIGN{!,DPP) HTS137JO 
IF (DP.GT. 0) FP-M'P+SUF- ( DF-~O?) +SFG* (e.G-OF) +SGH· ( OP - ~) HTSlJ7 ~ 0 
I F{ DP. LT. 0) FP-M'P+SUF· ( - Df-AD? 1 +SFG" (-00 "'DF) +5GH· ( DP + ex:;) HTSlJ750 
IF'(D5INC.GT.O) 1It1tL-1 HTSlJ7tiO 
IF(DSINC.LT.O) 1t!tt.-3 HT51)770 
It·SGH HIS13780 
RETURN HY S 13? 90 

END IF HT513800 
ADP-SIGN(X.DPP) HTS1JBI0 
AFp·SIGN{I,DPP) HTSlJEI:ilO 
IF (DP. GT. 0) FP. AF'P+SFG* ( DF-~oP) +SGH· ( DP-DF J HT SlJElJO 
IF (DP. LT. 0) FP- "'FP+SfG" ( - DF-I\DP) +-SGH· ( DF'+DF 1 HY S 13E14 a 
Fp·SIGN(FP,OP) H1513850 
IF(DSINC.GT.O) 1(!tL·l HYS13860 
IF(DSINC.LT.O) ItItL-J HTS13E170 
It.SGH HISIJElSO 
RETURN HI S 13890 

END tF HISlJ900 
H(ABS(X).LT.{:20.0ll) THEN HTS1J910 

X- (FF-OF"Sf'G+It· ABS (OPP) -"BS ( fPP) ) / ( It-Sf G) HI S 13920 
T·ASS (FPP) .o.1t .. ABS (X)-I{- ABS( OPP) HI S 1 39]0 
Aop.StGN(X,DPP) HY51J9~0 
AFP-SIGN(T,DPP) HISI3950 
IF (DP. GT. 0) FP- AFP+SFG* ( 20· OT - ... OP) +SGI-I· ( OP -20 ·01) HY 513960 
IF( DP.L'I'.O) Fp·AFP+SFG· (-:lO*DT-"'OP) +SGH-( oP+-20"OT) I-I.T513970 
IF(DSINC.GT.O) loeL-l HY513980 
IF(DStNC.LT.OI 1t1CJ.,.3 HTS1J990 
It.SCH HYSHOOO 
RETURN HT514010 

E:NO IF HT5H020 
AoP-SIGN(X,oPP) HT5H030 
AFP-StGN(T.oPP) HTS14040 
Fp·AFF'+SGH" (DP-ACP) HTSH050 
IF(OSINC.GT.O) XJU.·l HTS1401S0 
IF'(06tNC.LT.O) ItItL·J HT514070 
IIt"SCH HTS14080 

END IF HTS14090 
RETURN HYS14 100 

END IF HT514110 
IF(ASS( OP) .GE. OH) THEI'I H't'S14120 

It .. o. HY514lJO 
IF'(D6INC.GT.O) 1C"n,-1 HYS14140 
IF(D6INC.LT.O) 1t!tL.3 HY5H150 
RETURN H'S14 160 

£ND IF HYS14170 
RETURN HTSl~ 180 
END HTS14 190 

C(lPROCESS 5[:IJMP OPT(O) GOSTMT XREF MAP IOR00010 
C ........ - - * * - - - _ ••••• _ .. - - .......................... _. * * .... _. _. - - - - - _. - _ ........... I OR00020 

DEBUG UNIT ( 6) • TRACE. SUaCHIt. INIT. SUBTRACE 10FlOOO)0 
END DEBUG IDROOO~O 

SUBROU'!'INE 10RECT (IDR.ICRY,IDRYO,Pt,PS,VI.VS) 

LOGICAJ., A.N .... B.NB.C.NC.D.ND.E 
LOGICAL BTEST 

WRITE (!i.-) 'IOR.IORV.tDRVC,Pt.Ps.vt,VS· 
WRITE (IS.-) IOR,IDRV,IDRYO.PI,PS,Vt,VS 

A. "'B5(PI).GE.AB5(PS) 
B • PI-PS .GE.O 
B • PI"PS .GT.O 
C • PI.EQ.O 
0" VS-VI.GE.O 
NA· • NOT .... 
NB •• NOT. B 
NC •• NOT. C 
1'It- .NOT. 0 

r oR00050 
IoR00060 
IOR00070 
IOR00080 
IDFlO0090 
10ROOIOO 
IDFI.OOllO 
IDR00120 
IOROOl30 
IoROOUO 
loR00150 
IDR00160 
loR00170 
IDROOIBO 
IDR00190 
IoR00200 
IoR00210 
loROO:il20 
IDR00230 

If' ( A .ANo. B .AND. NC .AND. 0 IDR·1 IDR00240 
IF ( NB • .\NO. NC .AND. NO IDR.l IDROO:;;50 
IF (NA .AND. B • .\NO. HC .ANo. NO tDR.l' IDR002!i0 
IF ( C .AND. 0 ICR.O IDR00270 
IF ( HB .AND. NC .AND. 0 IDR·O IDROO:l.SO 
IF ( ".AND. B .AND. NC .AND. ND IDR·-l IDR00290 
IF ( C .AND. NO tOR.-1 IDR00300 
IF (I'IA .AND. B .AND. NC .ANo. 0 IDR--1 IDROOJIO 

E • PI .COE. PS IDROOJ20 
tORY'" 1 I DROOHO 
IDRyo-2 IDROO)40 
IF (E) IDRY"J IOROOJ50 
tF (El tDRYD-1 IDROOJ60 

Pl.E:I'URN I DROO)? 0 
~o IDROOJSO 

C _ •• _ ._ •••• __ ••••••••••• ___ ••••• -- •••••••• _--."" •• _ •••• - •• - ............... I NTOOO 10 
DEBUG UNIT(6) , SUBCHII:, SUS'I'RACE IN'I'00020 
END DEaUG INTOOOJO 

SUBROUTtNE INTDYA (SUG, NOOF, MAXNOo. NNOOE:. TITLE. I N'I'0004 0 
, lOOF,ID,J'!'FLG,DISP,VE:L.ACC.FORCE ) INT00050 

c 

COMMON /ISPEcl ISPI. SGD(3000,2).RE"'CF(ti) 
DHIENStON 01 SP (NCOF) • VEL( NooF) , ACC (NooF) .... ( 6) , ~ORCE (NooF) 
DIMENSION I O( MAXNOO). J'rFLG( MAXN'OO). 100ft IoI.AJI:NOo. 6) 
DIMENSION RINPUT( 100) 
CHARACTER.SO FCFU'.AT('1) 
CHARACTER*(·) TtTLE(2) 
CHARACTE:R·20 OPT I 01'1 
LOGICAL BUG.HEAD.'I'EST,PLAG 
LOGICAL BTEST 

C·········_· .. ····-···--·-··················· 
C· INPU'r INITIAL OISPL. VE:LOC AND ACCEL ••• 

C·········.· .. · .. ··--····---.·.··············· 
C 

HEAD-.TRUE. 
C- CONSIDER EXTERNAL oEFORJI(ATIOI'I DUE TO STATICS CASE, ISP1·1 _.'" 
C NOTEI • RELEASE , SHOULD NOT USED AFTER 'SaLOl' 
C- NEGLECT EITERNAL oEF'OFlJllATIOI'I DUE TO STATICS CASE, ISP1·0 .... 
C NOTEI • RELEASE , SHOULD USED AFTER 'SOLOl' 

!NT00060 
INTOOO?O 
INT00080 
!NT00090 
INTOOI00 
INTOOl10 
INT00120 
II'I't'OO lJO 
II'IT00140 
INT00150 
INTOOt60 
INT00110 
INT001S0 
INT00190 
INT00200 
IN't'00210 
INT00220 
INT002JO 
IN'I'00240 
INT00250 



RE:AD(5,·)ISPl 
IF'(ISPl .£g. 0 ) THEN 

WRITEt6,·) 
WRITE(6.·)' NOT INCLUDE STATICS CASE EJ:TERNAL DEFORMA'TION5 WRI TE (6 •• ). ..------________ • ___ •• __ .... ____ •••••••••••••••• ' 

ENCIF 
[E'( ISPI • EQ. 1 ) THEN 

WRITE(6, "') 
WRITE:(6,·)' STATICS CASE EJ:'1'ERNAL DE:FORMA.TIONS ARE INCLUDED' 
WRI'J'E( IS, -)' .......... --••••••••• - •• --... ---...... --••• --....... ' 

ENCIF 

IF( ISPl • EQ. 1 ) '1'HE:N 
00 49 I·LNDOF 

DISP(I)-5GO(I,2) 
VEL( 1 ).0 
ACC( I ).0 
rORCE:(I ).0 

49 CONTINUE: 
tNDIF 

C--- INPUTI NODE:,IGEN,INC,OP"I'ION,D:I,DT,DZ,RX,RT,RZ 
C 

c 

IF( ISPl .NE. 1 ) THEN 
10 READ (5,·) NODE,IGEN,INC,OPTION,(A(I),I-l,lS) 

IF' (NODE.LE.O) GO TO 500 
! F' (HEAD) THEN 

HEAD-. FALSE. 
WRITE (15.5) TITLE(ll,TITLE(2) 

ENOl F 
WfUTE (6,7) NODE,IGEN,INC,OP"I'10N.(A(I).1-1.6) 

5 FO~T ('1 STRUCTURE •••• I ',1...1 
, SOLUTION ••••• I ',1..,11 

INITIAL ACCELERATIONS, VELOCITIES DISPLACEMENTS 
'AND LOADS 'I , . __ .. -... --_ ..... -....... _ ... _ ... --_ ... -.... ----_._-', 
'.- •• - ...... '/1 

4l1:, 'NODE' ,:ii.l, 'IGEN' ,3.1, ' INC' ,1l1:, 'COMF"ONE;N'T' 
T0I4, 'T:I', 101. 'TY', lOX, 'T3', 

, 101,'RJ[',10X,'RY',10X,'RZ') 
1 FORMAT (2X,3I15.lJ:,A.IP.6G12.n 

C------- DETERMINE IF DISPLACJIIENT. VELOCI'I"T, ACCELERATION OR L.OAD 
IOP"r-O 

c 

IF (TE5T(0P"I'10N,' DISPL',. FALSE.)) THE:N 
10PT-I 'C!SE'I'( IOPT ,I) 

ELSE: IF' (TE6'T(OPTION, 'VEL' ,.FALSE.)) THE:lIl 
IOPT·IBsn (IOP1', 21 

E:LSE IF (TEST(OP"I'ION,'ACC',.FALSE.» THE:N 
IOPT·!BSE."'I'( IOPT, 3) 

E:LSE: IF (TEST(OPTION,'LOA',.FALSE.» THEN 
IOPT-IBSE:'I' (IOPT, 4) 

ELSE: IF (TEST(OP"t'ION, 'FOR', • FALSE:. ») THEN 
IOPT"I BSET (IOPT, 4) 

ELSE IF (TEST(OPTION.·E:NO',.FALSE.» THEN 
GO TO 500 

ELSE 
WRITE (6,·) 'INVALID OMIONI',OPTION 
GO TO 10 

END[r 

C------- onERMINE INTERNAL JOIN'!' NUMBE:R 
20 JOINT·IQUICIt(NODE,ID,NNODE) 

c 

IF (JOINT.LE:.O) THEN 
WRITE (IS,·) 'NODE t, ,NODE, 
, WAS NOT roUND, CHEeI!; INPl1't', INITIAL VALUE IS OMITTED 
GO TO 10 

tHDIF 

C _______ PUT UITIAL VALUES IN PROPER ARRAYS 

c 

DO 30 1-1.6 
IF (A(I).EQ.O) GO TO 30 
II-IDOF(JOIN'!',I) 
IF (8TE:ST(J'l'FU(JOINT) ,1+11» THEN 

WRITE (IS,-) 'CONSTRAINED OOP t',I,' COMPONENT IS 5lUPED' 
ELSE: IF (BTES'l'(IOPT,l» THEN 

DISP(II) .. A{I) 
ELSE IF (BTEST(IOPT,2)) TlIEN 

VEL(II l-A(I) 
ELSE IF' (BrrE5T(IOPT.3)) TlIEN 

ACC(II)·A(I) 
ELSE IF (B'1'E6T(IOPT,4») TliDl 

FORCE:(II)·A(Il 
tNDH' 

30 CONTINUE 

C------- GENE:R.ATE: VALUES AT OTHER NODES 

c 

IF' (IGE:N.GT.O) 'l"HEN 
IGE:N·IGEN-l 
NODE· NODE. I NC 
GO TO 20 

ENDIF 

C----___ LOOP TO READ ADDITIONAL VALUES 
GO TO 10 
ENOIF 

500 CONTINUE 
C I5?1·0 
C 
C---- ___ PRINT OUT NON l.ERO U1ITIAL VALUES 

PLAG· .TRUE. 
00 520 I-l.NOOF 

IF (OISP(l).NE:.O .OR. VE:L(I).NE:.O .OR. ACCCI).NE.O .OR. 
FORCE:(I).NE.O ) THEN 
IF (FLAG) WRITE: (15.510) 
WRITE: (1S,530) I,f'ORCE(ll,DISP(I),'IE:L(I),ACC(I) 
FLAG". FALSE. 

E:NDIF 
520 CONTINUE 

510 FOR/ItAT (/ 15X, 'INITIAl", NON-ZERO VALUES' 1 
, lX.'OCF',7:1, 'FORCE' ,10:1., 'DISP',11J:,'VEL ',llX.'ACC 'J 

530 FORMAT (IIO,4G15.I5) 

RETURN 

",,0 
SUBROUTINE: IN"!'PO{ PERIOD, RSV. NAP, RSHP) 
DII-IENSION' RSNP(2,NAP) CI •• I." _. __ •••••• _ •••• _ .. - ____ ._. __ • __ •• __ •• __ 

C •• I NT ERPORAT I ON OF RESPONSE SPECTRUtII. VALUE 

IF( PERIOD .1.'1'. RSN?(1.1) ) THE:N 
RSY"RSNP( 2 ,1) 
Fi.E:"TURN 

ELSE IF( PERIOD .GT. RSNP(1.,NAP) ) THEN 
RSV-R,SNP(:2,NAP) 

tNDIr 

1-0 
JOO 1·1+1 

J-I+l 

RETURN 

IF( PERIOD .GE:. RSNP(I,I) .AND. PERIOD .LT. RSNP(LJ) ) THEN 
COEr-( RSNP(:2, J)-RSNP(2,I») II RSNP( 1., J) -RSNP( I, I») 
RSY-(PEFl.IoD-RSNP(I,I)-COEF + RSNP(2,1) 

ELSE: IF( PERIOD .GE. RSNPtl,J» THEN 
GO TO 300 

E:NDIF 

INTOO~ISO 
INT00210 
INT00280 
INT00290 
IN'I'00300 
INTOOJ 10 
1NT00320 
INT00330 
INT00340 
INT00350 
1NT00360 
INT00370 
INT00380 
IN"T00390 
[NT00400 
INT00410 
INTCO~ 20 
INT00430 
INTOoHO 
INT00450 
IN'T004l50 
INT00470 
IN'T00490 
INT004S10 
1N'1'00500 
INT00510 
INT00520 
INT005JO 
11'11'00540 
INT00550 
INT00560 
INTOO~70 
INTOO!!90 
INTo0590 
INTOOeiOO 
INT00510 
HlTOolS20 
INT001530 
INT006010 
IN'I'00650 
1NT00660 
INT00510 
INT00680 
INT00690 
INT00700 
INT00710 
11'11'00720 
INT00730 
INTOOHO 
INT00150 
INT00160 
INT00170 
INT00790 
INT00i90 
INT00900 
IHT00910 
IN'1'00820 
INTOOB30 
IN'1'OOB40 
INT009S0 
INT0081S0 
INTOOB70 
INT00880 
INT00890 
INT00900 
INT00910 
INT00920 
INT009JO 
IHT00940 
IN'I'009S0 
INT00960 
INT00970 
IN"I'00980 
urrooSiSIo 
INTOI000 
IN't'01010 
INTOI020 
INTOI030 
IN't'01040 
IN'1'01050 
INTO 1060 
INTOI070 
INT01.080 
INTOI090 
IMT01100 
IN'1'OI110 
11'1'1'01120 
INT01130 
INT01140 
INTOIl50 
INT01160 
INTO III 0 
INTOl180 
INT01190 
IN'!'Ol~OO 
INT01210 
INTOl:il20 
INT01230 
[NTOIJ40 
INTOl250 
INT01260 
INT01270 
INT01290 
INTOI290 
INTOIJOO 
INT01310 
INT01320 
INT01330 
INTOl340 
INT01350 
INT01360 
INT013iO 
INT01l90 
INT01390 
INT01400 
INTOl410 
IN'1'01420 
INTOl0l30 
1HTOOOIO 
INT00020 
INT00030 
INTOCO~O 
IN'1'00050 
INT00060 
INT00070 
IN'1'OOOBO 
INTOOOSIO 
INTOOI00 
HlTOOllO 
INT00120 
INTOOLJO 
INT00140 
INT00150 
IN'1'00150 
INTOo170 
11'1"1'00180 
HI"I'00190 
INT00200 
11'1'1'00210 
11'1"1'00220 
INT00230 
INT002~0 

72 

cc 

RETURN 
'NO 

IN't'002S0 
[NT00260 

INTERSECTION OF TWO LINES IN poINT SLOPE: FOR)l 
DEBUG UNIT(I5),SUBCH'LSU9TRACE: 

•• ••••••••••••••••••• IN'I'00010 
IN't'00020 
INT'OOOJO 
11'1'1'00040 
INT00050 
INT000150 
INT00010 
INT00080 
INT00090 
INTOOIOO 
IN"I'OOllD 
INT00120 
11'1'1"00130 
INT00140 
INT00150 
lNT'00160 
[NTOOliO 
INT00180 
IN"I'00190 
INT00200 
INTOO:illO 

10 

• • 

, 
T 

" Tl 
S1 

" " S2 

8ND DEBUG 
,. X COORDINATE OF INTERSE:CTION 
- Y COORDINATE OF' IN"I'E:R5ECTION 
- X COORDINATE OF LINE 1 
- J COORDINATE OF LINE 1 
• SLOPE OF LINE 1 
• X COORDINATE OF LINE 2. 
• T COORDINATE OF LINE 2 
- SLOPE OF LINE 2 

SUBROUTINE INT5CT (J(, T, 1:1, T 1. 51. 12, T2, 5'2, 
lIoIPLICIT REAL(A-H,O-Z) 
IJIIPLICIT INTEGER(L-N) 
LOGICAL B'I'EST 
IF (S1.NE.52) THEN 

81- rl - 51·n 
82- TJ - S2'"X2 
1-(BI-B2.,/CS2-51) 
'f. ( 81-S2-B2·S 1) / (6J-61 ) 

ELSE INT00:;120 
WRITE: (6,10) Xl.Yl.Sl.X2,n.S2 INT001')0 
FORMAT (/' •••••• ER', 'ROR iN iNTSCT .... ', II, [NT00240 

'51·62, NO 50LN, THUS SET x·y.O.·,1 INT00250 
1(1·',lP,GI5.5,' Tl-·,('15.5.' 51·',(:;15.5/ INTC02.60 
X:Z·',lP.GI5.5,' T2 .. ·.GlS.5.· S:Z-·,GlS.S/J INT002iO 

X-O INToo~eo 
T·O INTOO:Z90 
CALL ERRTRA INT00300 

ENDIF INTOOllO 
WRITE (6,5) Xl.Yl,Sl.al,X:Z.T2,S2,S2.X,T INT00J20 

CC 5 FORKAT (I' 11'1 INTSCT •••• ' ,I INT00330 
CC' 'Xl-',lP,G15.5,' Tl-',GIS.S,' Sl_',G15.S,' St·',GIS.SI INT003~0 
CC' 12-',lP.G15.5,' Y2.',Gl'L5,· s2.',GlS.S,' B2·',G15.S/INTOOJ50 
CC' 1.',lP,G15.5,· T-·,GI5.5/) 11'1"1'00360 

REn'URN INT00370 
END IN"I'00380 

C •• ---•• - ... -----•••• - -- ............... -----.----........... --•• ---... ---••• ---. i QUO 0 0 1 0 
C DEBUG UNIT(6),SUBCHI!;,SU8TRACE IQU000:;10 
C END DEBUG [QU00030 

INTEC;ER FUNCTION IQUICI{{TARGE'I'.ID,N) lQU0004D 
INTE:C;ER'TARGET,ID(N) IQU00050 
t.QGICAL 'C!TEST IQU00060 

IF (ID(l).GT.TARGEn' .OR. ID(N).LT.TARGET ) GO TO 100 
IQUICI{-l 
IF (ID(IQUICK:).E:Q.TARCiE,'T ) RETURN 
ICUICIt"N 
IF (ID(IQUICJ{) .EQ.T .... RGE.'T ) REn'URN 
J.CN.l) 12 
IQuICII:-J' 

10 J- J 12 
IF' (IQUICII:.LT.I) iQUICJ{-1 
IF' (IQUIC~.GT.N) IQUICIt-N 
IF (ID(IQUICII:").~.TARGET) RETURN 
IF (ID(IQUICII:"J .GT.TARGET .AND. J.NE.O) THEN 

IQUICIt- IgUICJ{-J 
GO TO 10 

ELSE IF (ID(IQUICI!;).LT.TARGE."T .AND. J.NE.O) THEN 
1 QUI CK.IQUICK:+J 
GO TO 10 

E:NDIF 

I-KAJ: e IQUICI!;-2. 1 ) 
J.MIN(IH,Nl 
00 20 IQUICIt-I,J,1 
IF (ID(IQUIC~).EQ.TARGEn') 

20 CONTINUE: 

00 30 IQUICIt·l,N 
iF (lD{IQUICIt).E:Q.TARGET) 

30 CONTINUE 

REn'URN 

I~U00070 
IQU00080 
IQU00090 
IQUOOI00 
I",UOOllO 
IQU00120 
lQU00130 
IQU00}40 
IQU001S0 
Io;;JU00160 
1QUOOI10 
IQUOOIBO 
lQU00190 
IQU00200 
IQU00210 
IgUOO:;:;O 
IQUOO:i.JO 
IQU00:;40 
IQU00250 
IQUOO~60 
IQU00210 
lQU002BO 
!QU00290 
lo;;JUOOJOO 
IQU00310 
IQU00J20 
IQUOOJ30 
IQUOOJ4 0 
IgUOOJ5 0 
IQUOOJ60 

100 WRITE: (6,110) TARGE'!'.IQUICK:,1D{IQUICIt) IQU0031 0 
110 FORJoIA1' (. TARGEn'I',I8,' NOT FOUND, LAST 10(',16,')1',18) IQU00380 

IgUICIt-O IQU00390 
RETURN IQU00400 
END IQU00410 

C __ • __ ••• _ ................ ___ ••• _ ... _. __ •• ---. --•••• -_. • ••• ---... --.·--.. • •• -1 50000 1 0 
C DEBUG UN IT (6) ,SU BCHI!;. SUBTRACE 15000020 
C E:ND DE:BUG 15000030 
C 15000040 

SUBROUTINE 160RT(ID,lNDE:l:,N) 15000050 
INTEGER IO(N) 15000050 
INTEGER INOE:lI:(N) 15000010 
r.oG I CAL FLAG 15000080 
LOGICAL BTEST 15000090 
00 10 l-l,N 15000100 

INDE:J:( 1 J.I 15000110 
WRnE: (IS,-) I,INDEJ:(I).ID(I) 1S000120 

10 COtfTINUe; 15000130 

00 30, I-N,2,-1 
FLAG· .TRUE. 
00 20 .1-':2,1 

IF ( ID(INOEX(J».LT.ID(INDEX(J'-l») ) THE:N 
1I:·INDE:I(J) 
INDEX( J)-INOEX( J-l) 
INDE:X(J-l)-I!; 
Ft,AG" • F ALS E. 

ENDIF 
20 COWI'INUE: 

IF' (FLAG) FlE:'I'uFIJIl 
30 CONTINUE 

RETURN 
'NO 

C@PROCESS SooJIIP GOSTJorr IREF 
SUBROUTINE ITE:RS( PI ,T)(){I ,THXJ,TMPX, PT ,TMPXI ,TMPXJ', 

, TJ41I,T)l('JJ,TMPT, TMPTt,TMPTJ,IAFAG 1 

THIS SUBROU'l'INE IS FOR J1JCGING BO:l SECTION S'TRE:NG'1'H CRITERIA 
BASED ON W.F.C·S PAPER 
NOTEI 

PI I CURRE:N'T AI I AI. LOAD 
pT I AlIAL TIE:LDING LOAD CAPACI'rl 
TJoIXI I CURREN'!' I'IOME:N'T IN X 01 RE:CTION AT I END 
TJoIXJ I CURRENT MOMENT IN J( DI RE:CTION AT J END 
TMT I I CURRENT MOMENT IN T 01 RE:CTION AT I END 
TMTJ I CURRENT MOMENT IN 'f DIRE:CTI0N AT J E:ND 
TMPlI: I FULLY PLASTIC MOMENT IN X DIRE:CTION 
TMPY : FULLY PLASTIC MOMENT IN r DIRECTION 
TMPlI:I I CURRENT REDUCED PLASTIC MOME:NT IN J( DIRECTION AT I END 
'l'MPXJ I CURRE:NT REDUCED PLASTIC MOMENT IN X DIRECTION AT J END 
TMPTI I CURRENT REDUCED PLASTIC MOMENT IN ! DIRECTION AT I END 
T~PTJ I CURRENT REQtlCED PLASTIC MOMEN"I' IN Y DIRE:CTION AT J END 
IAFAG 1 FI..AG FOR JUDGING FULLT PLASTIC 5ECTION 

11 MEMBER "I'WO ENDS STILL ,Io,RE NOT FULLT PLASTIC 
21 MEMBER" END 1 S IN FULLT PLASTIC 
31 MEM8E:R B END IS IN FUt.LT Pt.ASTIC 
4 I tll.EMBER A AND B ENOS ARE: IN FULLT PL,II,STIC 

IF( PI .GE:. 0 1 RE."'I'URN 
SP·A8S(PI/PT) 
IF( SP .EO. 0 ) THEN 

RETURN 
ELSE IF( SP .LT. 1 .AND. 

Al-l.i-(SP/LOG (SP») 
ELSE: IFe SF> .GE. I ) THE:N 

51' • GT. C 1 THEN 

IS000140 
15000150 
ISOOOHiO 
15000170 
IS000180 
150001S10 
15000200 
15000210 
15000220 
[50002JO 
15000240 
15000250 
15000260 
15000210 
IS000280 
ITEOOOIO 
ITE00020 
ITEOOOJO 
lTE00040 
ITE00050 
ITE00060 
ITE:00070 
ITE:OOOBO 
ITE00090 
ITE:00I00 
ITEOOllO 
I"I'E00120 
nE:OO 130 
ITE001~0 

1TE00150 
ITEOCHiO 
ITE00170 
IT800180 
1TEOOl9D 
1TE00:;100 
ITE:00210 
ITE:00220 
ITE00230 
ITE00240 
ITE00250 
ITEOO:!60 
1TE002iO 
ITE00260 
ITE00290 
ITEOOlDO 
ITEOO]lO 
I'I'E00320 
ITE:00J30 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C •••• 

• 

1AFAG·' 
RE:"J'URN 

ENDIF 
TMPCJ:I.l • 2· ( l-SP) *'!'MP'I 
IF(ABS(TMPC:lI) .GT. ABS{TMPI») 
TMPCIJ·TMPC'II 
'l'MPCTI-l.2* (l-SP) -T~Pt 
IF(ABS(TMPCtI) .GT. ABS(TIo1PT1) 
TMPCT J-TIo1PC11 
RMXI·ABS('l'taI) 
RMXJ-ABS('l'taJl 
RJII'TI-ABSfTM'TI) 
R)(TJ-ABS(TMTJ) 

IFf IAFAG .EO. 1 ) THEN 
IF( (RMXI/'l'MPCXI) .GE. 1 .OR. (RMTIITMPCTI) .GE. 1 ) 'l'HE:N 

tI EtOl·l 

nE00340 
l'I'E00350 
tTE003150 
l'I'E003"10 
ITEOOJeO 
ITE00190 
ITE00400 
ITE00410 
ITE00420 
1'1'£00430 
1'1'£00440 
1'1'£00450 
1'1'£00460 
I1'E00470 
ITE00480 
ITEOOUO 
ITE00500 

ELSE IF(,RMXI/TJo(PC:lIl .LT. 1 .AND. (RJ(tI/TMPCTIl 
TIE:LDl-(RMXI/'rJo(PCXI)··Al + (R)(JI/TIo1?CTI)··AI 

ENDIF 

• LT. 1 ) THEN I'I'E00510 

IF( (RJoCtJ/TMPCIJ) .GE. 1 .OR. (RM'YJ/TMPCTJ) .GE:. 1 ) THEN 
rIELD::i-l 

ITE00520 
I't'E00530 
1'1'£00540 
I'I'E00550 

ELSE IF( (RMXJ/TMPCIJ) .LT. 1 .AND. (RMTJ/TMPC'!'J) 
!IELD:2-(RMXJ/TMPCXJ)--Al ... (RMlJ/TMPCtJ)UAI 

ENDIF 

• t..T. 1 ) THEN 1'1'£005150 

IF( TIELDI .GE. 1 .AND. TIELD2 .LT. 1 ) THEN 
IAFAG-2 

ELSE Iff YIELDI .LT. 1 .A1-ID. 1'IELD2 .GE. 1 ) THEN 
IAFAG·3 

ELSE IF( tIELDI .GE. 1 .AND. 'l'IELD2 .CE. 1 ) TH~ 
IAFAG·4 

ENDIF 
ELSE IF( IAFAG .EQ. :2 ) THEN 

IF( (RMXJ/THPCIJ) .GE. 1 .OR. (RMTJ/T"'PCtJ) .GE. 1 ) THEN 
TIELD2-1 

ITE005"10 
ITE00580 
1'1'£00590 
I'!'E00I500 
1'1'£001510 
1'1'£001520 
ITE00630 
IT'E00640 
lTE0015S0 
lTE00660 
ITE006"10 
ITE00680 
ITE00690 

ELSE IF«RKlJ/'rMPClI:J) .1..'1'. 
T1 ELD2. (RKlJ/TMPC'IJ) * *"1 

ENDIF 

1 .AND. (RMlJ/TXPCTJ) .LT. 1 ) THEN !TEOOlOO 
+ (RH'fJ/TMpCTJ).*Al IT£001l0 

IF( TIELD2 .GE. 1) THEN 
IAF"G·4 

ENDIF 
ELSE IF( IAFAG • EQ. J ) THEN 

ITEOO"l20 
I'I'EOO"l30 
IT'E00"/40 
ITEOO"l So 

IF( (RMXI/TIoIPCXI) .GE. 1 .OR. (RMlI/TMPCTI) .GE. 1 ) THEN 
l'l'EOO"llSO 
1'1'800"1"10 
nE007eo TI ELDl·1 

ELSE IF«RKlI/TNPC:IIJ .LT. 
YlELDI. (RXlI /TMPCI[) **Al 

ENDIF 
IFr t'IELDl .GE. 1) THEN 

IAFAC·4 
ENDIF 

ENDIF 

RETURN' 
END 
SUBROUTINE 

1 .AND. (RJII'TI/TIIIPClI) .LT. 1 ) THEN ne:00790 
... (RMTII'I'HpC1Il**Al !TEOOeOO 

ITE00910 
t'l'E00620 
ITE00930 
ITE00640 
1'l'E006S0 
ITE00660 
ITE00670 
ITE00880 

• • 

ITERST(PI,Pl,TJG:I,TMlJ,T"'PX, 
1'M'TI,TMTJ,THPT, 
TII,TIT, E,CL,AR,TJ, 
SLItI,SLItT,S'I,8, 
H,IFAG) 

ITE00010 
ITEOOOlO 
ITE00030 
ITE00040 
l'I'E00050 

THIS 5UBRQlJ'I'INE IS FOR JUDGING 60:1 SECTION STABILITT CRITERIA 
BASED ON W.F.C'S PAPER 
NOTEE 

PI I CURRENT AXI AL LOAD 
PT I AXIAL TIELDING LOAD CAPACITT 
TMXI I CURRENT JoIClJIIENT IN I 01 RECTI ON AT I END 
T~J I CURRENT MOJo(E:NT IN :I DIRECTION AT J END 
TMlI I CURRENT MOMENT IN T DIRECTION AT I END 
TM'TJ I CURRENT MOMENT IN t DIREC'T'IOH AT J END 
TMP)( I FULLT Pt.AS'!'IC IClMEN'!' IN It DIRECTION 
THPT I FULLT PLASTIC MOMENT IN '! DIREC't'ION 
TIJ: ,MOMENT OF INERTIA ABOUT X CIREC'rION 
TI'! I MOMENT OF INERTIA ABOUT T 01 RECTI ON 
8 I BOI SECTION 1111 LDTH 
H I BOX SECTION HIGH 
E I ELASTIC MODULUS OF ELASTICITT 
AR I NE:T ~R8A OS BeJ: SECTION 
IFAG I FLAG 01 CRITERIA SATISFIED, 11 CRITERIA .GT. 1 
SLa I SLE.NDERNES5 COE:FFICIENT IN J DIRECTION 
SLItT SLENDERNESS CO~FF'ICIE:N'T IN T DIRECTION 
S:I SECTION J«)OOLUS IN I DIRECTION' ( STRONG AIlS DIRECTION 
J I 'l'ORSIO"'AL RIGIDITT 
VALUEI S"T'''BILIT! CRITERIA FORMULA 

>-1 I UNS't'ABLE, <1 I STABLE 
!-I'l"HEI TTPE OF SECTION 

1 I FOR 801 SECTION 

SItIP TENSION A.l'IIlt LOAD CASE: 
IF( PI .LT. 0 ) RE:"J'URN 

PIC.ASS( PI) 
PII-l.141S9:i5 
FT·PT/AR 
RJ:. 5QR1' (TI'I/"R) 
RT· SQR'!' (TI T I AR) 
TNo\X·SLo.*CL/RX 
TNAT·SLItT-CL/Rl 
TNAC"TtiA'! ISQRT( PI I ·PIl·E/F'T) 
IF( TNAI: .LE. 1. 5 ) THEN 

PN·PT-EJ:P ( -0.419 *TNAC .'1' AllIe ) 
ELSE IF( TNAC .GT. 1.5 ) THEN 

PN-O. 6" - PT / (TNAC*"!'NAC ) 
ENDIF 
PEl. PI I -PI I -S·ARI ( (I5LICX*CL/RJ.) ·-1) 
PET· PI I· PI I - E-AR/ ( (SLICT-CL/RT 1"'" 2 J 

CLACULATE COLUMN LATERAL iJUCJa,ING KI"'ENT 

IF( ASS(TMJI) .GT. ABS(T!G.J) TH~ 
TH1·THJ[J 
1')01.'2·'1')(11 

ELSE IF( ABS(TMJI) .LE. ABS(T)(I.:I'») THEN 
TMl·TJo1XI 
TM2·TMJJ 

ENOIF 
IF ( TJII2 .EQ. 0 ) RETURN 
CiJ.l. 7 S+I. 05-(,'rloll/TM'2) +0. J-(TMIITM2)"'2 
IF( CS .GT. 2.3 ) CS"2.) 
TMR-F'!·SJ 
TLR- 51 000· RT. SQRT ('l'J* AR )/TN:R 
T Lp· 37 5 O. RT- SQRT (TJ* AR) /'l'MPX 
TMCR. 5 1 000 .CS· SQRT (TJ- AR)/ [eL/RT ) 
IF( CL .GT. TLR) THEN 

TJr4NX·TIoICR 
IF(TI'I;NX .GT. (C8*TMR)) THNX-CS-TMR 

ELSE IF (TLP .LT. CL .AND. CL .LT. TLR J THEN 
THNX-CS- (THP)(- (THPI-TIoIR)· ( (CL-TLP) I (TLR-TLP 11) 
n"{THNK .GT. TMPJ:) TMNI·TMP:I 

ELSE IF(CL .L'I'. 't'LP) THEN 
TMlII:I·TMPK 

SNOIF 

CALCULi.'l'E REDUCED PLASTIC MOIIIENT CAPACITT 

SP-ABS( PI /py 1 
Ir(SP .LE:. 0.4) THEN 

""·0.01S 
6B·1 

EL5E IF'(SP ,GT. 0.4) THEN 
.u,·O.15 

ITE000150 
ITE00010 
ITE00080 
lTE00090 
1'1'£00100 
ITE00110 
ITEOOllO 
11'EOOIJO 
ITE00140 
I'l'E00150 
ITE00160 
ITE00170 
lTE00160 
ITE00190 
ITE00200 
ITE00210 
ITE00220 
ITE002JO 
ITE00240 
ITE00250 
ITE002150 
lTE00270 
ITE00260 
ITE00290 
ITE00300 
IT800310 
ITEOOJlO 
ITE00J30 
ITEOOJ40 
ITE00350 
I'T'E003150 
I'l'E00370 
l'I'E00360 
ITE00390 
I't'E00400 
ITE00410 
1'1'800420 
ITEOO4]O 
l'I'E0044 0 
ITE00450 
ITE00460 
ITE00410 
!'rE0046D 
ITE00490 
lTEOOSOO 
ITEOOSI0 
ITE00520 
l'I'E00530 
ITE00540 
ITE005:'0 
1TEOOS60 
ITEOO~10 
ITE00580 
ITE00590 
1'r'E00600 
ITEOOUO 
ITE00620 
ITE006JO 
ITEOOUO 
ITE00650 
ITE00660 
ITE00670 
tTE00690 
lTE00690 
ITE00100 
ITE00710 
ITEOO120 
ITEOODO 
I'I'E00"l40 
ITE00750 
IT EO 0 "lIS 0 
ITEOO"/"/O 
lTE00160 
ITE00190 
ITE00600 
ITE00810 
l"I'E008'20 
ITE00830 
ITE00640 
ITE006S0 
I'I'E00660 
lTE00910 
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B8·2 
ENDIF 
8E:TA.l. 1 -(SP/LOG( SP) j-.u,·'['NAX· (SP) **B6 
IF( S£"1'A .LT. 1.1 )BE't'A·l.l 
TMPCJ.TMNI-( 1-( PIC/PN))· (1-( I. 25*PICI (PEX- (B/H)" (1./3.»» 
IF(TMPCJ: .LT. 0 ) TIIIPCX·O.OS-TIoINX 
TMPCT.TMPt*( 1-( pIC/PN)) - (1-( 1. '2S'"PIC I (PET- (8/H)·· (1./2, ) )) 
IF('I'MPCr .LT. 0 ) THpCT-0.05·'1'IoIPT 
H(ABS(TMlI) .GT. ABS(TM'TJll THEN 

RMl·ABS(TMTI) 
ELSE IF(ABS(TMTI) .LE. ABS('1'MJJ)J THEN 

RJoI;1-ABS(TMTJ) 
E:NDIE' 
fUO.·ASS(TJoI21 

VALUE.(fUO./TMPCI)"B£"1'A + (RMl/TMPCTjUBE."'I'A 
IF( VALUE .GE. 1 1 THEN 

IFAG-l 
ENOIF 

R.E."'1'URN' 
END 

C@PROCE5S SOOJIIP GOSTN't' XREF 
SUBRO\J"1' INE I TERS2 (PI, TIoIXI ,TMlJ, '1'MP1l' , P" ,TMPXI ,TMPlJ, 

, TMTI,TJ4YJ,1MP'!, TMP"I,'1'MP"J,IAFAG) 

THIS SUBROlJ'I'INE 15 FOR JlJOOINC; SOl SECTION STRENGTH CRITERIA 
BASED ON W.F.C'S PAPER 
NOT'EI 

PI I CURRENT AXIAL LOAD 
PT I AXIAL tIELDING LOAD CAF'ACITT 
TMII I CURREN'l' HOMENT IN I DIRECTION AT I END 
TI«J I CURREN't' MOMEN"I' IN X DIRECTION AT ..1 END 
TMTI I CURRENT MOMENT IN '! DIRECTION AT I END 
T"""'J I CURRENT MOMENT IN '! DIRECTION AT J END 
TMPI I f'ULLT F'LASTIC MOMEN't' IN I DIRECTION 
TMPT I F'ULLT PLASTIC I'IDMENT IN T DIRECTION 
TMP:lI I CURREN"I' RE~CEO PLASTIC MOMENT IN I DIRECTIO'" AT I END 
TIoIPIJ I CURREN'!' REDUCED PLASTIC IoIO~ENT IN I DIRECTIO!-l AT J END 
TMPTl I CURREN'!' REDUCED PLAS'TIC MQJIIENT IN ! DIRECTION AT I END 
TIIIPTJ CURREN'!' REDUCED PLASTIC HQJo(ENT IN 1 01 RECTI ON AT J END 
IAF"G FLAG FOR JUOOING FULLT PLASTIC SECTION 

51 HE.Jo1BER TWO ENDS STILL ARE NOT FULLT PLASTIC 
61 JIIE.Jo18ER A END IS IN FULLT PLASTIC 
'I ME.Jo1BER B E"'D IS IN FULLT PLASTIC 
81 M~BER A AND 8 ENDS ARE IN FULL! PLASTIC 

IF( PI .GE. 0 ) RETURN 
Sp·A8S(PI/PT) 
IE'( SP .EQ. 0 ) THEN 

RE."'1'URN 
ELSE H'( SP .LT. 1 .AND. SP .GT. a 1 THEN 

Al·1. 7 -( SP/LOG(SP» 
ELSE IF( SP .GE. 1 ) THEN 

IAFAG"4 
RETURN 

ENDIF 
T!IIP<":lI·l • 4· (l-SP) *TMPX 
IF(ABS(TMPC:lI) .GT. ABS(TMPX1) T)I(PCII-TIIIPX 
TMPCIJ-TMPCXI 
THPCTI-l. 4:- (1-SP)*'rMPr 
IF(A8S(TMPCTll .GT. A9S{TMPT1) THPCTI·TMPT 
TMPCT J-"lo!PCTI 
RMlI·ABS(TM:lI) 
RMl'J·ABS(TMlJ) 
RMTI·ABS(TMTt) 
AMTJ-ABS(TI'I'TJ) 

[F( IAFAG .EQ. 5 ) TH~ 
IF( (RHXI/'!'MPC:II) .GE. 1 .OR. (RJII'TI/TJoIPCTI) .GE. 1 ) THEN 

TI ELD1·1 

r1'E00860 
rTE00690 
ITE00900 
ITE00910 
ITE00920 
ITE00930 
I'l'E00940 
rTE009S0 
ITE0091S0 
ITE00970 
[TE00980 
ITE00990 
ITEOI000 
1TEOI010 
ITE010:20 
ITEOI030 
rTEOI040 
!'I'EOI050 
lTEOI060 
ITEOI010 
ITEOI060 
ITE01090 
I'l'E00010 
I'l'E00020 
ITEOOOJO 
1'1'£00040 
ITE00050 
1'1'£00060 
ITE00010 
['l'E00080 
ITE00090 
1'1'£00100 
ITEOOllO 
1'1'£00120 
ITE00130 
ITEOOHO 
ITE001SO 
ITE00160 
ITE:00170 
ITE00180 
I'TE00190 
ITE00200 
ITE00210 
ITE00220 
IT£002JO 
ITE00240 
1'1'£00250 
ITE002i50 
ITE00210 
ITE00260 
ITE00290 
ITEOOJOO 
1TE00310 
ITEoono 
l'1'E003JO 
11'£00)40 
l'TEoOJSo 
ITE00360 
ITE00370 
ITEOOJ80 
ITEOO)90 
ITE00400 
ITE00410 
ITE004:;0 
ITE0043D 
ITEOOUO 
ITE00450 
ITEOOHO 
ITE00470 
ITE00480 
ITE00490 
ITEOOSOO 

E:LSE IF«(RMXI/""'PC'II) • LT. 1 .AND. (RJoIlI/TIIIPCTI) 
TIEL01 .. (RMXI/'!'IIIPC'II)··A1 ... (RMTI/TMPC1Il·""'1 

eNDIF 

.LT. 1 1 THEN ITE00510 
I'TEOOS40 

IF( (RMlJ/TJllpeXJ) .GE. 1 .OR. (RMTJ/T"'PCTJ) .GE. 1 ) THEN 
TIELD2-1 

ITEOOS30 
IT'E00S40 
ITE00550 

ELSE IF(RXIJ/T)I(PCIJ) .LT. 1 .AND. (RMTJ/TMPCTJ) 
UE:LD'2-(IU«J/TIIIPCXJ)"AI + (RMTJ/THPCTJ)""l 

ENDIF 

IF( TIELOI .GE. 
IAFAG·6 

ELSE IF( TIELDI 
IAFAG-J 

ELSE IF ( TI ELOI 
JAFAG-8 

E:NOIF 

ENDIF 

1 .~D. TIEL02 .LT. 1 ) THEN 

.1..'1'. 1 .MD. UELD2 .GE. 1 ) THEN 

.GE. 1 • MD. TI ELD2 .GE. 1 ) THEN 

.LT. 1 ) THEN I'I'E00560 
l'I'E005,0 
ITEOOS90 
ITEOOS90 
ITE001500 
ITE001510 
ITE001520 
1TE.001530 
ITE00640 
ITE006S0 
1TE00660 
ITE006'0 
1'1'£00680 
l'I'E00690 

RETURN I1'E00700 
END ITEOO1l0 

C---._-... - .................. -_ •• - ........ - •• ---.--•••••••• - ••••••••••••••••• ..101 0 00 1 0 
C DEBUG UNIT(15),6'UBCHIt,SUBTRACE ..10100020 
C END DEBUG ..10100030 

c 

SUBROUTINE JOlo&P(IOPT, MUNOD, HOOF, HNODE, NLOAO,NCIN,N'F, 10, I toF, JOI00040 
Ii CONST, DISP, TITLE, NAME, STEPI 0, HE.AD, NCOS. COSINE, ..]TCOS, J'l'FLG) Jor 00050 

CONKIN /ISPEe/ ISP1.SGD{3000,4),REACF{6) Jot00060 
DIMENSION l[XIF(MAXfoIOD,6) ,CONST (MAXNOD,I5) , J'J'FLG(MAXNOD) JOI00070 
DI"'ENSION DISP(NDClF,NLOAD) JOI00080 
OIMEN5IOPl ID(HAlNOD) JOI00090 
DIMENSION D{ 15),G f 6) ,COSINE( 3 ,J,NCOS) ,JTCOS( MAJ(NOD) JOI 00 100 
CHARACTER.(*) ,[,ITtE(2),STEPIO,NAJoIE JOIOOIIO 
CHARACTER*15 CD(6) JOI00120 
CHARACTER*60 EQUAL JOIOO 1 30 
t.OCICAL HEAD,FLAG,B"!'EST ..10100140 
INTEGER OOF JOI00150 
DATA EQUAL JOI00160 

, I ' •••• _____ • __ •• __ ......................... ___ • __ ._ ... __ ••• ----- ' / Jar 00 17 0 

NLEN.MIN( LEN (HAJltE 1 + 1, 60) 
tlC-l 

C··--· .. -.... ··--············--·-.. 

J0100190 
,JOIOOI90 
JOI00200 
..10100210 
..101002'20 
..10100230 
JOIOO:;40 
JOI00:1S0 
JOI00260 
JOI00210 
JOI002BO 

C· LOOP FOR E:ACH LOAD CASE .--C········· .. · .. -··--.. ···········-
C 

DO 300 L-I,NLOAD 
~OSPLS"O 

IF (.NOT.(NCOS.EQ.1 .AND. COSINE(l,I,I).EQ.l .AND. 
COSINE(:2,2,l).EQ.l .AND. COSINE(J,3,1).EQ.l ) 

.AND. IOM.EQ •• ) GO TO 210 

C·······--·······--·············· C· PRINT GLOBAL DISPLACEMEN'I'S ••• 

c 

NOTErDISP MAt CONTAIN DISPLACEMENTS, VELOCITIES, ACCELERATIONS OR 
EICENVI\LUt:S ••• 
ALL OF WHICH ARE PRINTED OUT AT EACH "'ODE •••• 

IF (HEAD) NRITE (6,310) TITLE:(l),T1TLE(2) 
IF (10PT.NE.:n NRITE (15,315) NAJltE,r..,STEPID,EQUAL(lINLEN) 
IF (IOPT.EQ.2) NRITE (6,415) NA)lE, EQUAL{1INLE:N) 
DO 100 l-l,NNODE 

C •••••••••••• TRMSFER DISPL TO LOCAL VEC'TOR 
00 20 ..1-1,6 

!J·IooF( I ,J) 
20 D(J)-DISP(IJ,L} 

JOI00290 
JOICO]OO 
JOI00310 
JOI00320 
JOIOOJJO 
.:10100)40 

. JOI003S0 
JOI00J60 
JOI003'0 
JOI00360 
JOI00390 
JOI00400 
JOI00410 
JOI00420 
JOIOOOO 
..10100440 
JOI004 SO 
JOI00460 
..1010000 
JOI00490 
JOI00490 



C ............... DD RO"!'M'IONS TO OISPL FOR CONSTRAIN'I'S JOI00500 
JOr00510 
JOI00520 
J'01005JO 
J'0100540 
J'0100550 
J'01005150 
.]0100570 
JOI00'580 
JOI00'590 
..JOI00600 
..JOI00610 
..JOI00620 
..JOI00630 
..JOI006~0 

';0100650 
JOI001560 
JOI001570 
JOI00680 
..J0[001590 
JOI00100 
JOI00110 
JOI00120 
JOI007)0 
JOI00740 
JOI00750 
JOIOOHiO 
JOI00110 
';0100180 
JO[00190 
JOI00600 
JOI00610 
JOI00620 
JOI008JO 
JOI00840 
JOI00850 
JOI009150 
JOI00&10 
JOI00880 
JOI00690 
JOI00900 
JOI00910 
JOI00910 
JOI009)0 
JOI00940 
JOI00950 
JOI009150 
JOI00970 
JOI00990 
JOI00990 
,,]0101000 
JOIOI010 
JOIOI020 
JOIOI030 
JOIOI040 
JOIOI050 
JOIOI0150 
JOIOI070 
JOIOI080 
JOIOI090 
JOIOII00 
JOIO lLIO 
JOI01120 
JOI01130 
JOI01140 
.10101150 
JOI01160 
.10101170 
.10101180 
JOI01190 
JOIOl:;;OO 
JOI01210 
JOI01:;;:;Z0 
JOI01:ll)0 
JOI01'240 
JOI01250 

C •••••••••••• IF UNCONSTRAINED, CON5'T(I,J)-O 

c 

C(l) • 0(1) ... O(5).CONS'I'(I,J) -+ D(6)"CONST(I,'S) 
D{::!:) • 0(2) -+ D(4)"CONST(I,I) oj. D(I5)·CONS'l'(1.6) 
D(J) • D(J) .. D(4)-CON6'T(L2) oj. D(5)·CONS'l'(I.4) 

C •••••••••••• TR.MSF'ER TO GLOBAL DISPLACeMENTS 
JCOS • .rrCOS( I) 

c 

00 25 Il·1, J 
12·11"'3 
G(I 1 )"0 
G(I::I: )·0 
00 15 Jl-1,3 

J2·J1-+3 
G( I 1 J·O( 11) -+COSINE( Jl, I 1. JCOS) .D( Jl) 
G( 12 )·G( I:;;) -+COSINE( Jl, I l, JCOS) -D( J2) 

C ............ WRI'l'E DISPI.. 

c 

JO , 

'" 

00 30 J-l,15 
WRITE (CD(J) ,9) G(J) 

F'ORMAT (lP,GI4.6,' 'J 
r WRITE (6,420) ID(I),(CD(IIt).IIt-l,6) 

IF( ISPI .EQ. '2 ) TH~ 
00 )99 It-I, 15 

SGD( ID( I), 1t)"G(It) 
ENOIF 

NDSPLS'" NDSPLS+l 
100 CON"I'!NUE 

IF (NCOS.EQ.l .AND. COSINE(l.l.l).EQ.l .AND. COSINE(:I,J,I).EQ.l 
, .AND. COSINE(),),I) .EQ.l J GO TO 100 

C- .. ••••••••••• .. ·······-········· C· ",RINT JOIN'!' DISPLACEME:N'I'S .... 

C NOTEIDISP)(AT CONTAIN DISPLACEJI4EN'l'S. VELOCI'I'IES, ACCELERATIONS OR 
C EIGENVALUES ••• 
C ALL OF WHICH ARE PRINTED OUT AT EACH NODE, ••• 
C 

2[0 

c 

IF' (HEAD.ANO. NOS"LS.GT.20) WRITE (6,JI0) TI'I'LE(I),TITLE(2) 
IF (IOP'T.NE.2) WRnE (15,3115) NNoI'E,L,S'l'EPID,EQUAL(IINLEN) 
IF (IOPT.E(I.2) WRITE (!!i.4115) NNoI'E, EQUIr.L(IINLEN) 
00 ::1:00 1-l,NNOOE 

C •••••••••••• TRANSF'ER GLOBAL DISPI.. TO LOCAL VECTOR 
00 219 J .. l,6 

IJ·lOOF(I.J) 
2[' D( J)·OISP(IJ ,I..) 

c 
C •••••••••••• ADD ROTATIONS TO DISPL FOR CONS'l'RAINTS 
C •••••••••••• IF UNCONSTRAINED, COHS'I'CI,J)·O 

c 

0(1) • 0(1) .. 0(5)"CONS'l'(I.3) .. D(6PCONS'l'(1.5) 
0(2) • 0(2) -+ D(4)-CONS'I'(I.l) -+ 0(15)-CONS'!'(I,6) 
0(,)) - D(3) -+ D(4)-CONS'!'(I,2) .. 0(5)-CONS'!'(I,4) 

C •••••••••••• WRITE OISPL 

130 

," 

00 2]0 J-l, IS 
WRITE (CD(J) ,!;j D(J) 
IJ-lOOF(I,J) 
IF (IJ.GT.NF) CD{J)(15115)·'·' 

WRITE (15,2'21) ID{I), (CD(II:) ,1I:·l,6) ,J'I'COS{I) 

IF'( ISPI .Ee. 2 ) THEN 
00 388 ,;.1,6 

SGD( ID( I) ,II:)-D( 11:) 
ENoIF 

:ZOO CONTINUE 
WRITE (6,320) 

)00 CON'!'INUE 

RE:TURN 

10 FORMAT (lP.G15.7) JOIOI2150 
:;;20 FORMAT (SI.,IS,6A) .10101270 
2:;;1 FORMAT (SX,15,6A,IlOJ JOI01'280 
310 FORMAT ('1 S'l'RUCTURE •••• 1 ',"'-,I JOI01290 

Ii 'SOLIJ't'ION •••• .1 ',A) JOIOl)OO 
Jl5 E'ORMAT (1/ .10101310 

Ii 2X, 'GCS ',A,', LOADING ,',15,51',1., / JOI01)20 
Ii lX,'.---.',A// JOIOl))O 
Ii Ii.l, 'NODE', 7X. 'OJ.', 131., 'Of', 131, 'DI', 1)1,' R.I', 13X, I RY', 131, 'R~' I)JOIOI340 

3115 F'ORMAT (II JOI01350 
, 2:1, 'Jes '.A,', LOADING ,',15,51.1., I JOI01360 
Ii 11,' •• _··',AII JOIOl370 
Ii 151.' NODE', 11,' DZ', 1 ]X, 'Df', 13X, 'DZ' ,11X,' g'. Ill,' RI' ,131, ' RZ', JOI01380 
Ii 151.' COSINE t'/) JOI01390 

415 FORMAT (1/ .10101400 
Ii 'lx, 'GCS ' ,AI JOIOI410 
Ii 1'1.,'-••• ·',11.1 JOI01420 
Ii 25Z. 'NOTEI MAXlMUloI VALUES )ot,U NOT OCCUR SIMULTANEOUSLY'/I JOIOI00 
Ii 6X, 'NODE', 71,' OJ[' ,131,' D'!', 13'1, 'DI' .13:1,' R.I' ,1)X,' RI' ,lJ.I, 'R'Z'I )JOIOI440 

416 FORJrrtAT (II JOI014S0 
Ii 21'. 'J'es ',AI JOIOH150 

11:,' •••• ·',1.1 JOI01470 
, 25I, 'NO"!'Er MA.lIJlfUM VALUES J4AT NO"!' OCCUR SIMUI..TANOOUSLY'II JOI01480 
, 151,'NODE',1X.'DX',IJX,'OI',111.'D'a',13:1.,'RI',13X,'RT',13X.'RZ', JOI01490 
Ii I5I.' COSINE t·/) JOI01500 

]20 FORMAT (41,'NOTEI .. DENOTES A RESTRAINED DEGREE OF' FREECOM') JOIOl')10 
JOIOl:,20 

END JOI01530 
C •• _.-•••• • .............. _·· •• •••• •• •• •••• - ......... - ............. - ••••••• - •••• _. JOI 0 0 0 1 0 
C DEBUG UNIT(I5) ,'t'RACE,SUBCHIt,INIT,5UBTRACE: JOI00020 
e END DEBUG JOI00030 
C ..... -· ... ·-••••• _ ............ _ ................ _ ... - .... --... _ ••• _- ••••• -_··· .. _··· .. ·JOI 0 0 0 4 0 

SUBROUTINE: J'OILOA(BUG,MAXNOD,NCOF, NNODE. N.r"oAD,NF, 10, looF ,eONST, JOI00050 
, FORCE, DSPFLG,J't'FLG,'l'ITLE,HEAD) JOI00060 

DIMENSION I ooF(KA.J:NOD, 6) ,CON6'T(MAXNOO,6) ,FORCEtNCOF.NLOAD) JOI00010 
DIMENSION I D(M.UNOD), JTFLG( MAlI:NOD) .10100080 
CHARACTER.C-) TI'l'LE:(OIl JOI00090 
CHARACTER-4 OIR .10100100 
CHARACTER-I CICI5) JOIOOI10 
CHARACTER-'25 SUP'T JOIOOl'20 
CHARACTER-18 00F' JOI00130 
CHARACTER-U F(6) JOI00140 
LOGICAL DSPF'LG,FIRST,BUC,HEAO J'0100150 
LOGICAL BTES'f JOI00160 
LOAD-I JOI00110 
F'IRST ·.TRUE. JOI00180 
DSPFLG·. F'ALSE. .10100190 

5 FORJoO.T ('1 STRUCTURE •••• I ',,,", I JOI00'200 
, 'SOLUTION ••••• I .1.,/) JOI00210 

6 FORMAT (' AP .. LIED JOINT LO ... D5', / JOI002JO 
iii ' •••••••••••••• - ..... -.', I) .10100230 

c 
C·· .. • .. _· ....... ·- ....... •• .. •• 

JOI00240 
JOI002'S0 
JOI00'2150 
,10100210 
JOI00260 
JOI00290 
JOI00300 
JOI00310 
JOIOOJ'20 
.10100330 
JOI00340 
.lOI00350 
JOI00360 
JOI00370 
JOI00380 

C. IN"UT LOADING DATA ... C···· .... ·•·· .. ······_·_ ...... 

c 

10 READ (5,11) LOAD,JOINT,J'l'GEN,J'I'INC,oIR,VALUE 
IF' (INOEX(DIR,'END').NE.O) GO TO 100 

15 COF·' , 
IF (FIRS'l') THEN 

ENDIF 

IF' (KEAD) WRITE (6,5) TITLE(l).TITLE(2) 
WRITE (15,15) 
FI RS'!' •• FALSE. 

C----___ CHECP;: FO~ A VALID JOINT NUJI4B€R ••• 
IF (JOIN't'.LT.IO(I) .OR. JOINT.G'l'.ID(NNOOE) ) THEN 

74 

WRITE (15,21) LOAD 
GO TO 10 

ENOIF 

..JOIOOJ90 
,10100400 
JOI00410 
JOI00420 

,]. IQUICIIt( JOI NT, 1 0, NNODE) ,101004 J 0 
SUM.' , JOI00440 

C .10100450 
C --___________ --- __ ------ --------------- -- ---- - --- - ----- --- -- - - -- ----- --J01 00 4 60 
C------- PUT ~ LO .... D ON A JOIN'!' JOI0000 
C NOTES I - IX, n, IZ, MX, MT AND ~ ARE THE COF THAT THE LOADS fiRE .10100490 
C -,PPLIED TO. J0100490 
C - THE MOMENTS RESULTING FROM n, FI AND F~ ARE DUE TO JOI00500 
C CONSTRlt.INTS. If A NODE IS NOT CONS'l'RAINED, THEN THE V~UE .10100510 
C OF CONS'l' IS nRC... JOI005:;;0 
C - LOADS APPLIED TO RES'!'Rlr.INEo ooF ... RE INTERPERATED AS JOI00530 
C SUPPORT' DISPLACEMENTS. lEI SUP»ORT SETTELM'ENT OR JOI00540 
C DISPLACEJI4E:N'T CONTROLL..... JOI00550 Coo ______________________________________________ - - - - - __ - -- - - - - - - -- -- -- - -JO I 0 0 5 60 

IF (INDEX(DIR,'F'l').NE.Ol THEN JOIOO'S70 
U.lCOF'CJ,l) .10100580 
FORCE (IX. LOAD) - FORCE( n:, LOAD) +VALUE JOI 00 590 
IE' ( BTES'l'(JTFLG(J) ,12) ) THEN J0100600 

MY-lOOF(.1,5) JOI00610 
FORCE( MT .LOAO)·f"ORCE(Kf, LOAD) "VALUE-CONS'I'( J, J) JOI0015::1:0 
,",Z-IOOF(J.6) .10100630 
FORCE(H2I, LOAD) ·FORCE(M2I, LOAD) ... vALUE-CONST (.1,5) .101001540 
Ioi'RITE (COF,J5) IX,MT,MZ JOI001550 

ELSE JOI006150 
WRITE (COF',3'S) IX JOI00610 

ENOIF JOI00680 
IE' (IX.GT.Nf") THEN JOI00690 

OS"E'LG •• TRUE. .10100700 
SU~.' ••• JOIN'l' DISPLACEMENT ••• ' ,10100710 

ENDIE' ,10100720 
ELSE IF' (INDEI(DIR,'Ff').NE.O) '['HEN JOI001JO 

I!.IOOF(J,2) ,10100140 
FORCE( n, ['oAD)-FORCE( T!, LOAD) "'VALUE .10100750 
IF (8TES'I'(JTF'LG(J).13)1 THEN JOI007150 

!(X.looF(J,4) JOI00770 
FORCE (JrOI:, LoAD)· F'ORC E( KI, LOAD) -+vALUE-CONS'l' (J, 1) Jot 001 80 
1r421-1ooF'(J,6) JOI00190 
rORCE (MZ, LOAD) ·FORCE ()liZ, LOAD) "VA!"UE*CONST (.1,6) JOI00800 
WRITE (DOF,35) IT.Ml:,M'a JOIOOBIO 

ELSE .10100620 
WRITE: (OOF,35) IT .10100830 

ENDIF' JOI00840 
IF (IT.GT.NF) THEN JOI00950 

05PFI..G- .TRUe:. .101008150 
SUPT.' ••• .1OI~ OISPLACOlENT ••• ' JOI00970 

ENOIF JOI00890 
ELSE IF (INDEI(DIR, 'F2I').NE.O) THEN .10100890 

JZ:.lDOF(J,J) ;10100900 
fQFOCE( JZ,LOAD)·FORCEC JZ ,LOAD)"'VA!rUE JOI00910 
IF (BTE:S'!'(JTFLG(J),14» THEtJ JOI00920 

MX.looF(J, 4) JOI00930 
FORCE(MI, LQAD)·F'ORCE{MX, LOAD) .. VALUE-CONST (J, 2) JOI00940 
Kf-IooE'(J.5J JOI00950 
FORCE( I(Y ,LQAD)-FORCE(MT ,LOAD)+VALUE-CONST (J, 4) ,101009150 
WRITE (00F',J5) J2I.I(I,,," JOI00910 

ELSE JOI00980 
WRITE (OOF,35) .121 JOI00990 

ENDIF JOIOI000 
IF (J2I,GT.NF) THe:N JOIOI010 

DSPFU •• TRUE. .10101020 
SUP'!'-' ••• JOINT DISPI..A.CEHENT ••• ' JOIOI030 

ENDIF JOIOI0~0 
ELSE IF (INDEJ:(DIR, '1'4%') .NE.O) THEN" JOI01050 

1Q.ICOF(J,4) .10101060 
F'ORCE( MX. LOAD).FORCE(MX,l..OAD) .. VA!"UE .10101010 
WRITE (ooF,J5) IrQ[ .10101080 
IF (JrOI:.GT.NF) THEN JOIOI090 

OSPFLG •• TRUE. .10101100 
SUPT.' ••• JOINT DtSPLACE)IIEN1' ••• ' JOI01110 

EHDIF' JOI01120 
ELSE IF (INDEX(DIR,'MY').NE.O) THE:N ,1OIOllJO 

Hl'.looF(J,5) JOI01140 
FORCE (MY ,LOAD)·FORCE(M'T ,LOAD) .. VALUE: JOIO ll50 
WRITE (OOF',35) MY JOI01160 
IF (MT.G1'.NF) THEN JOI01170 

DSPE'LG •• TRUE. JOI01180 
SUPT.' ••• JOINT DISPLACEMENT ••• ' JOIOl190 

SNDIF' JOI01200 
ELSE IF (INDE:J:(DIR, 'MZ') .NE.O) THEN JOI01210 

MZ.lOOF'{J,I5) JOI01220 
FO~E( 1013, LOAD)-FORCE(MZ, LOAD1-+VALUE JOIOI2)0 
WRITE (OOF,35) MI .10101240 
IF (MZ,GT.NF) 't'HE:N ,10101:150 

05PFLG· .TRUE. JOI01'2150 
SUP'l".' ••• JOINT OISPLACE:ME:N'T ••• ' .lOI01410 

E:NDIF JOI01280 
ELSE JOIO 1:190 

WR.ITE (15,20) JOINT,DIR,VA,LUE: JOIOlJOO 
ENDIF' ,10101110 
WRI'!'E (15,30) LOAD,JOIN'l',DIR,DOF,VALUE,SUP'I' JOI01320 
IF (JTGEH.GT.O) THEN JOIOllJQ 

JTGEN-J'1'GE:N-l JOIOll40 
.1OINT-JOIN't' .. JTINC JOI01350 
GO 't'0 1S JOI013150 

ENDt F JOIOIJ10 
GO TO lO JOI01380 

JOI01390 
20 FORMA'!' C' INVALID JOIWI' LOAD ••• ',15,2X.A.2X.H',Gl~.I5, 

, '--- LOAD IS SII:IPPED') 
21 FOR)(,I.T (' INVALID LOAD CASE ••• ',115, 

, '--- LOAD IS SItIPPED') 
30 FORMAT C' t.QADCASEI',I3,· JOIN'TI'.Ii5,' DIRiECTIONI ',A, 

Ii 'OOF(S)' ,A,' H.ACiNITUOEI' ,lP,GU .6,::I:I,A) 
)5 F'ORMAT (IS. I, " ',IS. I. " ',15) 

c 
C-~----- RETURN IF NO JOINT LOADS ""ERE IN"UT 

100 IF (F'IRS'l') RETURN 

JOIOHOO 
JOIOHI0 
JOI01420 
.10101430 
.10101440 
JOI01450 
JOI01460 
JOI01470 
JOI01480 
JOI01490 
J0101500 
JOI01510 
JOI01520 
JOI01530 
,10101540 
.10101550 
JOI015150 
JOI01570 
JOI015BO 
JOI01590 
JOIOl1500 
JOI0iSlO 
JOI01620 
JOIOl6)0 
JOIOHi~O 
.101011550 
,101011560 
,JOI01670 
JOI01690 
JOIOl1590 
JOI01100 
JOIoli to 
JOI0li20 
JOIOl1JO 
,10101740 
,10101750 
JOI017150 
JOI01770 
JOI01780 
,10101190 
.10101800 

IF (.NO'I'.eUG) RETURN c------- PRINT JOINT LOADS ON EACH OOF 
N5·NOOF"S 

lIO 

00 1::1:0 L-l,NLOAD 
IF (HEAD) WRnE (6,5 ) TITLE(I),TITLE(2) 
WRITE (6, l30) L 
00 120 1·1.N5,5 
I 5.MIN{ (IH), NooF) 
00 110 J-I,15 

~-J-I .. l 
CX(II"·' , 
IF (J.GT.NF) Cltlt)·'*' 
WRITE (6,140) (J,F'ORCE(J,L.) ,CI(J-I"'I) ,J·I ,15) 

120 CONTINUE 

130 FORMAT ( ...... PLIED JOINT LOAOS, LOADING j',I5,10X, 
, • NOTE: - DENOTES SU"PORT 01 SPLACEMENT' I 
, • - _ ................... _. 'II 
Ii 51,5(' COF',1X,'LOAD ')/) 

140 FORMAT (5I,5(OP,15,lP,GH.I5,A) ) 

00 220 L .. l,NLOAD 
IF' (HEAD) WFHTE (6,5 ) TITLE(l),'1'!TLE(:I) 
WRITE (15,200) L 
00 220 l·l,NNOOE 
00 210 J·l.15 

CX(J)'" , 
IF' (8TES'f'(JTFLG(I),J+l1)) THEN 

FtJ)'" , 
ELSE 



210 

!(·IooF(I,J) 
WRITE (F(J),240) FORCE(I{,L) 
IF (!C.GT.NF') CI.(J)·'·' 

ENDIF 
CONTINUE 
WRITE: (6,2JO) ID(I).(F(Jl.C:I(J).J·1.6J 

220 CONTINUE 

J'01 0 11310 
J'OI01820 
J'OI01830 
JOI01840 
J0101850 
J'o101860 
J'OIOI8"10 
J'0101880 

200 FORMAT t' APPLIE:D JOIN"!' U)AOS. LOADrNG ",15,10'1, J'010I8;O 
, 'N01'E:1 • DE:NO'I'ES SUPPQR1' DISP'LACE:ME:N'I"I J'OI01900 
, ••••••••••• ---.......... 'II J'OIOISll.O 
, 61:, 'NODE', 71., 'F'I' ,13:1, 'FT' ,13:1, 'F'Z.' ,Ll'l", '100' ,13:1, 'MY' ,13.1, ',",Z'/)JOIOI940 

~JO FORMAT (51{.I5,1:2A ) JOIOl930 
~40 FORHAT (lP,G14.6) JOIOl940 

RETURN 
END 

- IO(IN - CALCULATES STIFFNESS BASED ON ox AND Of 
OE:BUG UNIT(6) ,SUI!ICHP!:,S1JBTRACE 
END DEBUG 

""'N DD • CHANGE: IN 01 SPLACMEN1' 
DP • CHANGE: IN LOAD 
SI • MAXIMUN MD DEFULT STIPFNESS 
REAL FUNCTION 04IN(DD,OP,SI) 
LOGICAL BTE:S'I' 

IF «DD.OP).GT. 0.00) THEN 
10HN·MIN( (DP/DD), 51) 

JOIOl950 
JOIOl9fSO 
JOI01910 

., •••••••••••••••••• JOoIIOOOIO 
JOoII00020 
IQCI00030 
JOoII00040 
10(100050 
lOCIOOOISO 
IOCI00070 
1OC100080 
IOCIOOO;O 
JO(100100 
104100110 

ELSE 104100120 
IOCIN-SI 10(100130 

ENDIF 10(100140 
RE"I'URN IOU 00 150 
END I00I100160 

Coo ................ _ ......... - ____ • ____ ................... -- •••• - --....... -·-"-···Ll NOOO 10 

C DEBUG UNIT (6) ,SU8CHK. SUBTRACE, INIT LIHOOC20 
C END DEBUG LIN00030 

SUBROUTINE LIN'ACC ( 10PT. BUG, OT, TO, TF, T, THE1'A, NENKDY , LIN00040 
, Ll.L2, LJ, L4, L5. L6, IMQMAS. 1"'0, 1 ... 05, IMDItG,NOOF ,NFREE, LIN00050 
, ICGLOAD, ICG FORM , LIN00060 
, A ,v ,D ,P LIN00070 
, DA ,DV ,DD ,DP ,\!fORK, loIN00080 
, MASS ,MDMAS6,DAMP ,S'I'IFF .MD L1N00090 
i ItG ,M.O~ ,ACC ,GRAY , LIN'00100 
i 5 ,)I(OS ,g ,R ,PBAR, LIN'OOIIO 
i fOAMP, F)r(ASS,CO ,Cl ,C2 ,C3 ,C4 ,CS ,CIS,ALPHA, BE"I'~,C10,Cll,A80RT) LIN00120 

IN'TEGER FDA./IIP,FMASS LIN'OOIJO 
REAL KASS,ItG LIN'00140 
LOGICAL BUG,HEWKDY,BTE6'T,ABORT LINOOlSO 
DIMENSION A( NooF) ,V (NooF) ,D( NOOF) ,OA (N'OOF) , CV( HOOF) ,DD( NOOF) LINOO 160 
DIMENSION' P (NOOF) ,OP (N'ooF) ,OUIOl:T ( I 1 ,I DUM)(! ( I ) ,NORIt{ 2·NooF) LINOO 17 0 
DU4ENSIDN PBAR{L3IL4) ,Q(LJIL4). R(LJIL4) 'LINOOI90 
DIMENSION MDM.1tSS(NOOF+I) ,MASS( U4DMAS) LIN00190 
DIMENSION'MOItG(NooF+l) ,ItG(IMDltG) LINOO.OO 
DIMENSION JoID(NIXIF+I) ,STIFF(IMD) loINOO.10 
OIJolEN'SION ~D5(NooF+l) ,S(I~OSl ,D.t.MP(3) loINOO •• O 

LINOO.30 
GO TO (100,200,300) lOP'!' loINOO:UO 

C LINOO:il50 
C-- ....... - ........... --••• ••••• LIN00260 
C- INITIALIZE vALUE:S ••• LIN002"10 
C"' ...... --.---.. • ....... -· •• - LINOO:aBO 

100 CO~TINlJE LIN00290 
ALPHA.DAMP( 1) LINOOJOO 
BE:TA .CAMP{2) LIN00310 
CO.3."ALPHA!eT 1- 6./{eT"2) LIN00320 
Cl.1.0/(1 ... 3."BE"I.'A/0T) LIN00)30 
C2.CO.Cl . LIN00340 
C3-ALPHA-C2"BETA t.IN00350 
C4"6./m LINOOJ60 
CS.OTI2. LINOOJ70 
C6.0. LINOOJBO 
C 10·3 ./rtr LINOOJ90 
Cll .. 6./(M .... 2) LIN00400 
IF (BlJG) WFU1'E: (6,101) ALPHA.BE'rA,CO,Cl.C2,C3,C4,CS,C6.CIO,CI1 loINOOUO 

101 FORMAT (IP, LIN00420 
,"' LINACCI ALPHA.',Gl •• S,' BETA-',Gl::!.5.' cO·',ca •. 5,' Cl-'.G12.S/LIN00430 
i'LINACCI C2"',GI2.S,' C3"",GI::!.S,' C4-',G12.5,' C5-',G12.S/LINOO<u0 
i'LUlACC. clS·',GI2.S,' eIO·',GI:I.S,' Cll·',Gl •• 5) LIN004S0 

C LIN00460 
C •• ··-•• DEVELOP SIClLINE OF DYNAMIC STIFFNESS (S) LIN00470 
c ....... JlCDS(I) • ADDRESS OF DYNAMIC STIFF. MAIN DIAGONAL 'I'EIUt: ROW 1 LIN00480 
C ••••••• JlCD{I) • ADDRESS OF STI FFNESS MAIN DIAGONAL TERM ROW I LINOOnO 
C ....... MDMAS{I) • ADDRESS OF MA.SS MAIN DIAGONAL TERM ROil I LIN00500 
C ••••••• MOI{GCI) - ADDRESS OF GEO~E.'TRIC STIFF. MAIN DIAGONAL TEIUt: ROW ILIN00510 
C LIN00520 
C ••••••• LSTIFF - , OF S'I'IFFNESS TERMS IN COLUMN J LIN00530 
C ••••••• LMASS -. OF MASS TERMS 1111 COL1.JMN J' LIN00540 
C ••••••• LItG ... OF IrG TEFUcS IN COLUMN J loIN005S0 
C ••••••• L •• OF S TEFtJoI:6 IN COloUMN J loHI0051S0 
C LINOOS70 
C JoIDS( 11·1 LINOOSBO 
C LI{G"O LIN'OOS90 
C IXI 110 Jl.2,NFREE ... 1 LIN00600 
C J.Jl+LJ·1 LIN00610 
C LSTIFF·JlCD{J)·MD(J-I) LIN00620 
C U<ASS -I4DMASS(J)-MDMASS(J·l) LIN00630 
C IF (KGFORM.EQ.2) LltG - JoIDI{G(J)-MOI{G(.J-l) LIN00640 
C L·I4IN(JI-I,MA.I(LS'l'IFF,LMASS.LItG}) LIN00650 
CliO MOS{Jl)·MDS(Jl-l)+L t.IN00660 
C LIN00670 
C··---- CHECIt FOR PROPOR'TIONAL DAMPING •••• t.IN00680 

IF (FDAJ4P.NE.l) THc:N loIN0015!i10 
WRITE (6,.) ' ................................................ ' LIN00700 
'ftRITE (6,·) '. PROPORTIONAL DAMPING WAS NOT SPOCIFIED·' LINOO"l10 
WRITe; ,~,·l '. SOLUTION IS ABORTED... LINOO'l20 
WRI'I'E (15,·) ' .................................................... ' LINOO"l.lO 
STOP LINOOHO 

ENDIF LIN00750 
RETURN LIN00760 

c LIN007"10 
C .... _ ••••• - ..... _ •• __ ...... _ .... __ .. _ ... _ ....... __ ••••• ____ ...... _ •••••••••• -... LI NO 0 7 BO 

C· SOLVE FOR INCRIMElM'AL DISPLACEMENTS, vE:LOCITIES AND ACCELE:RATIDNS _ .. loIN00790 
C •• -.----••• --.....••• -- ..... --••• - •• - ••••• - ••••••••• "'.-...... ---........... loI NOO 8 0 0 

200 CONTINlJ'E LIN00810 
IF (BUG) THE:N LIN00820 

CALL ERRTRA t.INOOB30 
DO 20S I-lo.l,L4 LIN00840 

20S WRITE (6,2015) I,O{I),V{I),A{l),P{I),DP(I) LIHOOBSO 
206 FORMAT (' ooFI',I6,' DISPI',IP,GI2.4,' VEL;',GI2.4. LIN00960 

, • ACCI',GI2.4,I,' LOADI', GI •• 4,' OPI·,Gl';1.4) LIN008'10 
ENDI F LINooeBO 

c LINooe90 
C---·--- FO~ DfNAJoIIC STIHNESS t.IN00900 
C ••••••• SOIolE LOCAL VARIABLES LIN00910 
C J • COLUlOl NUJoI8ER FOR MASS AND STIFF LHI00920 
C I - ROW NUIoI.BE:R FOR IoI.ASS .\ND S'I'IF'f LIN00930 
C J'l • COLUMN NUIoI.BER FOR S LIN00940 
C Il .. ROW NUMBER FOR S LIN009S0 
C IJSTIF' - ADDRE.SS OF' E:LE.JoIENT !oJ IN MATRIX STIF'F LIN009150 
C I J'MASS - ADDRE.SS OF ELEMENT I, J IN JlU,TRII MASS LI N0097 0 
C IJ'Jl::G • ADDRESS OF ELEJoIENT I,J IN GEOMETRIC STIFFNE.SS IotATRU LIN009BO 
C I JS - ADDRESS OF ELEMENT I I, J I IN MATRII. S LI N00990 
C LSTIFF • RON' CONTAINING THE: F1RST NONZERO TERM IN COLUP4N J' OF STIFF LINOIOOO 
C LMASS • ROil' CONTAINING THE: FIRST NON&E:~ TERM IN COLUP4N J OF )Q.SS LINOIOIO 
C LI{G - ROW. CONTAINING TH!:: FIRST NON'&E:RO TE:RJoI IN COLUP4N .J OF ICG LINOI0'20 
C LS - ROW' CONTAINING THE t'IR5'I' NONZERO 'I'E:Rl': IN COLUMN J OF S loIN01030 
C loINOI040 
C----···· FORM DfNAJIIIC STIFFNESS IF NEWICOY IS TRUE: -· __ •• __ ·_··· ________ loINOI050 

IF (NE:W1{DY) THEN LINOI060 

DETERMINE THE FACTOR FOR KG 
IF (I{GLOAD.EQ.l) THEN 

LINOI070 
LINOI080 
LINOI090 

75 

C~-( I+ACCl 
EloSE IF (ItGLOAD. E:Q •• ) THEN 

C1{G- 1. 00 
ENDIF' 

C···- X(BAR) - S'TIf'FNESS 

'" 
c 
C---· 

'20 

00 :;I:;IS J·lo3,L4 
JI-J'·L3+1 
~OJP"MD( ..1+1) 
MOJ .MD( J) 
LSTI FF-J-( MD( J''''I) -MOt J') -1) 
IoIDSJIP·MD6( J'1+1) 
~DSJ'l ·I4CS( J'l) 
LS ·J'1-(MOS(J'1+1)·/IID5(Jl)-1)+L2 
L-MAJ. (LS, LSTI FF) 
00 210 I-J,L,-I 

II-I·L3+1 
IJS-(MDS( Jl) +Jl)-11 
IJ'STIF· 04D(.J) +J)-I 
S( 1 JS1·STIFF( I JS'TIF) 

IF (LS.L'I'.LSTIFF) THEN 
00 :illS I.L-LLS.-l 

E:NDIF 

IJS- (MOS( Jl) +JI1-T 1 
S(IJ6)·0 

It(BA~) - K(BAR) + C2·MASS 
LMASS-J-( MDKASS( J+ l)·M~SS( J) -11 
L·MA:I (LS, LIltASS) 
00 220 I-J,L,·l 

11·1 -L3+1 
I JS· (IiIIDS (Jl) +Jl )·11 
IJMASS'" (HDMASS{J) +J)·I 
S( IJS)-MASS(IJMASS).C:;t + S{IJS) 

IF (ICGFORM..E:Q.2) THEN' 

loINOIIOO 
LINOll10 
[.INOll:20 
'LINOlI30 
LINOl140 
LINOl150 
LIN01160 
LINOl170 
lolNOllBO 
loiNOl190 
loIN01200 
loIN01210 
LINO 1~20 
loINOl230 
LIN01240 
LINOlJ50 
LINOlJ60 
LIN01270 
LIN01280 
LIN01290 
LIN01300 
loIN01310 
lo1N01320 
"'INOIJ30 
LINOlJ40 
LINOlJ50 
LINOlJ150 
loINOlJ70 
LINOIJ80 
LINOlJ!ilO 
LIN01400 
t.IN01410 
LIN014:20 
LIN014JO 
LI NO 14 4 0 
LIN01450 
LINOI460 
t.INOl470 c 

c. 
c. 
c. 
c. 
c 

N01'EI THE: GEOMETRIC STIFFNESS WAS DERIVED WITH COMPRESSION LINOl480 
BEING POSITIVE:. ItG HAS POSITIVE TERMS ON THE totAIN DIAGIONAL LIN01490 
REPRESENTING COMPRE:SSION. THUS I{G IS Sl1B't'RACTED FROM S LIN01500 
CKG IS AN INCREASE FOR VERT ACCE!.. LINOl510 

C-··· It(BAR) • !c{BAR) - CICG·GEOMETRIC STIFFNESS 
LItG-J-( MOICG( J+l ) ·MDJCG (.:J')·1 J 

22' 

'15 

c 

L·MAJ. (LS, LItG) 
DO 222 I·J,lo,·1 

T I·I·LJ+1 
IJS· (JoIOS(Jl '+Jl )·1 1 
IJJCG· (MOKG (J) +.J)-I 
S(IJS).S(IJS) - P!:G{IJltG)·CIrG 

ENDIF 

CONTINUE 
E:NDIF 

C--·--·· CALCULA'T'E: Q AND I' VE:CTORS 
DO 230 I·L3,t.4 

C(ll· C4·V(l) + 3·A(1) 
~30 R(1)· .l·V{l) + CS·A( I) 

c 
C------- FORM DYNAMIC LOAD 
C 
C ....... INITILTZE PBAR- Dp·THE'l'A 
C THE."'U-l E'OR LINEAR ACCELERATION 

1'HETA-2 Wl-IEN LINACC IS CALloED BT 
00 240 I·L3,L4 

:140 PBAR(I)· OP(Ij·THETA 

AYERAGE "'CCELERA'1'ION 

C WRITE (1S,239) (DP(I),I·l,14) 
C 2.l9 FORMAT (1I,IP,HG9 •• ) 
C 

IF (FDAMP.E:Q.l) THEN 

c ......• PBAR-PBAR +MA5S·( Q(I) + C3·R(I) ) 

c 

250 

25' 

'" '" • 

00 .SO J·LJ.t.4 
M'DJ·MDMASS(J')+J 
M-J'·(Maq.sS{J+I )-Mt!MA5S( J)) +1 
M-JoIAX(M.LJ) 
DO 2S0 I-M,J 

PBAR(I)·PBAR(I)+ tr4A6S(MDJ-I)·( 
CONTINUE 

00 .~s l-loJ+l,L4 
MDI.MIJMASS( I )+1 
"'I-(MOHASS( 1+1) ·MDMASS{I) )+1 
M-MAl(M.L3) 
00 25S "-14,1-1 

ENOIF 

PBAR(I)·PBAR(I)+ MASS(JoIDI·J').( 
CONTINUE 

IF (BUG) THEN 
DC 241 I·L3,lo4 
WRITE: (6,242) I,Q(l),R(I),PSAR(I) 

Q(J')+cJ·R(J) ) 

roRM.\'I' (' OOFI',II5,' 01',IP,Gl •• 4.' RI' ,G12. 4, 
, PBARI' ,GI2.4) 

~DIF 

C-.----- SOLVE FOR INCRIMENTAL DISPU.CEMENT OVE:R TIME INTERVAL DT 
C ••••••• NOTEI - WORI[ IS USED FOR TEMPORARY WORIr SPACE: 
C - IF NE:W!COY •• FALSE. THE DTNAMIC STIFFNESS HAS ALRE:ADY 
C BEEN REt\JCED TO i.JPPE:R 'I'RIANGULAR FORM 
C 

c 

IF (NE:NKCY) THEN 

· E:LSE 

· ENDIF 

CALL 14SOI.L( 1 , BUG, NFREE: ,1Jo10S, NFREE, 1 , I ,N'FREE, MDs, S, PBAR, WORIt, 
.FALSE., OUMNT. IDlJM)(1.1, 
.FALSE., DlJMMT, lOOMNT, LABORT) 

CALL MSOI.L{ 2, BUG, NFREE. IMOS. NFRE:E:, I , 1. NFREE, MOS. S, PBAR, WORI{, 
• FALSE., DUMMl, I [)'HOfT ,1. 
• FALSE. ,DUMMY, IDUIOI:T, 1 ,ABORT) 

IF (ABORT) RE.'TURN 

C ••••••• N01'EI • PBAR CONTAINS THE INCRIMEN'l'AL DISPLACMENT BETWEE:N 
C . TIMES T AND T+L7T AFTER THE SECOND CALt. TO MSOLL 

c 
c 

CALL MSOloL( 3, BUG. NFRE:8, IMOS,NFREE, l,I,NFREE,MDS, S, P8AR, WORIC. 
, .FALSE., Dl!M)fJ, lCUJOfT.1. 
, .FALSE.,DlJIOIl,IOOJ9{f,I.ABORT) 

IF (ABOR'!' 1 RE"l'URN 

C---··-- DE"I'ERJoIINE: ACCELERATION, VELOCITY AND DISPLACEMENT AT TIME: DT 
DA - INCRIME:NTAL ACCELERATION BE'I'WE:EN TIMES T AND T+O!' c 

c 
c 

c 

'00 

DV - INCRIJoIENTAL VELOCTIY BE"I'WEE.N TIMES T AND T+OT 
DD. INCRlIoI8NTAL DISPLACJoIENT BETWEEN TlJoIES '1' AND T+OT 

IF (8UG) THEN 
WRITE (IS,·) 'INCRlJoIENTAL RESULTS FROM LINACC •••• • 
WRITE (15,320) 

ENOIF 
IXI 270 I"L3,L4 

OD(I)-Cl"( PBAR(I) + BETA"R(I) ) 
DV(11-CIO·ODCI) • R(I) 
DA(I)-Cll·DO(I) - 0(1) 
IF (BUG) WRITE (6,330) I,DD(I),DIJ(I),OA(I) 
CONTINUE 

RETURN 

C·· ............. _ ••••• -•• -.... --.-...... -........... _ ••••• -••• -- -.-
C. CALC TO'l'AL DISPu.cEMENTS, VE:LOCITIES AND ACCELERATIONS •• 
C· .. ·-··_-••••••••••••••••••• --.-.----••• - .. - ..... - •• _ •• - - _ ••• -

LIN01520 
loIN01530 
LIN01540 
LINOlS50 
LINOIS60 
LIN01S70 
LINO 1590 
LINOlS90 
LINO 1600 
LrNOl610 
LIN01620 
LIN016JO 
loIN01640 
loIN016S0 
LIN01660 
LINOII5'10 
LIN01680 
LI1<oI01690 
LINOl700 
LINOl710 
LINOlno 
LIN017JO 
LINOIHO 
LIN01750 
LIN017l50 
LIN01110 
loIN01780 
LIN017!i10 
LIN'01800 
LIN01BIO 
LIN'01820 
LINOl8JO 
LIN01840 
LINOl850 
LINOIB60 
LIN01810 
LIN018BO 
LINOlS90 
LINOl900 
LIN01910 
t.INOl920 
t..IN019JO 
LINOIHO 
LIN01950 
LIN01960 
LINOl9"/O 
LINOI!ilBO 
loINOl!il!ilO 
LIN02000 
t.IN02010 
LIN'020JO 
LINOJ030 
LINO.040 
LIN02050 
LIN020150 
LIN02010 
LIN020S0 
LIN02090 
LIN02100 
LIN02110 
LINO~1JO 
LIN02130 
LIN'02140 
loIN02150 
LIN021150 
LINO.l"10 
LINOJ160 
LINOl190 
LIN02200 
LIN02210 
LIN02220 
t..IN022JO 
(,INOJ240 
LIN0:2250 
LIN02~1S0 
loIN'02:170 
LIN022BO 
LINO.290 
LIN'02.lOO 
LIN02310 
LIN02J20 
LIN02JJO 
LIN02J40 
LIN02350 
LIN02360 
(,IN02J70 
LIN023S0 
LIN023!i10 
lo1N0:2400 
LIN'02410 
LIN02420 
LIN0200 
LIN02440 
LINOH 50 
LIN024EO 
LIN02470 
LIN02480 
LIN02490 
LIN02S00 
LI!<oI0:2S10 



JOO CONTINUE LIN02520 
LIN025JO 
LIN025,.0 
LIN02550 
LIN04560 
LTN02510 
LIN04580 
LIN02590 
LIN02.600 
LIN02610 
LIN02620 
LIN026)0 
LIN021S,.0 
LINOaSO 

• 310 
320 

• 3)0 

If (BUG) WRITE (15,320) 
00 310 I-l.NOOF 

"'(I)·OAO) + AO) 
V(I)·DV(I) + VCI) 
D(I)·DD{!) ... 0(1) 
P(I)"CP{I) ... pel) 
H' (BUG) WRITE (6,330) 

OP(I)·O.OO 

I. DO( I) .OV(I ),010(1) .OP(I), 
0(1), v(l), A(I), P<I) 

FORMAT (' OOf',ISI,'DD',12I,'DV',lll,'QA',12I,I,'DP', 
1:;1,' D',l:;X,' v',l:ZI:,' ~',12'1,' P') 

roRMA'I' (lJ:,IIS,lP,eGILIS) 

RE."TURN LINO:;ISISO 
END LIN02670 

c· ..... • ••• •• ... ••• ... •• .................................. _ ........ --•• --.---LMAOOO 1 0 
C DEBUG UNIT (6), SUBCHIt:, SUBTRACE LMAOOO,O 
C END DEBUG LMAOOOJO 

15 

" 50 

SUBROUTINE lJ(ATRJ:(A,J04D,IC,IJ04D,NAAE) LMAOOO"O 
DIMENSION Jo4D(IC+1), A(IJ04D) LMA00050 
LOGICAL BTEST LMA00060 
CHAAACTERII(.) NAME LMA00010 
CHARACTERII20 NUMB,ROII(6) LMAOOOeO 
LOGICAL PT, DMP LJr(A00090 
I..:rI(I,J)."'D(J)+J-I LJr(AOOI00 

CALL G E:'I'I NT (NAJoIIE, 'DUMP-' ,lruMP,O, .TRUE., .FALSE.) 
IF (IDUJ04P.!oIE.O) THEI'I 

OMp· .TRUE. 

LJr(AOOII0 
LMAOOnO 
lJ'.AOOIJO 
LMAOOloiO 

ELSE LMAOO 150 
I»'.P-.FALSE. LMA00160 

ENOl F LMA00170 
00 1 1-1,6 l.KA00180 

ROW(I)·' , LMA00190 
IR-IC LMA00200 
!fRITE (6,.) LMA00210 
WRITE (IS.-) 'PRINTING MATRIX. ',NAME LJQ..00220 
DO SO ICG·l,IC,6 LMA002JO 

IF (ICG.GT.l) WRITE (6,-) r.JoI.A0024 0 
IC."'IN((ICC:;+S).IC) LHAOC250 
WRITE (6,10) (..:r,J-ICG,It:) LHACC260 
00 20 1-1,IR LKAC021C 

L-O t.MAOO:;BC 
PT·. F'ALSE. LMAC0290 
00 15 J.ICG,1t LMAOOJOO 

IJ·IJI(I,J) LMAOC310 
IF (IJ.GE.Io1D(J+l) .OR. I.GT.J) THEN LMOOJ::IO 

NUJ04B'" , LMAOOlJO 
ELSE LH.AOOJ'O 

PT·.TRUE. LHAOOJSO 
WRITE (NU)04B,U5) A(IJ) LMAOO)60 
IF (DMP .AND. A{IJ).NE.O) [JIIIAOOJ10 
WRITE (IDUMP, .. ) I,J,A(IJ),NNoIE LMAOOJ80 

ENDlf LJoIA00390 
L.L ... 1 LMAOO,.OO 
ROW{L).NUMB LI'tA00410 

If (PT) WRITE (6,JO) I,(ROW(t.),L-l,6) LMAOO 44 0 
CON'!'INUE LMAOO4JO 
RE.'TURN LMAOOUO 

10 f'ORMAT(TI0,6('!',.,' COLUMN'.IS.'-------'),':') LMA00450 
16 F'ORMAT(G'0.6) LKA00460 
)0 FORMAT ( • ROW',15.6A) LKAOO,.70 

END L.MA004BO 
C ....... --••• -.--•••••••• _ •••••••• _ ........ - •••• - ........ - ••• - •••••••••••• - LHAO 00 1 0 
C DE8UG UNI'T' (IS), SUBCHI(, SUB'l'RACE LHA00020 
C E:NO DEBUG LHAOODJO 

SUBROUTINE LIQU( .... HC,IC.IMC.NAME) LMA00040 
OIME:NSION HD(le+l), A(IMC),8(100,100) LIo\A00050 
LOGICAL !!TEST LHA000150 
CH",RACTER· ( .. ) NAME !.MA00010 
CH ... RACTER·20 NUM8.ROW(15) LKAOOOBO 
LOGICAL PT. OMP WoIA00090 

00 90 1-1.100 
00 90 J·1.l00 

90 B( I, J)-O 

00 50 1·1031S ,rc 
II-I-I0J5 

to SO J·r ,lC 
JJ·,J-I0JS 
IF( J .EQ. I ) THEN 

B( II. JJ)-"'(MD( I» 
SLSE IE'f J .NE. I ) THEN 

IF( (J04D(J)"'J-I) .l.T. MO(J"'l) 
IF( (MO{J)"'J'-I) .GT. MO(J+l) 

SNOIF 
B(JJ,II )·B(II ,JJ) 

50 CON'l'INUE 

WRITE( 16, -)' PRINTING MATRIX. ',NAME 
00 40 1-1.150 

WRITE (11S,30)(B(I,J),J·l,1S0) 
,.0 CONTINUE: 
30 F'ORMAT(ISf':;O.IS) 

B( II. JJ)-A(MD(,J') "'J-I) 
B(II,JJ)"O 

t.IoIAOOIOO 
L/llAOOl10 
L/llA00120 
L/IIAODIJO 
LMA00140 
LMAOOl~O 
LMA00160 
.L.M.A00170 
LMA00180 
W4A00190 
LI4.\00200 
L.MA00210 
LMA00420 
LMAOO::l) 0 
LMA0024 0 
LMA002S0 
t.MAOO2.60 
LJoIA00210 
Ll(A002eO 
l.MAOO:iilSiO 
LMA00300 
LMA00310 
LMA00320 
LMA.OOJJO 

RE:"!'URN LMAOOJ,.O 
ENC t..MAOOJ~O 

C ................... • ••• - ..... -· ••• ·--.---....... • ••• ·-·.··-······· .. ········Ml\S000 10 
C DEBUG UNIT( 15). SU8CHIt:.SUBTR.ACE MA500020 

END DEBUG MA6000JO 
SUBRCiUTINE KASSIN( I~MAS6, F1(.\5S, ";:OND, BUG, I BUG,1'ITLE, MAlZ,MAXC~, ""'600040 

, KAXNOD,NCOS,NNOCE,I'!I.nl',IZIC,Z,!U,CZ, MA500050 
, IZMOMS,IZ/OlASS,IZLM,IZU,I'&MOA'r, MAS00060 
, NOOF, N'MASS, I ZCOS, I U OCF, I '&CN6T, I ZJFLG,I ZJCOS, NAME, KAS00010 
, NCONC,NFREE, I ''''"0) IotAS00080 

LOGICAL BUG, MeONO 
IN'!'EGER F'NASS 
CHAMC1'E:R-(II) NAME,TITLE(2) 
DIME:NSIOt-l Z( MAU) ,NZ (NAlZ) , DZ (KA.lDZ) , ","D( 7) 
t"OGICAL BTES'I' 
COUBLE PRECISION DZ 
C ... TA MO/1,2,4,',l1,16,22/ 

MAS00090 
NA600100 
NASOO llO 
J4A500 120 
MAS00130 
MASOO 14 0 
"'-AS00150 
""-'S00160 
MASOO 11 0 

IF (FMASS.EQ.l) THEN 1olAB00180 
C-------- INITIALUE THE OIAGO"AL KASS MATRU KAS001SiO 
C 1-tC0ND-.TRUE. ""500200 

IZ~DJ04S.IZ ""500210 
U.U ... NOOF"'1 MAS00220 
C.\LL SIt:l'LIN(O, 1 ,NOOF,nUG,TITLE,NZ(I21MDMS) , MAS00230 

6 ,NZ(IZLM) ,Z(IUE) • MC,N1JoIIE) "'ASOO::l40 
c JoIAS002S0 
C-------- INPUT THE MASS DATA MAS00260 

I ZMOAT· I Z M.ASOO'l70 
IZ·IZ + INKASS-12 )QS002eo 
IHo-NZ (I ZMDMS~NOOF') M.A50 0:;!9 0 
IZMASS.U MAS00300 

CALL MFORM( 1 ,I NJr4ASS, N/OlASS, Z (I ZMASS) , HZ (I ZMD","S) ,MD, N COF'. 11040. TITLE, MASOO) 1 0 
NNODE, MAXNOO, NCOS, BUG, I BUG, MASOO)20 
NZ (I ZI 0), Z( I ZCOSI ,NZ (I ZI OOF'), Z( I ZCNS'['). NZ{ IZJfLC) , MAS00330 
NZ( I ZJCOS), Z( I ZMDAT), Z( I Z) ,NZ (I Z ... :l.l) , Z( I Z+:27), MASOOJ,.O 

Z(XZ'" 63).Z(XZ'" 99)) MAS00350 
c MASOOJ60 
C-------- RELEASE UNUSED )(ASS C .... T ... STORAGE 

H-IZ - (lNI9.SS-NMASS)-l:; 
MASOO]10 
14A5003eO 
MAS00390 
MASOO,.OO 
MAS00410 
MAS00420 
MASOO,. )0 

c 
C-····· .. ··• .. ········_···················--· c· MODIF! MASS MATRIX FOR CONDENSATION .. .. 
C· .. •••• .. ••••• ......................... _ ••• - ... . 
C THE CONDENSATION PROCESS MAT EXPAND THE MASS MATRIX'S 

76 

C StrTLINE. 'THE MA:lIJIIlIN StrTLINE OF BO'l'~ THE MASS AND KASOOUO 
C THE STIfFNESS "",TRU IS USED. ~S00450 

IF (HeONO .AND. NCONO.GT.O)THEN MAS00460 
[X) )10 I-O.NCOF' M.ASOOOO 

NHT·NZ (UMD"'I + 1 ) -NZ ( I ZJ04D+I ) MAS004 eo 
NSTIFF·I ... I-NHT+l MASOO,.90 

310 NZ( I ZMOJo1S"'! )-MIN{ NZ{IZMDtoIS"'I) ,NSTH'F'l ,"",500500 
ENOIF' MA5005 10 

C MAS005:;0 
C MAS00530 
C-------- OE:"!'ERJoIINE THE MASS t4ATRIX SItl'LINE ...... 500540 

C.\LL StrTLIN{O.),NooF,IBUG,TITt.E.NZ(UMDMS). M.A500550 
6, NZ (IZLM) , Z ( I ZlCE) ,1040, NAME) MASOO 560 

C MASOOS70 
C-------- GENERATE THE KASS MATRIX KASOOS80 

.00 

I ZMASS-I Z IoUo.SOOS90 
IZ·IZ + t-lZ(IZMDMS ... NOOF') IoUo.S00600 
00 400 I·IZMASS,IZ MASOOISICl 

Z( I )·0. MAS0062Q 
IW-I Z MAS006JO 
IZItE>-IW MASOOlS40 
IZLJ+oIW+21 M.AS00650 

CALL )o(FORJol( 2. INMASS, NMASS, 1. (I ZMASS) ,N1o (IZMQMS) ,HD, NCOF', IKD, TITLE, M.A500660 
NNOOE, MAXNOO, NCOS, BUG. I BUG. MA500610 
HZ( I ZIDJ, Z(IZCOS) ,NZ(I'nOOF), Z{IZCNS'I') ,N1o(IZJFt..G), to(.\SOOISBO 
NZ( IZJCOS), 1.( I ZMDAT), Z( IW) ,NZ (n+21), Z( 1.,,+21), MASOOlS90 

Z{II ...... 1S3),Z(IW+ 99)) MAS00100 

IP (BUG) THEN 
MASOO? 10 
MAS00120 
MAS001 JO 
MASC0740 
lQ..S00150 
MAS00760 
MAS00170 

1)04D-NZ( I ZMOMS+NOOF) 
CALL LM.\TRX( Z (I ZMASS) , NZ (IZMOIrrIS), NooP, IJ04D,NAJIIE) 

ENDIF 
ENDIF 

RE'l'URN MAS00780 
END MASOOHO 

C •••••• __ ................... - ......... __ ._ ... - ••• _ •••••••••• _ •• _ .. -._---•• -···MATO 0 0 1 0 

C DEBUG UNI1'(6) ,TRACE, 5UBCH~, INIT, SUBTRACE MATOOO::lO 
C END DEBUG M.ATOOO)O 
c •• - ......... ---.-......... _ ...................... - ............ _ ..... - .... ·-·-.. ··HATOOO 4 0 

SUBROUTINE MATLlB MAT00050 
, (IOPT ,LS'I'TTP ,PRINT ,IREL,HE"'D,NAME,EESE,EPSE,DUCT,EXCR, MAT00060 
Ii P ,PI.. .D ,DL .V ,VI. ,[..Ea .. EM ,LAAT, MAT00010 
, Jr4AT ,IoIATTTP,SE,IELNO,DAMAGE) M!\TOOOeO 

DIMENSION P{ 12), Pt( 12), D( 12), DL( 12), V( 12) ,VI.( 1::1) MAT00090 
LOGICAL ItSAJ4E,ERR,FlRST.PRINT,HEAO,BUG::I MATOOI00 
LOGICAL BTES"I' MAT00110 
DlJ04ENSION SE{IOO),QUCT(J),EICR(6) HATOOl::lO 
CHARACTER·80 NIJ4E MATOOllO 

HATOO 101 0 
INCLUDE (ZCOMN) 
WRITE (6,-) 'MAT.' ,MAT, 'MATTlp·' ,J(ATT1'P 

c 
C-----CHECIt FOR AN INVALID MATERIAL NUMBER ••• 

JoIAT001~0 
HATOOHiO 
MA.T001'0 
)Q.T00180 
)Q.T00190 
MAT00200 
MAT00210 
MAT00240 
MAT002JO 
Jo4.A.T002~0 
MA"I'00250 
Jo4.A."J'00260 
"""'1'00270 
MAT002BO 
il4AT00290 
KAT00300 
MATOOJI0 
MATOOJ,O 
IQTOOJJO 
HATOOJ40 
KATOOJ50 
MATOOJ60 
MAT00310 
MAT003BO 
"'-"T00390 
I'tAT004QO 
MAT00410 
MAT004 :10 
HATOO~ JO 
MATOOHO 
JoIATOO'50 
MA.TOO~60 
"'-'TOO 0 0 
HAToo,.eo 
HAT00490 
MAT00500 
JoIAT00510 
HAT00520 
MAT00530 
MAT00540 
MAT00550 
"""'1'00560 
htAT005iO 
MATOOSeo 
MAT00590 
MATOOEiOO 
MATOOEi1.0 
/llATOOiS20 
/llA1'00630 
MATOOC;40 
MAT00650 
MAT00660 
MAT006?0 
MAT00680 
J(AT00690 
KAT00100 
MAT00710 
MAT00120 
MAT00730 
MATOOHO 
MAT00750 
MAT00760 
MAT00770 
MAT00780 
Jr4AT0019 0 
MAT00800 
MAT00810 
MAT00820 
JoIAT008JO 
MAT00840 
MATooe50 
!'(AT0081S0 
Jr4AT00870 
MATooe80 
Jo41o.T00890 
MA'l'00900 
MAT00910 
MAT00920 
"'Io.T009JO 
IotAT00940 
HA.T00950 
MAT00960 
"""T00970 
MA't'00980 
"""'1'00990 
MATOIOOO 
MATO 10 10 
MATOI040 
MATOI0JO 
MA1'01040 
MATOI050 
MATOIOiSO 

'" 
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IF (MAT.I.E.O .OR. MAT.GT.NMAT) THEN 
WRITE (6,189) MAT 
FORMAT (51,20('11'),' ER','RCR, INVALID MATERIAL PROP •• ',I51 
5'1, 'CORREC'r INPUT •••••••••• ') 
CUL ERR'I'RA 

WRnE (6,-) ·MAT·',MA'!','MAT'!'1'p·',MAT'!'TP 
RE'TURN 

ENOIF 

IC - NZ(IZMA'hMAT 
IOPT • lOP'!' 
IF (IOPT.NE.l) THEN 

MATT'fP • NZ{IC) 

NZ(IC) - MATT'fP 
ENOIF 
If' (LS'I'TTP.EQ.MATTTP) THEN 

FIRS'J'-.PALSE. 
ELSE 

FI RS'I' •• T R.UE. 
IF (HEAD) WRITE (6,)05) TITLE(1),TITLE(2) 
FORMAT ('l STR.UCTURE ••••• ',10.,1 

• ENDIF 

DAMAta:-o 

, SOLUTION ••••• I ' ,A,/) 

BUG2· BTES'I' (I BUG, 10) 
HI' (HATTH. EQ.l) THEN 

CALL )(ATOI 
, (IOP'T ,IE:LNO ,ERR ,FIRST ,PRINT • Bue::l , 
, MAT ,SE ,P,PL.D.DL,V,VL,LELEM,LMAT, 
, Z(IC"'1).EESE.EPSE,DUCT,EXCR) 

ELSE IF (MA't'T1'P.EQ.:I.) THEN 
CALL MATO'l 

, (IOPT ,ULNO ,ERR ,FIRST ,PRIN"'!' ,BUG2. 
Ii MAT ,SE ,P,PL,D,DL,V,VL,LELEM,LMAT, 
, Z( IC+l), EESE. EPSE, DUCT, E:l.CR, DAMAGE) 

ELSE IF' (MATTTP.EQ.3) THEN 
CALL MATOJ 

, (IOPT ,IE:LNO .ERR ,FIRST ,PRINT ,BUG::I. 
, MAT ,SE ,P,PL.D.CL.V,VL,LELEM,LJr4AT, 
, a (IC"'1 ) , EESE, EPSE, ruCT. EXCR, DAJ(AGE 1 

ELSE IF (MATTTP.EQ.") THEN 
CALL MATO" 

, (lOP'!' ,IELNO ,ERR ,FIRST ,PRINT ,BUG2. 
, MAT ,SE ,P,PL,C,DL,v,VI.,LELE:)oI,IJrQ.T, 
, Z ( IC+ 11 , EESE, EPSE. DUCT, EXCR, DAMAGE) 

ELSE IF' (MATTTP.EQ.6) THEN 
CALL MATOIS 

Ii (lOP'!' .IEWO .ERR .FIRST ,PRINT ,BUG2. 
" MAT ,SE ,P,PL,D,DL.V,VL,LELE)I:,LMAT, 
, Z (IC+l ) , EESE, EPSE, DUCT. EXCR, DAMAGE) 

ELSE IF (MATT'fP.EQ.7) THEN 
CALL MAT07 

, (lOP'!' .IE:LNO ,ERR ,FIRST ,PRINT ,8UG2. 
, MAT .SE ,P,PL,D,DL,V,VL.LELEM,LMAT, 
Ii :Ii (IC+l), EESE, EPSE, DUCT, EXCR, OAJo(AGE) 

ELSE IF (Jr4A'l'TTP.EQ.e) THEN . 
CALL MAToe 

, (lOP"[' ,IEt.NO ,ERR ,FIRST ,PRINT ,BUG2, 
, MAT ,SE ,P,PL,D,QL,V.vr...LELEiM,LMAT, 
Ii Z (I C+ 1 ) ,EESE, EPSE, CUC'!', EXCR. DAMAGE) 

ELSE IF (MATTTP.EQ.9) THEN 
CAW. MAT09 

, (IOPT ,IELNO ,ERR ,FIRST ,PRINT ,BUG., 
, /llAT ,SE .P.PL,D,DL,V,VL,LELEJ04.LNAT, 
, Z ( IC +1) , EESE, EPSE, DUCT, EXCR, DAMAGE) 

ELSE IF {MAT1'!P.EQ.10} THEN 
CALL MATlO 

, (IOPT ,IELNO ,ERR ,FIRST .PRINT ,BUG2, 
, Jo4AT ,SE .P,PL,D,DL,V,vt.,LELEM,LMAT, 
, Z(IC"1),EESE,EPSE,DUC"I',EXCR,DA.M.AGE) 

ELSE H' (MATTTP. EQ.ll) THEN 
CALL """TIl 

Ii (IOPT ,IEt.NO ,ERR ,FIRST ,PRINT ,BUG2, 
" Jr4AT ,SE ,P.PL,D.OL,V,VL,LELEM.LMAT, 
" Z (IC+l), EESE, EPSE, DUCT, EXCR, DAMAGE) 

ELSE If' (MATT'fP.EO.l2) THEN 
LJrrtAT-Z(IC+29) 
CALt. MATl::1 

Ii (IOPT .tELHO ,ERR ,FIRST ,PRIN'!' ,BUG2, 
, MAT ,5E ,P,PL,D,ClL.V,If["LELEM,LI(AT, 
Ii Z(lC"'l),EESE,EPSE,OUCT,EXCR,DA}o(AGE) 

LMAT"Z{IC ... 29) 
ELSE If' (MATTTP.EQ.IJ) THEN 

CALL MATI) 
(IOPT ,IELNO ,ERR ,F'IRST ,PRINT ,BUG2, 

MAT ,SE ,P.PL,D,DL,V,VL,LELEJrrI.LJot.AT, 
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Z ( IC" 1) • EESE. E .. 5E, CUCT, EJ:CR. DAMAGE) 
ELSE IF (MATTT ... ~.H) THE:N 

CALL KAT14 
, (IOF>T .IELNO ,ERR ,f'IR.S1' ."RINT .BUG2, 
, MAT ,SE ...... L.D.DL.V.VL.LELE:M,LMAT. 
, Z(IC+l).E:ESE.E"SE:.OOCT.E:J:CR.OAJI'.AGE) 

ELSE 
WRITE: (6,IOl IELNO 
ERR".TRUE. 
f'ORXAT(' ELE:MEN'!' ',lIS,' 16 NOT "VAILABLE' ) 

ENOIF' 
LSTTrp·KAT'1'lP 

,,"101070 
I'lA1'01080 
1(,\1'01090 
""'TO 1100 
1(,\1'01110 
I(,\T011l0 
JotATOllJO 
MAT01140 
"""T01150 
""'1'01160 
"""TOI170 
!(AT 0 1180 
"""TO 1190 

WFUTE:(6.110) (I,NZ(I),Z(I).I-68,91) MA1'01200 
110 FORMAT (OP,' ZMATRX('.I6,')I'.Il5,1".G20.10) ""''T01210 

MA'T • MAT MAT01220 
WR[TE (6.*) 'MAT·'.MAT.'MATT1P-',MATTTP 1oIA'T012JO 
RE:TURN MAT01240 
END MAT01250 

C" --•••• --••••••••• ---... --.-------------............ ----. - ............. ·---KATOOO 1 0 
C DEBUG UNTT( 6). SUBCHlt, SUBTAACE MAT 000-;1 0 
C END DEBUG MATOOOJO 

SUBROUTINE MATOl MAT00040 
, (IOPT' .ISTOP .ERR .FIRST ... RTNT .BUG. !(A1'00050 
, MAT .SE .... PL.D.DL,V.VL.LELE"'.LKAT. tr<4AT00060 

SIotAT, EESE, EPSE, DlICT. EJ:CR) KAT00070 

I MPLI CI T REAL (A-H, 0- Z) 
LOGICAL ERR,FIRST."RINT.BUG 
LOGICAL BTEST 
DIMENSION SEC 100). SMAT( H). DUCT (3), EXCR( 6) 
CHARACTER-BO TTPE 

MAT00060 
KAT00090 
MATOOI00 
MATOOII0 
MAT001-;10 
MAT00130 
"'-'TOO 14 0 

IF (IOPT.EQ.O) THEN KAT00150 
LELEM.14 MATOO 160 
RE:TUIUi MATOO 170 

ENOIf' MATOOIBO 
C MAT00190 
C-----------------------------------------------------------------------MAT00200 
C VARIABLES. KAT00210 
C-----------------------------------------------------------------------MAT00220 
C---------- GLOBAL VARIABLES KA1'002JO 
C IOPT • 1. INITIALI ZE MATERIAL KAT00240 
C • l, GET STI FFNESS MAT00250 
C SIotAT • INTERNAL STORAGE MAT00260 
C SE • OUTPUT STIFFNESS KAT00270 
C-----------------------------------------------------------------------MAT00290 
C MAT00190 

GO TO (100,200,]00.400).10F>T KATOO]OO 

100 CONTINUE 
c 
C----- INPUT DATA 
C E • SMAT( 1) 
C G • SMAT ( 1) 
C AX SMAT( ]) 
C AT SMAT( 4) 

A? SMAT( 5) 
IX SMAT( 6) 
IT SKAT ( 1) 
13 SMAT( B) 
11:113 SMAT( 9) 
II:JJZ SMAT( 10l 
ItIJZ SMAT(ll) 
ItJJT • SMAT( Il) 
ItIIT - SMA'!'( IJ) 
ItIJT • SMAT(14) 

READ (5,*) TTPE .( SMA-T(Il. r-lo 14) 
REAO (5.-) TTPE .( SMA-T(Il.I.l, e) 
LELEM • 12 
LMAT. 14 

IF (FIRST .01'1. BUG) WRITE (6,191) 
WRITE (6,192) MAT .(SMAT(lt).!t·l,l4) 
WRITE (6,192) MAT ,(SMAT(It).It-I, B) 

191 FORMAT(/' J-D ELASTIC SEA)! E:LE:Jo1E:NT'1 
, • • •• -------------.. --..... -. II 
, 4J:, 'MATL.' ,T14. 'E' ,T20. 'GAMMA' ,TJJ, 'A!' .T4J, 'AT' ,T5]. 'AI', 
, T6J, 'IX·,T7J. 'IT' .TBJ, 'lz'l) 

191 FORMAT(/' J-D ELASTIC BEAM ELEMENT' I 
, • .-------------.... -.---•• -, II 
, 4X, ·MATL.' .T14. 'E' ,T20 •• GAMMA' ,TlJ. 'Al:' ,"I'4J, 'AT' ,T5J, 'AI', 
, TISJ,' IX' .T7 3 •• IT' ,TSJ. 'I Z' .TIOO. 'In l' ,T110, , Jltl2' ,Tll0. ·Jltl-;1 '/) 

192 FORMAT (4:I.T4,l".eGIO.J/) 
191 FORMAT (4J:,H,I".BGIO.J.' Z-AXIS '.JG10.JI 

, 4l1:,4:11:.1",eO:ll:,' J-~IS '.JG10.J) 

I<IA1'OOJlO 
MAT00]20 
MATOOJ]O 
MATOOJ40 
tr<4ATOOJ50 
tr<4ATOOJ60 
KATOOJ70 
MATOOJ90 
MAT00190 
I«IAT00400 
MAT00410 
loIA'I'00420 
"""'1'004)0 
I<IA"TOOHO 
""'100450 
MAT00460 
""'T00470 
1<O.1'004BO 
I<IAT00490 
I'lATOOSOO 
"""'1'00510 
I<4AT00520 
)Q.1'005JO 
)(I.T00540 
KA1'00550 
1<4.A1'00560 
IQT00570 
!'Dr.1'00580 
KA1'00590 
MA.T00600 
KAT00610 
KA1'00620 
Jo4.I.T006JO 
I<4AT00640 
I<4AT00650 
1(A1'00660 
KAT00670 
I<4AT00680 
!lQ.1'00690 
!lQ.T00700 
!Or.1'00710 

RETURN I<4AT00120 
C ......... -----------.--••• GET STIFFNESS TEI'1MS ••••••••••••• .. ······-----1(I.1'007JO 

c 

200 CONTINUE KATOOHO 
E - SKAT ( 1) KAT00750 
G • SMAT( 2) )oD.T00760 
~ • SMAT( J) )(.I.T0077 0 
AT • SKAT ( 4) 14AT00780 
Ai - SKAT ( 5) ,.....T0079 0 

RU - SMAT( 6) MATOOBOO 
RIT .. SKAT ( 7) KATOOelO 
1HZ - SI<!AT( 8) Hlr.T00820 
RIUI2: .. SMAT( 9) MATOOelO 
RItJJZ • SM.AT( 10) MA'I'00840 
RltIJZ • SMAT(llJ MAT00850 
RJtJJT SMAT(l'2) KAT00860 
AItIIT - SMA.1(IJ) Jo4.I.T00870 
,,!tIJT SMAT(14) ....... T00880 

SE(1)·E-~ 

SE(2l·G-"J 
5E( l)·G*AI 
SEt 4 J-G-RIJ: 
SEC 5 )--E·RIr 
SE(6)·E·RII 
se:( 7,·Rlun 
SEC 8)·RJltJJZ 
SEC 9 )·RJltIJZ 
SEC 10 )·RlellT 
SE(II)·RJltJJI 
SEC l:<1)·RItIJT 
SE(iJ)·EESE 
SE(14)·E"SE 

300 SEt 13 )·0 
SE(H). (P"'PL)/2 .. (O-DL) 

MATOOe5l0 

C------ TRANSFER ENERGIES FOR BOTH IO .. T-3 AND 4. 
400 EESE·SE( 13) 

MA'r00900 
KAT00910 
JotAT009:<10 
P4AT009JO 
JotATOO!HO 
MAT005l50 
MAT005l60 
MAT00970 
MA'r00Sl80 
JotAT009S10 
MATOIOOO 
MATOIOI0 
MATOI0:<lO 
MATOIOJO 
MATOI040 
MATOI050 
MATO 1060 
MATOI070 
KATO loeo 
KATOI090 
MATOIIOO 
JoUTOl110 
MATOll.40 
MATOIIJO 
KAT01l40 
MATOl150 
MATOl160 
MAT01l10 

EPSE-SE( 14) 
c 
C------ TRANSFER 0 , E FOR BOTH IOP't'·J AND 4. 

00 410 1-1,1 
DUCT(I)·O 
EXCR(I )·0 

410 EJ:CR(I"'J )-0 

RETURN MAT011eo 
END MATO 1190 

C.- ••••••••••• --- •••••••••••• - ........... ·.····-·· •••••• ················-Hlr.TOOO 10 
C DEBUG UNIT(6) .TRACE,SUBCHII:,INIT,SUBTRACE MAT00020 
C END DEBUG Hlr.TOOOJO 
C •••• • _ •••••••••••••••••••• --.---------.--.......................... • .... ··--MATOOO 4 0 
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SUBROU7!NE MAT02 
, (IOPT .1ELNO .ERA .FIRS'!' ,PRINT ,BUG. 
, MAT .SE .P,PL.D,DL,V,VL,LELEM,LMAT. 
, SMAT. EESE. EPSE, DUCT, EXCR, DAJo(AGE) 

IMPLICIT REAL(A-H,O-~) 
LOGICAL ERR.E'IRST,PRINT,BUG 
LOGICAL aTEST 
DII<IEN'SION SEC 100) .S~T( 23), DUCT ( J). EXCR( 6) 
CH .... AACTER*SO TTPE: 

P4AT00050 
....... T00060 
P4AT00070 
P4ATOOOeO 
~TOOOSIO 
MATOOIOO 
MA'I"OOtlO 
P4ATOOI20 
P4A1'OOlJO 
"""'1'00140 
MAT00150 

C P4AT00160 
c----~-------~-- LENGTH OF ELEMENT DATA REQUIRED... Hlr.TOOI10 

LELEM-J] MAT00160 
IF' (IOPT.EQ.O) RETURN MAT00190 

C I<4AT00'200 
C------- - ---~ ----- - ---- - ------ - - -- - -- - ------ - - - - ---- - - ------------------MATOO -;I 10 
C VARI"BLES. MAT002-;10 
C-- - --- ----- - -- --------------- -- - --- - -- - - - --- ---- - - ---------------------MATOO 1 30 
C---------- GLOBAL VARIABLES MAT00240 
C IOPT - 1. INITIALIZE MATERIAL MAT00250 
C - 2. GET STI FFNESS MAT00260 
C RIN .. UT • INPUT DATA MAT00270 
C SMAT - INTERNAL STORAGE MAT002BO 
C SE • OUTPUT S't'I FFNESS MAT00290 
C - - ------ - - - -- -------------------- -- - - ------- - - - -- - -------------------- -MATOO 100 
C ---- AXLMOD CATA ____ MATOO]lO 
C SMAT( 1)· SC, COM .. RESSION S'TIf'~NESS MAT00)20 
C SMAT(2)· BTL INITIAL '!'ENSILE 5'TIF~NESS MAT001JO 
C SMAT(Jl- ST-;I. "OST JElLO TENSILE STIFFNESS MAT00140 
C SMAT( 4l· "T, TElLO .. OINT MATOO]SO 
C SMAT( 5). ALPHA. MLHOD PARAJoIETER MATOOJ60 
C SMAT(6). BETA, ~LHOD ""RA)!ETER MATOOJ70 
C SKAT(7)- OTT. AXLMCD ""RA)!E:TER JoIATOO]80 
C SMAT(B}.OTC, AJ(Ll"IOO PARAME'TER MAT00J90 
C SMA1'(9)" CSE, CONSTANT STRAIN ENERGJ MAT00400 
C SMAT( IO).DMAJ.. ULTIMATE DISPLACEMENT MAT00410 
C SMAT(ll)-BDAJ4. BET" FOR DAMAGE INOEJ: MAT004'20 
C MAT004 JO 
C------------------ INPUT DATA FOR MLHOD HYSTERESIS JoI0DEL ------------CMAT00440 
C THE FOLLOWING DATA IS INPUT ONCE FOR EACH MaDEL CMAT00450 
C CMAT00460 
C SC • SOMPRESSION STIFFNESS CMAToono 
C 51'1 - INITIAL TENSILE STIFFNESS CMAT00480 
C S'I'J • POST nILD TENSILE STIFFNESS CMAT00490 
C PT • TElLO LOAD CMATC0500 
C ALPHA • MODEL COIEFICIENTS CMAT00510 
C BETA • KlDEL COIEFICIENTS CMAT00520 
C CMAT00510 

C ------- - - --- -------------------------- - - - -- ---- -- - - - - - ------------- - --CMATOO 5 4 0 
C MAT005S0 
C MAT00560 

GO TO (l00,200.JOO,400.500),IOP'l' MATOOS70 

100 CONTINUE: 

READ (5.*) TT .. E .( SMAT{I),I·l,IS),OUCKA.:I,BDAM 
LI<IAT • 11 
SKAT(7). SMAT(4)/SMAT(2) 
SMA"!'(9). -SMAT(4)/SMAT(I) 
SMAT(5IJ. SMAT(4)·"2/(2-SMAT(-;I») 
SMAT( 10 )-OUCMA.J:·SMAT( 7) 
SMA'!' ( 11)-BDAJooI 

IF (FIRST .OR. BUG) WRITE (6.192) 
WRITE (6,191) MAT, (5)(AT(It) ,11:-1,6) , OUCMAX.,BOAJ4 

JoIATo05eo 
MATOOS90 
IO.T00600 
MATOOlS10 
JoIATOOlS20 
MAT00610 
MAT00640 
MAT00650 
IO.T00660 
MAT001570 
MA.T00680 
MAT00690 
MAT00700 

C MAT00710 
191 FORMAT (11.15,BGIS.1S1) !otAT007:<10 
192 FORMAT (III' ~LMOD HTSTERESIS MODEL- FOR UNIT LENGTH MEMBER'/MAT00710 

, •••• __________ ••••••••••••••• _ •••••• _. _____ .... __ ' IIMAT007 4 0 

"MAT.',ISI.' SC',lOX,' STl',10X,' STJ',lOJ:,' PT', MAT00'750 
, 101:, 'AL .. HA' .101:.' BE:TA', 6J:,'MAX OUCT.' ,1X, 'BETA-Ol') MAT0011S0 

1<4A'T0077 0 
GO TO 5151519 JotA1007BO 

C-................. -------- GET STIFFNESS TERMS •••••••••• .. -······ .. ······MAT00790 
200 CON'I'INUE MATooeoo 

---- .uLHOD J«)OEL DATA STOIU.GE FOR MEMBER ---- MATOOB10 
SEC 1)· S MATOOB20 
SEC J). HAN MATOOBJO 
SEC J). FI<tAI. MATooe40 
SEC 4)· DMAJI MAT006S0 
SEC 5)- FJ: MATOOBiSO 
SEC 6). OJ: MATOOB70 
SEC '7). F" MATooeeo, 
SEC e). 0" MAT00690 
SEC 51). J(R MAT00900 
SE(10)· J(S MAT00910 
SEC 11)" " MAT00920 
68(12)· NRL MAT009JO 
SE(lJ). A MAT00940 
SEC 14)· S_~_UNLO"D - EQUIVALENT UNLOADING STIFFNESS MAT00950 
SECIS). UP06(1) I«AT00960 
SE(16). UPOS(2) MAT00970 
SE(17)· UPOS(J) MAT00960 
SE{1B). UNEGOl JoIAT00990 
SE(19). UNEG(2) MAT01000 
5£(-;10). UNEG(J) MATOI010 
S£(-;ll)· EXCR(l) MATOI020 
SE(-;I-;I). ElICR(-;I) MATOI0JO 
SE{-;lJ)· EXCR(l) MAT01040 
SEC -;14)· EXCR( 4 ) MAT 0 1050 
SE(25). EXCR(5) MAT0101S0 
5E(26). EXCR(6) MATOI070 
SE(27). ESE(l) MAT01060 
SE(28). ESE(2) MATOI090 
SE(29)· ESE:(3) MA101100 
SE(JO). "SE KAT 0 1110 
SE()l)· PSE OLD MATOl120 
SE(J2). POS-DNAJ: KATOll10 
SE(Jl)" POS-PMAX MA'I'01140 

- MAT01l50 
00 210 I.1,LELEM MATOllfiO 

210 5E(I).0 KAT01170 
CALL HYSTOl(P ,0 ,PL,DL,V .VL.SE(1),SE(2). KA1'01180 

i SMAT( 1) ,SMAT(:;) .SMAT(l) ,5MAT(4).SMAT( 5) ,SMAT(6) .SKAT(7), SKATee) ,~'l'01190 
, SMAT(9), P<lATO 1:<1 00 
, SE(J) ,5E(4) ,5E:( 5) .SE(6). SEC 7) .SE(6) .SE(9) ,SEC 10) .SE( 11), SEC 12), ....... TOlllO 
, SEC IJ). BUG. 5E( 14), SE( 27). SEC ]0), SEC Jll, SEC 15) .5E( 19). SEt 41), AAT01220 
, [DR) KAT01:;30 

IE' (BUG) WRITE (IS,*) 'STIf'F.',STrFF.· ".·.A KAT01:;40 
GO TO 9999 MA1'01:<150 

C MATOlao 
C.- •••••••••••••••••• - •••• GE'T S'TIE'FNESS TERJoIS .... __ ••••••••••••••• ·····"''''1'01:<170 

]00 CONTINUE 
SEC 1)- A 
SE( 11)· A 
ICTC--O 
If' (BUG) THEN' 

WRITE (6.*) IN MAT02 ---- IELNOI' ,IELNO, 

WRITE (6,*) 'AI',SE(l3) 
WRITE (6,.)' p.[;.',",D .' V-',V 
WRITE (IS,.) ·PL,DL.',"L,DL.' VL-',VL 

ENOIF 
IDR-!J99 

310 STIF~SE(l) 
P·PL"( D-DL) *STIFF 
A.SE( 13) 
IF' ( ..... EQ.O .AND. S£(:;).EQ.O) 1.-" 
ICTC-ICTCH 
IF (BUG) THEN 

WRITE (6,11) ·STIFF-'.srIFF,' A-'.".' lOR·', tOR 

AAT012eo 
KAT01:<190 
KATO 1300 
M.AT01JlO 
MA')'OlJ20 
MA'J'01330 
MATO 1340 
~T01350 
KAT01]60 
....... T01370 
MATOlleo 
MATOlJ90 
P4ATO 14 00 
MAT01410 
MAT01420 
MATOI430 
MATOIUO 
MAT01450 
MATOl460 



WRITE [6,.)' P-',P ,'ICYC·',IC'rC ""'1'01470 
ENCIF ""'1'0 14 eo 

c "",1'01490 
C----- IS P WITHIN LIMITS 7 AAT01500 

IF (ICYC.Gt'.S) THEN AAT01SI0 
WRITE (6,-) 'MORe: THAN S CYCLES IN MAT02. IELNO,',IELNO AA'I'01S20 

ELSE IF «PL.LE.? .AND. P.LT.") .OR. (PL.GE.P .,t.ND. P.GT.A) .OR. AAT01530 
" (OL.E:Q.Ol) THE:N AAT01540 

C.a.LL S'TRENG (SE(:l7),5E(30),SE(Jl),P,Pt..D,OL,SE(I},SE(l4) ) MAT01550 
IF (BUG) WRITE (6,-) 'C--·-- IS P WITH IN LIMITS 7 . MATOlS60 
C.a.LL HISTO:;qP ,D .Pt..CL,V ,vt..,SE(1),SE(2), MJr.'rOlS'IO 
SMAT (1). 5MA1'(4) , SMAT ( J) , SMA'!' ( 4), SMAT (5), S~T [6), MAT01SS0 
SMATC'I) ,SMAT(S) ,SMAT(9) ,SE(3) ,SE(4) ,SEt S) ,SE(6), SEt 'I),SE(B) ,MATOl590 
5E(9) ,SEC 10), SEC 11), SE( 12), SEC 13), BUG, AAT01600 
SEC U), SEC 2'1), SEC 30), SEC 31), SEC 15), SEC 18), SE(21), IDR ) MATOl610 
V.VL MATOl620 

C----- IS P GRE ... TER THM LIMITS '/ AATOl630 
ELSE IF ([(Pt..LE ..... ANO. ".LE.P) .OR. (PL.GE.A .,t.ND ..... GE.P)).AND.KATOllS40 

" (STIFF.NE.O.OO) THEN KATOUi50 
DI-DL+("'-?t.) I S'!'I FF MAT01660 
Pl.'" MAT016'/0 
CALL STRENG (SEC;!'I),SE(30).SE(31),Pl,PL,Dl,DL,SE(1),SE(14») MATOl6BO 
OL.Cl MA'r01690 
PL"PI MAT01700 
'U' (AB6(P-PL).G1'. O.OOS"ABS(P+PL)) THEN MATOl110 

PI-PL+(P-PL) •• OI MAT 0 1720 
DI.OL+(o-OL) •• Ol MATOl730 

ELSE MAT 0 1'/40 
PI-P MAT017S0 
oI.D Jr4ATOl160 

ENOIF J4ATOI770 
IF (BUG) THEN J4ATOI'/BO 

WRITE (6,'") ·C _____ IS P GREATER THAN LIMITS '1 J4ATOl790 
WRITE (6,-) ·PL,DL.·,PL.DL MAT01BOO 
WRITE (6,.) 'PI,OI-',PI,DI KATOIBI0 

ENDIF MAT01840 
CALL I:!:tSTO:il (PI, 01, PL, oL, 1.,1. ,SEC I) ,SE(2), KATOleJO 
SMAT( I) ,SMATe 2), 6KAT( J), SMAT( 4) ,SMAT( S) ,SMAT(6) , MATOle40 
SJ4AT(;), SMAT( e), SMAT( 9), SEC 3), SEC 4), SEC 5), SE(6) ,SE('/) , SEC 8), MATOIBSO 
SEC 9), SEC 10). SEC 11). S8e 14:), SEC 13 l,BUG, MATOIB60 
SEC 14) ,SEC 27) ,SEC JO) ,SEC JI) ,SEC IS) ,SEC 18) ,SE(21), IDR ) MAT01El70 
V"VI. MA'!'OlBElO 
GO TO 310 J4ATOIB90 c----- IS P LESS THAN LI)oII't'S '1 MAT01900 

ELSE IF ({P.LT.PL .AND. PL.LE.A) .OR. (P.GT.PL .MD. PL.GE.,,))THENJ4ATOI910 
IF (~BS(P-PL).G'\'. 0.00S'"AB6(P+Pt.)l THEN MATOl920 

PI.PL+{P-P[,,)'".OI MAT019JO 
oI-OL..-(D-DL) •• Ol MAT01940 

ELSE )(ATOUSO 
PI-P MAT019i50 
01"0 MAT01970 

ENoIF MAT019BO 
IF (BUG) THEN J4AT01990 

WRITE (6,'") 'C----- IS P LESS THAN LIMITS '1 ' J4ATO.OOO 
WRITE (6,'") 'PI.DI.',PI,DI J4AT02010 

ENDIF MAT02040 
CALL H!STO:il(PI,DI,PL,CL,l.,I.,SE(1),SE(2). MATO.030 
SJ4AT( 1) ,SMAT(2) ,SMATeJ) ,SMAT(4) ,5J4AT(S) ,SMAT(6), MAT02040 
SMAT('I) ,5MAT(Bl,SMAT(9) ,SE(J) ,SE(4) ,SE(5) ,58(6) ,SE('/), SE(B} ,MAT020S0 
5E(9) ,SEC 10), SEC 11), SEC 12), SEC lJ) ,BUG, MAT02060 
SEC 14), SEC 2'1}, SEC JO), SEC JI), SEC 15), SE( 18), SEC 21), lOR ) MAT02070 
V-VI. ""'T02080 
GO TO 310 ""'T04:090 

ENOl F MAT04100 
c J4A1'04110 
C------ SAVE MAlIMUH PEAl( POSITIVE oISPL J4AT04140 

MAT02130 
MA1'02140 

c 

IF (D.GT.SE(32» THEN 

ENDIF 

SEC 32)"0 
SE(J3)·P 

IF (BUG) nITE (6,-) 'STIFF-',STIFF,' A-' ,SEC Il) 

c------ TRANSFER ENERGIES FOR BO'1'H IOPT·] AND 4. 
400 EESE-SE( 2'/) 

EPSr::·SE:( JO) 
c c------ TRANSFE:R DUcTILITIES AND EJ:CRUSION RATIOS FOR BOTH IOPT-J 

00 410 1-1,3 

c 

DUCT (I ).MA..I(SE( 14 +1) ,SEC 1"1+1») 
EXCR(I )·SE{20-+I) 

410 EXCR(I..-3)-SE(20+I+J) 

RETURN 

MAT021S0 
MAT02160 
MAT021'10 
I'lAT02180 
MA,.O.190 
Jr4AT04200 
MAT02no 
MATO:il::;::il:O 
J4A1'02:i1:30 

AND 4.MAT02240 
MAT022S0 
MAT02260 
MAT02210 
MA'T02280 
MAT02290 
MAT04:JOO 
MAT02Jl0 

C-.. -·---·--.. - .. ·-.. ··-.... DAMAGE INDE.I ..... --..... - .... --••• --..... ---.... -- ...... -··MATO:il:JJD 

C 

500 CONTINUE 
EESE"'6E( 4'1) 
EPSE· SE(30) 
BoA)tllSMA't'(ll) 
o ·SE(3::1) 
P ·SE(33) 
oAMAGE-AB6(D)/S)l.ATC 10) 

9999 CONTINUE 
C 

+ BDAM I( SMAT(4)'"SMAT(10) '" EPSE 

J4ATOJ330 
MAT04:J40 
MAT02J50 
MAT02J60 
MAT02JiO 
MA'1'02J80 
MA'1'02J90 
)(I,T04:400 
)(I,TOHlo 
MA"rOH;jIO 

RE."TU!Ui MA1'04430 
E:NO MAT0244 0 

C-_ •• --" • • ___ .w_._ ... -_ ... -.......... --... --... -... ___ .... -... ---.--------·MA'l'OOO 1 0 
C DEBUG UNIT(6) ,5UBCHP;:,INIT,SU8TRACE MAT00020 
C END DEBUG KATOOOJO 
C ••••• - ••• - .... - ••• ---•• ---------.----•• --... ---..... --... - __ ••••••• __ • .. ·····MAT00040 

SUBROUTINE MATOJ KAT00050 
, (IOPT ,IELNO ,ERR ,FIRST ,PRUM' ,BUG, I'lAT00060 
, MAT ,SE ,P,PL, 0, oL,V, VL,LeLc:M,LMAT , MAT00010 
i SMAT, EE:SE, EPSE, OUC'!',E:J:CR,DAJO.GE) MAT00080 

IIoIPLIcn REAL(A-H,O-I) 
LOGICAL ERR.FIRST,PRINT,BUG 
LOGICAL BTEST 
DIMENSION SEC 100), SMAT( JO), OOCT( J), nCR( 6) 
CHARACTER'"SO TYPE 

MA'l"00090 
MATOOIOO 
MATOOll0 
MAT00120 
MA'!'OOlJO 
MATOO 14 0 
MATOOl50 

IF (IOPT.NE.1) LE:LEM-J4+J-6MAT(2)+2 MATOOli50 
IF (IOPT.Eg.O) RE:TURN JllAT00170 

C MAT00180 c __________________________________________ ----- - ---- - - --- -- ---- --------MATOO 1 9 0 

C V~RIkBLESI MAT00400 
C-----------------------------------------------------__________________ MAT00210 

C---------- GLOBAL VARIABLES MAT00420 
C IOPT • I, INITIALI?E MATERIAL MAT002JO 
C • 2, GET STIFFNESS MAT00240 
C SMAT - IN1'E~AL STORAGE I'IAT00250 
C SE .. OUTPUT srIFFNE:SS MAT00260 
C __ - ____ -- __ ---__ -- - -- - - - - - - - - -- - - - --- - --- - - ---- --- ---- --- - ----- --------""'1' 00 270 
C ---- BENDl O~TA ---- MATOO:il80 
C SMAT (I)· NSEGS, NUMBER OF BACI(BONE SEGMENTS MATOO:il;O 
c SJ4AT(2). NI, NUMBER OF SMALL AMPLITUDE (,ooPS MAT00300 
C SMAT(3). CSE, CONSTANT STRAHl ENERGY... MAT001I0 
C SJr4A'l'(4). CY, YEILD POINT FOR DUCTILITIES MAT001:;!0 
C SMAT(5 )- BoAJol BETA FOR OAM.\.GE tNDEX MAT001JO 
C SMA1'(5+1 )- pp, B"'C!t.BONE IoIOMENT FOR POINT I HATOOJ40 
C SM.AT( 5+I+NSEGS)· op, B ... CIt.BOHE ROTATION FOR POINT I M.ATOOJSO 
C M1,TOOJIiO 

GO TO (100,:il00,300,400,SOO),IOPT "'-'T003'/0 

100 CONTINUE c------------------ INPUT DATA FOR BEND 1 
C 
C NSEG 
C Nr 

• NU)I(BER OF Il"'CIt.BON'E SEGEJoIENTS 
.. NUMBE:R OF SMALL LOOP POINTS 

"'-'1'003BO 
MAT003510 
MA'r00400 

HISTERESIS MODEL ___________ -CMAT00410 

CMAT00420 
CMATOOOO 
C)tATOOUO 
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C EI ELASTIC STIFFNESS C!oIJI.T00450 
C G MOMENT GR.A.DINET CMATOOHlO 
C PP BACII:BONE LO ... O CIQ,TOOnO 
C OP B ... CII:BONE: DIS"LACE:JoIENT CJIO.A.TOQ4BO 
C CKAT00490 
C ------------------ ---- --- -- - - - - ---- --------------_______________ ----- -C)o{A.T 0 0 500 

READ [5.'") TYPE ,NSEG,NI,OT,BOAM MAT00510 
READ(5,.) ( S ...... T(5+I ),I-l,NSf:G) MAT00520 
READ(S,·) [ SJ4AT(5+I+NSEG),I·l,NSEG} M.AT005JO 

LE:LE)I( - J4+J"NI +:iI: 
LMAT • 5+2"NSEG 
SMAT(l)·NSEG 
SMAT(2)-NI 

CCC SM.AT(J)·SMAT(6)/SMAT(6+NSEG) 
S)Q.T(4 )"OT 
SJr4AT(S)·BDAJoi 

C-------------- CALC CONSTANT STRA!N ENERGI •••• 
OL·O 
PL-O 
00 10,r.l,NSEG 

P-SJ4AT [5+1) 
o-SMAT (5+t+N'S£G) 
IF (O.LE.OI) THEN 

CSE-CSE .. O.St(P+PL)'"(D-oL) 
PL-P 
OL-o 

ELSE IF (D.EQ.DL) THEN 
GO TO 20 

ELSE 
P!"PL+ (OT-OL)·(P-PL)/(D-DL) 
CSE·CSE + O.S-(PY+PL)"(DI-DL) 
GO To JO 

ENoIF 
10 CON'!'INUE 
20 SMAT(3}·CSE 

IF (FIRST .OR. BUG) WRITE (6,55) 
WRITE (IS, S1) MAT,NI, 01, BDAJoII, (SMAT (5+11:). SMAT( 5+IIt+NSEG), lit· I ,NS£G) 
WRI'!'E (IS,·) 

MATOOS40 
MAT00550 
MATOOS60 
1(.\1'00510 
MATOOSBO 
HAT00590 
MAT00600 
...... TOOISI0 
MAT006:il0 
MATOOISJO 
MAT00640 
MAT006S0 
....... 1'00660 
....... T0061 0 
....... T006BO 
MAT006)10 
MATOO'lOO 
MA1'OO'/lO 
MATOO'/20 
MAT007JO 
MATOOHO 
~T00750 
MAT00'll50 
MATOOiiO 
....... TOOiBO 
M.A.TOO?90 
""'Tooeoo 
MATOOBI0 
AATOOB20 
I'tATOOBJO 
MATOOB40 
MATOOB50 

" FORMAT ( I' BE:NDI HYSTERESIS MODEL DATA - UNI't' LENGTH MEMBER' MAT0081S0 

" 

I ' 
/' 

, BE'TA 

"' ..... 
.-.----.. ____ ... ___ ... ___ .... _____ • ___ • -. - ••• --. - ... -. ' MAT 0 0 B '/ 0 

BACII:BONE: CURVE POINTS - MATL Nt ',5J:,'OY',9X, 
',JI,' MQME:NT',BI.·ROT"'TION') 

( (2SX,:il:I4 .2K,GIS.iS, JG15.6) I( 68X, 2G15. 6) 

MATOOB80 
MATOOB90 
MAT00900 
MAT00910 

RETURJI! JoIAT00920 
C·· •• ·-· .... --- .. -.----.---.. GET BTl Ff'NESS TeRMS ......... ---... --- .... ---_·--M,AT009)O 

c 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

200 CON"I'INl.JE JoIAT00940 
- ___ BENDI MODEL DATIo STORAGE FOR MEMBER --__ MAT00950 

SEC 1). It. ""'T00960 
SEt .). RULE: MAT009'/O 
SEC 3)- 01 R ....... 1'00980 
SE ( 4). ... MAT00990 
SEC 5). PMG M.A.TOI000 
SEC 6). PMH MAT 0 LOI0 
SE( 1). OM(; KATOI020 
SE( e)e DMH MAT010JO 
SE:( 9). BACx.e MATOI040 
SE(IO). ALPHA 1 MATOI050 
SE(11)- ALPHA2 Jr4A'!'01060 
SE{1:!)- IR MATOI070 
SEC 13). SRI J4ATO 1080 
SE (14). SR2 J4ATO 1090 
SE(15). SR3 MATOll00 
SE(16). SFtM MATOlll0 
SEC 1'1)- E_EILUNLOAo MATOl120 
SE(18). UP05(1) MATOIUO 
SEt 19). UP06(2) MATOl140 
5E(20). U~6(3) MAT01150 
SE:(21). UNEG( 1) MAT011i50 
SE(22)" UNEG(2) MATOl170 
SE(2J)- UNEG(J) I<I ... T011BO 
SE(:iI4). E.lCR(l) MATOl190 
6E(:il:5)- EJ:CR(2) MATOl200 
SE(::I6)- E:ICR(J) MA'!'01210 
SE(:iI'I). aCR(4) MAT01220 
SE(2B)" EXCR(5) MATOl2JO 
SE(29)- EXCR{iS) MATOIHO 
SEC 30)· EESE{ 1) M.AT01250 
6E(31)" EESE(2) MAT01260 
SE(J'2)" EESE(3) KATOl270 
SE(JJ)" EPSE MAT012BO 
SE(34). PSE OLD MA101290 
SE(34+1 -}.PR( I) MAT01300 
SE(34+ NI)"PR(NI) MATOIJI0 
SE(J4+1+ toII)·DR( 1) J4ATO I J:il:O 
SE()4+ :iI:'"NI)·DR(NI) MATOIJJO 
SE(34.1+:iI:.NI).FR{ 1) Jr4AT0134 0 
SEC )4+ 3 t NI )·FR(N'I) MATOIJSO 
SE(H+ J-NI ).p Jr4A.I. MA't'01360 
SE:( lei+ J"NI )-D-MAI MATOIJ70 

- MATOlJeO 
I.'fISEG-SMA'I'(l) MATOlJ90 
NI .SJ4AT(.) MATOHOO 
JI- NSEG+6 MATOl410 
JJ. NI.3S )l(AT014:ilO 
J4"2-NI+35 Jr4ATO 14 JO 
JS.3.NI+lS-l .2 MATOI440 
SI-SMAT(6)/SMAT(6.NSEG) MATOl4S0 
EI. SMAT(4) MATOl460 
00 no I.1 • .1S MATOlno 

210 SE(I)-O MATOHeo 
CALL H'!S'!'OJ(P,D,PL.oL,V ,NSEG,NI, JoIATOH90 

i SJ4AT( 6),SMAT(J1),SMAT( 6),SMAT(JI),SI,SMAT(J), MAT01500 
'SE( 1).SE( .),5E( ),5E( 4),S!( 5),SE[ 6),5E( 7),SE( 8).SE( g), AAT01510 
i SEC 10) ,SEC 11), SEC 1:;:), SE( 13), SEt 14), SEC 15) ,SEt 16) ,SEt 35), SEC J), MA."!'O15:il0 
i SE(J4),BUG, Jr4A'l'01530 
i SEC 1'1) ,SMAT(4) ,SE(JO) ,SE(JJ) ,SE:(34).SE( IS) ,SE(::ll) ,6E(24)) JoV.TOlS40 

RE:TURN ....... 1'01550 
C KAT01560 
C ••••• - ••••• - •• ------•• -- .. GET S'rIFFNESS TEIQ(5 •• ___ ._ ......... __ • ___ .. ___ ·KAT01570 

C· 
C 
C 

JOO CONTINUE MATOl5BO 
SEC 4)- ... MATOlS90 

NSEG"fjMAT( I) MATOliSOQ 
NI -SMAT(:iI:) MAT01610 
JI- NSEG.6 MAT01620 
JJ .. NI+35 MAT016JO 
J4.2.NI+JS MAT01640 
SI.SMAT( 6)/SMAT (6+NSEG) MATOl650 
EI. SKAT(') KAT01660 
SE"!' .... ELOCITY FLAG TO 1 TO REMOVE INFL OF HIGH FREQ VELO<: MAT01670 
DVEL.V'"vt. MAT016BO 
DVEL • 1 MATOliS90 
IClC"O MAT01700 
iF (BUG) THEN' KATOl'110 WRJ TE [6,.) , ___________ -- IN MATO J _________________________ , )oI.ATO 1 7 2 0 

WRITE (6,.) 'P.D',P,D Jr4AT01730 
WRITE (6,'") 'PL.DL-',PL,DL P4A.TOl740 

ENolF' MATOl'150 
310 STIF'F-SE:( I) MAT01760 

P"PL+(D-DL)-STIFF M.A1'OI7;0 
A.SE(4) KATOl1eO 
IF (A.EQ.O .AND. SE(2).EQ.0) THEN MAT01790 

A.SIGN[6MAT(6).",) JoL\TOIBOO 
IF (P.LT.PL .ANO. PL.GT.O .,t.NO. ".GT.O) 10-0 JllAT0181Q 
IF (P.GT.P[.. .,t.ND. PL.t-T.O .AND. P.LT.O) ,1,,-0 MATOIB20 

E:NoIF Jr4ATOIBJO 
ICYC-ICTC+I MAT01840 
IF (BUG) THEN MA.TOIB50 

WRITE (6,.) 'STIFF.',STIFF,' A·',A MATOIB60 



WRITE (IS,") p .... p .'ICtC.',ICTC KAT01870 
ENDIF Ir4ATOIB80 

C Ir4ATOIB90 
C----- 15 P WnHIN t.HfI'I'S i KATOlS100 

IF (ICTC.GT.I0) THEN !ltAT01S110 
WRITE (15,") 'I'IORE THAN 10 CTCLES IN MATOJ, IELNO.' ,IELNO !ltATOlS1:20 

ELSE IF «PL.LE.P .AND. P.LT.") .OR. (Pr.,.GE.P .AND. P.GT.A) .OR. )4,\T01S1JO 
, (DL. EQ. D» THEN KATOl!il40 

IF (BUG) WRITE (15,·) 'C----- IS P WITH IN LIJIIITS 7 • KAT01S150 
CALL STRENG (SE:(30),SE(J3),SE:(34),P,PL,D,DL,SE(1),SE(17) ) I4AT0l5lfiO 
CM.L H1STOJ(P,D,PL,QL,DVE:L ,NSE:G,NI, ~T015l10 
SMAT( ISl,SMAT(Jl),S'MAT( 15),SMAT(Jl).SI,SMAT(J), KATOlS180 
SE( 1),SE( :2),SE( 3),SE( 4),5E( S),SE( lSI, KAT01S1S10 
SEC 7),SE( B),5E( SI). KATO:;;OOO 
5£( 10) ,SE( 11),5£( 12),5£( 13) ,SEC H), SEC IS), KAT02010 
SE(IIS),SE(35),SE(JJ), KAT 0:;; 0:;;0 
SE(J4),BUG, KATO:;;C30 
SEC 17), SMAT(4), SEC 30) ,SE( 33), SE( 34) ,SE:( 18) ,SE( 21 J ,SE(24)) KATO::il:040 
DVEL-l KATO:i!OSO c----- 15 P GRE:ATER THAN LIMITS i KATO::l:0150 

E:LSE: IF' «(PL.LE.A .AND. A.LE.P) .OR. (P[..GE.A .ANO. ~.GE.P)).AND.KATO::l:070 
(STIFF.HE.O.OO)) THEN MA'l'020BO 

01·DL+( "-PL) /STIFF MAT020Sl0 
PI"A MA'l'O::l:lOO 
CALL STRENG (SE(30),SE(3J),SE:(34),Pl,PL,01,DL,SE(1),SE(17) )MA'l'02110 
OL"OI MATO::il:l::l:0 
PL"PI MATO::il:lJO 
PI·PL"'(P-PL)· .001 MAT0214 0 
DI"DL+(D-Dl.) •• OOI MATO::il:150 
If' (ABS(P-Pl.) .IIT. O.OOOS·ABS(P+PL») THEN MAT021tiO 

PI.PL+(P-PL) •• OOI MAT02170 
DI"DL+(o-DL)· .001 MATO:;;lBO 

ELSE MATO::l: 1 90 
PI"P 
DI·D 

ENDIF 
IE' (BUG) THEN 

III'RITE (6,.) 'C----- IS P GREATER THAN LIMITS '1 ' 
WRITE (Ii,"') 'PL,OL.',PL,DL 
WRITE (6,.) 'PI,DI·',PI,DI 

ENDIf' 
CALL HYS'l'03(PI,OI,PL,OL,1.OO ,NSEG,NI, 
S)(AT( (5),SMAT(J'l),SMAT( 6),SMAT(Jl),SI,SMAT(3), 
SEC I).SE( 2),5E( .J),SE{ 4),S£( 5),SE( Ii), 
SEC 7),SE( 8),SE( 9), 
SEC 10) ,SE( 11) ,SE(1::l:) ,SEt 13) ,SEt 14) ,SEC 15), 
SEC 16) ,SE(3S) ,SE(J'J), 
SE(J4),BUG, 
SEt 11) ,SMAT(4) ,St(JO) ,SE{JJ) ,SEt J4) ,SEt IB) ,SE(21) ,SE(24» 
GO TO 310 

MAT02200 
MATO:2:2IO 
MAT02::l:::l:0 
MATO::l:230 
MAT04240 
MAT02250 
MAT0221i0 
IQ,T02::l:70 
MATO::l:::l:BO 
MATOJJ5IO 
MATOJ300 
MATO::l:JIO 
MAT02J20 
Jll.AT02J30 
MAT04J40 
MAT02350 
MAT02360 

C----- IS P LESS THAN LIMITS '1 MAT02370 

c 

ELSE IF «P,LT.PL .AND. PL.LE.A) .OR. (P.GT.PL 
PI" PL-+ (P-PL) '" • 00 1 

.MD. PL.GE.A) )THENMATO::il:380 
MATOJ390 

ENDIF 

DI· DL+ (O-OL) •• 001 
IF (ABS(P-PL) .GT'. O.OOOS-ABS(P+PL)) THEN 

PI-PL+(P-PL)·.OOI 
DI·OL+(o-OL)·.OOl 

ELSE 
PI-P 
DI-D 

ENDIF 
IF (BUG) THEN 

WRITE (6,·) 'C----- 15 P LESS THAN LIMITS i ' 
WRITE (6, .. ) 'PI,DI·'.pl,OI 

ENDIF 
CALL HYS't'OJ(PI.OI.PL.OL.I.OO ,NSEG.NI, 
SMAT{ 6) ,SMAT(Jl) .SMAT( (5).SMAT(JI) ,SI,SMAT(J), 
SEC I),SE( 2),SE( 3).SE( 4).6E( 5),SE( 6), 
SEC 7),SE( 8),SE( g), 
SEC 10) ,SEC II) .SE( 12) .SE( 13) .6E( 14),SE( IS), 
SEC 16) ,SEC 35), SEC J3), 
SE(J4) ,BUG. 
SEC 17) ,SMAT( 4). SE( 30) • SEC 3J). SEC 34) ,SEC IB) ,SE(::II), SEC 24» 
GO TO llO 

MATOJ400 
MATOJ410 
MAT02420 
MAT02430 
MAT024,f,O 
MAT024 SO 
H.AT024tiO 
MAT0200 
MATO::l:4BO 
MA'l'02490 
MATO::l:500 
MAT02510 
MAT025.20 
MATOlSJO 
MAT02540 
JllATOBSO 
IO.T025150 
MAT O;ZS 1 0 
MAT02SeO 
MAT02S90 
IO.TO~1500 

MAT021510 

C-------- SAVE MAXlMUIo1 DI5PL AND IT'S LOAD 
)(,\T021520 
MAT021530 
MATO:;;1540 
I(ATO:;; 15 SO 

IF (ABS(D).G".ABS(6E(J6+J*NI))) THEN 
SE(3S+ J-NI).P 
SEC 36-+ J-NI ).0 

ENDIF 

H' (BUG) WRlTE (6,·) 'S'I'IFF·',SE(l),' 
c 
C------ TRANSFER ENERGIES POR BOTH IOPT·J AND 4. 

400 EESE-SE( 30) 
EPSE-SE( 3J) 

c 
C------ TRANSFER DUCTILITIES MO E:lI.CRUSION RATIOS FOR BOTH 

00 410 1-1.3 

c 

DtlCT( r) • MAl: ( SE( 17+1), SEC 20+1») 
E'ICR( I +J ).SE( 23+1+3) 

410 E:'ICR(I)·S£:(23"'I) 

MA'i'O:ill5 15 0 
MAT021570 
MAn215BO 
MAT025S10 
MA't'02100 
,,"'1'0:01110 
MA'r0::l:7:IlO 
MAT02730 
MAT02140 

10P1'·3 AND 4.MA'1'04150 
10.'1'02760 
MAT02770 
MA'1'041BO 
MA'1'0279 0 
MA'1'02BOO 
MA'I'0:ilB10 
MA'1'O:ilB:ilO 

C·········---·-·-····· .. ····· DAMAGE INDElE ................................. IO.TOJ830 

500 EESE -SEC JO) 
EPSE -SE(JJ) 
NSEGS·SMAT (1) 
NI ·S""'T(2) 

510 

DKAX • SKAT ( S+2-NSEG5) 
Dt ·SMAT( 4) 
BDAM ·SMAT(5) 
P .SE(35+ 3"'NI) 
D ooSE{36+ 3·NI) 

01 • SMA" (6+NSEGS) 
IF (Of.LE.DI) THEN 

PT·SMAT( (5) ·OT /01 
ELSE: 

ENDIF 

DO S10 1"2.N6E:GB 
pi-SMA"( 4+1) 
P2-SMA" ( S+ I) 
DI-SMAT( 4 +1 +I'ilSEGS) 
D4·SMA"( S·tI+NSEGS) 
IF (DY.GE.OI .MO. Dl.LE:.O::l) THE:N 

PT-pI+( DT - Dl) * ( P2-Pl) / (02 -01) 
GO TO S20 

ENOIF 
CONTINUE 

520 D-'MAGE ..... aS( D) /OMAJI: ... BD,," / (Pr-DMAX) • E:PSE 

MAT02840 
MATOJBSO 
MAT028150 
MAT02B10 
MAT02BBO 
MAT02B90 
MAT02900 
MAT02910 
MAT02920 
MAT02930 
MAT0.2940 
HAT02950 
MAT029150 
MA'I'02910 
10.'1'02960 
KAT02990 
MAT03000 
KAT030IO 
KATO]020 
MATO]030 
MATOJ040 
JllATOJ050 
MATOJ0150 
MAT03070 
MAT03080 
MAT03090 
MAT031CO 

~E'I'URN MAT03110 
END MAT031::lC 

C •• - ._ ......... !"'" ............................................... - ............. --...... - ... _. MATO 0 0 1 0 
C DEBUG UNn (Ii) ,TRACE, SUBCHI{, INIT, SUB'l'RACE MATOOO::lO 
C END DEBUG MAT00030 
C ............................... - .............................................. ----.-....... MATOO 0 4 0 

SUBROUTINE MAT04 MATOOOSO 
, (IOPT ,IELNO ,ERR ,FIRS'l' ,PRINT ,BUG, MAT00060 
, MAT ,SE ,P,PL,O,OL,V,VL,LELE:)4,LMAT, MAT00070 
, SMAT,EESE,EPSE,OUCT,EJ:CR,DAMAGE) MATOOOBO 

IMPLICIT REAL(A-H,O-Z) 
LOGICAL ERR,FIRS't',PRINT,aUG 
LOGICAL BTES'l' 
DIMENSION 5E( 100). SKAT ( 20). OOCT( J). EXCR( (5) 
CHARACTER-BO TYPE 

IF (IOPT.NE.Il LEL£ ..... J2 ... J*SMAT(2) +2 

"""T00090 
MATOOI00 
MATOOIIO 
MAT00120 
MAT00130 
MATOO 14 0 
MATOOl,)O 
MATOOl150 
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IF (IOPT.EQ.O) REn'URN MAT00170 
C KATOOlaO 
C ------------ - - - - ------------------------------- - --- - ----- ------- --- ----MATOO 190 
C VARIABLE:S. MAT00200 

C- ---- - ------------ ---- ---- --------------------- - -- - -- --------- ---- -- - - -MAT 00 21 0 
C---------- GLOBAL vArUABLE6 10.'1'00220 
C IOPT • 1, INITI.tIl.IZE MATERIAL MAT00230 
C • 2, GE'I' STIFFNESS 10.1'00240 
C RINPU'I' • INPUT DATA MAT00250 
C SMAT • INTERNAL STORAGE MAT00215C 
C SE • OUTPUT STIFFNESS MAT00270 
C - ---------------- -- - - - - -----------___________________ - - - -- --- - -- - - -- ---KAT 0 0 2 e 0 
C ---- SHE"RI DATA -___ !ltA100290 
C SKAT ( 1)- NSEGS. NUMBER OF BAC!{BONE SEGMENTS !ltATOOJOO 
C SIQT(2)" NI. NUMBER OF SMALL AMPLITUDE t..OOPS MAT00310 
C SKAT(3)" CSE, CONS't'AlNT S'l'RAIN ENERGY... MATOOJ:oIO 
C SKAT(4)" OT, 'TEILC DISPLACEMENT MATOOJ30 
C SMAT(4"'1)· PP, BACI{BONE SHEAR FOR POINT I MAT00340 
C SKAT(4+1"'N5EG)" DP, BACI{BDNE DISPLACEMENT FOR POINT I MA'I'OOJSO 
C 5MAT( S+2·NSEG)- BOAA BETA FOR DAMAGE INDEX MAT00360 
C MA100370 

GO 'I'D (100,200,JOO,400,SOO),IOPT MAT00380 
MAT00390 

100 CONTINUE MA1'00400 
C MAT00410 
C------------------ INPUT DATA FOR SHEARI HYSTERESIS MODE'L ------------CMAT00420 
C CMAT00430 
C NSEG • NUMBER OF' BACI{BONE SEGEMENTS CMATOOHO 
C NI .. NUMBER OF SMALL LOOP POINTS CMAT00450 
C PP • BAC!!:BONE LOAD CMATOO4liO 
C DP • BACI{SONE DISPLACEMENT CMAT00470 
C----------------------------------------------------------------------CMAT004BO 

READ (5,.) TypE ,NSEG,NI.DT.BOAJol MAT00490 
READ (5,·) ( SHAT(4+I ),I-l,NSEG) MATOOSOO 
READ (S,·) ( S)o(AT(4+I+NSEG).I-I,NSEG) MAT00510 
LELEM • 3::l:+3*NI +2 MATOOS20 
LMAT • S.:2-NSEG MATOOS30 
SMAT(I).NSE:G I<O.TOOS40 
SMAT(2).NI MAT005S0 
SMAT(4 ).OT MATOOS60 
SMAT(S+::l:*NSEG).BDAA MAT0057C 

C-------------- CI\.LC CONSTMT STRAIN ENERGT.... MATOOSBO 
DL.O MAT005S10 
PL-O MATOOIiOO 
DO 10 t·I,NSEG MAT00610 

P.SMAT{ hI) MATOOI5:;;O 
o-SMAT ( hI +NSEG) MAT00630 
IF (D.LE.OT) THEN MAT001540 

CSE.CSE + 0.5*(P"'PL)·(D-DL) MAT006S0 
PL-P MATOOli60 
OL-O ...... T00610 

ELSE IF (D,EO.DL) THEN MATOOMO ~roH __ ~ 

ELSE HII'T00100 
Py-pL+ eOT-OL).(P-PL)/(D-DL) HIIT00710 
CSE.C5E + O.St(PT+PL).(DT-DL) MAT00720 
GO 'I'D 20 MAT00730 

ENOIF MATOOHC 
10 CONTINUE KAT007S0 
20 SMAT(3).CSE MAT00760 

!ltAT00770 
MAT00780 

IF (FIRST .OR. BUG) WRITE (6,155) MAT00790 
IfRITE (6,151) MAT. NI, DY, BDAJoI, (SMAT{ 4+1t), S!OlAT( 4+It"'NSEG), IC"I, NSEG) MATOOBOO 
WRITE (6, *) , , MA.T00810 

6S FOIUtAT(/II' SHEAR 1 HYSTERESIS I40DEL O"TA - UNIT LE:NGTH MEMBER'KATOOB::l:O 
,I ' .................... _ ............ -_ ........................... ' ,MATOOB30 
, I' BACIt80NE CURVE POIN'l'S - MAT. NI DT MAT00840 
'51,'BETA',61, 31.,' S't'RESS',BX,' STRAIN') MAT008S0 

61 FORMAT «28'1 • .2I4,::l:X,4G1S.6)/(68X,JGl5.6» MJ.T008150 
MAT00870 

RETURN MATOCBBO 
c ••••••• ••••• ............ ---- GET STIFFNESS TERMS ......... •••• .. •• .... •••••••• .. !ltAT00890 

c 

200 CONTINUE MATC0900 
---- SHEARI MCDE'L DATA STORAGE FOR MEIoiBER ---- MATOO!ill0 

SEt I)· I{ KATOOSl20 
SEC 2)" ~ULE MATOO!il30 
SEC 3)" DIR IoU..TOO!HO 
SEC 4)· A IoIATOOSlSO 
SEC 5)" pJi4G MATOO!il150 
SEC 6)· PMH MATOOSl70 
SEC 7)· DHG MATOOSIBO 
SEC B). [lICH MATOOSlSlO 
SEC 9). BACI{B MATOICOO 
SErlO)· SRI MATOIOI0 
SEC 11)" SR2 MATOI020 
6E(12)- SRJ MATOIC30 
6E(13)" SFU4 MATOI040 
SEC 14)· IR MATOICSO 
SE(lS). SEQ UNLOIlD ""'TO 10150 
SE(16). UPoS(I) MATOIC7C 
SE(11)· UPOS(:;;) MATOICBO 
S£:(19)- UPOS(J) MATOI0;0 
SE(l9)· UNEG(l) MATOI100 
SE(.20)- UNEG(2) IoIATOllI0 
SE(21)- UNEG(J) MAT01l20 
S£(21). EXCR(l) MA'l'01l30 
SE(23). E.lCR(::l:) MATOl140 
SE(24)· EXCR(3) MATOIISO 
SE(.2S)- EXCR(4) MAT01l60 
SE(26)- EXCR(S) MATOI170 
SE(27). EJ:CR{Ii) M.AT01180 
SE(2B)" ESE MAT01190 
SEC 29). ESE M.AT01200 
SE(JO). ESE MATOl::l:10 
SEC 31). PSE MATOl.2.20 
SE:( J2). PSE OLO MATOl.230 
SE(32+1 -)·PR( L) M.AT01240 
SE(J2+ NI)·PR(NI) MAT012S0 
SE(32-+l+ NI)·OR( 1) MATOI260 
SE:( 32+ 2"l'II )·OR(NI) MAT01270 
SE( 32"'1-+l"Nl )·FR( I) MAT012BO 
SEC 32+ J·NI )·FR{NI) MATOIHO 
SE(33+ 3.NI)·P_MAJ. HII'1'01300 
SE(34+ 3*NI).0_MAX 10.1'01310 

NSEG" SMAT ( 1) 
NI ·SMAT(2) 
SI • SMAT(S)/SMAT(S+NSEG) 
JI·NSEG+S 
JJ·NI+J3 
J4·2'111NI+J3 
J'S·3·NI+33-1 "'2 
DO :nO I·l,JS 

MATOIJ20 
MAT013JO 
MAT01340 
MA.TO 1J SO 

210 SEC I )·0 

MATC13150 
MATOIJ70 
KA.'I'OlJBO 
)oLI.TCI3!ilO 
MATCH CO 
MAT014lC 

• · • • • RE:'!'URN 

CALL H!ST04( p, O,PL.CL. V ,NSEG,NI,BUG, 
S1'(AT( S) .SMAT(J'I) .SMATe 5) ,SMAT(Jl) ,SI .SMAT{J) ,SMAT(4), 
SEC 1) ,SEC 2) ,SEC 3) ,SEC 4) ,SEC 5) ,SEC 6) 
SEC 7) .SE( II) ,SEC 9) ,SE(lO) ,SE(II) ,SEe~2) , 
SE(13) ,SE(H) ,SE(15) .S£:(16) ,SE(19) .SE('2::l:) , 
SE(::IB) ,SE(31) ,SS(J2) ,SE(3J) ,SE(J3) ,S£:(J4) ) 

MATC142C 
IolATCl4JC 
MAT 0 14 40 
MAT014S0 
MJ.TCHi!iO 
MAT0147C 
MA.T014BC 
MAT014S10 

C· ...... - ......... -_· .. •••••••• GE'T ST I F'FNESS TERMS ..... _ ............. ,.._ ............ • .. _ ... ·10.'1'01500 

300 CONTINUE 
SEC 4)· A 

NSBG.SMAT( 1) 
NI "SMAT(2) 
51 .. SMAT(5)/SIoU..T(5+NSEG) 
J1·NSEG+S 
J3"NI+JJ 
J4·2·NI+33 

MATOISIC 
MAT01520 
MATO 1530 
HAT01540 
HIIT01S50 
HIITOl560 
M..AT01570 
MATOl580 



OVEL-V"VL MATO 1590 
SEn' VELOCITT FLAG TO 1 TO FlE:M)VE INFL OF HIGH FREQ VELOC I(ATOl600 
OVEL • 1 MAT01610 
ICYC.O MAT016:i:0 
IF (BUG) THEN MAT01630 

WRITE (tI,.o) - ____________ IN MAT04 ----------------------___ , 1(A'I'01640 
WRITE (6,·) ·P,o·,P.D MAT016S0 
WRITE: (6,-) ·PL,OL-·.PL,OL MATa16EiO 

ENoIF MAT01670 
310 STIFF·SE{ 1) MAT016S0 

P-PL+{D-oL)·STIFF )o(AT0ll5i)O 
.... SE(4) MAT01700 
IF (A.EQ.O .ANO. SE(2).E:'Q.0) THEN )(AT01710 

A·STGN(SMAT{S) .P) MAT01120 
IF (P.t-T.PL .AJ'.lD. PL.GT.O .ANO. P.GT.O) A .. a )o(AT01730 
IF' (P.GT.PL .ANO. PL.LT.O .ANO. P.LT.Oj A·O )o(A'!'OlHO 

ENDTF )o(ATOI750 
ICTC"ICYC+1 Ii4AT011150 
IF (BU(;j THEN MATOl170 

WRI1'E (6,") ·5TH·F·· .STIFF.· ... ··.A rou.TOl1BO 
WRITE (6,-)' p.'.p ,·ICtC··.ICYC MAT01790 

EN OH' KATO 1800 
C I(AT01810 
C----- IS P WI'!'HIN LIMITS 7 MAT01820 

IF (ICYC.(;T.IO) THEN MAT01830 
WRITE (6,-) 'MORE THAN 10 CTCLES IN MAT04. !ELNOI·.IELNO MAT01840 

ELSE IF ((PL.LE.P .ANO. P.LT.A) .OR. (PL.GE.P .ANC. P.GT.A) .OR. MATOl850 
, (OL.Eg.D» THE:N MATOI060 

IF (8UG) WR[TE (6,.) ·C----- [6 P WITH IN LIMITS 7 ' MAT01870 
CALL STRENG (SE(28),SE(Jl),SE(J2),P.PL.D.OL,SE(1).SE(15) ) MAT01880 
CALL HYST04( P, D.PL,DL.DVEL,NStc;,NI,8UG. IO.T01890 

SMAT( S),SMAT(Jl).SMAT( S),SMAT(Jl),Sl,SMAT(3).SMA'r(4). ",""T01900 
SE( 1) .SE(:iI) ,SEC J) ,SEC 4) ,SE( S) .SE( 6). IO.T01910 
SE( 7) ,SEC 8) ,SEC 9) ,SE(10) .SE(ll) .SE(l:i:), MAT01!i120 

, SE(lJ) ,SE(l4) ,5E(15) .SE(l6) ,SE:(l9) ,SE(22), IoIATol!i1JO 
, SE(:il8) ,SE(Jl) ,SE(JJ) ,SE(JJ) ,SE(JJ) ,SE(J4) MATol!il40 

C----- IS P GRE:A.TER THAN LIMITS 7 MATo1950 
ELSE IF «((PL.LE ..... ANo ..... LE.P) .OR. (PL.GE.A .MD. A.GE.P»).ANO.MA'rol!il50 

" (STIFF.NE.O.Oo» TIiEN MAT01910 
01-0L+(A-PL)/S'l'IFF MAT01980 
Pl-'" MAT01990 
CALL STRENG {SE(20).SE{Jl).SE(J::I).PI,PL,Ol,OL,SE(1),SE(IS} )MAT02000 
ot.-Ol MAT02010 
PL-P1 "",TO:i:O:i:O 
PI·PL+{P-PL) •• OOl MAT020JO 
OI.DL+{D-OL)-.OOI MA'I'02040 
IF {ASS(P-PL) .GT. O.OOOS-ABS(P+PL)) THEN MA'I'020S0 

PI-PL+ (P-PL) .... 001 MAT02050 
OI.OL+(o-OL) .... oOI MAT02070 

ELSE ""'T02080 
PI-P 
01-0 

ENDIF 
IF (BUG) THEN 

WRITE (6,-) 'C----- 16 P GReATER THAN LIMITS 7 ' 
WR1TE (6.·) 'PL.DL.',PL,DL 
WRITE (6,.) 'PI,OI-',PI,DI 

ENOU' 
CI\LL HTST04 (PI, DI, PL, OL. 1.00 ,NSEG, NI, 8UG, 

SKAT ( 5). SMAT (J'1 ) • SMAT ( 5), SMAT (J'1 ) ,51, SMAT (31 ,SMAT ( 4 1 , 
SEll) .SE(;iI) .SE{ J) .SE( 4) ,SEC 5) ,SEC 6) 
SEC 7) .SE( 8) ,SEC 9) .SE(lo) ,SE(ll) ,SE(l:iI) , 
SE(IJ) .SE{l4) .SEClS) .SECl6) .SE(19) ,SE(J2) , 
5E(::I8) ,SE(31) ,SEen) .SECJJ) .SE(J'J) ,SE(J4.) ) 

GO '1'0 JI0 

MAT02090 
MAT02100 
KAT02110 
totATo:il120 
totA'I'o:illJO 
MATo:il140 
IQTo::Z150 
IOoTO::l160 
MATO:i:11o 
MATO:i:18o 
MAT02190 
MAT02::1:00 
MAT02J 10 
MATO::l::l20 
MAT02230 c----- IS P LESS THAN LIMITS 7 MA"Ol24 0 

ELSE IF «P.LT.PL .·ANo. PL.LE.A) .OR. (P.GT.PL 
PI ·PL+{ P-PL)· .00 1 

.AND. PL.CE.A) )THENMAT02250 
MAT02260 
MAT02110 
MATOH80 
IllAT02:i1S10 
KATOJJOO 
MATOJJ10 

ENOIF 

OI·OL+ (o-OL) -.001 
IF {ABS(P-PL).GT. 0.000S-A8S(P+PL) THEN 

PI-PL+ ( P-PL) -.001 
DI-DL+( D-DL) -.001 

ELSE 
PI·P 
01-0 

tNDIF 
IF (BUG) THEN 

WRIT~ (6,-) ·C----- IS PLESS 'l'HAN LIMITS 7 ' 
WRITE (6,-) ·PI.OI.·.PI.OI 

ENDIF 
CALL HfS"r04 (PI .Cl .PL, DL.l.OO ,NSEG. NI .8UG, 

SMAT( 5) .SMAT (Jl) ,SI4AT( 5) .SMAT{Jl), 61. SMAT{ 3), SMAT (4). 
SEC 1) ,SEC 2) ,SEC 3) .SE( 4) ,SEC S) ,SEC IS) 
SE{"/) ,SEC B) ,SE( 9) ,SE(10) ,SE(11) .SE(l:i:) 
51::(13) ,SE(H) ,SE(lS) ,SE(l6) ,SE(19) ,6E(4::I) 
SE(28) ,SE(Ji) .SE(J2) .SE(l3) ,SE(J3) .SE{J4) 

GO TO 310 

totA'f'O::ZJ:ilO 
MATo::lJJO 
MATo::l340 
MATo::lJ50 
MA'rO::l350 
MAT02J10 
MA'I'0:i:J80 
MATO:i:J90 
MAT01400 
MATO:i: .. l0 
MAT01 .. 20 
MAT0200 
KAT02i40 
MAT02450 
MAT0J460 
Mlr.TOJ 47 0 

IF (BUG) WRITE (6,-) 'STIFF-'.STIFF.' A-',SE(4) MATOJiBO 
C MAToJi90 
C------ SAVE MAlIMUN orspt. AND LOAD MATO::l500 

IF (A8S(0).GT.ABS(SE(34+JaNI))) THEN MATO::lSI0 
SEC JJ+ JaNI ).p MATO:i:S:iI0 
SE:( J4... 3"NI )-0 MATO:i:530 

E:NDIF MATO:i:S4o 
C MAT02SS0 
c------ TRANSFER ENERGIES FO~ 80TH IOP'l'-3 AND 4. MATO:i:S60 

400 EESE·SE{::I8) MATO:ilS70 
EPSe:.SE(3I) MATO:i:S80 

e MATO:i:S90 
C------ TRANSFER ruCTILITIES AND E:lCRUSION RATIOS FO" BOTH 10P'l'-J AND 4.MAT02600 

00 410 I-l,J JltAT02610 
DUCT(! )·MAX(SE( lS+T). se( 10+1») IO.T02620 
EXCR(! ).SE(:i:I+I} MAT026JO 

410 EXCR(I+J)-SE(21+I+J) MATO::l640 
R~UiUi MATO::l650 

c totA'!'0:il61S0 e-·· .. ---· .. ---·····--·····--· DAMAGE INDEX •••••••••• -.----•••• ---••• --. NATO:i:1S1o 
500 EESE ·sEoe) 

EPSE -SE(Jl.) 
NSEGS"'SMATO) 

510 

NI ·S""'T(:i:) 
OMAX ·SMJ.1'(4+2-NSEGS) 
OY ·SMAT(4) 
80AM ·SI"AT( S+2-NSEG) 
P-SE(Jl+ J-rH) 
o-SE(304+ J-NI) 
IF (DT.LE.SMAT(S+NSEGS)) THEN 

PY·SMAT( 5) "DT ISMA1' (5+NStc;S) 
ELSE 

ENC.lF 

00 510 I·2,NSEGS 
P1-SI<lAT{ J ... I) 
P:il·SMAT{4+I) 
01- SI<lAT (J +! "NSECS) 
02-SMATr 4+1 +-NSEGS) 
IF (OLGE.Ol .ANO. OLLE.C:iI.) THEN 

PT·Pl+-( OT-Dl). (P2-Pl) I (02-01) 
GO TO S20 

ENOIF 
CONTINUE 

520 OAMAGE-ABS(D)/DMAX + I!lDAJoI I (PT-DMAl) - EPSE 

,"E."TURN 
Clill PORXAT (lP, 
C &0' 51A- P··,(;13.5,· 0-'.G1J.5.' 1t·',GIB.9.· 
C '" OIR-',F6.J.' A·'.G1J.S,' IR-',IJ) 
Cll1:il FORJ(AT (IP. 
C ,. 518- P·'.GIJ.5,· 0-'.GI3.5.' 1t·'.Gle.9,· 
c ,. DIR-·,F6.3.' A-·,GIJ.5.' IR··,I3) 
ClllJ FORJ(AT OP. 

,"ULE-' ,GIJ. 5, 

RULE·",GIJ.5, 

MATO::l68o 
MATO:Z690 
"""T02100 
MATOJ110 
MA,,02720 
MATO:i:730 
MAT01HO 
totAT02150 
KAT02760 
MATOJ110 
AAT02780 
MA'f'0:il790 
totATo::l800 
MA'l'O:ZSlo 
MA'I'o:i:B::I0 
MATO:i:B3o 
MATOJB40 
MA'I'O:i:BSO 
MA'I'02B60 
MAT02B10 
MATO:i:BBO 
KAT02e90 
HAT02900 
)Q.T02!H0 
MAT02920 
"""To::Z930 
MATO:il940 
MAT02950 
MATO:i!960 
MATO:Z910 
MATO'J980 
MATO:il990 
MA'I'OJOOO 

80 

" SlC- P··,GIJ.5,· ~·.G13.5,' 1(-·.G1B.9,' RULE!.·,G13.S. HATOlOIO 
, 'DIR·',F6.3,' ... ··,GI3.5.' IR"',(3) MATOJ020 

END MATOJOJO 
C-· .-----...... ---•••••••••••••• ---.----...... -.-•••••••••••• ___ •••• ______ .... MAT 0 0 0 1 0 
C DE8UG UNIT(6).TRAeE,5UBCH~.INIT.S1J8T'RACE AATOOOJO 
C END DEBUG AAToOoJo 
C· .--••• --•••• --................... - •• ------------•• - ........... - .--•• _ •• _ MAT 0 0 0 4 0 

SUBflQUTINE MAT06 MATOOOSO 
, (IOPT ,IELNO .ERR .FIRST .PRINT ,BUG, JotAT00060 
, MAT ,SE ,P,PL,D,OL.V,vt.,LELD4.LMAT, I"AT00070 
, S)Q.1',EESE.EPSE,ruCT,EXCR,D1..H.AGE) MAToooeo 

IMPLICIT REAL(A-H.O-Z) 
LOGICAL ERFI..FIRST.PRINT,8UG 
LOGICAL STEST 
DIMENSION SE( 100), SMAT( IJ). DUCT (J) ,E'ICR( 8) 

MAT00090 
HATOOI00 
MATOOI10 
MATOOl20 
IO.TOOlJo 
MAT00140 

LELEJ+o49 MAT00150 
IF (IOP'l'.EQ.o) RE."Tu~ MAT00150 

C MA'I'0011o 
C - .--------------- - - ---------- - _________________ - - - ----- - - --- --- --------MATo 0 180 
C VARIABLESI P4AT00190 
e ---- - ____________________ -- - - - __________ --------------_ ----- -----------MATOO 2 0 0 
C---------- GL08AL VARIABLES MAT00210 
C IOPT • I, INITIALIZE KATERIAL MAT00220 
C • 2. GET STIFFNESS HAT00230 
C RINPU'T - INPUT DATA MAT00240 
C SMAT • IN'TERNAL STORAGE MAT002S0 
C SE • OUTPUT STIFFNES6 MAT00260 
C -----_______ - ----------______________ - -- - - - - ---- ------- - ---- -- -- - - -- ---HAT002 7 0 

C ---- 'l'AItEDA DATA ---_ MAT002ao 
C SMAT( I)· El, £LASTIC STIFFNESS HATo0290 
C SMAT( 2)- '?C. CRACItING LO ... D )Q.TOOJOO 
C SMAT( J)- CX:, CRACIt!NC DISPLACEMENT MATOOllO 
C SIoIAT( 4)· PT. YEILO LOAD HATOOJ20 
C SMATr 5)· OT. tEILO DISPLACEMENT HAT00330 
C SMAT( 6)- PU, ULTIMATE LOAD MAT00340 
C SMAT{ 1)- DU, ULTIJotATE DISPLACEMEN"I' MATOOJSO 
C SMA1'( 8)- QC, INITIAL STIFFNESS IoIAToOJi!iO 
C SMAT( 9)· CY. CRACItEo STIFFNESS IoIATooJ10 
C SMAT(lO)· TU. ULTIMATE STIFFNESS MAT00380 
e SMAT(ll)· C'T. RELOADING STIFFNESS rou.'1'00390 
C 5MAT( 12)- CSE CONSTANT STRAIN ENERGT AT tEILO MAT00400 
C SMA1'( Il)· 8DAM S~A FOR OAKllGE !HOEl: MAT00410 
C MAT00420 
C------------------ [NPUT DATA FOR TAItEOA HYSTERESIS t4CDEL ------------CMAT004JO 
C THE roLLOWING DATA IS INPUT ONCE FOR EACH MODEL CMAT00440 
C CMAT00450 
C EI • J4)ME:NT OF INERTIA CMAT00460 
C G - J4)MEN'I' GRAOI E:NT CMAT0047 0 
C PC,D: • eRAC~ING LOAD AND OISPLACEMEN"I' CMAT004BO 
C PY.DT • YEILO LOAO AND OISPLACEMEt.lT CMAT00490 
C PU,OU - ULTIMATE LOAD AND DISPLACEMENT CMAToOSOO 
C C",",,'1'00510 C _________________ - ____ - _______________________________________ - -----. -C MAT 0 0 5:il 0 

C-O TO {l00,JOO.JOO.400.S00),IOPT IoIAT005Jo 

100 CONTINUE 
,"EAD (5,-) TlPE ,SKAT(1),SM.l..T(12).(SMAT(I).I·:Z.7) 
READ (5,-) TTPE ,SMAT(1). (S",,",'1'(I).I-l.1),80.M4 

MAT00540 
MATOOSSO 
MAT00560 
MA'I'00570 
MA'l'oa580 

!.MAT • 13 MATOOS90 
SMAT ( 8)- SMAT (:i: ) I SNAT ( J) MAT00600 
5MAT( 9) -( SMAT (4 )-SMAT( J)) I (SMAT( 5) -SMAT( J») MA'f'00610 
SMA1'( 10)-( 6XAT (6) -SMA'!' (4))' (SMAT (1) -SMAT( S)} MAT00620 
SMAT( 11 )-( SMAT( 2) +-SMAT( 4» I (SMAT( 3) +SMAT (S)} MATOOISJO 
SKAT ( l)-6MAT( 1) KAT00640 
SMAT( 12 )·SMA'I' ( 2)-SJ'.AT{J) I:i: +.5- (SMAT (J) +SIO.T (4) ).( SMAT( 5) -SMAT (3» MATOOlS50 
S1Or.'I'( 13)-sDAM ""T006150 

)o(AT00670 
IF (FIRST .OR. 8UG) WRITE (6,S) KAT00680 
WRITE (6,6) MA'I'.8DA.H,5KAT(1), SMAT(2),SMAT(4),SMAT(IS), MATOOIS;O 

, SMAT(J).SMAT(S),SMAT(7) MAT00100 
5 FORMAT{III' 'I'AItEDA HYSTERESlS MODEL- FOR UNIT LEN(;TH JoIEMBER" KAT00110 

, • •• __ •••• ___ .... _____ ._. ___ •••••• _ •••• _ ••••••••••• IIMA'1'OO 7:il 0 

, • IoIAT. 8ETA EI MA'1'007JO 
, 7:1:, 'CRACIt' ,101, 'TElLO', 7X, 'ULTIMATE') MA'I'OOHO 

6 E'ORKAT (/11,I5,2G1S.Ei.lI, 21.3GIS.6,/J9lLJG15.61) MATo0150 
C W,"ITE (6,6) MA"r.SJU.T(l) ,SMAT( 12) ,SMAT(2) ,SMAT(4) ,SMAT(6), MATooHO 
C , SMAT(J),SMAT(S),SMAT(7) MATOo110 
C 5 FORMAT(/II' TAItEoA HTSTERE6IS Jo1Ot:JEL~ FOR UNIT LENGTH MEM8ER'! MATo01Bo C, ' •• ___ •••• _ ••••• _. _____ • ____ •• ______ •••• __ ._ •• __ ·//rou.'I'00190 

C , ' MAT. ELAS'l'IC EI MO!fI'. GRADIeNT " MATOoBoo 
C , lX. 'CRACIII:' .101, 'YEILO', lOX, 'ULTIMATE' .11 ) "'-AT00810 
C 6 roRMA'J' (1I,IS,G15.6,ll,G15.6,::I.I,3G1S.IS,/J9X,3G1S.6/) HATOOB20 
C KAT008JO 

RETURN MATaa040 
C----•• ·---•• ----· •••• ---. GET STI FFNESS TERMS •• ·-··· •• --·--··-· ...... -· ... MATOOB 50 

200' CON1'INVE MATOOB60 
---- TAItECA MeDEL DATA STORAGE FOR ME:M8ER ---- MAT00870 

SEC 1)- a MAT008eo 
SEC 2)· HM MAT00890 
SEC 3)· A IO.T00900 
SEC 4)· B KAT00910 
SEC 5)- IORO MA'!'009Jo 
SEC 6)· ~F "",T009Jo 
SEC 7)· RNAL MAT00940 
SE( 8)- UNI MAT00950 
SEt 9)· UM2 "'-A'r00960 
SEt 10). UMJ MAT00970 
SE(ll)- uM4 MAT00990 
SE(12)- Sl MAT00990 
SE(13}.10 MAT01000 
SE(14). IOU", KIITOlOIO 
SE(15). lOT MATOI020 
SE(16). UOD MAT010l0 
SE{l1)- UO MAT01040 
SE(8)"' IlUN MAT01050 
SE(19)· Ul MAT01050 
SE(JO). UID MAToI070 
SE(21).12Uo MAToI080 
5E(22)- U'J MAToI090 
6E(23)- X)Ul MATOlloo 
SE(24)- UJ ~'l'Ollla 
5E(:Z5)· QT MAT011::1o 
SE(J6). MAXFLG I"AT01130 
SE(J7). ACIiNG MAT01140 
SE(J8)- 6 E:'Q UNLOAD H.AT01l50 
SE(:i:9). EESE- MAT01l60 
5E(Jo). EE:SE MAT01l70 
SE{Jl). EE6E MATOl180 
SE{JJ). EPSE MATOl190 
SE (JJ). PSE OLD /'IATC 1200 
SE(34)· UP06(l) )O(A'1'01210 
SE(H). UPOS(:il) MA'!'01J2o 
SE(36)- UPOS(J) MAT01230 
SE(J7)- UNE:G{l) MA1'01240 
SE(J8)- UNEG(2) MAT012S0 
SE(J9)- UNEG(3) MAT01260 
5E(40)- EXC,"(l) JoIANl270 
SE(4l)- EXCR(2) MAT012130 
SE(42)- EXC,"(J) MATOIJ90 
SE(43). EXCR(O HATOl300 
5E(44). EJ.CR(5) I<I.ATO 1J 10 
SE(45). E'ICFI.(6) KIITOlJ20 
SE(46). P _I'IAI MATOlJJO 
SE(47). O_MAX Jo(A'T'Ol)4o 
SE(48). SMAT(8) MA'1'OlJ50 
SE(4S!). SMA'!'(l) MA'1'olJ6o 

E:I-SMAT( l) 
GRA~SMAT(12) 

MATO IJ10 
MAT01380 
MAT01J90 



210 
00 :210 1-1, 41 

SE(I)·O 
CALL H1S'I'015{P,D,PL,DL.V ,vt., 

, SE( 1),SEC :i!),SE{ ),SE( 4),SE( 5).5E( 6), 
, SMAT( 2),SJltAT( J),SMAT( 4),5I4ATe 5),SJltA'1'{ 6),SMAT{ 7),S)(AT( 8). 
, SKAT { !iI),S)(AT(10),SMAT(ll),SMAT{12), 
, SEC 7),SE{ 8),SE( 9),SECIO),SE(ll),5E{12),SE{lJ),5E(14),SE(15). 
, SE( 16), SEC 17), SEC 18) ,SEC 19), 5E(20) ,SEC 21) ,SE{2::!) ,5E(2J), SE{:i!4), 
, SE{::!5) ,SE(26) ,5E(21) ,BUG, 
, SE(28) ,5E(29) ,5E(n),SE(JJ),SE( J4).SE(J71,SE(40») 

SE(48)·SMATC9) 
SE(49)·EI 

MAT01400 
~T01410 
~TOU20 
~TOIOO 
)(ATOIHO 
KAT 0 14 50 
!oIATOU60 
I'tAT01470 
)otATOHeO 
KAT01490 
MAT01500 
MAT01510 
totAT015:i!0 
I'tAT01530 

RETURN totAT01540 
C MAT01550 
C"'--.-·· ••• ·---•• --.... ----- GE'T 511 F'FNESS T ERJotS ..... -----•••• ------·····-MA'l'O 1560 

)00 CONTINUE MAT01570 
SE( 1)· STn'~ MAT015eo 
SE(27)· A MAT01590 
5E(29)· 5 EQ UNt.oAo MAT01600 

ICTC.O - - MATOltilO 
IF (BUG) THE:N """TO I ti:;) 0 

WRITE (!!i,-) ,------------- IN' KAT06 -------------------------, IltATOl6JO 
WRITE (IS,-) , P,C:-',P,O " V.',V MAT01640 
WRITE (!!i,.) 'PL,oL-',PL,DL,' vt.-',vt. MATOIlS50 

ENoIF' Io(AT01660 
)10 STIFF-SE( 1) MAT01670 

P-PL+{o-oL).S"I'IFF kATOl680 
A.SE(:;)7) IoIATOl690 
IF (A.EQ.O .AND. SE(7).EQ.0) A·SMAT(2) Io(AT01700 
ICTC-ICtC+l IoIATOl710 
IF (BUG) THEN \l(AT01720 

WRITE (6,") 'STIFF-' ,STIFF.' A.',A MAT01730 
WRITE (6,")' p.',p ,'ICTC-'.ICTC KATOI140 

ENDIF Ir4AT01750 
C KAT 0 17150 
C----- IS P WITHIN LIMITS' J4AT01110 

IF (ICYC.GT.5) THEN I4AT01790 
cc WRITE: (15,-) ')o4()RE THAN '5 CYCLES IN MATOI5' I4ATOl190 

\IIRITE (6,·) 'MORE THAN 5 Ct'CLES IN """Toe, I E~OI' ,ULNO MAT01900 
C-- E:LSE IF «PL.LE.P .AND. P.L'!' .... ) .OR. (PL.GE.P .ANO. P.GT.Al .OR. I4ATOIBIO 

ELSE IF' «PL.LE.P .AND. P.LE .... ) .OR. (PL.GE.P .AND. P.GE.Al .OR. MAT01920 
, (DL.EQ.O» THEN KA'1'019JO 

IF' (BUG) WRITE (6,.) 'C----- IS P WITH IN LI14ITS , ' lotA'1'01940 
CALL S"l'RENG( 5E(29), SEC J2), SEeJJ). p, Pl., 0, DL, SEC 1), SEC 29) IotAT01850 
CALL Ht'S"I'06( P,D ,PL,OL,V ,vt., MATOl960 
SEC I).SE( 2),SE( J),SE( 4),SE( 5),SE( 6), MATOl870 
S)oIAT( 2),SP4AT( J),SMAT{ 4),SMAT( 5),SP4AT{ 6), MATOl880 
S!g,T{ 7),SHAT( B),SMAT( 9),SMAT(10),SMAT{ll),SJotA'!'(I:i!), )(A'!'01890 
SEC 7),SE( 8),SE( 9),SE(10),5E(11),SE(12),SE(IJ), MAT01900 
SEC 14) ,SE( 15), SEC 16), SEC 17) ,SEC 18) ,SE( 19) ,SE(20), KA.T01910 
5E(21) ,SE(22) ,5E(23) ,SE(24) ,SE(251,SE(2i!i) ,SE(27) ,BUG, MAT019l0 
SEC 29), SEC 29), SEC J2), SEC 3)), SEC J4), SEC )7) ,5E( 40) HATOl9JO 

C v.vt. JotAT01940 
C----- IS P GREATER THAN LIMITS' )(.\'1'01950 

EL5E IF «(PL.LE.A .MD. A.LT.P) .OR. (PL.GE.A .AND. A.GE.P».ANO.I4AT01!i160 
, (STIFF.NE.O.OO) THe:N MATOI!il70 

DI-DL+(A-PL)/STIFF MA'!'O 1 !iI 80 
PI-A MAT 0 19!i10 
CALL STRENG( SE(:29 l, SEC J:i!). SEC 33), PI. PL, 01, Dt., SEC I), SEC 29) l MAT02000 
IF' e BUG) THDl MAT02010 

WRITE (6,-) 'C----- IS P GREATER THM LIMITS' MAT02020 
WRITE (6,·) 'PL,ot.-',PL,DL MAT02030 
WRITE CiS,.) 'PI,OI-',PI,OI MAT02040 

ENOl F' MAT02050 
CALL HYS"I'015{Pl,Dl,PL,CL,l.,I., 14A'1'02060 
SE( 1),sE( 2),SE( 3),SE{ 4),SE{ 5),SE( 15), MAT02070 
SKATe 2) ,SJltAT( J) ,SJltAT{ 4) .5MAT( 5),SJltAT( 6), MAT020eo 
SKATC 7) ,SMATe B) ,SMATe 9) ,SMATe 10) ,SMAT( 11) ,SI4AT( 12), MAT02090 
SEC 7),SE{ B),SE( 9),SE(10),SE(11),SE(12),SE(lJ), MATOllOO 
SEC 14), SE( 15), SEC 16) ,5E(17) ,SE(lB), 5Ee 19), SEC 20), MAT02110 
SEC 21), SEC 22) ,SEC 2J) ,6E(2") ,SE{25) ,SE(26), 5E(21), BUG, MAT02120 
SE(26) ,5E(29) ,SE(J2) ,SECJJ) ,SE(34) ,SE(37) ,5E(40» KAT021JO 
CL.Ol JoIA'T02140 
Pt.-PI MATOll50 

DL-ot 
PL-Pl 
Pt-PL+(P-PL)*.OOl 
OI.OL+( o-DL) -.001 
IF (!!lUG) THEN 

WRITE: (6,-) 'C----- IS P GREATER THAN LI14ITS , ' 
WRITE (IS,-) 'PL,DL-' ,PL,DL 
WRITE (15,.) 'PI.OI-',PI.DI 

ENOIF 
CALL HT5T06(PI,CI,PL,CL,1.,l., 
SEC 1),SE( 2),SE{ J),SE{ 4),SE{ 5),SE( 6), 
SIoIAT{ 2),SI4AT{ J),SMAT( 4),SMAT( 5),5)(A'1'( 6), 
SKAT ( 1) ,SMA'I' ( 8),SMAT( 9),SMA'I'(10),SMATCll).SMAT{12), 
SE( 1).5E{ 8),SE( 9),SE(10),SE(1l),SE(ll),6E{lJ), 
SEC 14) ,SEC 15) ,SEC 16),SE( 17).SE( 18) .SE( 19) ,SE(lO), 
SE('H) ,SE{l2) ,SE(2:) .SE(24) ,SE(25) .SE(26) ,SE(27) ,DUG, 
SEC 26) ,SEC 29), SEC J2). SEC 33), SE( J4), SEC J7), SEC 40») 
GO TO HO 

KATOl160 
KAT 0:; 1 70 
MA"!'02180 
MAT021!ilO 
MAT02200 
MAT02210 
MAT02220 
MATO:;)230 
MAT02240 
MA1'02250 
MAT02260 
MAT02270 
MAT02280 
MAT02l90 
KAT02JOO 
MAT02)10 
MAT02J10 
14A'TO:;)JJO 
MATO:;) 3010 c----- IS P LESS THAN LI14IT6 , MA'I'O:l350 

c 

ELSE IF (P.LT.PL .AND. PL.LE.A) .OR. (P.GT.PL .MO. PL.GE.A) )THENMA'!'0:il360 
MATO:il370 
MATO:ilJ80 
MAT02J!ilO 
MA'1'02400 
MAT02UO 
IltAT02420 
MAT02430 
MATOl440 
MAT02450 

ENOIF' 

IF (ABS(P-PL).GT. 0.0005·ABS(P+PL) THEN 
PI-PL+(P-PL)·.OOl 
Ol-DL+( D-OL)· .001 

ELSE 
PI·P 
01"0 

ENDIF 
>'1·PL+(P-PL)*.OOl 
01" OL+( D-DL) •• 00 t 
IP (BUG) THEN 

WRITE (6,-) ·C----- IS P LESS THAN LIMITS 1 
WRITE (6,-) ·P1.01-',P]'01 

ENOIP 
CALL Ht5'l'06(PI,OI,PL.OL,l •• I •• 
SE( I),SE( 2).SE( J).SE( 4),SE( 5l.SE( e), 
5MAT( 2),SMAT( J),SMAT( 4).5)4AT( 5).SKAT( 6), 
SMAT( 7).SMAT( B),SMAT( 9) ,SMAT(10).SMAT(1l.).SMAT(I:;), 
SE( 7),5E( 8).SE( 9),SE(10).SE(lI).SE(l2),SE(ll), 
SEC 14) ,SEC 15) ,SE( 16), SEC 17) ,SEC 18) ,SE( 19) ,SEC 20). 
SE(21) .SEC ~:n ,SE(:I3), 5E(H), 5E( :i!S) ,SEC ~6) .SE(27) ,BUG, 
5E(2B) ,SEC .9) ,SE(J:i!) ,SEC JJ) ,5E( J4) ,SEC 37) .SE( 40» 
GO TO 310 

IF (BUG) WRITE (6,.) 'S'!'IFF-',STIFF,' "',8-',SE{J),SE{4),SE(21) 

KAT02460 
MAT024iO 
MAT02480 
MAT02490 
MAT02500 
MAT02510 
MAT02520 
MATO:i!5JO 
JltATO:i!540 
MA'I'O.550 
MAT02560 
MAT02S70 
MAT02seo 
MAT02590 
MAT02600 
MATOl610 
MAT026l0 

c------ MAXIHUIoII DISPLACEIoIIENT KAT026JO 
MAT02640 
\0.'1'02650 
MAT02660 
MAT02670 
JotATO:i!6BO c 

IF (ABS(O).GT.ABS(SE(4I») THEN 
SE(46)" P 
SEC 4'J)- 0 

ENDIF 

c------ TRANSFER ENERGIES FOR eOTH IOPT-J AND 4-
400 EESE"'5'1:( 29) 

MATO:i!690 
"lATO:i!700 
MAT02710 
MA,!,0:il7:i!0 

EPSE-SE( 3'2) 
c 
C------ 'I'R»iSFER DUCTILITIES AND EJ.CRUSION 

00 410 1-1.:3 
OOCT (I )-Jo4.AJ( SEC JJ+I), SE(J6+I)) 
EXCR(I)·SE(J9+I) 

410 EXCFI(I"'J).SE{42+I) 
RE'TURN 

RATIOS POR BOTH lon-J AND 4.MAT0213Q 
MATO:;)14Q 
MATOl750 
MAT02760 
MAT02170 
MAT02780 

C MAT02790 
C·-· •••••• -- ...... -- DAMAGE INDEX __ •••••••• _. ___ ...... __ ....... ____ •• .. _·_···IOlAT02800 

500 EESE-SE(29) MAT02BIO 

81 

EPSE-SE( )2) 

Pt'· SMAT( 4) 
PU- SKAT ( 6) 
cu· SKAT ( 7) 
P - SE{H) 
o - SEC 41) 
BDAM·SMAT(13) 
DAMAGE· "'BS( D) I DIJ + 80AA/( PT-OU) .. EPSE 

MAT028JO 
1!{A'I'028JO 
I1AT0'2840 
~T02B50 
MAT02B60 
""''1'0'2910 
MATO:i!eeO 
Klr,T0:il890 
MATOHOO 

RETURN MAT02910 
ENC toQ..T02920 

C··-- .. --··-·----··· .. ------"'- .. ···--------------......... ----------__ ••• ___ MATOOOI0 
C DEBUG UNIT( IS) ,TRACE, SUBCH!{' INIT. SUBTRACE MAT00020 
C END OE8UG MATOOOJO 
C-"'----•• -- -- -_ ••• -. - - ........... -----.-....... --.-_______ ......... _. ____ ".---/4ATOOO 4 0 

SUBROUTINE MAT07 MAT00050 
, (lOP'!' ,IELNO ,ERR ,FIRST ,PRINT ,BUG, MAT00060 
, MAT ,SE ,P,PL,O,OL,V,vt.,LELEM,LMAT. M.AT00070 
, SMAT, EESE, EPSE, ruc,. r EKC R, DNO.GE) MAT00080 

KAT00090 
IMPLICIT REAL(A-~,D-Z) MAT00100 
LOGICAL ERFI,FIRS"[',PRINT,aUG IotATOOl10 
LOGICAL BTEST IotATOOI:i!O 
DIMENSION SECIOO),SMAT(7),DUCT{J),EICR(6) MAT00l:30 
CHARACTER-80 TYPE MAT00140 

C MA'I'00150 
C------- RESERVE STORAGE FOR EL.EMEN'l' MATOOllSO 

L~EM-:i!4 MATOOl10 
IF (IOPT.EQ.O) RE'TURN fotAT00180 

C fotAT00190 
C-----------------------------------------------------------------------MAT00200 
C VARI ... BLESI IoI..\T00210 
C-----------------------------------------------------------------------MAT00220 
C---------- GLOBAL VARIABLES MAT002JO 
C IOP1' - 1, INITIALIZE: )(ATERIAL /oIATOOltO 
C • 2, GE'T STIFF'NESS )oI.AT00250 
C RINPUT • IHPU'I' DATA M.AT00260 
C SMA.T • INTERNAL STORAGE ~T00270 
C SE • OUTPU'l' STIFF'N'ESS MAT002BO 
C - -----------____________________ ------ - - - - - ---. -- - - ------------- - ------MATOO 2 90 

GO TO (100,:i!00,JOO,400,'500),IOPT MATOOJOO 

100 CONTINUE 
c 
C----- INTERPERTATE INPUT O ... TA 
C !tE • SMA'1'( I) 
C PT • SMAT( 2) 
C !l:IE - SMAT( J) 
C DT .. SMAT( 41 
C CSE - SJolA'l'( 5) 
C OI4AX· S)(A'I'( 6) 
C BOA,lol· SMAT( 1} 
C 

C 

c 

RE ... O (5,·) TTPE ,(SJolAT(Il,l-l.J),DUCM.\X,BD0\)4 

LMAT • 7 
SMAT( 4 )·SMA.T(:i!) ISHAT( 1) 
SMAT (5 )-SMAT( 4) -sMA" (2) /2 
SMA'!' (6) .SMAT (4 ) - ooCMAJ. 
SMAT(7 )·BCAM 

IF' (FIRST .OR. BUG) WRITE (6,191) 
WRlTE (6,192) M1r.T,{5J1tA'I'(!I:),!t-l,3),OUCMAZ.8DAM 

1511 FORMAT (III' 8ILINEAR HTSTERESIS MODEL "ARAMETERS'I 
, '.----....... - ........ -----•• - .. ---...... --' II 
" MAT.',6:!,· ItE',lOX,' PT',lOI,' !tIE', 7X,'HAJ: DUCT', 
, lOX,' BETA') 

192 FORMAT (l1.15,7G15.6/) 

MATOOJI0 
MATOOnO 
)(ATOOJJO 
MATOOJ40 
MATOOJ50 
MATOOJ150 
MATOOJ10 
MAT003BO 
MAT00390 
"" ... T00400 
J4AT00410 
MAT00420 
MAT004JO 
MA'l'0044 0 
MATOO~ 50 
MAT00460 
MAT00470 
MAT004BO 
MAT00490 
MAT00500 
MAT00510 
MAT00520 
MA'T005JO 
MAT00540 
MAT00550 
MATOOSISO 
MAT00570 
I(AT005BO 
MAT005!i10 

RETURN MAT001500 
C MAT001510 
C .. - ...... -- ••••• -----•••• -- INITILIZE S"t'IPFNESS • __ .. ····_ .. _·····. ___ •• .. __ MAT00620 

200 CONTINUE MATOOI5JO 

210 

--__ ELAS'TO-PLASTIC MODEL OATA srORAGE FOR IoIIE14BER ---- )o(},T001540 
SEC 1)- I( MAT00650 
SEC 2)- RULE J4AT00660 
SEC J)- EPSE OLD J4AT00670 
SEC 4)- .... UPPER LI14IT BEFORE RULE CHANGE MAT006BO 
SEC 5). B, LOWER LI14IT BEFORE RULe: CHANGE MA"r00690 
SEC 6)-EESE(I) J4A'I'00100 
SEC 7)"EE5E(2) MAT00710 
SE( 9)-EESE(J) MAT007:Z0 
SEC 9)-EPSE MAT007JO 
6E( 10)-!t£1 MATOOHO 
SE(ll)-UPOS(t) MAT00750 
SE(12)-UPOS(2) MAT00760 
SEC 13)·UPOS( J} MAT0077 0 
SEC 14 ) .UNEG ( I) MAT007 eo 
SE(15}-UNEG(2) I-lAT00790 
SEC 16 ).UNEG( J) MAT00800 
SE(l1).E:lCR(ll MAT00810 
SE( IB).aCR(2) I41r.TOO 8:i! 0 
SE(19).EJ..CR(31 MAT00830 
SE(20).EJ.CR(4) MATOOB40 
SE(21).c:::r.CR(5) MAT00850 
SE(22).E:l.CR(IS) MAT00860 
SEC2J)-P MAl: P4ATOOB70 

SE(2t )-O:MA.I ~~~~::~ 
INITILIZE RULE f1 - ELASTIC 8EHAVIOR MA'T'00900 

00 210 1·1,22 
SE(I ).0 

CALL HTST07 (0. ,0. ,0., 0., SEC 1) ,SE(:i!l ,SE:{J),SE( 4} .SE( 5),V.VL, 
, SMAT ( I) , SMAT (2) ,SMAT (J) , S!olAT (4 ) , SMA'!' ( 5) , 8UG, 
, 5E(6).SE(9) ,sEC 10) ,SEC 11), SEC 14), SEC 17) 

IQ,T00910 
MAT009::1.0 
MAT00930 
MA'T'00940 
MAT00950 
MAT00960 
MAT00970 
MATQ0980 
MAT00990, 

C ""'TOI000 
C------ ••• --'" GET STIFFNESS TERJoIIS ANO ACTUAL PORCE "· ___ •• ___ ,,,". _____ oo __ MATOIOIO 

JOO CONTINUE )4ATOI020 
C MAT010JO 
C-------- CHECI( TO SBE IF DO - 0 '1 MAT01040 

P_P MAT01050 
~O MATOI060 
IF (O.EQ.OL) RETURN MAT01070 

MATOI080 c 
C-------- CALL HTS'r07 TO CALC NEW STIFFNESS ANO GE.'1' LOAD P MATOI090 

MATOllOO 
MATOII10 
MATOl120 
MATOll JO 

CALL HtST07 C P,D,pL, OL,SE( I), 5E(2), SB( J).SE( 4) .SE( 5),V.VL, 
, SMA.T ( 1) , SM1r.T (2) , S)(AT C 3) ,SJoIA.T ( 4 ) , SJoIA.T ( 5) , aUG, 
, SE(6),SE{9) ,SEC 10), SE{ 11) ,SEC 14), SEC 17}) 

c 
C------ TRANS~ER ENERGIES FOR BO't'H lOP'!''' J 

IF ( ... eS(0).GT.A!!IS(SE(24»)THEN 
SEC :i!J).p 
SEC J4)·0 

ENOlr 
c 

AND 4. 

MATOI140 
MATOll50 
MAT01160 
MAT01l70 
MATOIIBO 
M.ATOl190 
MATOl:i!OO 
"" ... TOlno 

C------ TRANSFER E:NERGIES FOR BOTH [OPT-J AND 4. 
400 EESE.SE(6) 

MAT 0 l:i! 20 
MAT01230 
MA'I'01240 
MAT01250 

EPSE"SE(9) 
c C------ TRANSFER OOCTILITIES AND EICRUSION 

00 410 ["1.3 
OOCT( I )-KAX( SEC 10+1), SEC IJ+I) 
EICR( I+J l.SEC 16+1 +J) 

tl0 EICR( I )"SE( 16+1) 
RETURN 

R.ATIOS FOR BOTH 10M-] ~D 4.MAT01260 
M.ATOIJ70 
MAT01280 
MAT 0 1290 
Jo(ATOLJOO 
MATOLJI0 



c MAT013::/0 

C··-_· .. •••••••••• .. · .. ········-·· DAMAGE INDg), ......... --••••• - .. -.------. MAT01330 
500 EESE·SE{tS) 

EPSE·SE( SI) 
P! • SMAT( :i!) 
DY - SMAT{ rI) 
DM.I.I • SMAT( IS) 
BDAM - SIOr.T( 1) 
p. SEC .3) 
C- SE(.4) 
DA.MAGE"~BS(C)/DMAJ: ... aCAN I (PfiDKAJ:) • EPSE 

MAT01340 
tr4AT013 SO 
MAT 0 13 !SO 
MAT01310 
MAT01380 
MAT013S10 
MAT0l400 
MATOl410 
Jr4AT014:ilO 
MAT0l430 

RE:'TURN J4AT0l440 
E:ND tr4ATO l4 SO 

C@PROCESS SooMP OP'I'(O) GOS'!'MT 'IREf' tr4AP tr4ATOOOIO 
C •••• ·------------····-· •• - ••• • •••••••••••••• -··--.. - .. ·-· .. ·_···-·-·······tr4ATOOO:ilO 
C DEBUG UNI'I'(I5) ,TRACE,SUBCHIC, INIT,SUBTRACE J4AT00030 
C E:ND DEBUG P4AT00040 
C-------·-·· .. •••••••••• •••••••••••••• ···.······--· .. ·······-······· ••• ···MATOOOSO 

SUBROU'TINE J4ATOB J4ATOOO!SO 
" (10M ,IELNO ,ERR ,FIRS'!' ,PRINT ,BUG, J4AT00070 
i M.A.'T ,SE ,P,PL,D,DL,V,VL,t..ELEH,LMAT, J4AT00080 
" SMAT, E:ESE, EPSE, DUCT, EXCR, Do\KAGE) JltATOOOSlO 

tr4ATOOlOO 
IMPLICIT REAL(A-H,O-Z) tr4ATOOIIO 
LOGICAL ERR,fIRS'!',PRINT,BUG J4AT001:il0 
LOGICAL BTES'I' tr4AT00130 
DIMENSION SE(100),SMAT{SI),DUCT(3),E:lCR(I5) MAT00140 
CHARACTER-BO TYPE J4AT001SO 

C J4ATOOltSO 
C------- RESERVE S'!'ORAGE FOR ELEMENT J4A'r00170 

C,EC,EM-H MAT00180 
IF' (IOP']'.EQ.O) RE"I'URN J4ATOO!)lO 

C P4ATOO.OO 
C ---- - - - ------- -- ------ __________________ ---- --- - - ------ -- - --- ----------IotAT 0 0 2 1 0 
C V~RIAB~ESI Jr4AT002:il0 
C - - -- - -- -- - -- - -- -- ----------------- -- -- ----- - - - - - ----- - - - - ------ --------MAT 00.30 c---------- GLOBAL VARIABLES MATOOHO 
C IOPT • 1, INITIALIZE MATERIAL MATOO.SO 
C • 2, GE.'T S"I'IFFNESS MATOO::/!SO 
C RINPUT • INPUT DATA MATOOnO 
C SMAT • INTERNAL STORAGE MATOO.80 
C SE • OUTPUT STIFFNESS MATOO:ilSlO 
C - -------- -- - - ------------------------ --------- - ---- -- - - - ------ ---------MAT 0 0 3 00 

GO TO (100, lOO, 300,400, SOO), lOP']' MA'1'00310 

100 CONTINUE 
c 
C----- INTERPER1'ATE INPUT 
C E ·5MAT(1) 
C A - SMAT( 2) 

iii - SMAT( 3) 
fS - SMAT( 4) 

'" SMAT( S) 
CC SMAT( !S) 
DMAI SKi\T( 7) 
BOA)( - SMAT( 8) 
SHAPE· SMAT ( 9) 

DATA 

ULTIMATE DISPLACEMENT· DUCMAI-oELT 
BATA PARAMETER 
CROSS SECTION SHAPE: 
1 r FOR BOlaR ANGLE SE:CTION 
:ill FOR I SHAPE SE:C'TION 
31 FOR BO:I SECTION CONSIoERIN'G 

MAT00320 
MAT00330 
MAT00340 
MAT003S0 
MATOOJ150 
Mlr.T00310 
,.."T00380 
MAT003S10 
Jr4A.'r00400 
JltAT00410 
""''I'004:i!0 
MAT00430 
...... T00440 
MAT004S0 
M1t.TOO<l!SO 
""''1'00470 

LOCAL BUCItLING. THIS IS ONL! FOR "'EMBER MAT00480 
C WITH ItL/R LESS THAN 40 C.a.sE C·----------··-·· .... · .... -············-··········-···---·.-........ -----
C 

C 

'01 

'" c 

READ (5,-) TTPE ,(SMAT(I),I-l,4), SHAPE:,DUCKA..I, BD1IJ4 

LMAT • 9 
PI-3.141551:215 
SMAT( S )-SMAT (:il) • SKi\'!' ( rI) 
SMAT (IS )-SQRT(:il. ·PI iPI"'5)r(AT (l) I SKAT ( rI) ) 
SMAT (7)· DUCKi\X 
SMAT(B)·BOA.M 
SMAT(SI)·SHAPE 

H' (FIRST .OR. BUG) WRITE (lS,lSl1) 
WRITE (6,151.) )QT, (SIltAT(IC) ,1C-l,rI) ,SHAPE,DUCMAI,BD1IJ4 

roRMlr.T (III' GaEL H!STERESIS J«lDEL PARIJrIETERS'1 
, ' ............... - •• ---.............. ' II 
'" Ki\T.',31,' E'.IS.I,' A',15)[,' R',!SI,' IS', 
, !S:I,' SHAPE',IS)[, 'MAJ: OOC', !S1I,' BETA') 

FORMlr.T (U,I5,"IGI:il.IS/) 

MATOOrl5l0 
MATOOSOO 
MA'I'00510 
""'T005:il0 
Mlr.T00530 
,,"'I'OOSrlO 
IItIr.TOOSSO 
MATOOS60 
MAT00510 
MA'I'OOSBO 
""'T005510 
MAT001500 
MATOOUO 
MAT006:i!0 
MAT001530 
MAT0015r10 
"",'1'00650 
Mlr.T00660 
""'T006"10 
MAT00680 
MAT006510 
MATOO"lOO 

RE"l'URN MAT00110 
C MAT001:i!0 
C.··.···-............. --·-- INITIALI'IIE S'!'IFFNESS TERMS ·········-··------MATOO"/JO 

.00 CONTINUE MATOOHO 
---- GOEL HYS'TERESIS MOCEL DATA S"I'ORAGE f'OR ME)(BER ---- MAT00"/50 

SEt 1)" STIF"'EJoilBER AXIAL S'l'IFFNESS MATOO"/60 
SE( :ill. IC EFFECT SLENDER COEFFICIENT (TRANSf'ERD f'ROJoil E:LEOB) MATOO"/"/O 
SEt 3). NOC! NO. OF CYCLE "IATOO"/80 
SEt <I). NRULE RULE NUf04BER MATOO"/90 
SE( 5). EL fo4EMBE:R LENGTH (TRANSFERED FROM £LE08) MAT00800 
SEC 6)- IRV o IREVRSC •• FALSE. lIREVRSC-.TRUE. MAT00810 
SE( "1)- IOOC 01 HC--12 11 He .LT. -1:i! MAT00920 
SEC 8)· PBOT MAT008JO 
SEt 9 ,. D80T MAT00840 
SE( 10)- PTOP MAT00850 
SEt 11)· MOP MAT00860 
S5(1:i!)· ItEQ UNLOADING EQUIVALENT S"t'IFFNESS MAT00870 
SE(13)· OOCT(l) KAT00890 
SEC 14)· OOCT(2) MAT00890 
SE(l5)· CUCT()) MATOOSIOO 
SE(llS)· EtCR(1) MAT00910 
SE(17)· EXCR(2) MAT005l:il0 
SEC 18)- E::CCR( 3) HATOOSl30 
SEC 19)· EXCR( 4) I'lATOOSl40 
SE(20)· e;xCR(S) )Q.T00950 
SE:(21)- £'XCR(IS) MATOOSlISO 
SE(22)- DI::L! TIELDING DISPLACE)(I::NT IQTOOSl70 
SI::(23)- EESE( 1) MATOOSl80 
5E(2r1)- EESE(:il) KATOOSlSlO 
5E(25). EESE:(:il} KATOIOOO 
5E(26)- EPSE: 1'lA"l'01010 
SE(:il1). PSEOLD JoIIAT01020 
SE(::;8)- CSE MATOI030 
SE(:il9). ~ ULTIJoIIATE DISPLACE:KE:NT MATOI040 
5E(JO)- D KA.I KA.lIMUM E:LE)(E:N'I' DISPLACE:ME:NT FOR DAMAGE INDE:I MA"010S0 
SE(J1)· P-tQ.J: E:LEWENT WAD CORRESPONDING TO D_MAI P4AT0101S0 
SEC l:il)- HA CURRENT CONTROL POINT HA JltATOl070 
SEtl))· Vll CURRENT CONTROL POINT VA J4ATOIOBO 
SEt 34)· HC CURRENT CON'TROt.. POINT HC MAT010Sl0 
SE(3S)" VC CURRENT CONTROL POINT vc JltAT01100 
SE(35)· RSN CURRENT RESlDUU STRAIN VALUE JotATOlllO 
SI::( 37)· DE}(AJ( CURREN" ~IMUM .uIAL DISPLlICEMENT FOR DUCTILITIES Jr4ATOll.O 
SE(38)" REGIN CURRENT REGINE ZONE NUf04BER MATOl130 
SE(3':1). PREGIN PREVIOUT REGIN ZONE NUMBER MAT011r10 

............................................... - ...................... -.. MATO 1150 
SE(1).1 MAT01160 
SE(3,.1 MATOl110 
SE(rI).1 JotAT01l80 
00 :il10 I-6,:i!9 P4AT011510 

:il10 SE(I ).0 JotAT01200 
SE(3"1)·0 MATOl110 
SE(38).1 MAT012:i!0 
SE(35I)·1 JrlA.TOl:i!JO 

CALL HfST08(0. ,0 •• 0 •• 0 •• V,VL,SE( 5) ,SE(1), 
, S ....... T ( 1) , SMAT (2) ,SMA1' (3) , SMAT (4 ) ,Sfo4AT ( 5 ) , SMAT (SI ) , 
, Sfo4AT(IS),SE(1).SE(4),SE(1).SE(6),SE(7), 
, SE(]2).SE( ]J).SE( ]4).6E( 35) ,SE(]IS) ,SEC 3"/) ,SEC 38) ,SE{3S1), 

MAT01240 
MAT01250 
MATOI :i!1S0 
MAT012"/0 
MAT01280 
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SE(B), SE(SI), SEC 10) ,SEC 11) ,BUG, 
, SE(1::/),SE:(lJ),SE(1ISl.5E(2~),S5{:il3),SE(::/1S1,SE(27),6E(:i!8») 

SE(:il8)·SE(22)"'SMAT( 5)/2 
SE(:ilSl) ·SE(:il2) -SMAT( 7) 
SE(30)"0 
SE:(J1 ) .. 0 

fo4.ATO 1 ~90 
~T01JOO 
MATOUIO 
MA'I'01320 
MA'I'013JO 
!oV..TOlJ40 
MATOlJ50 

RETURN !oV..TOlJlSO 
C··---············ .... •••••• GET ST I FFN"ESS TERMS ··-----........ - ............ 1'(A'l'0 1]70 

300 CONTINUE HATOlJ90 
c 
C-------- Cj\[,,~ HTS'I'07 TO CALC NEW STIFFNESS S'l'IF' 

CALL HTS'!'08 (P, PL. D, DL, v. VL,SE( 5) ,SEC 2), 

c 

, SMA"!' ( 1 ) , SMAT (:il) • SMAT (]) , SMAT (4 ) ,SMAT ( 5) , SMAT ( !il) , 
, SMAT{I5), 5E(J) .SE:( 4) ,SEC 1) ,SE(6) ,SE("I), 
, SE(3.), SE:( J]) ,SEt 34) .SE(l5) ,SE(J6) ,SEC 37), SEt 38). SEC 39), 
, SE(8) ,SE(SI) ,BE( 10) .SE( 11) ,BUG, 
, SE(1:il),5E(13),5E(16),SE(22),SE(2J),SE(:i!IS),SE(27).SE(28)) 

--- STORE MAlI)(\JM DISPLACE)(ENT AND CORRESPONDING LOAD 
IF'(ABS(D) .G-T. ABS(SE(]O»)) THEN 

SE(30)·D 
5E(31 ).p 

ENDIF 

c·· .. GET ENERGIES, DUCTILI'l'T AND EXCURSION FOR BOTH IOP'T.3 AND 4 .-•• 
400 CONTINUE 

c 
C --- TRANSFER ENERGIES FOR 80TH IOPT·J AND rI. 

c 

EESE-SE(:ilJ) 
EPSE·SE( 2!S) 

IotATOlJ90 
KATOUOO 
MATOHI0 
fo4.AT01420 
fo4.AT01430 
IotATO 14 40 
1otA'['0 14 50 
MAT01460 
MATtl1470 
'AAT01480 
fo4.A'l'014S10 
MAT01SOO 
MAT01510 
Jr4A.T01S:ilO 
MATOlSlO 
MAT01S40 
MAT015S0 
HAT01S60 
)(Ir.T01S?0 
)(Ir.T01580 
MAT01S90 
MAT011S00 

C --- TRANSFER DUC'TILITI ES AND EXCURSION RATIOS 
00 410 I·l,J 

rOR BOTH IOPT.3 ~D 4. MATOl1510 

DUCT ( I )·5E( 1:il+l) 
EXCR( I +3) ·SE( lS+1 +3 1 

410 EICR(I)·SE(lS+I) 

AE"l'URN C···-----········· DAMAGE INDEX ••••••• - ............ - ••••• --... - ••• - ••• 
SOC CONTINUE 

EESE·SE{:i!3 ) 
EPSE·SE(:il1S ) 
DMAJ:·SE(:il!il ) 
C-SE(JO) 
P-5E(31) 
PY·SHAT(S) 
BO ....... SMAT( B) 
DAMAGE-ABS(D)/DMAX + BD1IJ4 I (P'· DI4AX) • EPSE 

)(Ir.T01620 
MAT016JO 
JoI.},T0164 0 
MAT01650 
MATOl1560 
HATOll5iO 
HAT01!S80 
MAT01690 
"""TO I iOO 
HA'I'01710 
HATOl,20 
MATOl'/30 
HATOl"/40 
HA'I'01l50 
MATOU150 
MA'l'01710 
HAT01780 

RE'!'URN )o(,\TO 17 SlO 
ENC MATOHlOO 

CIIPROCESS SOOJollP OPTeO) GOS'T'M'I' IREF )(Ap MAT00010 
C-------......... --- •• - •• ------------..................... - ........ -- ......... MAT 0 0 O:il 0 
C CEBUG UNIT(IS) ,'TRACE,SUBCHIC.INI'l',SUB'l'R1t.CE MAT00030 
C ENC DE8UG MA'['OOOriO 
c ................................ -------------........................ - ..... MAT 0 0 0 5 0 

SUBROUTINE MATOSI HA'I'OOO!SO 
, (IOPT ,IELN'O .ERR ,FIRST .PRINT ,BUG, MAT00070 
, )(AT ,SE ,P.PL,D,DI.,v,VL,LELEf04,Lfo4AT, fo4AT00080 
, SMA'I",EESE, EPSE:,ruC'T, E:lCR, OAMAGE) "",'['000510 

MATOOIOO 
II'.PLICIT REAL(A-H,O-Z) MATOOllO 
LOGICAL ERR,f'IRS'I',PRINT.BUG MATOOl:i!O 
LOGICAL BTES"T Jr4ATOOlJO 
DIMENSION SE(100),SMAT(4).ruCT(J),EXCR(IS) MATOOUO 
CHAR1t.CTER"'80 TYPE Jr4AT00150 

C KA'l'00160 
C------- RESERVE STORAGE roR E:LEME:NT MATOOl "10 

LELEM>-66 MAT00180 
IF crOPT.EQ.O) RETUIUII IotAT00190 

C MA'I'OO:ilOO 
C ------------------------- --- - - - ---- -- --------------- - --------- -- - - -----MAT 0 O:ill 0 
C VARIABLES I MATOO:il20 
C;. _______________ --------______ - - - - - - - - ------------------~- -- ----- -- --- -MATO 0 2 3 0 c---------- GLOBAL VARIABLES MAT002r10 
C IOPT • 1. INITIALIZE MATERIAL MATOO:ilSO 
C • 2. INITIALIZE STH'PNESS MAT 00:il 6 0 
C .. l. GE"l' STIFFNESS TERM MATOO:il70 
C • 4. GET ENERGIES, DlJCTILITT AND ErXCURSION MATOO:il80 
C .. 5. CALCULATE DAMAGE INDO MATOO:ilSlO 
C RINPU'J' - INPUT CATA MAT00300 
C SMAT - INTERNAL STORAGE )Q.T00310 
C 5E • OUTPUT STIFFNESS MATOOl:ilO 
C ____________ - -------------------- - --- - ----- - - ------------------------- -KATO 0 3 3 0 

GO TO (IOO.200,300,400,500).IOPT AAT00340 

100 CONTINUE 
c 
C----- INTERPERTATE INPUT CATA 
C HI. • SMAT( 1) 
C VA·. SMAT( 2) 
C DlICMA:I· SMA'l'( l) I FAILURE DUCTILITT 
C 8D1IJ4. SMAT( 4) I BATA PARAMETER 
C 

READ (5.*) TYPE ,(SMAT{I),I-l,:il), DUCMAI. eDAM 

LMAT • rI 
SMAT ( 3 ). OOCMA.I 
SMAT(4)-BD1IJ4 

IF' (i"IRST .OR. BUG) WRITE (6,1511) 
WRITE (1S,192) MAT,(S"""'T(K).K·1,:i!),DUCI9..I,BDA)! 

MAT003S0 
MAT003150 
MAT00370 
P4AT00380 
lotA'I'OO]\lO 
MA'I'OOriOO 
MATOOUO 
MAToono 
MAT00430 
MATOOHO 
fo4AT00450 
fo4A1'004150 
MA1'oono 
MA'I'00480 
1-(,\'1'004510 
IoVIT00500 
MA'l'00S10 

C MAT00520 
lSI 1 FORMlr.'l' (I I I' PI NO-SUAREZ TOWER WNG 01 R. HTST. HODEL PARAMETERS' / MA'I'005JO , ' ••• _. __ • __ •••••••• __ ............. _. ____ ••••• ________ ' //fo4ATOOS40 

" MAT.'.3X.' HA',6X,' VA', MAT00550 
, ISX,'IQ.J: DUC', 61,' BE"I'A') fo4.ATOO 56 0 

19:i! FORXAT (1.l,Il,2X,6G12.Ei/) fo4.AT00570 
C ""''1'00580 

RE"!'URN MA'I'00590 
C MAT00600 
C._-•••••••••• -.---••••••• INITIALIZE STIFFNCSS TERJltS ·-.. ···-··-----.. •• .. MAT00610 

:il00 COWl'INUE MAT006:il0 
C ---- PINO-SUAREZ TOWER LONG GIRCER MOCEL DATA STORAGE FOA HEH8ER MAT00630 
C SEC 1)" STI F MEMBER MOI'.ENT-RO'I'ATION STIFPNESS MATOOIS~O 
C SEC :i!)" DP LOAD INCREMENT MAT006S0 
C SEC 3). ex 01 SPLACEMENT INCREMENT M.A.TOOIS150 
C SEt 4)" RV INDEX FOR TOP OR 80TT0f04 ENVEt.oPE MATOOlS70 
C RV-O THEN HIGH-.TRUE. MATOOlS80 
C RV-1 THEN HIGH-.FALSE. )Q.T00690 
C SEC 5). RULE RULE NU"'BER MAT00100 
C SEC 15)- PTOP MAT00710 
C SEC 1). DTOP MAToono 
C SEC 9)· PBOT I-tATOO7)O 
C SEC 9)- DBOT MATOOHO 
C SEC 10)- SPTOP MAT001S0 
C SE(11)- sorop MAT00?60 
C SEC 12)- SPBO'I' MAT00770 
C SEt IJ). SCSOT AAT00780 
C SEC 14). SSPTOP MATOOHIO 
C SEt 15)· SSDTOP MA'T00800 
C SEC lIS). SSPBOT MAT008l0 
C SE(17)- SSDBO'I' MA'T00820 
C SEC 18). HB HAT00830 
C SEC 151). VB MA'T00840 
C SEC 20). HD fo4AT008S0 
C SE(l1)· VC fo4AT00860 
C SEC 22)· HE MAT00810 
C SE(2])- VE MAT00880 
C SE(:il4)· HAP fo4ATOOB5IO 
C SEC :i!S)- VAP fo4AT00900 



SE(26)· H8P JltAT00910 
SE(21). vap KAT00920 
S~( 28)- SSHD JltATOO 51 30 
SE.( 29)· S6VD tr4ATOOHO 
SE(30). SSHE tr4AT00950 
SE( ll). SSVE Jl'.Jr.T00960 
SEC 32) .. 5SSPTP KAT00910 
SE( 33). SSsCTP tr4AT00980 
SE(34). 5SSP8T MAT00990 
S£(35) .. ssse8T IoIAT01000 
5£(36) .. SHD JltAT01010 
sE(Ji)" SYD IoIAT01020 
SEC 3e)a SHE MATOI0)0 
5£(39)- 5VE p.(}"TOl040 
5£(40)- ICEQ UNLO~OING EQUIVP...l.E:N'l' STIFFNESS MATOI050 
6E(41) .. DUCT{l) MAT01060 
S£(42). DUCT(2) MATOI070 
SE(43)" OUCT(3) MAT 0 1080 
SE(44)" EXCR(l) )Q.T01090 
SE(45)- EXCR(2} JltAT01100 
SE(46)· EXCR( 3) JltAT01110 
5E(41)- EJ:CR(4) tr4AT011:il0 
5E(48)- EXCR(5) MATOllJO 
SE(451). EXCR(6) MATOl140 
5E(50). DEL! !IELDING DISPLO\CEMEN'T IQTOl150 

C SE(51)" EESE{l) MATOlIEiO 
C SE(52)" EE5E(4) MAT01l10 
C SE(53). EE:SE(2) MATOlleo 
C SE(S4). EPSE JltATOl190 
C 5E(55). PSEOLD MATOI:ilOO 
C SE(5Ei). CSE JotAT01210 
C 5E(51). DMAX ULTIMATE OISPLACEMEN'T JQTOlnO 
c SEC 58)· 0 ~ MAJ.lMUM ELE"4E:N'I' OISPLACE:MEN'T rOR DAMAGE INDEX MA1'01430 
C SE(59). P-14AI ELEMENT LOAD CORRESPONDING TO 0 KU MATOl440 
C SE(60). DEJr4Al[ CURRENT MAXIMUM AXIAL DISPLACEMENT rOR DUCTILITIES KATOl250 
C 5E(61)· INITIAL STIFFNESS MATOl2EiO 
C SE(Ei2)· DISP FACTOR FACH MAT01470 
C SE(63). MOIO:EHT FACTOR FACV I4ATOl280 
C SE(li4). ROTATION 5'!'IFFNESS FACTOR.rACV/FACH KATOI2S10 
C SE(65)· HA KA101300 
C SE(IiIi)" VA MAT01310 
C .................................................................. --.--. MATOIJ~O 

DO ~10 I"Lli1 MATOI330 
:210 SEC I )"0 MA.'!'OIHO 

SE(50).SMIroT(1) MATOLJ50 
SE(5).1 MATOI3!50 
5E(liS)- SMAT( I) )ltATOl310 
SE(66)" SMAT(:2) MAT01380 

t«JP"I'-IOM' 
CALL HYST09 (MOM' ,SEC 1),0,0,0,0, SE{:2), SEC J), 

Ii SEC 4), SEC 5) ,SE(6), SE(1) ,5E(6) ,5E(9), 
SEC 10) ,SEt 11), SEC 12), SEC 13), 
SEC 14) ,SEC IS),SE( 16) ,SE( 17}, 
SE( liS), SEC 66), SEC lB), SEC 19). SEC 20}. 6E( 21), SEC 22) ,SE(23), 
SE(24) ,SE(25) ,SE(26) ,SE(:27), 
SEC 2B), SE(2S1) ,St()O), SE(:n), 
SEC )2) ,SEC 33) ,SE(34), SE(JS), 
SEC 36), SE( 37) ,SE(3B) ,sE(J5I), BUG, 
6E(40) ,sE(41) ,SE(H) ,SEC 50) ,SE{SI) ,SE{S4), SE(5S) ,5£( SIi), 

Ii SE(1i0),SE(62),SE{63),SE{64),SMAT(J) 
SEC 515 )"SE( 50) ·SMAT( 2) /2 
SEC 57 )·SE(22) .. SKAT ( 3) 
SE(56)·0 
SEC S9).0 
SE(lil)·SE( I) 

MAT 0 1351 0 
MATOHOO 
MATOl410 
"""T01420 
MATOI4JO 
I4AT01440 
MAT01450 
JltATO 14 liO 
MA1'01470 
I4AT01480 
MATOHSIO 
MAT01500 
MAT01510 
MATOIS20 
MAT01530 
I'IATOl540 
MAT01550 
J4AT015I!iO 
MA'!'01570 

Fl.E"I'URN MAT015BO 
c •••• • ..... • ........... • .... •• ... • GE:l' STIFFNESS TERMS ........... _ ....... ····_·_··MA'!'OI590 

300 CONTINUE MAT01600 
SE(2).P-PL MATOl610 
SECJ)-o-DL I4AT016;ZO 

)Q.TOl1i30 c 
C-- CALL HTST09 '1'0 CALC NEW STIFrNES6 STIF 

MOPT-IOPT 

c 

CUL HTS'1'OSI (NOP'I', SEC 1), P, D, PL, OL, SEH:il) , SEC 3), 
iii SEC 4), SEt 5), sE( Ii), SE(7), SE( 8), SE( 9), 
iii SE{lO),5E(ll),SE{12),SE(13), 
, SE(14),5E(l5),SE(16),SE(17), 

SE(65) ,SE(66) ,SEC 16) ,SEC 19) .SE(20) ,SE(21) ,5E(22) ,SE(2J), 
SE( 24), SEC 25). 6E(;IIi) , 6E( 27), 
6E(28) .SE(291,SE(30), 6E( 31), 
SE( 32), SEC JJ), 6E( 34), 6E( 35), 
5E:( 31i), SE( H), SEC 313), SE(39). BUG, 
SE(40) ,6E(41) ,5E(44) ,SE(SO) ,SE(51) ,5E(S4), SEC 55) ,SEC 51i). 
6E(1i0) ,SE(li2) ,5E(li3) ,SE(64) ,5MA1(J) ) 

C --- STORE MA.J.lMUM DISPLACEJIIENT AND CORRESPONDING LOAD 
IF(ABS(D) .GT. ABS(6E:(SB))) THEN 

SE(SB)·D 
SEC 5S1)·p 

ENDIF 
c 
C ..... GET ~ERGIES, OUC'rILIT! AND EXCURSION FOA BO'rH IOP'l'·J AND 4 

400 CONTINUE 
c 
C --- TRANSFER ENERGIES reR 90TH IOP"!'·3 AND 4. 

EESE·SE ( 51) 
EPSE-SE(54) 

___ 'I'~SFER DUCTILITIES AHD EJ,CURSION RATIOS FOR BOTH IOPT-3 AND 4. 
00 410 1·1,3 

DUCT{I)"SE(40+I) 
EXCFH 1 +3 ).SE( 4 3+1+3) 

410 EXCR(I)·sE(4J+1) 

1=IE.'TURN 
C ...... • ....... • ... • ... DAMAGE INDO ................ - •••••••••••• ---•••••• 

500 CON"I'INUE 
C ••• D1.MAGE INDEX IS NO't' AVAILABLE 
C EESE"SE(51) 
C EPSE"SE( 54) 
C DM.U·SE( 5? J 
C 0-6E( 5B) 

P.SE( 5S1) 
PY-SMAT(:il) 
BDAM- SJO.'!' (4 ) 
DA.MAGE.ABS{D)}CiM.U ... eDAM I CP'·CMAX) • EPSE 
DAMAGE·O 

MAT0l!54C 
MATOl6S0 
MA'l'01li60 
MA'!'01670 
MAT01Ei80 
KATOl690 
)(.\T01700 
MATOI710 
MATOl140 
)Q.T01730 
J4ATOI74 0 
MATOl750 
MAT01760 
MAT01710 
MA'!'017ao 
MAT01790 
I'IA1'OIBOO 
MAT01810 
Jr4A1'01B40 
MA"l'OlSJO 
MA'rOUI40 
MA'!'01850 
MA1'OIBliO 
MA1'01B70 
MA'l'OIBBO 
MATOIBSIO 
MATOI5100 
MA'r01910 
MATOl920 
MAT019JO 
MATOl940 
MATOl950 
MA'l'01960 
HAT015l70 
MAT019BO 
MAT01990 
HAT02000 
HAT02010 
MAT02020 
1'1.1.'1'02030 
MAT04040 
IVt.TO~050 
MAT02060 
NAT02070 
MAT020BO 
KA'r02090 
MAT02100 

RETURN JotATO:H10 
END MAT02140 

C@PR.OCESS SOUJol.~ GOST"'" XFl.EF AAP J4ATOOOI0 
C_ ....... a ...................... -- .............. __ ......................... - .......... ••• .. ······MATOO 0 2 0 
C DEBUG UNIT(Ii) ,'I'RACE,SU8CHJIC,INI't',SU8TRACE MATOOOJO 
C END eEBUG MAT00040 
C ................................ - .................... - ••••••••• • ............ •• ...... ···MAT00050 

c 

SUBROUTINE MATIC MATOOOIiO 
, (IOPT • I ELNO , ERR ,FI RST ,PRINT, BUG, KAT00070 
Ii MAT ,SE ,P,PP,O,DL,V,VL,LELEM,LMAT, MAT00080 
Ii 5AAT,EESE,EPSE,DUCT,EXCR,DAKAGE) MAT00090 

IMPLICIT AEALCA-H.O-Z) 
LOGICAL ERR.F1R5T.PRINT.BUG 
LOG I CAL BTEST 
DIMENSION SEC 100), SMAT (SI), DUCT (3), EXCR( 6) 
CHARACTER-eo TYPE 

MATOOI00 

C------- RESERVE S'!'ORAG£ FOR ELEJIIENT 
LELEM·15 

MATOOllO 
MAT00120 
""'1'00130 
MATOOHO 
MA100lS0 
MAT00160 
MAT00170 
MATOOIBO 
MAT001S10 
MA'I'00200 

IF CIOP'T.EQ.O) RETURN 
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C----------- - -- - - - - ----------------- ------------------- - ___ - _____ -- ---- -MATOO 21 0 
C VARIABLES I MAT00220 
C ------------ ------- - ----- - --- - -- -- - - - -- - ---------------_______ ---------MA'T 0 0:2 3 0 
C---------- GLOBAL VARIABLES MAT00:240 
ClOP'!' • 1. INITIALIZE MATERIAL MAT004S0 
C • 2. INITIALIZE S'I'IFf"NESs MATOO:illiO 
C .. ), GE:T STIFFNESS TERM MAT00270 
C .. 4, GET ENERGIES, OUC'l'ILIT! AND EICURSION MAT002eo 
C • 5, CALCULATE DAJO.GE [NDEI: MAT00'290 
C RINPUT • INPUT DATA MAT00300 
C SMAT .. INTERNAL STORAGE """T003l0 
C SE .. OLl't'PUT STIrrNESS ~T003:il0 
C - - ---------------- ------- --- - - - --- - ---- ------------______ • _____________ MATOO 3 3 0 

GO TO (l00,:il00,300,400,500),IOM JoIAT00340 

100 CONTINUE: 
c 
C----- INTERPERTATE INPUT DATA 
C ELAS· SMAT( I) 0 FOR ELASTIC ANALYSIS 
C • 1 FOR I NELASTI C ANALY SI S 
C I :2 FOR SIMULATING PI NO-SUAREZ TOWEFI. COLUMN 
C LOCAL BUCICLING 
C 3 FOR INELASTIC ANALYSIS AND CHECJIt BOX 
C COLUMN INTERACTIVE STRENGH CR.lTERIA 
C SP .. SMAT( 2) RATIO FOFl. INE'LASTIC 5'l'IFFNESS TO INITIAL 
C STIFf'NESS 
C E SMAT()' ELASTIC MODULUS 
C 'I'I SMAT( 4) I SECTION MOMEN'T OF INERTIA 
C TMP SMAT (5) I PLASTIC MOMENT CO\PACITY 
C OUCJI4AI- SMAT( Ii) I FAILURE DUCTILITY 
C .GE. I FAILURE DUCTILITY CONSIDERED 
C • LT. 1 FAILURE DUCTILITY NO'!' CONSIDERED 
C BDAM" SMAT( 7) PAR.AJoIE.'TER FOR ANG'S DAMAGE INDEX 
C REOOCE. SMAT ( 8) RESI DURAL 51 RENGTH FOR ELAS" 2 
C SMAT C 9) : DU)IO('f V;..Fl.IABLE 
C·· .. • ............................ _ .................................................... . 
c 

C 

C 

c 

READ (5,-) TYPE: .(SMAT(I),I·l,5),DUCJItAlI:,BDAM 
SMAT(Ii)·OUCIo(A:I 
SMAT(7 ).SD.\M 

IF( SMA,,(I) .EQ. :I ) THEN 
READ( 5,.) REruCE 
SMATCB)·REOOcE 

E!NDIF 

L ....... T - 9 

IF (FIRS'r .0Fl.. BUG) WRITE (6,1S11) 
WRITE (Ei, 19:1) MAT, (SMAT (~), JIt-1. 5). SKAT ( Ii) ,SMAT (7) ,REC{JCE 

1S11 FORMAT (/lf' BILINEo\R INTERACTIVE MATERIAL PROPERTIES'} 
, ' ................................... _ ••••••••••• - •••• ' II 
Ii ' MAT.', J'I.' ELAS' ,61,' SP', 
Ii iiI,' E', iiI,' '1'1',61,' ,",pi, 
, ISX,'HAl: ruc', liX,' BETA',51,'REOU F',}) 

192 FORMAT (U,I5,ElG12.1i/) 

JO:AT00350 
MA'I'00360 
MAT00370 
MAT00380 
MAT003!i10 
M.A100400 
MATOOotlO 
MATOO" 20 
MAT004 JO 
",-,T00440 
",-,T00450 
MAT004liO 
MAToono 
MAT00480 
MA'l'004510 
IQ,T00500 
/I(o\T00510 
MAT005'20 
kAT005JO 
HAT00540 
kATOOSSO 
lQ."0051i0 
"""T00570 
lQ.'l'OOSBO 
IQ.TOOSSIO 
J4AT00I500 
MATOOlilO 
MATOOIi:ilO 
MA'1'OOliJO 
MAT00640 
HAT00650 
MATOOIi 15 0 
MA'1'006?0 
MATOOli80 
MAT005510 
MAT00700 
MAT00710 
)oI.AT00120 
""",,T00730 
MAT00140 
MAT00150 
JltAT0071i0 
MA'1'00770 
MAT00780 
MAT00790 
MATooeoo 

C· .... •••• .. ··-· .... ••• .. ••• ...... • INITIALI'!E STIFFNESS TERMS • ... ··_ .. ···_· ___ ····MATOOBIO 
400 CONTINUE 

-. __ BILl~E:AR INTERACTIVE ""TERIAL DATA STORAGE FoFl. "'EMBER ----
SE( 1). EI sECTION RIG1DIT't' 
SEC 2)· PI CURREN'!' TlELDUG LOAD FOR PASITIVE LOAD 
SEC 3) .. P2 CURRENT TIELDING LOAD FOR NEGATIVE LOAD 
seC 4) .. YIELD O. ELASTIC, 11 INELASTIC 
SEC S)· ELAS 
SEC Ii). SP 
SEt 7) .. FAILURE roCTILITT 
SEC B). PARAJoIE'TER FOR ANG'S DAMAGE INDEI' 
SEC 51)· Fl.ESIOOAL S'TRENGTH FoR ELAS·:2 
SE(10)· CURRENT OOCTILITY 
SE{ll). ENAT(4) 
6E(I:1)" TMP-SMAT(5) 
SEC 13)· DELY YIELDING DISPI,ACeMEN'T 

FOR FIO'l'A'rION SE( 13 )"TMP·LENGTHf( 6EI) 
FOR AXIAL SE(IJ).TMP-LENGTH/EI 
FOR TORSION SE(13)·TMP·LENGTH/E:l 

SE(14). OEMAJ[ CURRENT JItAlI:IMUM DISPLACEJIIENT FOR DUCTILITY 
SE(IS). YIELDING D1SPLACEMEN't' INDO. 

O. DE'LY HAS NO't' BEEN DETERJoIII NED 
II DEL! H.A5 BEEN DE.'TERJ!!INED 

C ••• - ••••• _ ................................................................. . 

'10 
00 210 1·1.15 

SE(I )-0 
SEC Il· SMA'!'( 3}·6MAT{4) 
5E(2). SMA'!'(5) 
SE(3). -SMAT(S) 
SE(4). 0 
SE(5). SMAT(I) 
6E(6) .. SMA'!'(;;!) 
5E(7). Str4A'r(6) 
SE(S)- SMAT(7) 
SE(!iI)· SKAT(6) 
6E(1I)· sw.,"(4) 
SE:(l4)" S)(AT(!I) 

MAT00820 
MATOOB30 
M1r.T00940 
Jr4ATOOBSO 
MA'l'00860 
MATOOB10 
MATooeeo 
MATOOB90 
MAT00900 
MAT00910 
MAT00920 
H.AT00930 
MAT00940 
MA'l'00950 
JltAT009 Ii 0 
JotAT00910 
JotAT00980 
MAT00990 
MATO 1000 
MATOI010 
MAT 0 1020 
MATOIOJO 
MAT01040 
JotATOI050 
MATOI01i0 
MATOI070 
MATO 1060 
MATOI090 
MATOIIOO 
MA'I'OlI 10 
""'T01120 
JltAT01130 
MATOl140 
MAT01150 
MATO 11EiO 
KATOI170 
MATOlleo 
MA'I'01190 

RETURN AATO 1:il 00 
c ........................... • GE.'T STIFFNESS TERMS .......................... • ........ Mo\T01:il10 

300 CONTINUE MAT01220 
c 
C •• CHECIC FAILURE OOCTILITY 

OOCT{ 1 )"SE( 10) 
:tF( DJCT(l) .GS. SMAT(Ii) .AND. SMAT(Ii) .GE. 1) THEN 

p-o 
TIELC:-l 
SE(4)"UELD 
1=It"!'URN 

ENOIF 

ELAS .. SMAT( I) 
SP • SMA'l'{ :ill 
E .. SMAT( 3) 
TI • SMA'!'( 4) 
TMP • SMAT{ 5) 
PI • SE(2) 
P:il • SEC 3) 
!IELO· SE(4) 

IF( ELAS .EQ. 0 
YIELD" 0 
SE(4 )"UE[.D 
SEC 14 )-0 
ruC'I'( 1)·0 
Fl.E:'!'URN 

ENOIF 
pppp.p 

) THEN 

IF( ELAS .EQ. J ) THEN 
C •• FOR ELASTIC REGION 

IF( TIELD .Ee!. 0 ) THEN 
U'( P .GE. PI .OR. P .LE. P:il ) THEN 

TIELC:-I 
IF'( P .GE. Pl ) P·PI 
H( P .LE. P1 ) P·P2 

___________ DETERMINE ELEMENT DUCTtLITT UNIT 

NO'I'EI ROTATION OOCTILI'T' UNIT IS DEFINED WHEN 
SE(15)"I, IF (P .GE. TMP .MD. 0 .GE. TMP"LENGTH/(6El) 
ELSE SE(15)·0 

MAT012JO 
IO:AT01240 
MAT01450 
MATOl260 
MATOl210 
JltATOl:il80 
JotATOl:il5l0 
MAT01300 
MATOlllO 
MATOlllO 
MA'I'01J30 
MIoT01340 
MA't'013S0 
I'tAT01360 
MATOIJ70 
MAT013eO 
MAT01J90 
MATOHOO 
l'lAT01410 
MAT01440 
MA1'01430 
"'ATOI440 
JoIAT01450 
"'-ATO 1460 
Jl'.Jr.T014?0 
JoIAT014eO 
MAT01490 
MATOl500 
l'lATOl510 
to(A,T015:ilO 
to(A,'l'015JO 
MAT01540 
MAT01550 
MATOl5liO 
M1r.TOI5JO 
MAT015S0 
MATOl590 
MATOlliOO 
MAT01610 
MA'I'011520 



IF( SE( 15) • EQ. 0 1 THEN 

ENDIF 

[F( -'BS(D) .GE. ,It,BS(SE(lJ)) ) THEN' 
SE( 13 )·,It,BS( OJ 
SE( 15)-1 

tHDIF 

ELSE IF( P .LT. ~l .Mo. ~ .GT. P2 ) THEN 
TIELC-O 

EN'DIF 

C ~ .. FOR INELASTIC REGION 

c 

ELSE IF( rIELD .~. 1 J THE:N 
IF( P .GE. PI .OR. fJ .LE. P2 ) THEN 

TIELJ>ol 
IF( P .GE. Pl 1 ?-oPI 
IF( P .LE. P2 ) P-P2 

----------- DE-rERJoIINE tLE.MENT DUCTILIT' UNIT 
NOTEI ROT,It,TION OOCTILITT UNIT IS DEFINED WHEN 
SE(15)-I, rF (P .GE. TMP .AND. 0 .GoE. 'l'MP*LENGTH/(iSEIll 
ELSE SEC 15)-0 

He 5E(15) .EQ. 0 ) THEN 
!F( ABS(D) .GE. ABS(SE( 1J)) ) THEN 

SE(13)-ABS(O) 
SEC 15)-1 

ENOtF 
ENOIF 

ELSE IF( P .LT. PI .AND. PP .GE. 0 ) THEN 
'IELD-O 
••• UNBALANCED FORCE .... 
IF( (D-DL) .NE. 0 ) THEN' 

5M2-( P-PP) It D-DL) 
SMl-5H2ISP 
UD-D-DL 
UP·SMI-UD 
P-PP+UP 
1Ft P • LE. P2 ) THEN 

~-P2 

UELD-I 
ENDIr 

EN'Dlr 
ELSE H( P .GT. P2 .Mo. PP .LE. 0 ) THEN 

II ELD-O 
.... UHB,lt"LANCEO FORCE .*. 
IF( (D-OL) .NE. 0 ) THEN 

SM2- (p-PP)I (0-01..) 
SMI·SM2/SP 
UD-o-OL 
UP-SMI·UD 
p·PP+UP 
IF( P .GE. PI 1 THEN 

P-Pl 
UELD-l 

E:NOIF' 
tHOIF' 

ENOIF 
ENDIF 

GO TO 399 
EHOIF' 

C... FOR ELAS-! AND 3 CASES I 
C ELASTIC REGION 

I r( rIE:LD . EQ. 0 ) 1'HEN 
IF'( P .GE. PI .OR. P .LE. P:I ) THEN 

rIE:LD-I 
••• UNBA.I.ANCEO FORCE * .. * 
H'( P .GE. ~I ) THEN 

IF( (0-01..) .NE. 0 .ANo. (P-PP) .NE. 0) THEN 
SMl· (P-P?) I (o-oL) 
I· SM:I IS ESTIMATED V,It,LUE ·1 
SM:I·SM1*SP 
UPI-P-Pl 
un-UP1/SMI 
UP2· -UD·SM:I 
P-P-{UPl+UP::I:) 

ENDIF 
If'{ D .EQ. 0 .AND. DL ,EQ. 0 ) p.p 
P·PI 

ELSE IF{ P .LE. P2 ) THEN 
IF( (o-OL) .NE. 0 .AND. (P-PP) .NE, 0) THEN 

SJoIIl·(P-PP)/(o-OL) 
I· 5M2 IS ESTIMlaTEO VALUE ·1 
SM2"SMI·SP 
UP1-P-P2 
UD-UPI/S)llI 
UP2--UD*SMl 
P-P-(UPI+UP2) 

ENOIF' 
IF( 0 .EQ. 0 .ANo. OL .EQ. 0 ) P-P'2 
P-P2 

E:HDIF 
C --------- DE'I'ERJ!4INE ELEJoIENT ruCTILITT UNIT 
C NOTEI ROTATION CUCTILITY UNIT IS DEnHED WHEN 
C 5E(15,-1. IF (P .GE. TM~ .AND. 0 .GE:. TM?·LENGTH/(iSEI» 
C E:LSESE(15).O 
c 

EL6E. 

H( SE(15) .E:Q. 0 ) 1'HE:J'II 
IFe AB6(D) .GE. ABS(6E:(l3»)1 THEN 

SE(13)·ABS(D) 
SEC 15)-1 

E~DI F 
ENOIF 

TIE:LD-O 
ENoIF 
GO TO 3~~ 

ENDIF 

--- INELAS'I'IC REGION 
IF'{TIELD .EQ. 1 ) THEN 

IF( P .GT. PI ) THEN 
H( P.GE. PP) THEN 

TIEL!>1 

IF( SEC 15) .EQ. 0 ) tHEN 
H( ASS(D) .GE. ABS(SE( 13))) THEN 

SEC Il)-ABS(O) 
SEC 15)-1 

ENDTF' 
E:NOIF 

ELSE IF( P.LT. PP) THEN 
YIELD-O 
PI-PP 
P2-p~-2·TMP 
- •• UNBALANCED FORCE ••• 
IF( (O-DL) .NE. 0 ) THEN 

5M2- (P-PP)I (O-OL) 
SM.1-SM2ISP 
UD-O-DL 
up·sMl·UD 
P·PP+UP 

ENoIF 
E1II0IF' 

ELSE IF{ P • L1', P2 ) THEN 
IF'{ P,LE. PP) THEN 

'fIELD-1 

H( SE( 15) .EQ. 0 ) THEN 

MAT 0 1630 
HAT01640 
MAT01650 
MAT01660' 
MAT01610 
MAT01680 
MATOliS90 
MATOl700 
MAT01710 
MATOl720 
MAT017JO 
MATOIHO 
HAT01750 
MATOI760 
HATOI770 
MATOl790 
MATOl790 
MATOl900 
HAT019l0 
MAT019l0 
MAT018JO 
MATOl940 
MATOl8S0 
MATOlB60 
MATOl870 
KAT01880 
MAT01890 
MAT01900 
KA'T01910 
MA1'Ol5120 
MAT019JO 
IQT01940 
MAT019S0 
)(I.TOI960 
MAT01970 
KAT019BO 
MAT01990 
KATO:ilOOO 
MATO:il010 
MATO:il020 
""'TO:ilOJO 
IrQTO:il040 
IrQ1'02050 
IrQTO:ilOiSO 
MATO:il070 
tr41r.TO:il080 
tr41r.1'O:il090 
tr41r.TO:illOO 
tr41r.TO:illl0 
tr41r.TO:ill:ilO 
tr41r.T02130 
MATO:ilHO 
tr41r.T0'2IS0 
tr41r.TO:lliSO 
MlaTO:ill70 
MA10:1190 
tr41r.'I'021!iO 
MAT02200 
MlaTO:il210 
tr41r.T02220 
MATO:l2JO 
tr41r.T02:i140 
MAT0'2'250 
MATO:il:il is 0 
MlaT02:i170 
MlaT0'2280 
MlaTOll90 
MATO:ilJOO 
MAT02310 
MATO:l3:i10 
MAT0'2330 
MATOlJ40 
MAT02350 
MAT02360 
MAT0'2370 
MlaT0'2J90 
MAT02390 
MlaT02400 
MlaT02410 
MlaT0'24'20 
MlaTO'24JO 
MATOlUO 
MlaT02450 
MAT0'2460 
MATO'24iO 
MATOl4BO 
MAT0'2490 
MAT0'2S00 
MAT02510 
IQT02520 
MAT02530 
MAT0'2540 
MATO:Z550 
MATO:il5iSO 
KATO:il570 
MATO:ilS80 
tr41r.'l'0:il5S10 
tr41r.TO:iliSOO 
tr41r.TO:iliSlO 
MA1'O:iliS:ilO 
MATO:liSJO 
MAT02ti40 
MATO:il650 
MATO '2 is iSO 
MlaTO'2 is 7 0 
MATO:iliSBO 
MlaTO':iliS!iO 
MlaTO':il700 
MlaTO:il710 
MATO:il7:;Z0 
MATOl730 
MAT0274 0 
MlaT0'2750 
MAT02i60 
MAT0277 0 
MAT02180 
MA102790 
MAT02BOO 
MAT02BIO 
MAT02B:Z0 
MAT028JO 
MAT0'2940 
MAT02B50 
MAT02B60 
MAT02870 
)IlAT02990 
H.AT02990 
MATOHOO 
MAT0'2910 
MATO:il9'20 
)IlAT02930 
tr41r.TO:ilHO 
MATO:;Z!iSO 
MATO:il~iSO 
MAT02970 
MlaTO:l960 
MATO:l990 
MAT03000 
MAT03010 
MATOJO':ilO 
MAT03030 
MATOJ040 

84 

c 

ENOIF 
ENDIF 

399 5E( :iI)·Pl 
SE(3l·P2 
SE(4)-TIELD 

IF( ABS(O) .GE. ABS{SE( 13)) 

SEC IJ)·ABS( Dl 
SE{lS)·l 

ENDIF 
EHDIF 

ELSE IF(P.GoT. PP) THEN 
II £1,D-O 
P2-pp 
PI· PP+2·Tf04P 
.... UNBALANCED FORCE .... 
IF( (o-CL) .NE. 0 ) THEN 

SMl· (P-PP) 1 (D-OL) 
SMl·SMVSP 
UD-D-CL 
Up·SMI·UD 
p·PP+UP 

E:NDIf' 
ENDIF' 

IF{ SE(15) .EQ. 1 ) THEN 
IF'( SE(14) .LE. ABS(D» THEN 

SE(14)·ABS(D) 
OOCT( l)-SE( 14)/SE( 13) 
SE(IOl-DUCT(l) 

ENDIF 
EL6E IF'( SE(lS) .EQ. 0 ) THEN 

DUCT(I)-O 
5E(tO)-DUCT(1) 

ENDIP 

C IF( PPPP .NE. P ) THEN 
C DDDD-P-PPPP 
C WRITE(iS:;Z,879) P,PPPP,DDDO 
C BiS! FORMAT(1X,4G15.iS) 
C ENDIF 
C 

THEN H.AT03050 
MATOJ060 
"""1'03070 
MAT030BO 
MAT03090 
MAT03100 
MATOJlI0 
MATOJ IlO 
MATOlllO 
MATOJ140 
IotATOJ150 
IotAT03160 
MAT 0 3 17 0 
MATOJIBO 
)(ATOJI90 
MATOHOO 
HAT 0 1210 
MATOJ220 
MATOJ2JO 
MATOJ240 
lolA TOJ:;Z50 
)o(AT03'2iSO 
IotATOJ'270 
MAT032BO 
)o(AT03290 
)o(A'l'03300 
MAT03]10 
)o(ATOJJ20 
MATOJJJO 
MAT03340 
MATOJJ50 
MAT03JIS0 
~T03370 

MA1'03360 
MAT033510 
~T03400 
~TOJ410 
~T03420 
MA1'OJ4JO 
HAT03440 
"'AT03450 
MAT034iSO 
tr41r.T03470 

C··········· .. •• GE:T OIJCTILITT 
400 CONTI NUE 

IOPT .. J AND 4 • ..... ••• .. ••••••••••••• .... • .... • .. MATO]490 

c 

--- TRANSFER E2'iERGIES FOR BOTH IOPT.J AND 4. 
EESE·O 
EP6E·O 
ELA6 • SMAT( I) 

C - __ TRANSFER DUCTILITIES AND EXCURSION RATIOS FOR BOTH !OPT-3 
C DO 410 1-1.3 
C DUCT(I )·0 
C EXCR{I+3).O 
C 410 EXCR(I )-0 
C 

IF( ELAS ,EQ. 0 ) THEN 
OUCT{ I )·0 
SE(10)-OOCT(1) 

ELSE IF( ELAS .NE. 0 ) THEN 

EHDIF 

IFe SE{IS) .~. 0 ) THEN 
OOCT(I)·O 
SE{lO)·OOC1'(l) 

ELSE IFe SE(IS) .EQ. 1 ) THEN 
DUCT ( I )-SE( 14)/SE( 13) 
SE(10)-DUCT(1) 

ENOIF 

WRITE( 40, 771)SE( 13), SE( 14). OIJCT( 1), SE( 15) 
177 FORJi(AT(lX,4GIS.iS) 

R~URN 

MAT03490 
MATOJ500 
KATOJ510 
MATOJ520 
"""T035JO 
)o(AT03540 
""'T03550 

AND 4. MATOJ5iSO 
MAT03570 
MA1'03SBO 
MAT03590 
MAT03600 
MATOJ610 
MAT03620 
MATO]6JO 
MATO]iS40 
MATOJ650 
MATOJ660 
Jo(ATOJ670 
HATOl690 
MAT03690 
MATOJ700 
MlaTOJiIO 
""'TOJ720 
MATOJ730 
JoIAT03HO 
MAT037S0 
MAT03760 
MAT03770 

C· .. ·-----.... --· .. ••• DAMAGE INDE:J: •• ------...... - ..... -----•• --.--.-----. MATO]760 
MATOJ790 
MATOJBOO 
MATOJ610 
MATOJ620 

500 CONTINUE 
C •• O~E INoE'X 16 NOT AVAILABLE 

OAMAGE-O 

RETURN MATOJ930 
END MA1'OJ940 

cfpROCEse SOUMP OPT(O) GOnMT XREF' KAP MATOOOI0 
C ....... - ........... -.--•• - ••••••••••• --•••••• ---------... ····----· .. •••• .. ---MAT00020 
C DEBUG UHIT(6),TRACE,6UBCHIt,INIT,SU6TRACB HATOOOlO 
C END DEBUG MAT00040 
C.-.......... ------....................... --.·····---...... ------.... • .. ---··---·MAT00050 

SUBROU'I'IHE MlaTll HAT00060 
Ii (IOPT ,IEILNO ,ERR ,FIRST ,PRINT ,BUG, MAT00070 
Ii MAT ,SE ,P,PL,C,CL.V,Vl"LELEM,L)Q.T, MATOOOBO 
Ii SM.AT,EESE,EPSE,DUCT,E'XCR,DAMAGE) MATOOOSIO 

MATOOIOO 
IMPLICIT REAL(A-H,O-Z) )(ATOOIlO' 
LOGICAL E:RR,FIRST,PRINT,BUG MAT00120 
LOGICAL BTEST MATOOIJO 
DIMENSION 6E(100).SMA'r'{S),DUCT{3),EXCR(iS) MATOO 14 0 
CHARACTER.-BO TTPE MATOOISO 

C )o(AT00160 
C------- RESERVE STORAGE FOR ELEJotENT MATOO 17 0 

LELEH-31 MATOOl80 
IF (IOPT.EQ.O) RETURN MATOOl90 

C ""'T00200 C ____________________________________________________ ------- - - ---- - - - - --)o(AT 0 0 21 0 

C VARaBLESI MAT00220 C _____________________ --__________________________________ --------------MAT 0 0 2 J 0 

C---------- GLOBAL VARIABLES ""'T00240 
C IePT - I, INITIALIZE MATERIAL MATOO:ilSO 
C • '2, INITIALIZE STIFrNESS MATOO':il60 
C • 3, GET STIFr-NESS TERJo! MATOO:l70 
C .. 4, GET ENERGIES, DUCTILIT' AND EXCURSION MlaTOO:lBO 
C • 5, CALCUL .... TE DAMAGE INCEX MATOO:l90 
C RINPUT .. INPUT DATA MAT00300 
C SMAT .. INTERNAL STOR.AGE MAT00310 
C 5E .. OUTPUT STIFFNESS JotAT00320 C _______________________________________________________________________ MATOO J 30 

GO TO (100,::I:OO,300,400.500),IOPT HATOOl40 

100 CONTINUE 
c C----- INTERPERTATE INPUT DATA 
C HA • SMAT( 1) 
C \/A - SMlaT( 2) 
C RATIO· SMAT( J) I ~RAIN HARTEN RATIO TO BLASTIC STIFFNESS 
C OOCMAJ- SHAT( 4) I FAILURE DUCTILITY 
C BOAH" 5MAT( 5) I BATA PARAME.'TER 
C 

READ (5,·) TYPE ,(SHAT(I).!·l,3), OUCKA.Jt:, BDAM 

LMAT .. 5 
SMAT (4)· DUCMAX 
SMAT{S)·BOAM 

MAT00J50 
MATOOJ60 
MAT003iO 
MAT003BO 
MATOO]90 
MAT00400 
MAT004l0 
MAT004 :il0 
MAT00430 
MATOO" 40 
MAT004 SO 
MAT00460 
"""T0047 0 
MAT00460 
MAT00490 
MATOOSOO 

IF' (F'IRST .O~. BUG) WRITE (6,191) MATOOSI0 
WRITE (is,192) HAT, (SMAT(JI;;) ,JI;;-l,]),DUCMAX,BoAM MAT00520 

C ""'T005JO 
191 FORMAT (III' PINe-SUAREZ TOWE'R SHORT DIR. HYS'I'. MODEL PARAMETERS'!MAT00540 

Ii ' ....... ______ •••••• _. __ ............. __ ........... ___ ._. I/MATOO S 50 

Ii' MlaT.' ,JX,' HA' ,6X,' VA',SX,' RATIo', MATOOS!50 
Ii iSx,'~ OOC', 6X,' BETA') MAT00570 

192 FORMAT (1I,I3,:21,6GI2.iS/) )(ATOOSBO 
C Jo(ATOOS90 

RETURN MAT00600 
C KAT00610 
C· .. - •• - ...... --•••••••• -··.. IN ITIALI ZE S'T'I F'FNESS TERJoIS _···· .... _______ ····HATOOiS20 



200 CONTINUe: KAT006)0 
---- PINO-EiUAREZ TOW"ER SHOR1' GIRDER MODEL DATA STOJV..GE FOR MDIISER KAT006<l0 
SEC 1)· STH' )lfDfBER JC:)HEN't'-RO'TATION' STU'FNESS Jr4AT00650 
SE( 2)· DP ~AD INCREHEN'!' Jr4AT00660 
SE( 3)· DJ: DISPLACEMEN'l' INCREHEN'f Jr4AT00670 
SE( <l). RV INDO: FOR TOP OR 8O'M'OM ENVE:LOPE MAT00680 

RV·O 'l'H£N HIGH· ,TRUE. MA1'00690 
RV· 1 THEN HI GH •• FUSE. MATOO? 00 

SEC 5)· RULE RULE NUMBER MAT00710 
SEC 6)- PTOP MA1'00720 
SE( 7)- C7J'OP MATOO?JO 
SEC B)· PBOT MATOOHO 
SEC 51)· DBOT MAT00150 
SEC 10)· ~EQ UNLOADING EgUIVALE:NT En'I FrNESS Jr4AT00760 

C SE(11)· DUCT(I) MAT0071 0 
C SE(12)· OOCT(1) MATOO?BO 
C SEC 1). DUCT(3) MATOOi90 
C SE(14)· EXCR(l) "'-'T00600 
C SE( 151· ElI:CR(2) MAT00610 
e SE(16)· EXCR(J) MAT00620 
C SE(ll}· EXCR(<l) MATOOBJO 
C SE(18)" EXeR(S) MAT00840 
c SEC 1S1)- EI'CR( i!i) NATOOBSO 
C SE(:l:O)· DEL! 'I'IELDING DISPLACEMEN'l' I'tATOOB60 
C SE(:l:l)· EESE(l) MAT00870 
c SE(22)· EESE(2) MA'l'00660 
C SE(:l:J)· EESE(2) KA1'00690 
C SE(24)· EPSE "'-'T00900 
C SE( 25). P5EOLD MAT00910 
C SE(26)- CSS: IotAT00920 
C SE(:Z7)- DMA.I' ULTIMATE DISPLACEMENT MATOOSl30 
C SEC 28)· D_NAX IolAJ:IHUM E:LEMEN'l' DISPLACEJoIEN't' FOR DAMAGE INDEX I4ATOO!HO 
C SE(251)- P_MAX ELDolE!IT LOAD CORRESPONDING TO D_HAl: Jr4AT005l50 
C SE(30)· DEMAX CURRENT MAXIMUM .uIAL DISPLACEM.ENT FOR DUCTILITIES MATOOSl60 
C SE(31)· INITIAL STIFFNESS MAT005l70 
C ••• _ ........................................... _ ..... _ .......... -.... )(.\1'005180 

00 210 1.1. Jl MAT009510 
210 SE(I)"O KATOIOOO 

SEC 20)-6MAT( 1) MATOIOI0 
SE:( S}-l KA.TOI020 

MOPT· lOPT 
CALL H!S'I'II (MOPT, SEC I) ,0,0,0,0, SEt 2), SEt J), 

, SEt 4), SEt S) ,SE(6) ,SEC i) ,5E(6) ,SE(9), 
, SKAT(I) ,SMAT(2) .SMAT(Jl,BUG. 
, SEC 101.SE( II) .SE( 14) .SE(lO) .SE(211.SE(H) ,SE(25) ,SE(26), SE.( 30}. 
i SMAT( 4) ) 

SEt 26}-SE( 20) ·SMAT( 2) /2 
SEt 2"1 }·SMAT( 1}-SMAT (") 
SE(6)·0 
SEC 29 )-0 
SEC 31 )·SE( 1) 

JltATOI0JO 
JltATOlO<lO 
MATOI050 
MATOI060 
MATOIO"lO 
MATOI060 
MATOI090 
MATOII00 
KATOlllO 
~TOl120 
IoI.\T01130 
KA't'OIHO 
MAT0l1S0 

RE."'!'uRN MATO 1160 
C·····-· .. ···········-··-·- GET S't'IFFN'ESS TERMS ... ··.-· .... • .. ·_· .. ······--·MATOll?O 

JOO CONTINUE MAT01160 
5E(2)-P-PL MA'I'01190 
SE(J).o-DL MA'T01200 

c 
C-- CALL H1STll TO CALC NEW STIFFNESS STIF 

MO~·IOPT 

c 

CALL H!5Tll(MOPT, SE( 1) ,P,D,PL,DL,SE(:2), SE(l), 
, SE(4),S£(5) ,SE(6) ,5E(,,/) ,SE(8) ,SE(!iI), 
, SMAT(I) ,514.\1'(2) ,SMAT(l),BUG, 
i SEC 10) ,SEt II) ,SEt 14) .SE(20) .SE(211.SE(24) ,SE(25) ,SE(26), SE( 30), 
, SMAT(4) ) 

--- STORE MAlI:tWUM OI6PLACEKEN'l' MD CORRESPONDING LOAD 
IF<AB5(D) .GT. ABS(SE(26») THEN 

SEt 28 )·0 
SE(:i9)·P 

ENDH' 

c··· GET ENERGIES. OOCTILITT AND EXCURSION FOR BOTH IOPT.3 MD <l --•• 
400 COtn'INUE 

c 
C --- TRANSFER ENERGIES FOR BOTH IOPT·) AND <l, 

EESE"SE( 2 1) 
EPSE·SE:(2<l, 

--- TRANSFER roCTILITIES AND O:CURSION RATIOS FOR BO'TH IOM·J AND 4. 
00 410 1·1,3 

rucT'I)·SEr10+1) 
EXCR( I+3J-SE( 1J+I+3) 

410 EXCR( I )"SE( 13+I} 

RE'!'URN C.·· ..... -· •• -..... -. DAMAGE: INDElI - ......... - .... - ............... - .... - ...... .. 
500 CONTINUE 

C. ,DA.MAGE INDEX IS NOT AVAILABLE: 
C EESE.sta 1.1) 
C EPSE-SEtH) 
C OHA.I"SE (2"1 ) 
C ~SE(2e) 
C ?-SE(29) 
C Pl·SKAT(2) 
c BDAM-5M1r.T(<l, 
C DAHAGE-ABS{O)/QMAI. + BDAM I (P'I'*tMA.I.) • EPSE 

DI\,potAGE·O 

MAT01210 
JltAT012:i10 
MATOl2JO 
MAT01240 
MAT014150 
MAT014l60 
MAT012iO 
MAT012BO 
MAT01290 
""'1'01)00 
MATOI310 
MAT01320 
MA101330 
MAT01340 
MATOIJ50 
MAT 0 1360 
MAT 0 ll"l 0 
MATOIJ60 
MATOIHO 
MATOHOO 
JltATOlUO 
MATOH:lO 
MAT01430 
MAT01440 
MAT01450 
MATOIHO 
MATOH70 
K.\TOHBO 
JltATOIH10 
NA,,01500 
MATOl510 
MATO 1520 
MAT01530 
MAT015<l0 
MATOlSSO 
MAT01560 
MATOIS70 
MATOl5BO 
JoU"T015!i10 
MATOli!iOO 
MATOl610 
MAT01620 

RETURN KATO 16)0 
END MA'I'O16<l0 

C~PROCESS sou,",p aPT(O} GOS"J'MT IREF HAP NATOOOI0 
C ........................ - ...... _ .......... - •• • •••• • ............. ·-_··-· .. •••••• .. ··MAT00020 
C DEBUG UNIT(6) ,TRACE,EiU9CHIt,INIT,SUBTRACE MAT00030 
C END DE.BUG MATOOO<lO 
C· •• --·.--·.···.-·· ... ···.····_·· .. -.··· •• •• •• •• •• ·-... -- .. •••••• .. •• .. ····-··MAT00050 

c 
c 
c 
c 
c 
c 

SUBROUTINE M/t.Tl'2 JoUT00060 
i (laPT • ULNa .ERR .FIRS'!' .PRINT .BUG. MATOOO"lO 
" MAT .SE .p,PL,O,OL,v,VL,LELEM,~T, HATOOOBO 
" SMAT,EESE.,EPSE:'OUCT.E:lCR,Q.l.MAGE) HAT00090 

IMPLICIT RE:A.L(A-H,O-a) 
18-1S-9::zJ 

COMMON !IDS'l'EP/IS't'EP 

LOGIcAL ERR.FIRST.PRINT,BUG 
LOGICAL BTEST 
REAL INE.B, INEH 
DIMENSION SE( 100). SM.A'1'(LMAT). C\JCT(:3" EXeR( IS), EE:.ASAT( 12. 12) 
DIMENSION A(12,12),SAT{12.1.2) 
DIMENSION P(I:I),PL{12),D{12),OL(1'2) 
CHARACTER·SO TTPE 

18-1S-5121 
IF(ISTEP .LT. :1: .OR. ISTEP .Eg. 5"1 ,OR. ISTEP .EQ. S6 ) THEN 

WRITE(6,.' '1 ....... ISTEP - ',ISTEP 
8UG· .TRUE. 

ELSE IF(ISTEP .GE. 65 • .\ND. ISTEP .LE. 67 ) THEN 
WRlTE{6.·)·U ...... ISTEP· ',IS'I'EP 
BUG· .TRUE. 

ELSE IF(ISTEP .GE. 100 .,IJIID. ISTEP .LE. 10'2 ) THEIoi 
WRITE(6.·)·I .. ' .... ISTEP - ',ISTEP 
BUG- .TRUE. 

ELSE 
SUG •• FALSE. 

ENDIF 

MATOOI00 
IltATOOllO 
MAT001.20 
MAT00130 
10.1'00140 
KAT00150 
""'TOO 160 
!O.TOC 17 0 
...... T00180 
...... 1'001510 
MATOO:ilOO 
MATOO:il10 
MAT00220 
)(AT002JO 
MAT00240 
"""T00250 
MAT0021S0 
MAT00270 
MAT00260 
)(.\TOO:il 51 0 
MATOO)OO 
KAT00310 
MATOOnO 
)Q.TOOJ30 
I(.\T00)40 
"",T00350 
""''t'00360 
MAT00370 

C------- RESERVE STORAGE FOR ELEME:NT 
LELEM· 99 

MATOOJ60 
"'-'1'00390 
MAT00400 IF (IaPT.EQ,O) RE'TURl\l 

85 

C MAT00410 
C ------------------ - -- --- - ----- ----------------------_________________ --MATOO 4 20 
C v",RIABLES. MATOO,,)O 
C --- - --- ----- - -------- ----- - - --- ---- - - - - - -------------------------------)o(AT 0 0 4 4 0 
C---------- GLOB1.L VARIABLES 14.\'1'OO<l50 
C IOP'l' - 1. INITIALIZE "",TERIAL ""'1'00460 
C - 2, INITIALIZE STIFFNESS MATOO .. 70 
C 3, GE."I' STIFFNESS T£RM ""A'1'OO<l80 
C • 4, GET ENERGIES. CUCTILIT'I' AND EXCURSION MAT00490 
C • S, Co\LCULATE DAMAGE INDEX MATOOSOO 
C RINPUT • INPlJ'I' DATA 14.\'1'00510 
C SMAT • INTERNAL STORAGE IoI.\T00520 
C SE .. OU'l'PUT S'!'H'FNE:SS MAT005JO 
C - - - -----------.---- ------- - ---- --- --- - - - -- - - ---------------------------I'IATOO S 4 0 

GO TO (l00.200,300,<l00,SOO),IOP'l' MATOOSSO 

100 CONTINUE 
c 
c----- INTERPERTATE INPU'r' DATA 

MAT00560 
MATOOS10 
MAT005BO 
)Q.T005!J0 
MAT00600 
NA'I'00610 
MAT00620 
Jo(A.T00630 
MAT00640 
Jo(A.T00650 
P4AT00660 
JotAT00670 
MAT00660 
MAT00690 
M.ATOO"lOO 
MATOO?lO 
"""TOO 720 
MAT007JO 
MATOOHO 
MAT00750 
MAT00760 
P4A't'00770 
MJoTOO?60 
MATOOi90 
MA'I'OOeOO 
MATOOBIO 
MAT00620 
",-,TOOBlO 
MATOOS<lO 
MAT00650 
MATOOB60 
MATooe"lO 
MATOOeSO 

C 

NSE(; - SMAT( 1) 
TS • SHAT( 2) 
EJoI • S)o(I.T( 3) 
LIBN • SMAT( 4) 
HH • SM1r.T( 5) 
UU - SNA'1'{ 6) 
ww -SMAT(7) 
ZZ • SI(AT( 6) 
tNEB • SJl.AT( 9) 
tNEH SMAT( 10) 
S'I' SMAT( II) 
IREVI • SMAT( 12) 
IREV:iI • SMAT(lJ) 
IREV3· SNAT(14) 
tREV4 • SMA,T(l5) 
IECOP - 510.'1'(16) 
NUMP • SHAT(17) 
SMALL • SMAT (18) 
RATIJ:O" SMAT(19) 
RATITO- SMAT('20) 
TOTA • SMAT(21) 
UUTO • SKAT (22) 
lMATER· 5""''1'(23) 
RATIOJ- SMAT(:H) 
IR • SMAT{J5) 
G • 5MA'1'(26) 
ORNEE· SMAT(2"1) 
16"I'IF • SMAT(26) 
LMA.T • 5,"",T(29) 

READ (5,-) T!O'E ,NSEG.SMAT(2),SMJ.T(3),LIBN,(S}Q.T(I).I.S,B), 
, INEB, INEH, SMAT( 11). IREVl, I REV2, tREV3, IRE:V<l, IECOP, 
i (SKAT( I), I-lB. 21), IAUTO, IM,ATER.SMAT (24), IR, 
io SMAT(2Ei).S"""T(21},ISTIF 

SMAT ( 1) ·N5EG 
SM.l.'1'(4)-LIBN 
SKAT(9) .. tNEB 
5MAT( 10)-INEH 
SM1r.T( 12,-IRE:Vl 
SMAT ( 13)-1 REV:iI 
SMAT( 14 )·IRE:V3 
SMAT( IS)·IREV4 
SMAT( 16)·IECOP 
SMAT (:121"1 AUTO 
SMA" (23)-IMATER 
SHAT(25J·HI 
SMAT{2B)"ISTIF 

IF( FIRST ,OR. BUG) WRITE(6.161) 
I F( LIBN .EO. 1 , THEN 

NUMP. 4 * (I NEB+INEH) 
SMAT( 17 )·NUMP 
WRtTE(6,15l1) 

MAT, NSEG, SMAT(:iI), SMAT( 3). LI BN. (SMAT( I). I·S, e). 
INEB, INEH.5MAT{ 11), IR£Vl, IRc:v:i!, I REVJ, I REV4, tEcOP, 
NUMP, (SMAT( I), I·IE1, 41), IAU'1'O, lMATER, SMAT( H), IR. 
SKAT(:iI6) , IiMT( 2"1). ISTIr 

ELSE Ir{ LI8N .Eg. :I: ) THEN 
NUMp·<l*INE8 
SMAT( 17 )·HUMP 
1Ii'RI't'E(6,15l2) 

MAT, NSEG,SKAT(2). SMAT(3) .LIBN. (SMAT(I) ,1·S ,6), 
INEB, INEH, SMAT (11), IREVl, IRE'n, I REV), IREV4. IECOP, 
NUMP. (SMAT (1), I·IB,:lI). IAUTO, IMATER. SMA" ( 2<l). IR. 
SMAT(26) , 5J11AT (47 ) ,1STIf' 

ELSE If'( LIBN • ttl· J ) THEN 
IoIUXP· <l ·INEB-INEIi 
SMAT (1"1 ,-truMP 
WRITE(6,l!H) 

MAT, NSEG. SMAT (2). SMAT( 3J, LI BN, (SMAT(I). 1·5.8), 
INES, INEH. SMAT( 11), IRE:Vl, IREV2. I REV). IR£V<l ,IECOP, 
N'lIMP, (SMA'1'( I). I·IB. 21), IAU"I'O, lMAT£R. SM.\T (14), I R, 
SMAT( 26) ,SMAT(27). IS"i'IF 

ELSE IF( LI8N • EQ. <l ) THEN 
NUMP·IREVl'[REVl-2 + IREV3·IREV4 
SMAT(17)·NlJ)(P 
"RI'1'E(6,195) 

...... '1'. NSEG, SMAT( 2). SMAT( J). LIBN. (SHAT{I), 1·5,8). 
INEB,IMEH, SKAT (11), I REVl, I REV2. I REV), I REV4, IECOP, 
HUMP, (SMAT (I),1.18,:;n), IAU1'O. lMATER. SMAT (:H), I R. 
S'fI(AT(26) ,SMAT(27) ,15TH' 

ELSE H( LIBN .EQ. 6 ) THEN 
NUMp·a·INEB 
SMAT( 17 )-NlJMP 
WRI't'E(6,192) 

MAT, NSEG.SMAT(2) ,SMAT(3) ,LIBN, (SHAT(I) ,1·5 ,B), 
INEB. INEH, 5MAT( 11 J, IREVI. I REV2, I REV), I REV4, IECOP, 
HUMP, (SMA"{ 1),1-18.21). I AUTO, lMATER. SMAT (24), I R, 
SMAT (26) ,SMAT (21) , I 5T I F 

ELSE IF( LIBN .EO. 7 ) '{'HEN 
NUMP.IREVl.IREV1 + IREV3·IREV<l 
SMAT ( 1"1) "NUJIIP 
NRITE(6,19J) 

MAT, NSEG. SMAT( 2). SMAT( 3) .LI BN, (SMAT (1),1·5,8). 
tNE8. INEH, SMAT, 11). IREVl, IREV2. IREV3 .tREv4, IECOP, 
NUMP, (SHAT{ 1).I-18.:;n), XAU1'O. lMATER, SMAT (14) ,IR, 
SMAT (1:6). SMAT( 2"1). 1STIf' 

ELSE IF( LIeN .EQ. 8 ) THEN 
NUM?-IREVIIIREV1 + IREV3 I IREV<l 
SMAT (11 ) ·NU,",P 
WRtTE{6.1Sl)) 

!-tAT, NSEG.SMAT(2).SMAT(3) .LIBN, (SMAT{I) ,1-5,8), 
IHEe, INEH, SMAT (Il). I REV 1 ,I RE:V2. IREV3 ,I REV4, IECOP, 
NUMP, {SM1r.'1' (I), 1·1e, 21}, tAUTO. IMATER, SMAT (24), I R, 
SMAT (26) ,SMAT (:2 7) , I ST IF 

ELSE IF( LIBN .EC. 9 ) 'l'HEN 

ELSE 

NUMP.IREV1.IREV2 + IREVJ·IREV<l + INE8·INEH 
SNAT ( 1 7 ) ·NU,",P 
WRITE{6,l!J5) 

101.\1', NSE:G, SKAT ( 2), 5MAT(3) .LleN, (SMAT(I), 1-5 ,B), 
INEB, INEH, SMAT (11), I REV!. IREV2.1 REV3, I REV4, I ECOP, 
NUJIIP, (SMAT (1).1.18,21). IAUTO. lMATER. SMAT (2<l), I R, 
SMAT('26) ,SMAT(2"1) ,ISTIF 

WRITe:( 6. 199)MAT.StoUiT(4 ) 
ENDIF 

161 FORMAT (III' STII.BILITT ELEMENT'/ 
i .................... _.//) 

1S11 FOR)tAT (lX.'foU.T. 1010. -',13,2X.· BOX SECTION'! 

MATooe90 
!-tATOOSIOO 
"""T005l10 
MAT00920 
MAT00930 
MAT005l40 
MAT009S0 
MAT00960 
MATOOSl"lQ 
MATOOSl80 
MAT005l90 
MATOIOOO 
MATOIOIO 
MATOI020 
MATOI0JO 
MAT01040 
MAT010~0 
MATOI060 
MATOI010 
MA'I'010S0 
,"",TOI090 
MATOIIOO 
MATOl110 
MATO\120 
MATOl130 
MAT01140 
IotATO Il 50 
H.AT01l60 
!-tAT01170 
MAT01180 
NATOI1510 
"""1'01100 
"""TOl210 
MAT01220 
1'(.\1'0\230 
MAT01240 
MAT01250 
H.AT01260 
MATOI2?0 
MAT01280 
HAT01290 
MATOIJOO 
""'1'01310 
NA'I'O 1J 20 
MAT01330 
KA'1'OU<lO 
MATO 13S0 
)(.\101360 
MATOIJ"IO 
M.l.TOl)80 
M1r.T01390 
MATOHOO 
MAT01410 
MATOIHO 
MATOI00 
Io(,\TO 1'" 0 
MAT01450 
Io(,\TOIUiO 
MAT 0 14 "I 0 
MAT01460 
MAT01490 
MAT01500 
MAT01510 
MATOlS20 
MAT01S)0 
I'tATOlS40 
IO.T01SS0 
MATOl560 
10..1'01570 
~T015BO 
MAT01590 
~T01600 
MATOI6\0 
"'-'TO 1620 
IQ,TOI6)O 
MAT01640 
10.1'01550 
MAT01660 
MAT01610 
MAT016eO 
JolAT01690 
Kl\.TOl1 00 
MATO 1110 
MJ.T017:20 
MJ.T01730 
MAT01;40 
MAT01150 
JolAT01160 
"'AT01770 
~T017BO 

MJ.TOI7510 
MAT01E100 
JQ.TOUllO 

, lX,'NSEG ·',IP,GIO.3.9X,·TS ·'.lP,GI0,J! HATOle20 



C 
192 

C 
193 

C 
1" 

C 
195 

C 
I" 

C 

1I','c:M 
lX, 'SOl: HE:IGTH 
II', 'ECCIO 
1'11:, 'H.W.SEC.NO • 
11:, 'THICIOIESS 
11, 'IREiV1 
lX, 'IREY4 
11, 'NUfI(P 
IX, 'RATIIO 
II, 'TO'!'A 
II, 'IMATER 

• I ,lP,GIO.), 9X, 'LIeN 
.',lP,G10.J,9I,'80'I WILTH 
.' ,IP,G10.J,9I',' E:CCTO 
• ', IP,GIO. J, 91:, 'H, H. SEC .NO. 
.',lP,GIO,J,51I','L.e. Fl .. AG 
.', IP,GI0, 3, 9X,' IREY3 
.' ,IP,GIO,J,91, 'IE:COP 
-' ,IP,GIO,), !;II, 'SMALL 
-',lP,GIO.3,51'1, 'RATITO 
.', IP,GIO.3, 91', 'IAUTO 
·',IP.GlO.3,9I., 'RATIO) 
.' ,IP,GIO.3, 511, 'G 

-' ,IP,GIO .J/ 
-' ,IP,GIO. J/ 
-' ,IP,GIO .J! 
-' ,IP,GIO.]I 
-' ,IP,GIO. JI 
w' ,IP,GIO. JI 
w' ,lP,GIO.JI 
.' ,IP,GIO.JI 
,.' ,IP,GlO.]! 
.' ,IP,GIO.JI 
-' .IP,GIO.J/ 
,.' .IP,GIO.JI 11, 'IR 

11, 'CRNEE .' ,IP,GIO.3,91, 'ISTIF .' .1P.GIO.JII) 

FORMAT (iI,'MAT. NO. -',13,21:,' TUBE SECTION'I 
, lX.·NSEG .',lP,GIO.3.9X,'IS -'.lP,GIO.JJ 

.' ,lP.GIO. JI 

.' ,lP.GIO. JI 

.' ,lP.GIO. 31 

.' ,lP.GIO. JI 
·',IP,GIO.JI 
-' ,IP,GIO. 3/ 
·',lP,GID.JI 
.' ,lP,G10.JI 
.' ,IP,GI0.JI 
-' ,IP,G10. JI 
.' ,lP,GIO.)1 
.', IP,G10. JI 

f'ORMAT 

• • • • · 

roRJ<AT 

ll, 'EM -',IP,GIO.l,gl, 'LIBN 
II, 'RAOIUS -' ,IP,GIO.J,9X, 'OUMM't VAR. 
IX, 'ECCIO -' ,IP,GIO.J.91. 'ECC!O 
IX. '1/4 .SEC.NO. "', IP,GlO.J.9I, 'CUJOlT VAR. 
11.'THICItNESS ·',IP,GIO.3.9I,'IREYI 
II, 'IREV2 ··,IP,GI0.J,9I, 'IREYJ 
IX. 'IREV4 -',lP,GIO.J,91. 'IECOP 
IX, 'HUMP -' ,IP,GIO.J,9X, • SMALL 
lX,'RATIXO -',IP,GIO.J,9X,'RATIJO 
1I,'TO't'A -',IP,GIO.J,9I,'IAUTO 
lI,'IP4ATER -·,IP,GIO.J,9X,'RA,TIOJ 
II, 'IR -', IP,GIO.J,9I,'G 

IX,'CRNEE -·,IP,GIO.J,9X,'ISTIF .' ,lP,GIO. JII) 

(1I,'MAT. NO. -',Il,::ZI,' ANGLE SECTION' I 
IX, 'NSEG -' ,IP,GIO.J,9I, 'YS .' ,IP,GI0.JI 
IX, 'E'" .' ,IP,GIO.J,9I', 'LIBN .' ,IP,GIO.31 
II, 'LAG LENGTH .·,IP,GIO.J,9I,'OUIolMl VAR. ··,IP,GIO.)I 
11,'ECCJ:O -·,IP,GIO.J,9I,'ECCYO ·',lP,GIO.3/ 
IX, 'LAG.SEC.NO. -' ,IP,GIO.J,9I, 'OUMJon VAR. ..' ,lP,GIO.31 
II, 'THICltNESS .' ,IP,GIO.J,9'1, ·N.R.IN U OIR·', IP,GIO.31 
lJ:, 'N.C. IN U OIR-', IP.GIO.),9X, ·N.R.IN v OIR-', lP,GIO.31 
1I,·N.C.IN v OIR .. ·.IP,GIO.J.9X. 'IECOP .',IP,GIO.31 
lX.'NUMP -'.IP.GIO.J,9X,·SMALL ·',IP,GID,J/ 
lX,'RATIXO -'.lP,GIO.).9X,'RATITO -',IP,GIO.]/ 
1X,'TOTA ·',lP,GIO.J,9I,'I",UTO -·,IP,GIO.]/ 
11. 'IMATER -', IP,GI0.3,91,' RATI03 -' .IP,GIO.31 
1I,'IR .',lP,GI0.3,9:r.,'G -',IP,GIO.JI 

1I.'QFUIlE:E "",IP,GIO.J,5II,'I6"J'Ir -'.IP.GIO.JII) 

(11., 'MAT. NO. 
IX, 'NSEG 
II, 'E,", 
11, 'SEC HEIGTH 
11, 'ECCXO 
II, 'UU SEC.NO • 
11, 'OOMMY VAR. 
11,' IREV2 
lX. 'IFlEV4 
IX, • NUMP 
IX, 'RATIIO 
IX. 'TOTA 
IX, 'IP4ATER 
II,' IR 

ll, 'CRNEE 

·',IJ,:2X,' RECTANGULAR SOC'i'ION'1 
.',IP,GIO.J,91,'!S ·'.IP,GIO.ll 
.' ,IP,GIO.3,9I:, 'LIBN .', IP,GIO.31 
"".IP,GIO.J,9I,'SEC W'ILTH -',lP.GIO.JI 
·',IP,GI0.].91,'ECCTO ·',IP.GIO.JI 
• '.lP,GIO.].91.'HH SEC.NO. ·',lP.GIO.JI 
·',IP,GIO.3,9X.·IREVI "',IP,GI0.3/ 
.' ,IP,GIO.J,9I, 'IREV] .', 1P,GIO.JI 
-' ,IP,GIO.J,9I, 'IECOP -', IP,GI0.JI 
-' ,IP,GIO.J,9X, • SMALL "" ,1P,GIO.JI 
-',IP,GIO.J,9X,'RATIIO .',lP,GI0.JI 
-·.IP,GIO.J,9I,'IAU'I'0 ·',IP,GIO.31 
·',IP,GIO.J,9X,'RA'I'IoJ ·',lP,GIO.JI 
.' .IP,GIO.J,9I:, 'G .' ,IP,GIO.JI 

.'. IP.GIO. J, 91'.' ISTI 0' .' ,IP ,GIO. 311) 

(II,'MAT. NO. -'.13,21'.' ANGLE WITH COVER PL.·I 
lX,'NSEG -·.lP,GIO.3,9I,'YS ·',IP,CIO.)! 
IX,'EM -',IP.GIO.J,91'.'LIBN ·',IP,GIO.31 
11.'UG LENGTH .·,IP.GIO.J,9X,'COY.WI[7l'H .··.IP.GIO.31 
IX, 'COV.THICItNES-·, IP.GIO. J, 91, 'OUMMY VAR. .', IP ,GIO. 31 
1I,'N.R. COV. -·.IP.GIO.J,9I,·N.C. COY. ··,IP,GIO.3! 
IX, 'THIC~ESS -' .IP,GIO. J.91, ·N.R.IN U DIR-', IP,GIO.JI 
IX,'N.C.IN U OIR-·,IP,GIO.J.9I',·N.R.]N V DIR-',lP,GI0.]! 
II,'N.C.IN v OIR-'.IP.GIO.J,91:.'IECOP "",IP,GIO.]/ 
II' •• NUJoIP .. ' .IP.GIO.), 91, 'SMALL .. ' ,IP,GIO.]/ 
IX. 'RATI'IO -', IP,GIO.3,9'1, 'RATI10 "·,IP,C;10.JI 
lX,'TOTA .',lP.GI0.J.9I,'IAUTO ··,IP,GIO,JI 
1I,'IMATER .',IP,G10.J,9X.'RATI03 ·',lP,GIO.3! 
UL'IR ·',lP,GI0.J.91','G ·',IP,GIO.JI 

IX,'QRZIlEE: -',IP,G]0.3,91:.'IS'TIr' -',IP.GIO.JII) 

(lX, 'MAT. NO. 
1X,'NSEG 
11,' EM 
II', 'BOX HEIGTH 
11, 'ECC)(O 
IX, 'WEB THICIt • 
II, 'r'LA.THICIt. 
11:. 'IREV2 
II:. 'IREY4 
11., 'NUMP 
lX, 'RATU:O 
lX,'TOTA 
II, 'I"-\TER 
IX, 'IR 

IX, 'CRNEL:: 

·',13.21.,' WIDE-FLANGE S~TION'I 
.', IP,GIO.3,9I, 'IS .' .IP,GIO.JI 
.',lP,GI0.],9I.,'LIBN -'.IP.GIO.JI 
-·,IP,GI0.J,9'1,'BOI: WILTH ·'.lP,GIO.JI 
.·,lP,GlO.J,91,'ECCYO ·',IP.GI0.JI 
• ',IP,GIO.],'ilI,'OUMMJ VAR. ·',IP,GIO.JI 
··,IP,GIO.3,9I,'IREYl ·',lP,GIO.3/ 
.', IP,GIO.3,9I, 'IREV] -', IP,GI0.JI 
.' ,IP,GIO.J,9'1, 'IECOP .' ,IP,clO.31 
-',lP,GIO.3,9X,·SMALL "',lP,GIO.JI 
.' ,IP,GlO.J,9!., 'RATlfO .' ,IP,G10.J/ 
-',lP,GIO.J,9I,'IAUTO .' ,IP,GI0.31 
.' .1P,GIO.J,9:!:, 'RATIOJ .' ,IP,GIO. JI 
.' .IP,GIO.J,9:!:,'c .' .IP.GIO.JI 

.' .IP.GIO.J,gl:, 'ISTIF -', IP,GIO.J!I) 

199 FORMAT (1J.,'MAT. NO. -',IJ.' 16 NOT AVAILABLE'. 
, ' LIBN- ',al0.J,· CHE:C1t LIBN 'I) 

11·.9+1 
n-ll+NSEG*l'2 
1)-12+ (N6EG+ 1)-6 
14-1 J-+NSEG 
15-14+2 
16-IS+2 
17-16+NSOO"'NUMP 
18. I7 +NSEG"'NU,",P 
I9-18+NUMP 
IlO-I9+NUMP 
III-IIO+NSEG*.·J 
11::Z-Ill+NSEG 
11]-1 12+{NSEG+l)·6 
114- I 1 J+ C NSEG+ I)" 6 
I1S·1 14+(NSEG+l) *6 
116-115+NSEG 
117-I16+NSE;G*12 
116-I17+NS£G·12 
119-118+NSEG*1'2 
120-1 19-+NS~*12 
t 21-120+NSE:G*NUKP 
122-121 +NSEG·NUMP 
I Ho.I 22 +NSE(; -NUMP 
I 24-r::zJ+NUHP 
I2S-124+NSEG*51 
126-125+NSEG*9 
127-126+( (NSEG+l) *15 )**2 
I 29-t:;!7+ ( (NSEG+I )·6" «NSEG-+l )"6+1) )/::Z 
129-128+(NSEG+I)*6 + I 
IJo·n9+144 
131-130 ... 144 
IJ2-1]1~ (NSEG+l)·6 
1))-1 32+( (NSEG~I)·6) _.::z 
1 J 4- I JJ+NSEc· 14 4 
135-1J .. +2 
IJ6-Il5+::Z 
137-1 )6-+(NSEG+I)"6 
I J9-1 J7+(NSE:G+I)-6 
I J9-1 J8+(NSEG+l)-6 
I 40-t 39-+( (NSEG-+1) -6) **2 
141-140+NU","P 
r 4 2- I 41 +NSEG·NUMP 
I4)·142+NU","P 
144-I43+NUMP 
14 5- 1 4 4 +N5EG*NUMP 

MAT01830 
MAT01840 
MAT01850 
MAT01860 
MAT01870 
MAT01880 
AAT01890 
MAT01900 
MAT01910 
MAT01920 
JltATOl930 
MAT015l40 
MATOl950 
MATOl960 
MAT01970 
MAT01980 
MATOl990 
MATO::ZOOO 
JltATO::ZOIO 
MATO::ZOJO 
MAT020]0 
""'102040 
MAT02050 
MAT02060 
MAT02070 
MAT02090 
HAT02090 
MAT02100 
MATOHIO 
MAT02t::z0 
MAT021JO 
MAT02UO 
""''1'02150 
MAT02160 
KA'I'02170 
MAT02180 
MATOngO 
MA10'2200 
MAT01210 
MAT02220 
!l(AT02230 
MAT 0 2::Z 40 
""'T02250 
""''1'0.2150 
MAT02270 
MAT022eO 
MAT O::Z::Z 51 0 
P4ATO::ZJOO 
lUTOJJIO 
MATOJJ20 
MAT02J30 
KATO::ZJ40 
MAT023S0 
MAT02]60 
MATOJ]70 
MATO.J90 
MAT02J90 
MAT02400 
MATO::Z410 
MATOH20 
MAT024JO 
MATO::ZUO 
MAT02.f. sO 
MA10.460 
MAT02470 
MATO::Z490 
MAT02490 
MAT02500 
""'T02510 
MATO::Z5::Z0 
I(I,TO::ZSJO 
KAT02540 
""'T0:25~O 
MAT025!50 
1(I,,.02S10 
J4ATOJ5eO 
MAT O::Z 5 !iI 0 
MATO::Z600 
MATO::Z!5l0 
MATO::Z620 
MATO::Z6]0 
MAT02640 
MAT02650 
MAT02660 
MA'r02670 
MAT02!590 
MAT02690 
MAT02700 
MATO::Z710 
MAT027::z0 
MAT02730 
MAT02740 
MAT021So 
totAT01760 
MAT02710 
KAT02780 
MAT02790 
MATO::Z800 
MAT02810 
MAT02e:20 
MATO::ze30 
MATO::Z840 
MATO::Z850 
MATO.860 
MAT02B70 
MAT02BBO 
MAT02990 
MAT02900 
MATO::Z910 
MAT029::Z0 
MAT029JO 
MAT0294Q 
MAT0'2950 
MATO::Z960 
MAT02970 
MATOn80 
MATon90 
MAT03000 
MATOJOI0 
JltAT03020 
JltATOJOJO 
MATOJ040 
P-tATOJ050 
MAT03060 
MATO]070 
MATOJ080 
MATOJ090 
MATOJ lOO 
""'TOJIIO 
MATOJ1::ZO 
MAT03130 
MAT03140 
MAT 0 Jl 50 
IO.TOJl60 
MATOJ170 
KATOJI80 
MAT03190 
MAT03:100 
MAT03210 
MATOJ220 
"-\T03230 
MAT03::Z40 

86 

c 

1415- I" 5+NSEG*NUMP 
147· I 46+NSEG"NUMP 
I4 8- 141 +NSEG " NU,",P 
14 ':I. I .. 8 +HSEG -NU,",P 
I so. I 49 +NSEG*NUMP 
151- I 50 +NSEG*NU~P 

LHAT· 151 + NU"'P - I 
SMAT{29 )-t.K,t,,'I' 

MATOJ250 
MJ.TOJ::Z60 
MATOJ270 
MATOJ::ZBO 
MATOJ290 
MAT03JOO 
MATOHIO 
MATOJJ::zO 
MATOHJO 
MAT'03HO 
MATOJJ50 
MATO))60 c-----... ···· .... ---------.- INITIALIZE ~IFF'NESs TE:RJotS •• •• --·------•• ··-MAT01J70 

'200 CON'rINUE 
---- STAeILITT ELEJoIEHT MATERIAL Co\TA STORAGE: 
SE{I- 18)· E:e;ASAT 
SEC 79)·ELS 
SE( 80)-1)0(0 
SEC 81 )-ISPE 
SEC 82)-OELTP2 
SEC BJ)-S:2 
SEC 64 )·SP 
SEC 85)·ISTo\RT 
SE( 86)·RNEEE 

58( 
58( 
58( 
58( 
58( 
58( 
58( 
55( 
55( 
5« 
"8( 
58, 

87 )-EESE 
88)·EPSE 
89)-DUCT( I) 
90)·OUCTC2) 
91l-DUCT(]) 
92l-EXCR{ 1) 
93)-E:ICRC::Z ) 
94)-E:ICR(J) 
95,-E:XCR(4 ) 
96)-E:!:CR(S) 
91 )-~CR(6) 
98)·F"[,P FLAG 0'0101 J1JCGING LOCAL BUCICLING 

o 1 NO LOCAL BUCKLING OCCURRED 
1-41 LOCAL BUCKLING OCCURRED 

roR. I'IEMeER ----

SEC 99)·FLAG FOR .ruOCiING LOCAL BUCICLING HAS OCCURRED OR. NOT 
o I NO LOCAL BUCItLING HAS OCCURRE:O 
1 I LOCAL 8UCICLI NG HAS OCCURRED 

C SE.'T COMPRESSION STlrf'NE5S·0.001 
C· ••••• ~.-.-.- ••• -----••••••• ---•••••••••• -- ---•••••• - • __ .-
c 

010 

c 

NSEG • 5)Q.T ( 1) 
IS • SKAT ( 2) 
EM • SKATe 3) 
LIBN SMAT( 4) 
HH • SMAT( 5) 
UU • 5J14AT( 6) 
Wli' • 5MA'I'( 7) 
zz • SJ4AT( 8) 
IHE8 - SMAT( 9) 
INEH - SMAT(IO) 
ST • SMAT(ll) 
IREVI - SJ4AT( 1::Z) 
IREV2 .. SHAT{ 13) 
IREVJ - SMAT(14) 
IREV4 • SMAT(15) 
IECoP - SMAT(16) 
NU)(P ... SKAT(17) 
S"'-'LL - SMAT( 113) 
"-'Tno. SKAT ( 19) 
RATITO- 6MAT(20) 
'!'OTA • SMAT(21) 
IAUTO • 6MAT(22) 
lMATER. SMAT('2J) 
RATI03- SMAT(24) 
IR SMAT(25) 
G SMAT(215) 
QRNEE • SMAT (27) 
1S'l'IF - SMAT(::Z8) 
lSPE-O 
IS'l'AR'I'-O 
ELS.SE( "/9) 
11·29+1 
11-11+NSEG·I::Z 
lJ- I 2+( NSEG+I )·E 
14-13+NSEG 
IS·H ... 2 
16-IS-+2 
17- I 6+NSEC-NUMP 
18-17 +NSEG-NUMP 
19- I8+NUMP 
110-19+foIUMP 
Ill-I lO+NSEG'*'2* J 
11;Z-I11-+N6EG 
11].1 1::Z-+ (NSEG+1) *6 
I 1 ~-I 13+(NSEG-+I )*6 
115-114 +(N6EG-+lj·6 
IIE-Il5-+N6EG 
II7-116+NSEG·12 
Ile-I17+N6EG*12 
119. I 18 +NBEG "12 
I::ZO·Il5l~NSE:G*12 
I::Zl·I20+NSEG-N1J)(p 
I::Z::Z-I21+N6E:G·NUMP 
1'2J·I::Z::Z+N5EG"NU)(P 
I24-r::zJ+NUMP 
I::Z5-124+N6EG*51 
126-r::zS+NSEG*51 
D7-126+{ (NSEG+I).6) .-;z 
128-I17+C C NSEG+I) ·E*( (NSE(i+I) ·6-+1) j/::Z 
129-I::ze+CNSEG+lj·E + 1 
IJO-I::z9+144 
131-130+144 
I )::Z-IJ1+(NSEG-+l) *6 
I 3J-IJ2+( (NSECi+I) *6)--:1 
I J 4-1 3J+NSEG-14 4 
IJ5-134+1 
136-135+2 
131- I J6-+ (N5EG-+I) -6 
13!1-1 37 ~(NSEG+l)-6 
I J9. I JB +( NSEG+ Ij·6 
140-139+( (NSEG+lj·6)**2 
141·140+NUMP 
I4::Z-14I+NSEG·NUMP 
I4J·142+NVJIIP 
144-I4]+NUMP 
14 S.I44-+N'SEG·NUMP 
t 46-1 4 S ... NSEG·NUMP 
147 -I 46-+NSEG*NU,",P 
14 B-141 +NSEG- NUMP 
149. [4 B+NSEG" NUMP 
1 so- I 4 9+Nsea· NUMP 
151- I 50-+NSEG·NUMP 

00 210 1-1. 76 
SE( I )-0 

Et..S-SE( 79) 
SEC 99)-0 

c----CALI8RATE TWO-END OISPLACDlENT INCREMENT 
00 66 I-I, 10. 3 

SMA'!'( Il3+I -1 )-D( 2-+1 -1) -OLe 2-+1-1) 
SMAT( Il3+! )-D( 3-+I-I)-OL(J+I-l) 
SMAT (Il3+1 +1)-DC 1-+1-1) -OLe 1+1 -I) 

66 CONTINUE 
00 66 1·1.12 

66 SHAT{!lJ+I-l)·O(I)-DL(I) 

8EFORE CALL HIS"T12 

MATOJJ90 
MATOJJ90 
MATOJ400 
HATOHIO 
HAT0J420 
MAT0300 
MAT0J440 
MAT03450 
""''I'OJ460 
MA't'0]470 
t-tAT03"BO 
MATOJ490 
MATOJ500 
MAT03SI0 
JoI.ATOJ520 
JoI.A't'OJ530 
JoI.ATOJ540 
MATOJ550 
MATOJ560 
MATO)570 
MATOJ5BO 
MATOJ590 
MA.TOJ600 
MATOJ610 
MATOJ620 
MATO)630 
MA1'OJ640 
I-lIITOJ650 
HATOJ660 
MAT0)610 
"-,1'0)680 
MATOJ1590 
MA'T03700 
MATOJ710 
MAT03720 
MAT031JO 
MATOJ740 
MAT03750 
MATOJ760 
,,"TOJ770 
""10]780 
I'IAT03790 
,,"TOJ800 
MATOJ810 
MATOJe20 
IQTOJeJO 
MATOJfUO 
MATOJB50 
MATOJ860 
MAT03B70 
MAT038BO 
MATOJ890 
MAT03900 
M.A1'03910 
MAT03920 
MAT03930 
MA1'0394 0 
MAT035150 
MAT03960 
MAT03970 
JotAT03980 
M.AT03990 
MA104000 
M.AT04010 
MAT04020 
MA1'04030 
MAT04040 
)(.\T04050 
MAT04060 
MAT04070 
I4AT040eO 
MAT04090 
MATOHOO 
MAT04110 
MAT04120 
MAT041]O 
MAT04140 
MAT041S0 
MAT04160 
MAT04170 
MAT04180 
MAT04190 
MAT04200 
MAT04210 
MAT04220 
MAT042JO 
MA1'04240 
MAT04250 
MAT04260 
totA'l'04::z7 0 
MATOnBO 
MAT04:i!90 
MAT04300 
MATOOIO 
MAT04 J::z0 
MAT04JJO 
MAT04J40 
MAT04]50 
MAT04360 
MAT04]70 
MAT04 J80 
MAT04 J90 
MAT04400 
MAT 0 4 .. 10 
MATOH 20 
KATOH JO 
MAT04440 
MATOH50 
MAT04460 
MAT04470 
MATOH80 
M.AT04490 
MAT04500 
MAT04S10 
MAT04520 
MAT04530 
MAT04540 
MAT04550 
MATO .. S60 
MAT04S70 
MAT04580 
MAT04590 
MAT 0 4600 
MAT04610 
MAT04620 
JoQ,T04!iJO 
MAT04640 
!Q.T04650 
MAT04660 



00 

JoIOPT-IOP'T MATOH10 
CALL H'f6Tl:2( HOP'!', NSEG, 'l'S, E .... , LIBN, HH, UU.MAT'046BO 

WW , n ,INSB, INEH, ST ,IREV1,1REV2.MAT04690 
!REY3, IREV4.IECOP,ECCXO, ECCTO, NUM?, MAT04JOO 
ELS , SMALL, RATIJ:O, RATI'I'O, l'OT~, 1)0[0, MAT04710 
ISPS ,CELTP:2,S:2 ,SP ,IST~R'I', BUG. MAT04'lO 
IELNO, ISTIF, IAl1'l'O,IMATER, MATOOlO 
RATIO), IR. G, QRNEE, RNEEE, MAT0040 

, SMAT(Il) .SMAT(I2).6MAT(I3).SKAT(14) ,SMAT(I 5) ,SMAT(I6) ,SMAT(I1), 
, SMA1'( 18), SMAT( 19), SMAT( I 10), SMAT( I 11). SMAT( 112) .SMAT (113), 
" SMAT(I14).SMA1'(l15) ,SMAT( I 16} ,SMAT(ll'} ,SKAT(I 18) .SMAT(I 19), 
" SMAT( 120). SMAT( 1 21), SMAT( 12'2). SKAT ( 123). SMAT( 124), SMAT (12S), 
, SMA1'(!::.16), SMAT( 127). SMAT t 128). SMAT( 129), SMAT( I 30), SMA'!'( I Jl), 
, SMA1'( Il2). SMAT( I3J), $MAT ( 134) • SMAT ( IJ5).SMAT( 136), SMAT( lli 1. 
, SMAT( I J9) ,SMAT( IJSl), SI4AT( 140), SMA1'( 141) ,SMATt14'2), SMAT( (43). 

SMAT ( 144) • SI4AT ( 14 5) • S)(AT (14 Ei) ,SMAT (147 ) , SHAT ( 14 8) ,SMAT ( I ... 9) , 
5MAT(I50). SMAT(I51) ,5E(9B) ) .-, 
00 60 1-1,12 
00 60 .]-1,1::1 

1{-1{"1 
EEASAT (I, ,])·SMAT (I 251"'X-l J 

C-----CONYERT S't'loBILITl ELEMENT TWO-END STIFrNESS INTO S'l'ANOARC COP 

MA1'04150 
AAT04H50 
MATD4770 
MAT041BD 
MAT 0 4 HID 
MAT04800 
MAT04810 
MA'I'048:20 
"""T048)0 
MAT0484D 
"""T04850 
MA1'04860 
MAT048iO 
MAT04e80 
MAT04890 
MATOnOO 
MATD4!H0 
MATD4920 
MAT04930 
KAT 0 4 Sl40 
141.'1'04950 
MA'I'OU!SO 
MA'I'04S1'O 
MAT04S1BO 
"""TO 49 SID 
"""TOSOOO 
MATOS010 
IQ,T'OSO:;Z0 
MAT'OSO)D 
MAT05040 
MA1'05050 
MAT05060 
MAT050,O 
MA1'05080 
MATD5090 
14AT05100 
KATOSllO 
MATOS1:20 
MATOSIJO 
MATOS 140 
"""T05150 
MAT05160 
MAT051'O 
MATOS 180 
MATOS 190 
MA.T05200 
MATO~210 
MAT 0 5220 
MAT05230 
MATOS240 
MAT0S250 
MATOS2!SO 
MATOS;j70 
"""T05:280 
"""TOS;j!ilO 

C DIRECTION 
00 68 1-1.12 
00 69 ,]-1,1::.1 

69 lo(l,J).O 

00 69 I-I. 4 
A( 1+( 1-1).J, J+( I-I )·J)-1 
"(2+( I-l)-J, 1+(1-1 )-l)-l 
"( J+( 1-1 )-l, 2+(1-1 )·l)-l 

159 CONTINUE 

" 

91 

00 90 1-1,1:; 
00 SID ,]-1,12 

SAT(I,.])"O 
CO 90 It-l,12 

SAT( 1 ,J')-5AT (I. J) +EEASAT( 1.1t)-A(.:I.It) 

00 91 [-1,12 
00 91 J e l,12 

EEASAT(I,J)-O 
00 91 1t-1.12 

EEASAT( 1. '])-EE:.ASAT (I,.]) +A( I. It) ·SATt It,.]) .-, 
00 90 1-1,1:; 
00 80 J·I,I:; 
1t·It+l 

90 SE{I{)·EEASAT(1,J) 
SE{ 19 )·&LS 
SEC 801-11'10 
SEC 81 )·ISPE 
SEC B21·CELTP2 
SEt 9l)-52 
SEC B4,-SP 
SE( 8SJ·ISTART 
SE( 9Ei)-RNEEE 

RE:TURN MATOS300 C-----.. --.. -.. --.--- .. ·· ... GE'T STIFFNESS TER)(S .·-. __ • _____ •• _· __ •• ___ ·_MAT0s310 
100 CONTINUE: MAT053;jO 

c 

ELS • SEt 
I""D • SE( 
ISPE • SEC 
DELTP2· SEC 
S::I • sE( 
SP .. 5E( 
IS't'ART- SE( 
RNEEE • SE( 

19) 
eo) 
91') 

e" ell 
e" e" e') 

C __ C.t.LL HTS'T'12 TO CALC NEW S'l'IrFNES6 STIP 
NSEG - SMAT ( 1) 
IS - SKAT ( :;) 
E"" SIolAT( 3) 
LI9N S)o(AT( 4) 
HH SJI(J.T( S) 
UU SMAT( 6) 
~ SMAT( ') 
1.3 SMAT( 8) 
INE8 • SMAT( 9) 
INEH - SMAT( 10) 
5'T - SMA'!'( 11) 
IREYI - SKAT ( 12) 
IREV2 • SMATtl3) 
IREV3 - SMAT( 14) 
IREV4 - SMAT(15) 
IECO? - SKAT(lEi) 
NUM? • SKAT ( 17) 
SMALL • S)tAT ( 1 B) 
RATIXO- SMAT(1!i1) 
RATIYO· SMAT(20) 
TOTA • SMAT(:;]) 
IAUTO • SMAT(22) 
lKATER- SMAT(::I3) 
RATI03- sHAT (24) 
IR • sMAT(:;ZS) 
G - SMA.T(26) 
QRNEE - SMAT( 27) 
I5TIF - SMAT(28) 
1S?E-O 
ELS.SE( 1S1) 
11-2S1+1 
12 .. I 1 +NSEG·1:; 
13-I::!+(N'SEG+1)·6 
14-IJ+NSEG 
15·14+2 
16·15+2 
[i-16 ... NSEG"NUMP 
IB-l'+NSEC·NUMP 
19-18+NUHP 
II0-I9"N1JNP 
I 1l.110"'NSOO-2· 3 
112-111+NSEG 
IIJ-112+(NSEG"1 )·6 
1 14.113+(NSEG+l )·6 
IlS.I14+(NSEG"l )"6 
116"I15 ... NSEG 
117-I16"'NSEG-12 
I 18"1 17"'NSEG· 12 
I19-118+NSEG"12 
[20-119+NSEG·12 
121-1 20+NSEG -NUNP 
122- I21+NSEG-NU""P 
123- I 2:2 +NSEG·NUMP 
124-I2J+NUIoIP 
r:t.5-I:i!4+NSEG·9 
IJ6-I25 ... t-/SEG-9 
1:2'-126+ « NSEG+l) *6)"2 
I28-r2'+{ (NSEG+I) -6· (~SEG+l) -6+11)/2 
129.129+[~SEG+l)·6 + 1 
IJO·I29+144 
rJl-rlD+144 
1 32"IJl+( NSEG+1) "6 
I 33-1 J2+( (NSEG"'l).Ei) u:; 
I J4-I 33+NSEG*IU 
r35-I34;.2 

KATO'D30 
MAT05HO 
MATOH50 
KAT05360 
KAT05l,O 
MAT053eO 
IQ"T05J90 
MATDS400 
MATOS 410 
MATOs4:;0 
"""rDS4JO 
MAT05440 
MAT054S0 
MA't'05460 
MAT0500 
MAT054B0 
MAT05490 
MA'I'Os500 
MAT05510 
MAT0'5520 
""'T05530 
MAT055 ... 0 
MATOS550 
""'TDS5!S0 
MATOs5'O 
HATOSSBO 
MATOSS90 
MATOS600 
MA'l'OS610 
MAT05620 
MA'l'05630 
",-,"05640 
MAT0S6S0 
MAT 0 5660 
I'lAT051570 
IQ"T05680 
MAT05690 
MATOSiOO 
MAT05110 
MJ.T05120 
MAT05130 
MATOSHO 
MATOS' 50 
MAT05760 
MAT05770 
KAT05780 
"","05790 
MAT05BOO 
I'lATOs810 
MAT058:;0 
I4ATOsBJO 
MAT05840 
MAT05B50 
MA'l'05860 
MAT058'O 
MAT05880 
MATOS890 
MAT05900 
MAT05!HO 
MAT05920 
KAT059JO 
MA.T05940 
MATOS950 
MAT05960 
MAT0S970 
KAT05980 
MAT055190 
MAT06000 
MATOCSOIO 
MAT06020 
Io4ATOEi030 
!oaT06040 
MA.T06050 
!oaT06060 
MAT06010 
MAT06080 

87 

c 

136-135+2 
137 -I 36 + (NSEG ... I )·6 
1 3B-137 + (NSEG + 1)·6 
I J9-1 Je .. ( NSEG+l) "6 
140.139+( (NSEG+l) "6)"2 
141·I40+NUMP 
I4:;. HI +HSEG -NUNP 
I43·I42+HUIoI? 
r44-r43+NUM? 
145-144+NSEG-NU)O[P 
146. I 4 5 +NSEG-N1JMP 
I41-I46+N'S£G·NUM? 
146.147 +N'SEG·NUMP 
149· I 48+NSE.G-NUN? 
ISO. I 49+NSEG·NUIoIP 
I Sl-1 50+NSEG·N'UJ4? 

C--~-CALIBRATE TWO-END DISPLACEMENT INCREMENT BEFORE CALL HTSTI2 

MAT06090 
KAT06LOO 
MAT06110 
MAT061::10 
MAT06130 
MAT06HO 
IQ"T06150 
IQ"T0t5160 
MAT06170 
Io4ATOEi180 
)o(AT06190 
....... T06200 
MAT06210 
KA'T'062:l0 
MA'T'06:;30 
MA'I'06240 
MAT06250 
MAT06260 
MAT06270 
IQ"T06280 
MATOEi290 
MATOEi300 
MATOEiJI0 
MATOEi320 
MAT06JJO 
MAT06340 

c 

00 46 1"1,10,3 
SMAT( 113+1 -1 ).C( :2"'1-1) -DL( 2 +1-1) 
SMAT(llJ+I )-O()+I-L).DL(J;.I.l) 
SHAT( Ill+l+l )-D( 1+1-1 )-DL( 1+1-1) 

46 CONTINUE 
00 18 1-1.12 

18 SMAT(Il1+1-1)·O(Il-DL{I) 

" 

MOPT.IOPT MATOtS350 
CALL H'ST12( MOPT. NS£G, 'S, EM. LIBN, HH, UU,MAT06360 

W1II ZZ. INEEI, INEH, ST ,IREV1,IREV2,MAT06310 
IREV3, IRE"'4.,IECOP,ECCXO, ECC!O, NUMP, t-tAT06390 
ELS , SKAI..L. RATIXO , RAT I! 0 , TOTA, IMD, MAT06390 
rS?E ,DELTP2,S2 .SP ,IS'!'ART, BUG, MAT06400 
IELNO, ISTIF, IAUTO.IMATER, MAT06410 
RA1'lO). IR, G, Q~EE. RNEEE, MAT06420 

, SMAT (1 I ) ,SMAT (12) , SMAT ( 13) ,SKAT ( I 4) ,SNAT (IS) • SMAT (16) • SMAT' (17 ) • 
, SMAT( IB) • SMAT ( 19), SKAT ( I 10). SKAT ( I 11), SXAT( 112), SJoV.T (Ill), 
" SMAT( I U) .SMAT(llS), SKAT ( 116). SMAT( 117) ,SKAT( I 18) ,SMAT(I 19), 
" SHAT( I 20). SMAT (121), SKAT ( 122), SMAT (123), SMAT( 124), SMAT( [25), 
, SMAT( I26),SMAT(I27) ,S)(I,1(I:l8), SMAT( 129) ,SKAT( IJO), SNAT( 131), 
, SNAT (I )2), SMAT( I 33), SMA'I'( I J4), SMAT( I 35) ,SMA,,( I 36), 6)(AT( I 37), 

SMAT( IJ81, SMAT(IJ9) ,SMAT(I40), SMAT(I41), SMAT( 142). SMA1'( 14J), 
SMAT( 144 1. SMAT( I 4 5) ,SMAT (146), SMAT (147), SMAT( 148), SMAT( 1 49). 
SMAT(ISO),5)(AT(I511,SE(98) ) .-, 
00 65 I-l.l:iI 
00 65 J'·t ,12 
It-It ... I 
SEASAT (I .J)·S ...... T (I29+It·l) 

C-----CONVERT S"l'ABILIT'I' ELEMENT TWO·ENO' STIFrNESS INTO STANDARD OOF 

MAT06430 
MAT06440 
MAT06~ SO 
MAT06~ 60 
MAT064JO 
IQ"T06480 
MAT06490 
MAT06500 
MAT06510 
MAT06520 
MAT065JO 
IQ.T06540 
","",'1'06550 
I4AT06560 
I4AT06570 
MA'I'06590 
MAT06'l90 
MAT06600 
MAT06Eil0 
MAT06620 
MA'I'066)0 
MAT06640 
)Q.TOtS650 
MAT06660 
Jl4AT06670 
MAT06680 
MAT06690 
MAT06'OO 
MAT06710 
MAT06720 
MATOEi730 
MAT06740 
MAT06750 
MAT06760 
MAT06170 
MAT06790 
MAT06790 
I'lAT06eOO 
",""T06810 
MATOl!iB20 
KATOI!i8)0 
KAT06840 
MAT06B50 
MAT06860 
t-tAT06870 
MAT06880 
MAT06990 
MAT06900 
MAT065110 
MATOEi920 
MATOEi9JO 
MAT06940 
MAT06950 
MAT06960 
MATOEi9'O 
MATOEi980 
KAT06990 
)Q.T07000 
KAT07010 
MAT070;jO 
MAT07030 
MATO'040 
MATO'050 
I'tATO'060 
MAT07070 
""AT07080 
KAT01090 
MATOHOO 
MATOlll0 
MAT01120 
MA.T01lJO 
MA'I'07140 
MAT07150 
MATOi160 
MATOi L'O 
MAT011eo 
I'tATOi 190 
MATO", 200 
MAT07210 
HAT072":20 
MAT07230 
MAT07240 
MAT07250 
KAT072!S0 
MAT07270 
""'T07:280 

C DIRECTION 
00 J8 I-I. 12 
CO J9 J-l.12 

38 A(I, .])-0 

00 39 1-1,4 
A{ 1+( I-I ).J, 3+( 1-1)"3)-1 
A{2+( I-l)·J, 1+( I -1) 13 )-1 
A(J+(I-l ).J,:I+( I-I) ·3)-1 

39 CONTINUE 

40 

JJ9 

e5 

00 40 1-1,1::2 
00 40 J·l.1::l 

5AT(1,J)-0 
00 40 It-l.12 

SAT( I. J).SAT (I ,J)"'EEA5A1 (I, It) *"'( J, It) 

00 n 1-1.12 
DO 41 J-1,12 

EEAS"T(I,J)-O 
DO 41 pt-l,12 

EEAS"T( I. J)-EEASAT( I. Jl +II( I. 1t)·SAT [ pt,.:I) 

IF( SE(99) .EQ. 1 ) THEJIl 
IF( P(7) .LE. 0 ) THEN 

J:LI..-DL(7)-OL(1) 
XCC·O{7 )-D( 1) 
XD~XCC-XLL 
IF( XDD .LT. 0 ) THEN 

CO 339 .:1-1,12 
EEA-SAT( I,J)·O 
EEA6AT(i.J)·0 
EEASAT(J.l)·O 
EE:ASAT(J.I)-O 

CONTINUE: 
EEASAT ( 1. 1) -0.001 
EE.A5"T (7,7 )-0.001 
EEAS"T ( 1 , 7 ) - -0.001 
EEA.SAT( 7,1 )·-0 .001 

OIDIP 
E:NCIF 

ENDIF 
IF( S£:(99) ,EQ. 0 ) THEN 

IF( SE(98) .GT. 0 ) SE(SlSI)·l 
ElNOIF 

.-, 
00 85 1-1. 12 
DO BS J·I.12 
pt·l{+l 

SEC 1{)·EEASA1' (I • .]) 
SE( 79)·ELS 
S"E( 80)-1"'0 
SE( 81 )·ISPE 
SEC 92j·DELTPOI 
SEC 8))·S2 
SEt 841"S? 
SE( 851·1STAM 
SEC BIS)"RNEEE 

RE'!'URN 
C-•• GE'T ENERGIES, DUCTILITY AND EXCURSION POR SOTH IOPT·3 !\NO 4 .---

400 CONTINUE 

--- TRANSFER ENERGIES FOR BOTH [OPT-3 AND 4. 
EESE·O 
EPSE-O 

C --- TR.ANSFER DUCTILITIES AND EXCURSION RATIOS FOR BOTH lOPT-) AND 4. 
DO 410 I-I, 3 

ClIeT( 1 )-0 
EXCR(I+J)-O 

410 EXCR(I)·O 

Rsr'URN 

C--.. -----·······-· 
500 CONTINUE 

EESE·O 
EPSE-O 
DAKAGE-O 

DAMAGE: INDEX --••• --•• ---..... --.----•••••••••• - ••• 

MAT07290 
MATO'300 
MAT07 J LO 
MAT07320 
MAT073JO 
MATO' 340 
MATO' 350 
MATO' )60 
IQ.TOJJ'O 
MA'I'07380 
MA1'O 73 SlO 
!oL'.TOHOO 
MATOl410 
MAT07420 

R~URN MAT014 JO 
END MATOH40 

CI.IPROCESS SOUMP OPT(O} GOSTMT XREF MAP MATOOOIO 
C--•••••••••••••• _ .. _ ••• _ •• __ •••• __ ................... _. _ ............. _ •••• "",T0002 0 

C DE8UG UNIT(6),TRACE,SUBCHIt,lNIT,SU8TRACE MAT00030 
C ENC DEBUG "'A'I'00040 
C •• -.-.----_ .............. _ •• _ • ___ ._ •••• ---.---••• - ••••••••••••• - ••••••••• """T 0 0 0 5 0 

SUBROUTINE MATlJ MA'T'00060 



" (IOPT ,IE:LNO ,ERR ,F'lRS'T .pRINT ,BUG. 
i KAT ,SE ,P,pL,D,DL,V,VL,t.E:LE:M,IJ(AT, 
" SMAT. EESE, EP5E, CUCT, EXCR, DAMAGE) 

""'T00070 
~T00080 
~T00090 
""'TOOI00 

IJll:PLICIT RtAL(A-H,O-Z) ""'TOO 110 
LOGICAL ERR, FI RST, PRIN'!', BUG )lQ.T00120 
LOGICAL STE6'1' )o(ATOOlJO 
DIMENSION SE(100),5KAT(B),ClJCT(3),E:'1'CR(ti) KATOOHO 
CHAR,ACTER*BO TYPE ""'1'001S0 

C ""'TOO 1150 
C------- RESERVE STORAGE raA ELE:)fEN'f' MAT00170 

LELEJoI-3; )o(ATOOIBO 
IF (IOPT.EQ.O) Fl.E1'URN "",1001;0 

C ""'T00200 
C -------- - -- - - --- - - - - - - - - - - - ---- - - ------ ---- - ------- --------------------/IlAT 0 0 210 
C VAFl.IABLESI )(AT00220 
C-- ------------------- - - - ---- - - -- - - ---- -- - -- - - ---------- - ---------------i"tAT 0 0 '2 30 
C---------- GLOBAL VARIABLES )(.I.T00'240 
C raPT • I, INITIALIZE )o(ATEIUAL ""'T00250 
C • 2. GE:T STlFFNESS Jl4.AT002150 
C RINPUT ... INPUT DATA ""'T00270 
C SJoV.T • INTERNAL STORAGE i"tAT002BO 
C SE • OUTPUT STIFrNESS ""'T002;0 
C ----------------- -- - - - - --- - - - - - - -- - -- -------- -- ------------------------Jl4.AT 0 0 J 00 

GO TO (100.200,JOO,400,SOO),laPT I(,I.TOOJI0 

100 CONTINUE 
c C----- INTERPERTATE INPU'T DATA 
C E - SMAT( I) 
C A - SMAT( 2) 
C R SHAT( 3) 
C IS • SHAT( 4) 
C PI - SHAT( 5) 
C CC - SHAT( 15) 
C DHM - SKAT ( 7) • ULTIKATE DISpL ... CEJIIE:'NT • C1UCMAI-DELY 

C 

C 

8DAJII - SHAT( 8) • B ... T ... p"'RAME'I'ER 

READ (5,*) T!PE ,(SMAT(I),I·1.4), OUCMAJ., 8DNo! 

t.MAT - B 
Pl-3.14159215 
SHATe 5)'·SMAT( 2) *5MAT (4) 
SHAT( /5)·SQRT( 2. *PI -PI-SKAT( 1) I SKAT (4) ) 
SMAT(1)-OUCMAJ: 
5KAT(B)·BDAM 

IF (FIRST .0R. BUG) WRITE (15,191) 
WRITE (6.192) KAT.(SI(A.T(It),It-l,4),CUCK.U.,BDAM 

191 FORJQ"T (III' GOEL H!STERESI6 JoCOOEL ~OR 801 LOCAL BU~JCLING'I 
, . • ••• ----•• ----•••• - ............................ II 
"Io(AT.'.3X,' E',1S1I:,, A',6X,' R',ISX,' YS'. 
" ISX.'MAJ[ CUC', 151,' BE:TA') 

192 FORMAT (1I.I5,ISGI2.15/) 

I(,I.TOO.3::l0 
IQT003JO 
I(,I.T00340 
)(.I.T00350 
MAT00315Cl 
/IlAT00370 
)l(l"T003BO 
IQTOO.3!ilO 
MAT00400 
AAT00410 
IQT00420 
I4AT00430 
MATOOHO 
Ir4AT00450 
Ir4AT004150 
""'TOO 47 0 
I4AT00480 
I4AT004;0 
"'-'TOO 500 
""'1'00510 
KATOOS20 
Ir4AT00530 
""'TOO 540 
Ir4AT00550 
""'100S150 
Ir4AT00570 
Ir4ATOOS80 
,,"T005;10 
""'T001500 
Jr4A.T001510 
Jr4A.T0015:10 

RE"T'URN Jr4A.T0015JO 
C I4AT00i540 
C--•••••••• -----.·······-- INITIUIZE STIFFNESS TERMS ···-----··········I4AT0015S0 

200 CONTINUE "",r00i5i50 
C ---- GaEL HYS'I'ERESIS JoIODEL O ... TA STORAGE -FOR MEIllBER ---- 14A'!'00i570 
C SE( 1)- STIrMEMBER .uIAL STIFFNESS NAT00i580 
C SEC 2)- !t:-l EnEC'!' SLENDER COEFTICIc:N'!' J4AT001590 
C SE( 3). HOCI NO. OF CYCLE J4AT00700 
C SE( 4)· HRULE RULE NUMBER MAT00710 
C SE( 5}. EL ME.MBER t.ENGTH {TFlANSF'EREO FROIII ELE08} I4AT007:10 
C SE( 6}- IRV O. REYRSC·. FALSE. 1.REVRSC •• TRUE. J4AT007JO 
C SE( 7). IOUC O. HC·-12 11 HC .LT. -12 MAT00740 
C SE( 8)- P8QT ",,']'007 SO 
C SEC 9}- DBOT J4AT007150 
C SEC 10}· PTaI' J4AT00770 
C SE( 11}· J:1I'OP Jr4AT00780 
C SEC 12)· !t:EQ UNLOADING EQUIVALE:NT STH'FNESS J4AT00790 
C SEC 13)- OOCT( I) J4AT00800 
C 5E(14).OOCT(2) I4AT00910 
C SE(15)- DUCT(.3) ""T009:;:0 
C SEC 115)- E.lCR( 1) Jr4AT00930 
C SE(11)· ElICR(2) J4AT00840 
C SEC 18)· EXCR(J) J4AT008S0 

SE( 19)· EXCR( 4) J4AT008tiO 
SE(20)· E'.XCR(5) J4AT00870 
SE(21)· EXCR(IS) J4AT00890 
SE(2'2)- DELY fIELDING DI5Pt.ACEMEN'r J4ATOOB90 
SE(2J)- EESE(l) J4AT00900 
6E(24)· EElSE(:I) Jr4AT00910 
5E(25)- ElElSE(:I) Jr4AT009:;:0 
SEl(21S). EPSE MAT00930 
SE(27)- PSEOLO 14A'r00940 
SE( 2B)· CSE MAT00950 
SE(29)· DMAJl' ULTIMATE CISPL ... CEMElNT J4A'r00960 
SE(JO)- D)(AI: NAlI:lMUM ELEMENT CISPLACE:KEN'!' FOR DAMAGE: INDO MAT00970 
SE(.31)· P:::KAJ: ELEMEN'l' LOAC CORRESPONDING TO D_KAX MAT00980 
SEC 32)· HA CURRENT CO!olTROL POIN'! HA MAT'00990 
SE(33)· VA CURRENT CONTROL POIN'!' VA ""TOI000 
SE(H)- HC CURRENT CON'l'ROL POIN'r HC KATOI010 
6E( 35)· VC CURRENT COrn'ROL POIN'r VC MA.TOI020 
SE(315). RSH CURRENT RESIOOAL is'rRAIN VALUE MA.TOI030 
SE:(.37)- DE:KA:I CURRENT MAl.lMUIll AXIAL CISPu.cE:ME:N'r FOR CUCTILITIES MATOI040 
SE(.38)· REGIN CURRElrf'l' REGINE aONE NUMBER MA.TOI050 
SE(39)· PREGIN PREVtOU'l' REGIN aONE !lUMBER MA.TOI060 

••••• _ •• ___ •••••••• _ •••••• _ ..................... ____ ....... ---.... MATO 1070 

SEC 1 )-1 MA.TOI080 
SEC:;:).l MA."010~0 
SE(3).l MA.T01100 
SE(4)-l I4ATOllI0 
00 210 1-6,:;:8 ""TO 1120 

:no SE(I )-0 MAT 0 11 30 
SE(37 ).0 MAT01140 
SE(38).1 MATOllS0 
SE(39)-1 ""T01160 

CALL HYSTI3( 0 •• 0 •• 0 •• 0 •• Y, VL, 6E( 5). SEe 2). 
, SMAT ( 1) ,SHAT ( 2) ,SMA.T e 3) ,SMA-T ( 4 ) • SMAT ( 5) • 
, SMAT(6) .SE( 3) .6&:(4) .SEe 1) ,5E(6) .SE( 7). 
" SEen) ,SEC 33) .SE( 34) ,58(35).6E(36) ,5E( 3i) .6E(38).SE(39), 
, SE(8}.SE(9),SE(10).5E(11),8UG. 
, SEe Il} .SE( 13) ,6i( l!5),S8(22),SE(23) .6E(26} .S£(2i).SE(28) ) 

SE( 28)-SE( 22) -SMATe 5) n 
SE( 29)·SE( n) ·SMAT (7) 
SE(30)·0 
SE( 31 )-0 

RE:TURN 

MATOl110 
MAT01l80 
MAT01190 
I'(AT01200 
MATOl'210 
I'lAT01220 
KATOl'230 
MATOl240 
)l(l"T01250 
MAT01260 
MA1'01210 
Jr4ATOI2BO 
...... '1'01290 

C .. _· .. - .. • .. ••• .. ·--_ .... ·-···· GET STIffNESS TERMS ·····---····--··········· ...... TOI300 
JOO CONTINUE MAT0l.310 

C - J4AT01320 
C-------- CALL H!ST13 To CALC NEW S'TIF'rNE6S 6'TU' J4AT01330 

c 

CALL H1STl.3(P,Pt.,D,Dt.,V,VL,SE(S),SE(2), MAT01340 
" SHAT(1),SMAT(2),SI4AT{3),SJ(A.T(4),SIQT(S), Jr4AT01350 
" SHAT(I5),SE(3),BE(4),SE(I),BE(I5),6E(7), IltATOlJi50 
" SE.( 32), SE(33), SE(34) ,SE(3S), SE( 31S), SEC J7), SEC 39), SE( 39). IO.T01370 
" SE(8),SE(9),SE(10),SE(11),BUG, ""T01380 
" SE(12),5E(13),SE(1i5),SE(:;::;:),SE(2J),6E(:i!5),SE(21J,SE(.8» Jr4AT0l.390 

--- STORE MAXI/iruM DISPLACEMENT AND CORRESPONDING t.ol'r.D 
IF'(,I,BS(D) .GT. ASS(SE(30») THEN 

SE(30)·0 
SE(31 ).p 

ENDIP 

c·.· GE."T ENERGIES, DUCTILITY AND EICU~SION F'OR BOTH IOPT·3 AND 4 
400 CONTI NUE 

""T01400 
MATOI410 
I4ATOU:;:O 
MA.T'OUJO 
MAT01440 
MAT014 50 
MA.T01460 
"4AT014 iO 
MATOH80 

88 

c 
C --- TRANSFER ENERGIES fOR BOTH IOPT-J AND 4. 

IQ"T01490 
J.(A.T01500 
IQ"TOl510 
,"",T01520 
Io(AT01530 c 

EESE·SE(:;:3 ) 
EPSE-SE(:;:6 ) 

C --- TRANSFER DUCTILITIEs AND EICURSION RATIOS paR 80TH 
00 410 1-1,3 

CUCT(I)·SE(12+I) 
EXCR( I +3).SE( lS+I+3) 

410 E.lCR(I)·SE(15+I) 

RETURN 

10""-J AND 4. "4AT01540 
""AT01550 
KAT01560 
KAT01510 
I-lAT01590 
IotAT015;0 

C···-····· .. ······- DAMAGE INDEX .......................... --•• - •• -.----
"""TO 11500 
"",,1'011510 
MAT011520 500 CONTINUE 

EESE·SE(2J) 
EPSE·SE(26) 
DKAX·SE(29) 
".5£( 30) 
P·SE(31) 
PT·SKAT(S) 
BDAJ4oISKATeB) 
DAMAGE .... 8S( O)/OMAJ: + BOAM I (PT*DMAX) • EPSE 

"""TO 11530 
"""TO 11540 
"""TOl1S50 
KA.TOl151S0 
)oI.A.TOUi10 
MATOl1S80 
KATOI1590 
MAT01700 
l-IA'I'OI710 

RE."TURN I4AT01720 
END ,,"TOI7JO 

C""··· ................................ - •• -_ .... - .......... -.-••• - ••• -- ..... -. M"''' 0 0 Q 1 0 
C DEBUG UNIT(ti).TRACE,SUBCHIC,IN'IT.SUBTFlACE I-lAT00020 
C END DE8UG ,,",,00030 
C ••• -.· ••• --- •• - •••• _-_ ... ---•••••••••••• _ ....... _ .. -- .-------.----•• ----- - - -. """T 0 0 0 4 0 

SUBROUTINE MATH KA1'00050 
, (IOPT ,IELNO ,ERR ,FIRST ,PRINT ,BUG, ,,"T000I50 
, Jr4A.T ,SE. p. Pl., D, DL, V, VL, LELE,..., LMAT, """'''00070 
, SJ4AT, ESSE. EPSE, DUCT, SICR, DAHAGE) MATOOOBO 

LOGICAL ERR,F'IRST,PRINT,BUG 
LOGICAL BTEST 
CIIilENSION SEC 100). S ....... T (40), WCT (3), EIeR( IS) 
CHARACTER*BO TTPE 
REAL ~EY 05'2, MgO. LWP 
IN'!'E:GER SECNO,CYCLEN 
REAL 1t,~P,OOO(4).FUO(4),ItLAST 
LOGICAL TNPT~G, SRFLAG,POSTFG 

!ot.A.T00090 
....... TOOIOO 
JoV.'I'00110 
MAT00120 
""'TOO 130 
IQTOOHO 
KAT001SO 
)otA.TOOl1S0 
KATOOI10 
MA.TOOIBO 
KAT00190 

IF' (IOPT.NE.l) LELEM-80 MAT00200 
H' eIOPT.E:Q.O) RETUlUI MAToono 

C ""'T00220 
~------------ -- - ------- - --------------- --- ------------ - - - --- ------- - - - - -MAT 0 0 2 J 0 
C VARIABLES. ,,"T0024 0 
~ _________________ -------_______________________________ - --- ---- --- - - ---KAT 00:2 5 0 

C---------- GLOBAL ...... RIABLES """'1'002 ISO 
C IOPt" • 1, INITIALIZE MATERIAL JoV.TOO2iO 
C • 4, GE'I' STIFr'NES5 JoV.T00290 
C RINPUT • INPU'I' DATA ~T00290 
C S)(.\T .. HlTERNAL STORAGE Jr4A'l'00300 
C SE • OU'rPU'I' STIFFNESS ,,"1'00.310 
C - ---- ---- - - ---------- ---------- ----- - ------------------ - - --------------IotATO OJ:;: 0 
C ---- SHEARI DATA ---- """T00330 
C SMAT(I)· N6EGS, NUJll:BER OF BACJCBON'E SEGMENTS """1'00340 
C SMAT(2)· CSE, CONSTAINT STRAIN ENE~G!... MATOOJSO 
C SMAT(3)- H, HEIGHT OF SHE .... R WALL MAT00360 
C SJ4AT (4) - WI D, WI DTH OF SHEAR WALL Jr4AT003i 0 
C SJ4AT(4+I)- pp, BACICBONE SHEAR FOR POINT I MA1'00380 
C SMAT(4+I+NSEG)· 01', BAC!t:BONE OISPLACDlENT paR POINT I I4AT00390 
C SMAT(S+:I"NSEG)· BDAJII BETA FOR DAMAGE INDEX MAT00400 
C SJr4AT(6+2"N5EG)- HO, HEIGHT OF OPENING IotAT00410 
C SJr4AT(7+2*NSEG)- HS. SHEAR SPAN LENGTH I4ATOOnO 
C SMAT(8+:I*NSEG}- LWP. I4ATOOOO 
C LWp·L'/wl I4ATOOHO 

~ :_! l- :~~g:~~ 
~ t to' ~~~g:~g 
~ WI i- :~~g;~~ 
C ,,"T00510 
C SMAT{;I+.-NSEG). AD, CROSS SECTION AREA OF CIAGONAL BAR ,,"T005:i!0 

SWAT(10+2-NSEG)-AV, CROSS SECTION AREA OF VERTICAL 8AR MAT00530 
SHATe ll+:;:*NSEG)-!llQD, SHEAR SPAN LENGTH RATIO MAT00540 
SMAT(1:;:+:;:*N5E:G)·SOC-OSOC • ORIGINAL STIF'FHESS MAT005S0 
SHATe 13+:;:*N5EG).SCY-OSC! • Jr4A.1'OO'5 IS 0 
S""T(14+2.NSEG).SOY(.OSOTJ. """T00570 
SWAT ( 15+:;: .N5EG )-SYU·OSIU, MATOOS 80 
SMAT( 16+4·NSE:G).SUF-OSUf. MATOOS90 
514AT ( 1 i +:;:.NSE!G )-SCU (.oSCU) , MATOOISOO 
S""T (18+:;:.N'5EG).SOB(.OSOB), ""'T0015 Itl 
SJ4AT ( 19+:i!.N'SE:G) .SOE( ·OSOE) , MATOOIS 2 0 
SHAT(:;:O+:2*NSEG).O. MAT00i530 

GO TO (100,200,300,400,500),IO?1' 
MAT00640 
totATOOISSO 
MAT0015150 

100 CONTINUE Jr4ATOOIS70 
C I4AT00680 
C------------------ IN'PU'I' D"'TA FOR SHEAJU HI6'TERESIS MODEL ------------C"MJI.'r00690 
C CMATOO?OO 
C NSEG - NUIIIBE~ OF BA.C~BONE SEGE:ME:N'TS CMATOO? 10 
C PP • BAC!t:BONE LOAD CIoIAT00720 
C DP - BAC!t:BONE DISPLACDfEN'l' CIoIATOOiJO C _____________________________________ - -- - --- --- ------ ------- --- - -- - - --CMJI.T007 4 0 

C fOR THIS MATERIAL, NSEG SHOULD BE 4. MAT00750 
READ (). -) TYPE ,NSEG,BDAJoI M.AT007150 
RUO (5.*) ( SJ4AT(hl ),I.l,NSEG) MAT00110 
READ (5.-) ( SI4AT(4+I+NSEG),r-l.NSEG) ,,"T007BO 
READ (5,1') HO,H5,LWP,AC,"'V MA1'OOi90 
LE:LE:M - BO MA.TOOBOO 
IJ(AT -28 M.AT00810 
SMAT (1 ).NSEG Io(AT00820 
6MAT(2)·C5EI CSE. CONSTANT STRAIN' ENERGY JoV.T00830 
SKAT ( 2)-SMAT( 5)-SMAT (9) 12+( SMAT (S) +5MJ1.T( 15))· e SKAT ( 10 )-SMAT( 9) J 12 KAT00840 

C TO CORRECT FAILURE DtSPLACEIllENT Io("T00850 
CC IF'(SHAT(8).NE.0.) THEH Jo(ATOOB60 
CC BTl. (SMAT( B) -SMAT (J» I (SMAT( 12 )-SKAT( 11)) Jo(ATOOBi 0 
CC SIQ,T(12).SMAT( 11)+(0.-SMATe7) )/S"f'I IIIA1'008BO 
CC SMAT(8)-O. JotAT00890 
CC El'ID IF' ....... T00900 
C THE .uRA! S'MAT IN BETWEEN SEES THE REAC S'I'ATE:ME;NTS ABOVE. I4AT00910 
C SMAT(4"'I ),I"l,N6EG AND SMAT(4+I"'NSEG),I-l,NSEG ,,"T009::1.0 

c 
c 

SMATe5+2"N5EG)-8DAJo1 IoIAT00930 
6MAT(6 ... :I"N6EG). HO MAT00940 
SMAT(7+2"NSEG)- HS )(.I.T00950 
SMJl.T(8+2"NSE:G)- LWP """,,009150 
SMAT(9+2"NSEG)- AD /l4.AT00910 
SJr4AT(lO+:I.NSEGJ."V MATo0980 

/l4.AT009510 
JoV.TOI000 

C-------------- CALC CONSTANT STRAIN ENERGf. ••• )O(AT01010 
"""TOI020 
....... TOI030 
MATOIO~O 

MATOI050 
....... TOI060 
,,"TOI070 
"",,,01080 
JoV.TOI090 
MATOII00 
MAT 0 11 LO 
MATOl120 
MAT01l30 
IotATOI140 
""'T01150 
MATO 1 HiO 
MATOlliO 

C OL"O 
Pt."O 
00 10 I-I.N5EG 

P·SMAT(4+I) 
o-SJr4A.T(4+I+NSEG) 
IF' (C.LE.D!) THEN 

CSE-CSE + 0.5-(P+PL)*(D-DL) 
pL·P 
OL·O 

ELSE IF (D.EQ.DL) THEN 
GO TO 20 

ELSE 
PY·Pt. ... eC!-Dt.)-(P-PL}/(D-Dt.) 
CSE.CSE + 0.5-(P!+PL)*(DY-DL) 
GO TO 20 

ENOIF' 



10 CONTIN'UE 
20 SMAT(2).CSE 

IF (FIRST .OR. BUG) WRITE (6,155) 
WRITE (6, 67) MAT .BDAM, (SMAT{4 .I(). SMAT( 4+(Ii:+NSE:G) .It.l. NSEG) 
WRITE (6, -) , • 

65 FO~"(JII' SHEAR2 HT5TERESIS MODEL DATA - '. 

" 

, 'FOR WHOLE LENG'!'H "'EMBER' 
, I _ ...... -.. _--_ .. __ ... _ .... _ .... ' , 

J: ·-···;;~;~;~·~~~~~·~;~S - KAT. 
SIL'BE."I'A·,6X, 3X.· STRESS·,8X.· S'!'RAIN') 

FORMAT «26X.I4.2X,3Gl5.6)J(49J.,2G15.6)) 

MA'r01160 
MATO 1190 
I'.AT01'200 
MAT01210 
MATO 1220 
1'.A'r'01230 
MAT01240 
MATO l:I 50 
MAT01260 
Jo{AT01210 
Ir<AT01290 
MAT0l290 
I'<ATOlJOO 
MATOIJIO 

RE."I'URN MAT01l20 

c •• ••••••••••••••••••••••• GET STIFFNESS TERMS ----·--··· .. ••••••• ••••••• I'<ATOIJ10 
200 COIIITINUE: I'<ATOlJ40 

---- SHEARl MODEL DATA STORAGE FOR MEMBER ---- I'<ATOlJ50 
SEC 1)· It MATOlJ60 
SEC 2)· LRULE MATOll10 
SEC 3)· I(ItL MATOlJ90 
SEC 4)· DSHIC Ir<ATOlJ90 
SEC 5)· CMAX MATOHOO 
SEC 6)· OM Jo{AT01410 
SEC 1)· FM MAT01420 
SEC 9)· ItP I'lATOl4JO 
SEC 9)· SOC MAT01440 
SE(10)· SCt totAT01450 
SE( 11)· SOt !(AT 0 1460 
SE(12)· STU IotAT01470 
SEC 13)· SUF MATOH90 
SEC 14)· SCU MAT01490 
5£(15)· SOB IQ.T01500 
SEC Hi)· SOE ""'T01510 
SE(11)· FUO(LI-l,O Jl4AT01520 
SE(21)· DUO(I.!-I,4) totAT01530 
SE(25)· KElOSl I'lAT01540 
SE(26)· SECNa MAT01550 
SE('21)· sn MAT01560 
SE(26)· OU17 1(.1.'1'01570 
SE(29)· rul7 ""''1'01580 
SE(lO)· AREAl 1(.1.'1'01590 
SE(JI)· CYCLEN 10.'1'01600 
SEeJ2). CSE MAT01610 
SE(33)· FUOO I'<AT01620 
SE(l4). DUOO 1(.1.'1'01610 
SE(35)- DP;:P 1(.1.'1'01640 
SE(J6). TNPTFG MAT01650 
SE(J1)· POSTFCi MAT 0 11560 
5E:(J8). COl )llAT01610 
SE(J9)· RAT MA.T01690 
SE(40)· RATl totAT01690 
5E(41)· SQ6 IO.T01700 
SE(42)· SR 1(.1.1'01710 
SE(O)· DP20 !(AT01720 
5E(40.SRFLAG totATOl730 

--USE - EQUIVAL~T UNLOADING STIFFNESS MA.TOl740 
SE(45).USE MAT01750 

C 5E(46)- IOPT2 Jr4ATOlHiO 
e --IOPT2 • USED IN HTST14 SUBR1'N (DNC~L. DDISSI S1.I8R1'N IN HTST14) Jr4AT01170 
e SE(47).IOPT ""''1'01780 
C SE(46)- PSCfi MATOIHO 
C 5E(49)- ItLA.SI' J4ATOIBOO 
C SEC 50)- DPTT MAT01610 
C SE(51)- OPT MATOIB20 
C SE(52)· ESE MATOIB30 
C SEC SJ)-ESE MATOIB40 
C SEC 54)- ESE MATOIB50 

SEC S5)-PSE J4ATOIB60 
SE(56). PSE OLD MATOIB70 
SE(57)- EXCR(I) MATOlBBO 
SE(SB). EXCR(2) MAT01890 

C SE(59)- El:CR(3) MAT01S100 
C--___ SE(60).SE(61).SE(62) SEE DNE SUBR'I'N MATOl910 
C sE(60)- EXCR(4) J4AT01920 
C 58(61). EXCR(S) MAT01930 
C 58(62)- 8I'CR(6) J4AT01940 
C ,SE(63)"rc MAT019S0 
C S8(64)-n MAT01960 
C SE(65)-ru MAT01970 
C SE:(66)-F'P' MA't'01980 
C SE(67)-CC MAT01990 
c SE(68)·oy MA.T02000 
C SE:(6!iI)-DIJ MAT02010 
C SE(10)-DF MAT02020 
C SE:(71).OSINCL MAT02030 
C SE(1:1 )-UPOS( 1) ""'T02040 
C S8(73)-UPOS(2) MAT020S0 
C S8(74)-UPOS(3) MAT02060 
C SE:(15)·UNEG(1) MAT02070 
C SE(16).UNEG(2) Jl4AT02080 
C SE(77)-UNEG(3) MAT02090 
C S8(78)·LENGTH !(ATOnOO 
C SE(151)·WICTH MA"I'02110 
e sE(BO)· SHEAR SPAN LENGTH RATIO. SMAT( 11+2-NSEG) OR HQD MA"I'02120 
C MAT 0'2 130 
C _____ INITIALIZE ----_____ MAT02140 

SRFI..AG-.FALSE. 1tA']'02150 
P05TFG·.TRUE. MAT02160 
TNPTFG.,FALSE. ""'T02170 
... RE:A1.0. I(.I.T02180 
FP-O. KAT02190 
Dp.O. MAT02200 
FM-O. Jo4.AT02210 
OM.O. MAT02220 
FPP.O. IQ"T02230 
DPP-O. 
FI4AI'·O. 
DMAX-O. 
JOCL-l 
DUOO-O. 
SECNO-O 
eYCLEN-l 
00 31 L-l.4 

31 f1..l0(L)·0. 
00 32 La1.4 

32 DUO(L)·O. 
SE( J)-ItJl::l. 
SE(Jl)·CTCt.E:N 
NSEG-SI4AT{l) 
SI!tAT( 3 )·SE( 1B) 
SJooIAT(4)-SE(19) 
S)oUI.T (11+2"'NSEG )·SIUT (7 +2*NSEG) IS,"",T (4) 
SE:( 32)·0. 5·SMA.T (5) *S,"",T (9) + 

, O. S- (SJ4AT(S )"'SJo4.AT(6»* (SMAT( 10)-S,"",T(9» 
SE(BO)·SMAT( Il+2-NSEG) 
SE(32)·SJo4.AT(2) 
MQD-SE( 90) 

C FIND COl, THIS COEFF. IS OBSERVED FRO'" E:XPERIMENTAL DATA 
COl·O.l 
SEC 3B )·COI 
IP'(TNPTFG) SE(36)-1 
IF(.N'O't'.TNP't'FG) SE(36)·0 
IF(POSTFG) SE(37)-1 
IF(.NO'!'.POSTFGl SE(37)-0 
IF'(SRFLAG) SE(44)-1 
IF( .NOT.SRFLAG) SEC 44 )-0 

IF(SJo4.A't'(28) .EO.O) THE:N 
CALL OP~STF(SIoIAT(5) .SMAT(6) .SMA.T(1) .SMAT(8). 

, S)Q..T(9) .SMAT(lO) .SMA.T(11) .SXAT(12). 
SOC • SCT 

MAT02240 
MAT02250 
Jr41r.'!'022ISO 
MAT02270 
MAT02280 
MAT022510 
MAT02300 
MAT02310 
MAT02320 
MAT02330 
MAT02340 
MAT02J50 
MAT02J60 
MAT02J10 
MAT02lBO 
MAT02l90 
I'<AT02400 
MAT02' 10 
KAT02420 
MAT02430 
I'lAT0244 0 
MAT02450 
MAT02460 
HAT02470 
MAT014BO 
""'T02490 
IO.T02500 
MAT02510 
MAT02520 
10.'1'02530 
HAT02540 
MAT02550 
MAT02560 
MAT02570 
MAT02580 
J4AT025Sl0 

89 

SOT ,SYU 
, SOB ,SOE 

SMAT ( 11 +2-NSEG)· Jo1QOoo Hs/.,1 0 
MOe-HS/SEC'9) 
sMAT( 12+2·NSEG)·SOC 
SKAT ( 13+2*NSEG)·SCY 
sMAT ( 14 +2 *NSEG)· SOY 
SHAT( 15+2*NSEG)·SYU 
SMAT( 16+2"NSEG)·SUF 
S,"",T ( 1 7 +2*NSEG) ·SCu 
S!(AT ( 1B+2*NSEG) ·S08 
SHAT ( 19 +2*NSEG) ·SOE 
sE(63)·SMAT(5) 
sE(64 )·SJl4AT(6) 
SE(155)·SJllAT(7 ) 
SE(615)·SMAT(8) 
sE:(67)-SKAT(9) 
SE(68J·SMAT( 10) 
SE(69)·SKAT(1l) 
SE(70)-5MAT(12) 
SE( I)-SOC 
SE( 10)·SCT 
SE( 11)-501 
SE( 12)-6Tl..I 
SE(l:!)-61..1f 
SE( 14 )-SCl..l 
SE(l5)·SOB 
SE(l6J·SOE 
SEC ~) • SEC 1) 
RE:TURN 
END IF 

. sur ,SCU "'AT021S00 
MATOJISIO 
MA'l'021S20 
MATO:l.630 
J4AT02640 
J4ATOJ650 
!-tAT02660 
J4AT021SiO 
MAT02680 
MAT021590 
MAT02700 
M.AT02710 
MAT01720 
MAT027JO 
MAT02740 
JoIAT021 SO 
JooIAT02160 
JoIAT02770 
IoI1r.T02780 
IoI1r.T02790 
AAT02800 
MAT 0 2810 
"'''TO 2820 
IO.T02830 
MAT02840 
MAT02B50 
"'-"T02B1S0 
MAT02810 
AAT02BBO 
"",T028;0 
MAT02Sl00 
Jo{AT02910 c···· .. ·.,. ....... ____ ••••• •• GET STIFFNESS TERMS ... ·····················--MAT02!i120 

300 CONTINUE MAT02Sl30 
IF'(SE(36).EQ.l) TNP'rFC·.TRUE. .IoIAT02!HO 
IF{SE(36).E~.0) TNPTFC·.FALSE. )o(Aj'02 Sl SO 
IF{SE(J71.EQ.l) POSTFG •• TRUE:. AAT0291S0 
IF{SE(371.EQ.0) POSTFC·.FALSE. MAT02Sl70 

C SFtFLAG TO CONTROL 1t:JI::L ·1 OFt J DEPENDING ON IN'ITIAL DISP. INCREMENT ~T02Sl80 

IF'{SE(44).E~.1) SRFLAG·.TRUE. MAT02SlSl0 
IF{SE(44).EQ.01SRFLAG-.FALS'E:. MAT03000 

C. TO sE."!' INITIAL UL eASED ON INITIAL DISPLACEMENT INCREMENT(DSINC) )o4.I.T03010 
C IF INI'rIAL DI6PL. INCREMENT IS POSITIVE:. THEN POS'i'FC".TRUE. 1(.1.103020 

J11.NSEG+5 IoI1r.TOlOlO 
J22·NSEG+6 )oQ.T03040 
J33.NsEG+7 MAT03050 
J44·N'SEG+B I(.I.T03060 
J51·S+2·NSEG I(.I.T03070 
J52-6+2·NSEG MAT03080 
J53-7+2"'N6EG KAT03090 
J54·8+2.NSE:G MAT03100 
J55.9+2.NSE:G MAT03110 
J515.10-+2"'NSEG Jo4A.T03120 
J51.11+2"'NsEG MATOJ130 
J5B.12+2.NSE:G JI4A'I'OJI40 
J59-U+2-NSEG MATOJI50 
JEi 1·IH2-NSEG MATO) 160 
J62.15+2.NSEG ""'T03170 
J6J-16-+2.NSEG J4AT03190 
J64-11+2.NSEG MATOJ190 
J6 5·18+2" NSEe "'AT03200 
JI5IS-19+'2'"NSEG JoI.AT0J210 
UL-SE:(J) )l(.l..T03'220 
e!CLEN.SE( 31) MAT01230 
SECNO-SE(215) MAT03240 
LRULE-SE( 2) KAT03250 
IOPT2-SE(H) MA'I'03260 
IOPT.SE(47) JoIA'I'03270 

CALL HtST14( p. D,PL.DL. SKAT(3). MAT03280 
SMAT{ 5).SHAT(J11).5MAT( 1S).SMAT(J22).5101AT( 7}, JolAT0J290 
SI'tAT( J33). SKAT ( 8). SMAT( J44). SMA.T( J51), SMAT( J521, )o(ATOJ300 
SMAT(J53) ,SMAT(J54). SMAT(J55) .SKA'I'(JS6) ,SMAT(J5i), I-lAT03310 
SJ4AT( J58), SMAT (J59). SMAT( JI51). SKAT ( J62), SIoIAT( J63), ""'T03J20 
SJ4AT(JI54) .SAAT(JI55). SHAT(J615). IolATOJ3JO 
SEC 1) ,LRULE: .UI. ,SE( 4) .SE( 5) ,SEC 6) MAT03l40 
SEC 7) ,SEC 8) ,SEC 9) ,SE(10) .SE:(11) ,SE(12) I-l1ITOJJ50 
SEOJ) .SE(14) .SE(15) .SE(l6) .SE(17) ,SE(21) MAT03360 
SE(25) ,SEeNO .SE(27) .SE(28) .S8(29) ,SE(30) MAT03370 
CYCLEN .sE(32) .SE(33) .SE(34) ,SE(35) ,TNPTFG MAT013S0 
POSTFG ,SE{JB) ,Si(Hl .SE:(40) .SE(41) .5E(42) MAT03190 
SE(4J) ,SRFLAG .SE(45) • IOPT2 .10..,. MATOJ400 
SE(48) .SE(4Sl) .sE(50) .SE(51) ,SE:(52) .SE(55) MATOJ410 
SE(56) .SE(57) ,SE(1S3) ,SE(1S4) .SE:(155) .5E(61S) MA.T03420 
SE(6i) .SE(68) .SE(6Sl) .SE(70) .sE:(71} .SE(2) MA1'Ol4JO 

, SE(75) MA1'03440 
IF(TNPTFG) SE(16)-1 M1ITOl450' 
H'( .NOT.TNPTFG) sE(36)-0 MAT03460 
IF(POSTFG) SECJ7).l MAT01470 
IF( .NOT.POSTFG) SE(37 )·0 KAT0J480 
IF(5RE'LAG) SE(44)-l MAT01490 
IF( .NOT.SRFLAG) SE(44 )·0 AAT03500 
SEC 3).ltU, ""'TO)510 
SE:(31).CICLEN ""'TO 3520 
SE(26)-SECNO AATOJ5JO 
sE{ 2)-LRUtE MAT01540 
SE(415).IOPT2 MATOJ550 
SE(47).IO~ totAT03560 
RETURN )I{1r.T03570 

c MAT03S80 
C------ TRJ.lJSF'ER ENERGIES FOR BOTH IOPT.J AND ... MAT03590 

""'T03600 
MA.TOJ1510 

C (NEGLECT OlIC'1'IL1TIES CALCULATION AT PRESENT STAGE) 
400 E:ESE·sE(S2) 

EPSE·SE{SS) IQ"T03620 
C-- ____ TRANSFEFt OOC'I'ILITIES AND EXCRUSION RATIOS FOFt BOTH IOP'!'·3 S 4. )o4AT03530 

c 

00 410 1.1. 3 
DUCT ( I )"MA.I'( SEC 71+1), SEC 14+1)) 
EXCR(I )·SE( 56+1) 

410 EXCR(l+3)·sE:(59+I) 
RF:t'URN 

MAT03640 
MAT 0 J!i SO 
MAT03660 
MATOJ670 
MAT03690 
""'TO)690 

C-·-·---···········---····-- DAMAGE INDEX ------•••• --••••••••••••••••• MATOliOO 
500 EESE-SE( 52) 

EPSE-SE{ 55) 
C-·--- OOMAJ: IS THE: [.ARGER OF 0I4AX OR OM IN HlST14 SUSFt't'N 

DOKAX-JI4All'(SE(5).SE(6» 
?l.SIoIA1' (6) 

C--- •• 000 IFAILURE DISPLACEME:NT OF BACltSONE Cl..lRVE 
ooo-SKAT ( 12) 
BoAM -6)(AT (5+2'" NSEG) 
DAJo4.ACiE-ODMAJ:/DCU +BoAMJ ( p'f. DOU) • EPSE 

MATOl710. 
MA'I'03120 
J4ATOJ7JO 
J4AT01HO 
MAT03i 50 
MATOJ760 
MATOJ770 
MATO)760 
MATOJ790 
MATO)800 

RE"TURN M.ATO)BIO 
1111 rORJo(AT (IP, M.ATO)820 

" 511.- P-·,GIJ.5.· 000',GI3.S.' P;:.'.G18.9.' RULE-'.G13.5. MATOJ8JO 
, DIFI-',fl5.J,' A··.Gll.5.' IR·'.I3) MATOJB40 

1112 FORHAT (lP, Io4.A.TOleSO 
" S19. P-',GIJ.5.· o-·.Cll.5.' 1t·'.G18.9,' RULe:-',Gl1.5. Jo{ATO JB 15 0 
,'0IR.'.F6.J,· A .. ·.G13.5.' IR·',I3) HAT03870 

1113 FORMAT (lP, KAT03B60 
" slC- P·'.Gll.S,· 000·.Cl1.S.· 1t-'.GlS.Sl.' RULE·',G13.S. MATOJB90 
, 'oIR.'.F6.J,· .... '.GIJ.5.· IFt.',I3) MATOJ900 

ENO HA,,0)910 
C---- ••• _ •••••••••• _ •• ___ ••••••••••••• _ ••••••••••••••••••••••• - ..... - .. _ •• ·!(ATO 3920 

C DEBUG UNIT(6).TRACE,SUBCHK,INIT.SUBTRACE: HAT0J930 
C END DEBUG ""'T03940 
C----•••••••••• _ ..... _______ •••••• _. __ A. _ ..................... -_ .......... MATO 3 9 5 0 

C __ A> TO CALCUL ... TE AVAILABLE STIFFNESS USED IN THE HTSTERESIS LOOP MAT 0 35l 60 
SUBROUTINE O",NSTF( FC, FT , FU, FF, OC. DY ,DU, OF. MAT03Sl70 

, SOC,SCT,SOY,SlU,SUF,5CU.50B.SOE) MATO)!ilBO 
c 
C CC"'PU'l'E STIf'FNESS S(OC) 

SOC-Fe ICC 

!otATOJ!ilSlO 
""''1'04000 
MAT04010 



C COMPUT'E STIFFNESS S(CT) KAT040:20 
SCT-(FT-FC)/(oT-OC) MAT040J'0 

C COMPUTE STIFrNE:SS SCOT) MAT04040 
SOT-F'TIoT MAT04050 

C COMPUTE STIFFNE6S 6(TU) 1(A104060 
SlU-(rll-FT)/(oo-OT) KAT04070 

C COMPU'TE STIFFNESS 5(UF) IolATO~080 
SUP-( FF-rll) It OF-oo) IolATO~090 

C COMPUTE STI i'FNE:5S S(CU) MAT04100 
5CU-(FU-FC)ltoo-OC) MAT04110 

C COMPUTE STIFFNESS 5(08) , 8 IS MIDP'I'. OF PT. A AND PT. 1 MAT041:20 
C PT. ,.. IINTERSECTION OF Erl'e;NSION OF OC WITH HORIZONTAL LINE THRou r MAT041JO 

:U-FT ISOC MAT04140 
XB-(XA+Dl)/:2 HAT04150 
sOB-n/xB MA'T04160 

C COMPUTE STIFFNESS S(OE) I E IS MIOPT. OF PT. 0 AND PT. U HAT04170 
C PT. 0 IINTERSECTION OF EXTENSION OF OT WITH HORUONTAL LINE THRoU U MA'T041eO 

Xo-i'U/50T HAT04190 
XE:-(XD+DU)12 MAT04200 
SOE·FU/U: JrIIAT04HO 
RSTURN "",TO 4:1:10 
END )o(AT04:2JO C---..... ---.----.-------............. ---------.. -------------.... -......... roo 00 10 

C DEaUG UNIT(fi),TR.ACE,5UBCHICINIT.SUBTR.ACE .... ro000:20 
C END DEBUG Mro00030 
C---------.-.-•••• ----·-.-.-••••••••••• ------•••••• ---•• -----···· ••••••• "'FO00040 

SUBROUTI NE Hi'ORM( lOP'!', INMASS, NHASS ,MASS , MOM, 1'10. !'looF. tHO, TITLE. HF'O00050 
'NNODE,IQ.J(NOD,NCOS,BUG.IBUG. MF000060 

I D, COSINE, I 000', CONST, J'T i'LG, MFO00070 
'J'TCOS,DATA,SIaSS,LM.A.S.SAT) MFOOOOBO 

DIMENSION ID(HA.J:NOD), J'TFLG(MA..J:NOD), J'TCOS(MAXNOD). MF'O00090 
, lOOF(I4AXNOD,!5) .C051NE(J.J.NCOS).CON6T(KAXNOD,6) )oIFO00100 

DU4ENSION A( fi, fi), 5( E, E), SAT (6,6) ,HDM(NooF+l), MD( 7) )oIFOOOll0 
REAL KASS( IHo)· HFO00120 
LOGICAL BTES'T MFOOOllO 
DIMENSION DATA(12.INKASS) ,SMASS(21) ,LH(6) MF000140 
CHARACTER.130 ELNo MF0001SO 
CHARACTER.(*) TITLE(2) MreoolEo 
LOGICAL BUG MF'O00170 

c 
C ________ PRINT HEADER AND INPUT M.A.SS DATA 

HFO00180 
HFOOOHIO 
HFOOO:ilOO 
HFOOO:110 
MFOOO:l:lO 
HFO00:230 
HFoOO:l40 
MFD00:2S0 
HFQOO:il!50 
HFo0027o 
114 FoOO:ileo 
MFOOO:l90 
114Fo0030o 
MFoOOJIo 
MFO003:20 
,..FQOOJ30 
MFQ00340 
MFOo03S0 
MFOo03150 
MFO00370 
MFO00390 
HFD00390 
MFOOO .. OO 
MFO00410 
MFQ004:10 
MFD00430 
MFDOOUO 
MFO004 SO 
MF0004150 
MFOoono 
"'F000480 
MFO00490 
MFOOOSOO 
MFOOOSID 
"'FOOOS20 
MFOOOS30 
MFO00540 
MroDOSSO 
MFOOOS60 
MFOOOSiO 
MFoooseo 
MFDOOS90 
MF'O001500 
MFO001510 
MFQ00I5:20 
MF0006JO 
MFO00640 
MFO006!10 
MFO00660 
M'FO0067 0 
MFOOOEBO 
MF'OOOE90 
MFO00700 
MFO00710 
MFo00720 
MFO00730 
114PO00740 
114FO00750 
114FO007i50 
Hf'O0077 0 
HFO00780 
""F000790 
"'FoOOBOO 
Mf'O009lD 
MFOOOS:20 
MYOOOBJO 
MF000940 
MFDOOSSO 
MFOOOS60 
MFoooe70 
MFOODseo 
MFO00890 
MFO009DO 
MFO00910 
MFO00920 
"'FO009JO 
MFO0094Q 
MFO00950 
MFO00960 
MF0009iO 
MF000980 
MF000990 
IIIF001000 
"'F0010l0 
MFOO 1020 
MrOOl0JO 
MF001040 
MF0010SO 
MF0010!50 
HFOOI070 
MFQOIOBO 
HF001090 
""FoOIIOO 
MFool110 
HFOOl120 
HFOOIIJO 
HFoOl140 
MFo01l5o 
MFo01160 
MFo01170 
HFOOlleo 
MFOOllS10 
MF001200 

IF (IOPT.EQ.1) THEN 
WRITE (6.S) TITLE{l),TITLE(:2) 

5 FORMAT (' 1 STRUCTURE •••• I ',"',1 
, SOLUTION •••••• ',A,II 
, t..UHPED NODE MASSES '1 
, ••••••• --•••• - ....... ' II 

4.1, 'NODE',SJ:. 'KI.',IOJ:, 'Nl',lOJ:, ' .... Z·, 
9X,' lXX', SIX, 'IrT', 91,' IZZ'. 
SlX,'IIT', )i1,'ITZ', SlI,'ITZ',SI,' 

NM.A.SS-l 

IGEN INC' ) 

C INPUTI NODE. PI.Pl,PZ, FU,Rr,RZ, RXT,RXZ,R1Z, IGEN, INC 

c 

6 READ (S,*) (D,..TA(I,N)l(.ASS) ,1-1,12) 
NODE" DATA( I, toIMASS) 
IGEH - DATA(ll,NlolAsS) 
IHC - D"'TA(12.N)l(.ASS) 
IF (HooE.GT.O) THEN 

WRITE (E,1) NODE.(DATA(I,rJ",""SS),I·:2,10),IGE'N.INC 
IF (NMAS6.t.T.IHMAS6) THEN 

NMASS-NMASS+l 
GO 1'0 !5 

ENDIF 
ELSE' 

NMAS5-NMASS-l 
E'NDIF 

7 FORJo4AT (:2J:,I!5,lP,9Gl:Z.4,:lI6) 
ELSE IF (10PT.Eg.2) THEN 

E:NDIF 

00 100 lMASS-l,NMASS 
NODE-DA"A( 1.IMASS) 
PI ·OATA( :I.IJo4ASS) 
PT ·OATA( 3,IMASS) 
PZ ·DATA( 4,IMASS) 
RJ: ·DATA( 5,IMASS) 
Rr ·DATA( 6,IMAS5) 
RZ ·DATA{ 7,IMASS) 
RXY ·DATAt 8,IMASS) 
AXZ ·DATA( 9,IMAS5) 
RYZ ·DATA( 10,IMA55) 
IGEN·DATA{ 11, IHAS6) 
INC .oATA(12,IMASS) 

9 JolNT-IQUIC:IC(NODE,ID,NNODE) 

IF (Jourr.LE:.O) THEN 
WIUTE (6,11) 'NODE f'.NODE, 

, 'WAS NOT FOUND. CHE:CIC INPUT, MASS IS OMITTED' 
GO TO 90 

ENDIF 

ICOS -JTC06(JOIN'!') 

C _____ > SET UP NODE MASS MATRII IN :lTZ COOROINA'I'E' STSTEl)! 
C------ SEn' UP TRANSFORMATION MA'TRU, A" (CONST) 

c 

DO 10 1-1.6 
00 10 J-l,6 

10 A(I,J)·O 
DO 20 1-1,6 

:20 A(1.I)-l 
A( 4,2 )-CONST (JOINT.l) 
A( ~,3)-CON5T(JOIN'r,:I) 
A( S, 1 )·CONST (JOINT, 3) 
A( S, J)-CONST( JoIN'I',4) 
A( E, 1 )·CoNST (JOIN"r. 5) 
A(!5, 2 )·CONS'l'(JoINT.6) 

C------ SET UP NODE MASS MATRII. 

c 

DO 30 1·1,6 
00 30 J·I+l,6 

3D S(I,J)·O 

S{ 1,1)· PI 
S(:I,:2)· PY 
5(3. J). Pi 
S(".4)· AX 
s{S. S)· RT 
5(6,6)· RZ 
s[4,5)·-RXT 
S{4 ,6)"-RX~ 
S( 5,6)·-Rrz 

00 40 1-1.6 
00 40 J'"I+l,6 

40 S(J,I)-5(I.J) 

C------ TRANSFORM MASS MATFUI TO ,..CCOUNT fOR CONSTRAINTS 
00 50 1-1, 6 

50 

'0 c 

00 50 .]'""1. 6 
5"T( I, J}·O 
00 50 ~·1.6 

5AT(I,J}--SAT(I,J) + .S(I,IC)*A(J,"') 

00 60 1-1,6 
00 60 J·l,6 

S( I,J)·O 
00 60 lC·l,6 

S(I,J)-5(I,J) + A(I,lq-sAT(ILJ) 

C .•..•• TRANSFER MASS MATRIX TO HALF STORAGE MODE 

90 

70 

IJ·O 
00 70 J-1.6 
00 70 I·J, i.-I 

IJ·IJ+l 
SJrIIASS(IJ)-S(I,J) 

MroOl~10 

c ..... . INITIALI ZE THE DIAGONAL MASS MATRIX 

MF001220 
Hf'O01230 
HFOOIHO 
MF001~SO 

MF001:260 
MFoOl:270 
MfoOl~80 

HfoOl:lSlO 
MFo0l300 
MFoOUIO 
MFOOl3:20 
MFOOlJJO 
HFoO lJ40 
MFOOUSO 
MFOOlJ60 
MFOOIJ70 
MF0013S0 
",FOOIJ90 
MF001400 
MF001410 
!oIF0014:20 
MFOOI00 
Mf001440 
MF001450 
JoIFo01460 
JoIf001470 
MF001480 
MF001490 

00 eo 1-1.6 

'0 LM( I )-1 OOF(JO!NT, I) 

IF (IoP'!'.E:Q.l) THEN 
c 
C •••••• CALL SICTLIN TO RESERVE SPACE FOR THI5 toIODE'S MASS 

IF (BUG) THEN 

'15 

WRITE: (ELNO,91S) NODE,tLM(I},I-l.6) 
CALL LMATRI.{SKASS,MD,6. 21. ELNo) 

ENDIF 
CALL SICTLIN(O,2, NooF, IBUG ,TITLE, MOM, 6, 

t.M, SMAS5, 140, 'GLOBAL MASS') 

ELSE IF (IOPT.EQ.:2) THEN 

EHDIF 

IF (BUG) THEN 
WRITE (ELNO,91S) NoDE,(LM(I),I·l,5J 
FORJolAT ('MASS AT NODE f',IE,' 1.."'1 ',616) 
CALL LMATRX(sMASs,MD, 6,:21, ELNO) 

ENDIF 

CALI. FQRJoIL(MIoSS,MDM,HooF,HID,5MASS,HO,6,21,LM, 1.0 1 

90 CONTINUE 

IF (IGEN.GT.O) THE'H 
IGEN·IGEN'-l 
NODE'·NODE+INC 
GO '1'0 SI 

ENDIF 

100 CONTINUE 

MF001500 
MFo01510 
MF0015:20 
MF001530 
HFOOl540 
MFOOI550 
HF'001560 
MF001S70 
MF001580 
MFOOlSSlO 
MF001!500 

RETURN HFOOl!510 
END )oIFo01620 

I!IPROCESS SOVMP oPT(3) GOS'TMl' XREF Mso00010 
C· ............ --·· .. ··-···· ............ -- .... •••••• .................. ····.····"'50000 20 
C DEBUG UNI't'(E) ,TRACE,SlJBCHIt,INIT,sU8TRACE M50000JO 
C END DE8UG '"'5000040 
C •• - •••••• •• •• - ............. _ ••• --------................ - .. - ......... _. -. --- - MSoO 0 0 S 0 
C MATR1X SOLUTION OF eQUATION .\I.-P, WHEJ01E THE UPPER TRIANGULAR )(ATRIX M50000!50 
C OF THE SYMMETRIC MA'TRU A IS STORED 8T sJ{'1LINEs. P IS STaReD AS ""5000070 
C A FULL MATRIX. THE MATRU P IS REPLACED BY X AMER 8ACIt 145000080 
C 51JBSTITUTION IS COMPLEATE'. 80TH A AND P AJ01E ALTERED..... MSOOOOSIO 
C GUT AN OF"l'IONI IF GUrAN IS .TRUE. MASS M.J.TRII. IS ALSO CONDENSED MSOOOIOO 
C--.--•••• ·.······-....... - ••••• "'-·---------•••• • •• •••• •••••••••••• ······"15000 110 

SUBROUTINE HSOLL{ 10M, PRINT. N. I)(D,LROW,NLC, Ll, L2. HD, A, P, FACTOR, M5000120 
, GUIAN ,MASs,MOKASS,IMOMAS, MS000130 
''''GeOND,ItG ,II4DICG .IMD"'G ,ABORT) Ms000140 

DUIElNSION A(IMD), FACTOR(N), P( LROW.NLC) ,MD(N+l) MSOOO 150 
DlJoIENSION MDMASS(N+I), MoII::G{N+I) M5000160 
LOGICAL BTES'l',A&ORT ,",,5000170 
REAL MASS( III4OMAS) , ~(IMDItG) MSOOOleo 
t.OGICAL GUIAN,PRINT,ItGCONO M5000190 

"15000200 
I JI (I, J) ·MD{ J') +J-I JoI5000:l10 
IJ1II(I,J)-HDMASS{J)+J-I M5000':220 
IJICG(I,J)-MDJtG(J)+J-I 1-15000230 C - _________________________________ - ________________________________ ----1015000 ~ 4 0 

C MA'TRIJ: STORAGE SCHEMEl "15000250 
C -THE MATRIX A IS BANDED AND STMME"TRIC. THUS OtolLT THE SnLIN'E ABOVE )(SOOO~!50 
C AND THE MAIN DIAGONAL NEEDS TO BE STORED. /115000:270 
C THE MATRII. A 16 STORED IN A LINEAR ARRAt BT C:OLU~5. THE VALUE ON' ,""SOOO~80 
C THE JrIIAIN DIAGONAL IS STORE'D IN' THE LINEAR ARRAT FIRST. )(5000290 
C ADDRESSES OF THE LINEAR ARRAT ELE:J!IENTS CONTAINING THE MAIN DIAGONAL MS000300 
C TERMS ,..RE STORED HI MD. 1015000310 

eXII,Jo(PLE'1 LE"l' B BE THE SI5 FULL 5TH'E'I'RIC ""'TRIX BELOW... 1015000320 
1 : J: : : 1:1 : "'S0003JO 

: :2 : 5: : 11: NOTE_ 8(1,J),B{1.4) AND B(~,4) ARE ZERO. 1115000J40 ,. : 4 : i : 10 : MSOOOJ50 
sno... : 6: 9: M:[)o 1, 2, 4, E, B, 13 "'5000J60 

: e: MSOOOJ70 
B(J,3)-A( MD(J) ). A(4) MSOOOJ80 THUS, 
B(LJ).A( MD(J)+J-I ) IF J>I AND (MD(J)+J-I)<)I(O(J+l) )oIS000390 

C -0 IF J>I AND (MD{J)+J-I»"':O(J+l) MS000400 
C -MATRII P IS NOT STMME'l'RIC. AND IS STORED AS A FULL MATRIX MS000410 
C--- ____ - -------- --------------- -- ---------- - ---- - - --- - - ----------------M5000 4 :20 
C VARHBLE TABLEI MSOOO4JO 
C IOPT • OPTION NUMBER 1015000440 
C N • NUMBE'R OF DEGREES OF FREEOOM OF A IolATRII '"'5000450 
C NI..C • NUMBER OF LOAD CASES FOR THE P MATRII M5000460 
C 1..1 • FIRST ROW TO BE NORJl:ED WITH 1'1.500000 
C L2 • LAS'T ROW TO BE NORItED WI TH MSO00480 
C "'0 • ADDRESS OF THE MAIN DIAGOHAL TERMS OF ,.. M5000490 
C P • !..ADD MATJ:l.I1 ON INPUT, saLK (X) OFAX"P ON COMPI-SATION OF M5000500 
C IoM-4 1015000510 
c: FACTOR- TEM:PORART S'1'ORAGE MATRII. "'S000520 
C GutAN. GUTM REOlJCTION FLAG f'OR MASS MATRII "'50005JO 
C MASS • KASS MA'TRlI. 1015000540 
c: MOMASB- IQ6S MATRII. "'ODRE55Es OF MAIN DIAGONAL e:LE:J!IENTs "'S0005S0 
c: ItGCONC- FLAG FOR CONDENSING 0U't' ItG )o4S000S60 
C ItG • GEOM'E'I'RIC S'TIFFNESS KAT'RII. "'5000570 
C IoIDJl:G • 1m MATRIX ADDRESSES OF MAIN DIAGONAL ELEMENTS M5000S80 
C I.. • RDW NUMBER roR ELIMINATION 1'150005;0 
C I • ROW NUMBER MS000600 
C J • COLUMN NUMBER "'50006 LO C--_____________________________________________________________________ M50006:20 

C MSo006JO 
Ll-MAl.{Ll, 1) t-1S000640 
L2.MIN{L2.N) MSo006S0 

GO TO (10,llO.210,JIO),IOPT 
"'5000EEO 
"'5000610 
M5000680 

10 CONTINUE M5000690 C--------- 10PT.l, REDJCE' A AND P ______________________________________ 1015000700 

C GAUSSIAN ELIMINIATION IS USED TO REOUC:E THE A AND P MATRICIEsM500071.0 
C FROM ROil Ll TO ROW 1..2. IF L1 IS NOT 1. tT IS ASSUMED THAT M50007:20 
C A AHD PARE ALLREADI REDUCED FROM 1 TO Ll... M5000730 C ________________________________ ----------------- -- ____________________ M5000 i 4 0 

c 

IF (PRINT) THEN M5000750 
WRITE (6,500) 'IOPT.l, REDUCE STIFFNESS AHo LOADS'.Ll,L2.N 1015000760 
CALL LMATRX(A,MD,N.IMD ,'INPUT S'TIi'rNE5S') 1015000770 
CALL WMATRJ:(P,N ,NI..C, 'INPUT LOAO') ,""S000780 
IF (GUTAH ) CALL LMATAX(MA5S,MDMAS5,N,I"'DMAS, 'INPUT "'-ASS') MS000790 
IF (I(GCOND) CALL LMATRI.(ItG ,MDJl:G ,N,IHD~G, 'INPUT "'G'J 1015000800 

IF (GUTAN ) 
IF (GUTAN ) 
IF (!{GCOND) 
IF (ICGCOND) 

ENDIF 

DO 100 1..·1..1, L~ 

WRITE (6."') ')010---------' 1015000810 
WRITE (6,"') (MD(II),II-l,N+l) "15000820 
WRITE [15,") 'MDM:A.SS-----' "'50008JO 
WRITE (6,11) (MDMASS{II),II.l,N+l·) MS000840 
WRITE (6,-) ''''DICG-------' Msoooe50 
.. RITE (6,") (HDICG(II),II-l,N+l) 1"15000B60 

I"ISOOOB70 
1015000880 
1015000890 

IF (L.EQ.N) GO TO 100 

C------- TEST FOR ZERO PIVOT ••••••••••••••••• 

"'S000900 
1'15000910 
1015000920 
1115000930 
IoIS000940 
)oIso009S0 
MS000950 
1'15000970 
1015000980 

IF (A(M:D{!..)).Eg.O) THEN 
WRITE (6,2000) L,MD(L).A(""D(L) 
CALL ERRTRA. 
STOP ' •• 11 "BNQRMAL END IN SUBROUTINE MsoLL 1111_' 
ABoRT-.TRUE. 
RETURN 

ENDIF M50009S10 
MS001000 



C----- __ Co\LCULATE THE: f'1\C1'ORS EACH ROW IS )ofUL1'IPLIEO Sf 
00 JO I· (L..1),N 

JO 
c 

t.I-IJI(L,I) 
IF' ( L.I.t.T.HC(I-+l) ) THEN 

f'AC'I'aR(I)-A(t.I) IA( HD(L) ) 
ELSE 

F'ACTOR{ I )-0 
ENDIF' 
CON'I'INUE 

C------- REDUCE: A BY COLUKN5 (J) E:ACH ROW (I) ... 

c 

00 40 .J·(L+l),N 
LJ·I.JI (L,J) 
IF' (L.J.GE.MC(.J+l» GO TO 40 
00 H I.(L.l) ,J 

IJ·]J] (I • .J) 
IF (IJ.LT.MD(J+l)) A(IJ)-A(IJ)-F'ACTOR(I )-A(LJ') 
A( IJ)·A( IJ) -F'ACTOR( I) "A(L..J) 

35 CONTINUE 
'0 CONTCNUE 

C------- REDUCE P BY COLUMNS (JJ EACH FlOW 
00 50 J-l.NLC 

(1J ... 

c 

If' (P(L,..J).E:Q.O) GO TO 50 
00 ~5 I-(L+l).N 

~5 P(I •• J)·P(I.J)-f'ACTOR(I)-P(L.J') 
50 CONTINUE 

C------- FlEDUCE MASS I(ATRn Bf GUlAN REDUCTION 
If' (GUTA.N) T~EN 

c 
C •••••.••• M::Il2-H:oI::Il • 1t21/1\1l - MIL - l/11al " 11::12 

R,)rI·MASS(M:DMA66(L) ) 

c 

55 

" 

IF' (RH.NE.O) THEN 
00 fiO J'-L+l,N 

IF' (F'ACTOR(J).EQ.O) GO '1'0 60 
Il·1otAll (L+ 1, J-( MCP4ASS( J+ 1) -MDMA5S{ J» ) 
DO 55 I-Il,J 

CONTINUE 
E:N'DIF 

IJ-IJM(I,J) 
MASS ( IJ)·MA5S( IJ) +FAC'I'OR(I) -AM-FACTOR(.J) 

C .... " ... M22-M2;;) - 1t21/1\11 " M12 

c 

• .; ,. 

00 66 J-L+l,N 
LJ-I.JIr'.(L,J) 
IF' (LJ.GE."'I»'.ASS(J+l)) GO TO 66 
IF' (~SS(L..J).EQ.O) GO TO 66 
00 650 I·L.l.J 

CONTINUE: 

rJ·rJH"(!,J') 
IF (IJ.LT.MDMA65(J+l» 
MAS6( I.J)-MA5S( I J)-F'ACTOR( r) -MASS(LJ) 
CONTINUE 

C ••••••••• M22-M2::Z - 14:21 - l/lUl - 11::12 
00 70 J-L+l. N 

c 

• 
" 70 

IF' (f'ACTOR(J}.E:Q.O) GO TO 70 
00 69 I-L"'l, J 

CONTINUE 
ENDIF 

LI·IJM(L. I) 
If' (LI.GE.HDMA6S(I+1») GO TO 69 
IJ-IJ1oI( I, J) 
IF (IJ'.LT.MDM.\6S(J.l)) 
MAS6( I J) -!(A55( I J) -FACTOR( J) -MAS5 (LI ) 
CONTINUE 

C---·--- RE:DUCE GEOME."I'RIC STIFFNES5 Il(ATRIX 
IF (I\GCOND) THEN 

c 
C ......... ItG24-ItG22 ... 11:41/11::11 " ItGll " lIltll • ItGl::Z 

c 

15 
'0 

RltG·KG(MCltG(L) ) 
IF' (RltG.NE.O) THE:N 

00 80 J-L.l,N 
IF (FIICTOR(.J).EQ.O) GO TO 80 
I l-MA.X(L+l, J-(MOltG( J+l) -MOI\G( J) 1 ) 
00 75 I.Il.J 

CONTINUE 
ENDIF 

IJ-IJII:.G( I. J) 
IC.G (I J) -!tG( I J) + rACTOR(t ) -R!{G*FIICTOR( J) 

C ••••••••• ICG::Z2-II:G22 - It::lll/ltll - !tG12 

c 

• 
" " 

00 86 J'-L+l, N 
LJ'-IJItG(L. J) 
H' (LJ'.GE:.MDItG(J+l) GO TO 86 
IF (II::G(LJ).EQ.O) GO TO 86 
00 85 I-L+1,J 

CON"!'INUE 

IJ·I.JIW(I,J) 
IF' (I.1.LT.MDItG{J.l» 
KG{IJ)·II:Ci{IJ')-FACTOR{I )-!l:G(LJ) 
CONTINUE 

C ......... !li:G::Z2-!l:G22 - ItG:oIl " I,Ul .. Kl2 

• •• .0 

00 90 J·L+l,N 
IF (FACTOR(J) .E:Q.O) GO TO 90 
00 89 I-L+l,J 

LI"IJltG(L, I) 
IF (LI.GE.)I!OICG(I+11) GO TO 89 
IJ-IJItG( I,J) 
If' (IJ.LT.MOICG(J'+l}) 
ICG( IJ)·ICG( I J} -f'ACTOR( J) -ItG( LI) 
CONTINUE: 

CONTINUE: 

E:NDlf' 

100 CONTINUE 
If' (PRINT) 'l'HEN 

CALL LJr4ATRX{A,HO,H,lMD, 'REDUCED STIFFNESS') 
CALt, ~TRX{P,N ,NLC. 'REDUCED LOAC') 
If' (GUTAN) CALL LMAT'R.X(MASS,MDMABS,N,IMDtotAB, 'REDUCED HAS 6 , ) 

CALL LMATRJ:(MASB.MDMASS,N,IMDQ.S, 'REOOCE:D )(ASS') 
IF' (ltGCONDl CALL LMATR3'(ICG • MOItG .N.IMDltG. 'R!::DUC£O ICG') 

ENDIF 
RETURN 

145001010 
145001020 
MSOOI030 
1'15001040 
1015001050 
1450010150 
145001010 
1015001080 
1015001090 
1015001100 
1015001110 
1015001120 
M500lll0 
,",5001140 
,",5001150 
1015001160 
,",5001110 
1015001180 
1016001190 
,",5001200 
,",5001210 
,",6001220 
,",5001230 
,",6001240 
M5001250 
",5001260 
,",5001210 
,",5001:280 
,",50012510 
,",5001300 
lllse01310 
,",5001320 
,",5001330 
145001340 
MSOOll50 
","5001360 
,",5001310 
,",seOl380 
1':5001390 
M5001400 
1460014.10 
MSOOU20 
MSOOH30 
,",SOOlHO 
145001450 
MS001460 
145001410 
M5001480 
M500U90 
)rlSQ01500 
145001510 
)015001520 
",5001530 
M50015~0 
,",5001550 
145001560 
145001570 
,",5001580 
1450015510 
MSOOI1500 
MSO01610 
'"'50011520 
1450011530 
1460011540 
MSO01650 
MSO01660 
MSO01670 
,",SOO 1680 
,",5001690 
MSOOI100 
,",50017\0 
,",5001720 
1':5001730 
145001"'0 
145001750 
MSOOIHiO 
ICSOO 171 0 
)015001780 
1450017510 
145001800 
.IIlSO01810 
145001820 
MSO01830 
,",500l8~0 

146001850 
,",SOOI8150 
145001870 
MSO01880 
MSO01890 
MSO01900 
)IIS001910 
1450019:010 
145001930 
1460015140 
MSO01950 
MSO01960 
145001970 
MSO01980 
146001990 
,",6002000 
)15002010 
)15002020 
1115002030 
,",,5002040 
,",500;;)050 
,",500::ll060 
M500::ll010 
MS002080 
MSO0:2090 
Msoonoo 
M500:2110 
M500:2120 
Msoon30 
)1(500;;)140 
1':5002150 
)(soO:Z 160 
1'(5002110 
145002180 
MS002190 
1016002200 

110 CONTINUE MSO02210 C--------- rOPT.2. REDUCE P ONLT _______________________________________ 1'(5002220 

C GIIU5SIAN ELIMINIATION IS USE:D TO FlE:OUCE THE P MATRIX 145002230 
C FROM ROW Ll TO FlOW r,2. IF Ll IS NOT 1. IT IS ASSUMED TH"'T )0(600:2240 
C II AND P ... RE ALLRE:ADf REOUCE:O f'ROM 1 TO Ll... )1(6002:250 
C _________ - _________ - - - ______ - - - - - - - _____ - - -- - - ---- - ----- - -- - - ----------14600::. 2 5 0 

If' (PFlINT) 'I'HE:N M5002::1l70 
wRITE (5,500) 'IOPT-2, REDUCE LOADS ONLT',L.1.L.2.N MS002280 
CALL. LM.ATRX(A,MD,N,MD(N+l), 'REDUCED STIF'f'NESS') ,",S002290 
CALL W1otA'l'RX(P,N ,NLC, 'NEW LOAD MATRIX') 1015002300 

ENDIF' 1':5002310 
c ~500'l):20 

C------- LOOP FOR EACH ROW (L) TO REDUCE •••• 
00 HiO L·Ll. L'l 

1':5002330 
,",5002340 
... 5002JSO 
M5002J60 
... 5002310 
1-15002)80 
146002390 
,",6002'00 
145002410 
",5002420 

IF' (A(MO(L) l .EQ.O) THEN 
W~I'l'E (6.::Z000) L.)I(O(L) .... (MO(t)) 
CALL ERRTIVr. 
ABORT·.TRUE. 
RETURN 

ENDtf' 

LOOP FOR EACH COLUMN (.1) 
00 150 J·1,NLC 

IF (P(L.J') .EQ.O) GO TO 150 
00 140 I·CL.l) ,N 

LI·IJ'I (L,I) 

120 ~~~+~~U~T. MD( I+l» P( I. J')-P( I. J')-"'( LI 1 ·P( L, J) IA(MD(L» 

150 CONTINUE 
150 CONTINUE 

CALL W)(ATRX(P,H .NLe, 'REDUCED t.Q"D' ) 
RETURN 

145002430 
1(500:2440 
1015002.50 
'"'5002460 
M5D04~'0 
MSO0:24BO 
)04500:1.490 
)o4S00::Z500 
Jo!soO::Z5l0 
1':5002520 
MS002530 
'"'5002540 

210 CONTINUE HS002550 
c--------- rOPT-3, eliCit SUBSTU'I'ION -----------------------------________ 146002560 
C BACIC SUBSTUTION IS USED TO SOLVE F'OR X IN Sll-v. WHERE 5 IS )015002570 
C THE REDUCE UPPER TR1ANGULAR FACTOR OF 'I'HE A MATRIX, .\NO V M5002580 
C IS THE RE:DUCED FORRM OF THE: P KATRIX. THg FlE.6ULT5 (Xl ... RE "'500::ll 5 1;10 
C mOilED IN P. "'500:;600 
C BACIC 6IJBSTU'I'ION ONLT TAltES Pt, ... CE: BE."I'IIIE:EIII ROW'5 Ll ANa L2. 145002510 C ---_________________________________________________ --- ------------- ---,",S002 62 0 

If' (PRIN"I') THEN M50021!i30 
WRITE: (6,500) ·IOPT-). BACIC 5UBSTUTION',Ll,L::Z,N MS002640 
CALL LMATR.J.:(A. "'0. N, MD(~ ... I).' REOOCED STIFFNE6S') 145002650 
CALL WMATRX(P,N .NLe, 'REDUCED LOAD') MS0026fiO 

E:NDIf' )o4s00:il670 
c 14500:;690 
C---___ LOOP FOR EAC H ROW L M500:21590 
C 00 250 L·L2.Ll,-1 I"ORIGI~AL 

'''OR1C;INAL 
I*OlUGINAL 
'-ORIGINAL 
'''ORIGINAL 
I·ORIC;INAL 
I·ORIC;INAL 
I"ORIC;INAL 

C 

c 
c 

'" 

>20 

250 

C 2150 
c 
c 
c 
c 

If' (A(MD(L».EQ.O) THEN 
WRITE (15.2000) L .... D(L).A(MD(Lll 
CALL E:RRTRA 
ABORT·.TRUE. 
RE"t'URN 

ENDIF 

C.\LCULAGE I FOR EACH LO"'D CASE. STORE IN P 
00 250 J-L::Z,Ll.-l 
IF (A(MC{J'».EQ.O) THEN 

WRITE (6,2000) J,MD(J),A(MD(J» 
CALL ERRTRA 
... 80RT·. TRUE. 
RE"t'URN 

ENDIF 
00 215 LC·l.NLC 

P( J. LC)·P( J, LC) IA( MD( J» 

If' (J.GT.l) THE:N 
IJ-140(J+l) 
NI·J'-(MD(J+IJ-M.D(J» +1 

WRITE (6.*) ·NI,IJ'.NI,IJ 
00 ::120 I·NI,J-l.+1 

IJ-IJ-l 
00 :il20 LC-1.NLC 

WRITE (6.·) ·II',I,'J'·,J',·LC.·,LC,·IJI',IJ' 
WRITE (5.·) ·P(I,LC).·,P{l,LC) 
WRITE (6.*) 'A(lJ) ·.A(IJ) 
P( I. Le ).P( I. LC) -Pc J,LC) .A(tJ) 
WRI'!'E (6,*) 'Q(t,LC)I·,P(I.LC) 

CONTINUE 
ENDIF 

CONTINUE 

00 215 J·l,NLe 
P (L ,J) ·PC L, J) 1 ... ( MD( L) I 

MaOHT THE RE:M1t.INDE:R OF V 
!Xl 220 I-l,(L-l) 
00 220 J-I,NLe 

,. ,. 
,. ,. ,. 

IL·IJI (I,Ll 1* 
IF (IL.LT."'D(I.+l) P(I,J)·P(I.J)-A(IL)-P(L.Jl 

::Z20 CON't'INUE I" 
::Z50 CONTINUE I" 

IF (PRINT) CALL WMATRX(P.~ ,NLe.'DISPL",CEMENT') 

,. 

104500:2100 
,..5002110 
MS002120 
M500::Z1JO 
MSOO::ZHO 
Mso02750 
,",S002160 
MS002770 
'"'500::'780 
MS002190 
1045002800 
'"'5002810 
'"'50028:10 
1015002830 
)015002840 
'"'500'2850 
MSOo::Z860 
,",5002870 
MSOO::Z880 
1015002890 
1015002900 
1015002910 
1015002920 
H5002930 
1015002940 
JoI5002950 
)0150021;150 
145002970 
M500::ll980 
M5002990 
,",5003000 
M5003010 
MSo030::Z0 
,",5003030 
1015003040 
1015003050 
JoISoOJ060 
1':500)070 
MS003080 
MSo03090 
,",500)100 
H500J110 
H500)120 
MSOO)1JO 
1046003140 
)o(500J150 
MS003HiO 
10150031'0 
101500)180 
M500J190 

310 CON'!'INUE MS003200 
C--------- IOPT. ~, REOOCEO MULTI PLI CATION ______________________________ H600 3210 

50LVE FOR \I IN 5"o-P WHERE 5 HAS BEE:N RE:DUCEO BY GAU5SIAloI 1045003220 
E:LIMIN"TION. MSOOJ2JO 
THE RE:SUL1'rNG LOAD 15 STORED IN P. )o(500J240 
THE DISPLACEMENTS ARE I~PUT U D. MS003250 

C J4ULTIPLAC"TloN ONLT TAICE:S PLACE BE"t'WEEN' ROW6 Ll AND L2. MS003260 
c------------------------------------------------------------------·----1016003270 

IF (PRINT) THEN 1016003280 
"RITE (6,500) 'IOP'l'-4, REDUCED Ml/LTIPLACATION·,t.l,t.::Z,N 145003290 
CALL LMATRJ:(A,MD,N ,MDOh1). 'REDUCEO STIf'FNE:5S' ) M5003JOO 
CALI.. ifMATRJ:(F'ACTOR,N .1. 'DI5PLACE:JoIE:NT') 145003310 

E:NDIF )015003320 
c "'5003330 
C------ ONLY ONE LOAC CASE •••• 

Le-l 
HS003340 
MS0033S0 
MS0033150 
MS003310 

c 

---- ZERO P ----
00 J20 J-Ll,L2 

IF (A(MD(J» .EQ.O) THE:N 
WRITE (6,2000) J,"'D{J) .A()o(O(J}) 
CALL ERRTRA 
ABORT-. TRUE, 
RE'TUR.N 

F;NDIf' 
P(J',LC)-O 

1'tS003380 
1015003390 
145003400 
)1(5003410 
MS003420 
MS003430 
MSaOJHO 
1015003450 C------------ MULTIPLT 5 RED" DISP • P ,",5003460 
1015003410 
1015003480 
10(5003490 

340 

c 

00 340 J·Ll,N -
IC1.J-(MO(J'-+1)-"'O(J») +1 
IC::Z-IoCAI( ICl,Ll) 
DO 340 I·J,IC2,-1 

IJ·IJI (I. J) 
P(I.Le )·P{ I. r..c) + ... ( IJ)" f'ACTOR( J) 

If' (PRINT) CALL WMATRX(P.N ,l,'REDUCED LOAD') 

)o(500J500 
1045003510 

C------- UNREOUCE THE: LOAD MATRIX 
00 360 L-L::Z,Ll,-1 

1'15003520 
1'150(35)0 
"'50035.0 
1015003550 
1450035150 

,<; 
350 
360 

400 

L£X)P FOR EACH COLUKN (J) 
00 350 J-l.NLC 

Ms003510 
1015003580 
"'5003590 
,",SOO)600 
145003610 
10(5003620 

IF (P(L.Le).EQ.O) GO TO 350 
00 345 [-(L+l),N 

LI-IJI(L.Tl 
P( I, LC) -P( I. LC) +A( LI) -P( L, Le) IA( MD( L» MSOOJ630 If' (LI.LT.MD(I+l» 

CONTINUE 
CON'l'INUE 
CONTINUE 

CONTINUE 

IF (PRIN'l') CALL WMATR:X(P.N .1,·WAO') 

H50036~0 
H5003650 
1045003660 
1045003610 
1045003680 
M5003690 
104500)700 
,",5003110 

R~URN )015003120 
500 FORMAT (/::'X,A,21{,'Lll',I5.' L21',I5,' NI',15) "'5003730 

::IlOOO FORMAT (11/U,50('.')1 ",5003140 
, • * ER'. 'RaR IN SU8ROUTINE "'50LL', T51.· .. ·1 M5003150 

." PIVOT I5 LE: 0 ----- __ Rmh· ,15, T5L···1 M5003750 
S'I'ORAGE LeNI',I5, '1')1 •••• , 1115003770 

PIVOT.' ,lP,G1 5.6,'1'51, '-'/ 1015003780 
,,, 50Ll1TION IS ABORTED'. '1'51.' -' / MSo0J790 

, lX,SO( .", )/) 1015003800 
END I'IsoO)8l0 

'PROCE55 GOS"l'MT XREF NOOOOO 10 
C--- __ ............. _____ •••• __ •• _ ........ - - _ .... - - •••••••• -_ ••••• _ •••••• - ·--NO 000020 

C DEBUG UNIT(6J,TRACE,SUBCHIt,INIT.5UBTRACE NOoo0030 
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END DEBUG 
SU8ROUT IN E NOOOOF (HOOF, N'COND, HFREE. NRES'T. KAlHOD, NNODE, NCOS, 

, SC1l.LE, NSU?T. NCONS'!' , 
I D. 1 oor, INOe::x, COORD, COSINE:, CONS'!', 
J'I'FLG, J'l'COS, BUG .It6TRJ"I') 

NOOO0040 
NODO0050 
NoDO0060 
NODOOO"lO 
NODO0080 
NODO0090 

DIHEN5ION CooRD( MAlNOD, 3) , I D( I4AIN'OD) , IHOm: (MAXNOO) ,I f'H (6) ,JF'M( IS ), NODOO 100 
i IOOFptA.lNOD, 15) ,COSIN'E(J,3.NCOS] ,CONST(M.A.J:NOD,6) , NOOOOll0 
" JTFLG( MA.l:N'OD) , JTCOS(MA.J.NOD), MSTRJT(MAXNOD,6) NODO0120 

DIMENSION VI(J),VY(3),V2(3) NODO0130 
LOGICAL nAG,PT,BUG,TEST,BTE6'T N'OOOO 14 0 
CHARACTER·15 TTPE NOoo01S0 
CHARACTER·2 CI'(I5) NOoo0160 

C - -- - ----- ------ - - - -- - - ______________ - - - - ---- ---------------------- -- ---NODOO 1 "I 0 
C VARIABLE TABLE". NODO0180 
C COORD - JOINT COORDINATES I'.T.2: NOoo0190 
C 10 - JOINT NUJIIBER NOoo0200 
C lOOF - GLOBAL DEGREES OF FREEOOM ASSOC. WI TH JOI NT FX, F'T ,FZ, KJ:, "" ,JIIZNOD00210 
C J'rC05 • ROW IN COSINE MATRIX ASSOC WITH JOINT NOooOllO 
C COSINE - COSINE MATRIX N'00002JO 
C CONST ,. GLOBAL CON'srRAINT KATRIX FOR EACH NODE NOoo0140 
C J'l'FLG • CONTAINS JOINT FLAG'S--- MUST BE 24 BIT'S LONG........... N'OD001SO 
C BIT'S 0 TO 5 RESTRAIN OOF FX,Fl,FZ,MX,MY,MZ NOOO0260 
C BIT'S 6 TO 11 CONDE:NSE OCF f'X,Ft,FZ,JIIX,MY,MZ NOOO02"10 
C BIT'S 12 TO 1"1 CONSTRAIN COF FX,Fl,FZ,MX,MT,H'3 N'OOO0280 
C BIT'S IB TO 23 ELIJIIINATE COF FX,FT,FZ,MX,M"f,H3. NOD00290 
C MSTRJT • INTERNAL MASTER J'!' , OF CONSTRAINED JOINTS........ NODOOJOO 
C ------------------------------- ------------------------- -- ------ - - -----NODOO J 10 
C NODOOJ20 
C------- INPUT NODES NODOOJJO 

c 

IF (BUG) WRITE (6,1000) 'INPUT NOOES' NOOOOJ40 
1-0 NODOOHO 

20 1-1+1 N'ODOOJ60 

" 

READ (5 •• ) IO(T),(COORD(I,JJ,J-l,J),J'!'COS(I),IGEN NODOOJ"IO 
IF (10(1) .LE.O) THEN NOOOOJ80 

NNODE· I-I NOOOOJ90 
GO TO 26 NODO0400 

ENOl F NODO04 10 
IF (BUG) WRITE(6,lO) I,ID(Il,(COORD(I,J),J·l,J),J'l'COS(I) NOoo0420 
IF (IGEN.GT.O) THEN NoDOO4JO 

ENDIF 

READ (5, .) IDINC,COORD1,COORD2,COORDJ NOoo0440 
00 25 It:-l,IGEN NOoo0450 

1-1+1 NODQ0460 
10(1 )-10(1 all +IDINC NOoo0470 
IF (ID01.LE.0) THEN NOOO0480 

NNODE-I-1 NOoo0490 
GO TO 26 1110000500 

ENDIF N'OOO0510 
cacRD( 1,1 )-CoaRD( I -I,ll +COORDI NOoo0520 
COORD( I, 2)·COORD( I~I •• ) +CacRD2 NOoo05JO 
COORD( I , J ).COORD( I -I, J) +COORDJ NOooO 54 0 
.]TCOS( I )-JTCOS( 1-1) NOoo0550 
IF (BUG) WRITEJ( 6, 30) 1,10(1), (COORD(I ,J) ,J·l,3) ,J'!'COS( I )NOOO0560 

NOoo0570 
IF (I.LT.NNODEJ GO TO 20 

26 CONTINUE 
NOoo05BO 
NOD00590 
NOD00600 

C------- SORT NODES NOoo01510 
NODO01520 
NODOOI5JO 
NODC0640 
NOOO01550 
NOoo01560 
NOoo01570 
NOOO06S0 
NOoo0690 
NODOO"lOO 
NODOO"l10 
NO DO 0 "120 
NO 000 "I JO 
NOoo0740 
NODe0750 
NOoo0760 
NO DOO 7"1 0 
NOooO"l80 

CALL ISORT(ID,INDEI,NHODE) 

MOVE NODE INFO. TO TEJII?ORART STORGAE 
00 40 l·l,NNODE 

J-INOEX{l ) 
IooF(I,l)·ID(J) 

C IOOF(I,1)·.rrCOS(11 C···· .• ----.....•.••••••••••••. -..... ------------............ -
C·- CORRECT BY GER JENG-f'UH JTCOS (I J REPLACED BY JTCOS (J) •• C··· .••. --............................ -------.--......... -•... 

" 
lOOF(I,2 )·JTCOS( Jl 
00 040 1t:-1,J 

CONST (I, 1t:)·COORO( J, It) ·SCALE 

MOVE NODES INFO BACIt: TO )(AIH STORAGE, DELETE DUPLICATE INFO. 
NNOLI>NNOOE 
I-O 
0-0 

043 1-1+1 

.. 

J·J+l 
ID(I)·IOOF(J,I) 
IF (I.GE.2) THEN 

IF (ID(I).EQ.ID(I-1) ) THEN 
1-1-1 
NNOOE-NNODEJ-l 

ENOIF 
ENDIF 
JTCOS( I )-IDOF( J, 2) 
DC 44 It:-I.3 

COORD( I, It:)-CONST( J, It.) 
IF (I.LT.NNODEJ GO TO 043 

NOoo0790 
NOoo0800 
NOOOOB10 
NOooOB20 
NOoo08JO 
NOD00840 
NO[)OOS50 
NODOOS60 
NODQOS"IO 
NOoo0880 
NODOOS90 
NODQ0900 
NOoo0910 
NOoo0920 
NOoo09JO 

JO FORMAT(' NODEJ(·.IJ.·)~·.14.' 11',FIO.4,' TI',F10.4,· ZI',FlO.4,NOOOO9(0 
, I,' COS'I',IJ) N'00009S0 

c 
C------- GLOBAL JOINT COSINE MATRU 

C 

50 

IF (BUG) WRITE (6,1000) 'DIRECTION COSINES 
00 55 rCOS-1,NCOS 

READ (5,·) VX,VY 
CALL CRCSS(V3.,Vl:,VT,O) 
CALL CROSS(VT,V2i.VI,lJ 
00 50 J-l.J 

COSINE( I, J, ICOS)-Vl:( J) 
COSINE( 2, J. ICOS)-VT( J) 
COSINE( 3. J. ICOS)-VZ(J) 

IF (BUG) WRITE: (6,56) ICOS,' \f11',VX,' VII'.VY,· V2iI',V2i 
55 CONTINUE 
56 FORMAT(' COS(',I3,') , 

" J(A,SS,F9.5,' I',SP,F9.5,' J'.F9.5,' It: '),SS) 

C_a _____ INPU"J' RESTRAIN'r9 

" 

ZERO IOOF """TRII: WHICH WIt.L HOLD RESTRAINT, CONSTRAINT AND 
ULTIHATLY COF INFORMATION 

00 5; I·l,NNODE 
J'l'FLG(I )·0 

I-O 
~LAG· .TRUE:. 

501-1+1 

" 

" 

IF (I. LE:. NSlJPT, THEN 
IF (Ft.AG.AN'C.BUG) WJUTE (6,1000) • NODE RESTRAINTS' 
FLAG- .FALSE. 
READ (5, *) NOCE,IFM,IGEN,NOCINC 
IF (NODE.E:Q.O) THEN 

ELSE 

00 "10 J.l,NNOOE 
00 69 11-1.6 

IF (IF~(II).NE.O) J't'FLG(J)·IBSE'l'(J'TFLG(J),II-l) 
IF (IFM(II) .EQ. 2) J'TFLG(J)-IBSE'l'(J'!'f"LG(J) ,II+l7) 
CONTINUE 

IF (BUGl WRITE (6,BO) ID(J),IFM 
CONTINUE 

J ·IQUIC1t'(NODE,ID,NNOOE) 
IF (J.EQ.O) THEN 

IF (BUG) WRITE (6, 75) NODE 
ELSE 

DO "Il 11-1.6 
IF (IFM(II).NE.O) J'TFLG(J)·USE'l'(JTFLG(J),II-l) 
IF (IFJII(II).EQ.2) JTFLG(J)·USET(J't'FLG(J),Il+l"I) 
CONTINUE 

IF (BUG) WR.ITE (6,BO) ID(J),IFM 
ENDIf' 
I~ (IGEN.GT.O) THEN 

NODE-NOOE+NODI NC 
IGEN-IGEN-l 

NOoo0960 
NOoo0970 
N'0000980 
N'0000990 
NOOOI000 
NOooI010 
N00010:10 
N'0001030 
N0001040 
NOOO1050 
NOooI060 
N0001070 
N'0001080 
NOooI090 
NOooll00 
NOOOIIIO 
NOooll:20 
NOooIIJO 
NOoo1140 
NOoo1l50 
NOD01l60 
HOOO 11"1 0 
HOOOl1S0 
NODOl190 
NODO 1200 
NOoo1210 
NOOO1220 
NOOOl2JO 
NOoo1240 
NOOO1250 
NOOO12150 
Nooo12"10 
N'OD01280 
NOD01290 
NODOlJOO 
NOoo1310 
N'OD01J20 
NODOIJJO 
NOoo1340 
Nooo1350 
NOoo1360 
NOoo 13"1 0 
NOD01l80 
NOooIJ90 
NOoo1400 
NOool410 
HOoo1420 
NOoo14JO 
NOoo1440 
NOoo14 50 

92 

GO TO 65 NODOH60 
ENOl F NODO 14 7 0 

ENDIF NOD01480 
GO TO 60 NOOO 104;0 

ENOIF NOOO1500 
"15 FORMAT (. NODEt· ,IS,' NOT FOUND, RE6TRAIH'l' IGNORED ••• ') NOD01510 
80 FORMAT (. NOOE(',H,') Fla'.12,· FlI',I2,' F"31',I2, NOD01S20 

, • K(I'.I2, JllTa',I2,' MZI',I2) NOoo15JO 
C CALL PBlT(NNOOE,JTFLG) NOoo1540 
C N'OOOIS50 
C------- INPUT NODE DOF'S TO BE CONDENSED OUT... NOOO1560 

c 
c 

1-0 11100015"10 
Ft.AG-.TRUE. NOOO1SBO 

~O 1-1+1 NOoo1590 

" 

" 100 

101 

IF' n.LE.NCOND) THEN NOoo1600 
IF (FLAG.AND.BUG) NOoo1610 
WRITE (15,1000) , NODE: COF' 'S TO BE CONDENSED OUT' NOoo1620 
FLAG-.FALSE. NOOOl6JO 
READ (5, *) NODE,IFN. IGE:III.NOOINC NOD01640 
IF (NODE.EO.O) THEN NOD01650 

00 100 J-l,NNODE NOD01660 
PT·.FALSE. NOoo16"10 
00 99 11.1.6 NOOO16S0 

IF (IFM( II) .NE. 0 .MO •• NOT. BTEST{J'!'FLG(J), I I -1) )THENNOOO 1690 
JTFLG (J) ·IBSE'I' (JTFLG( J), II +5) N'OOO1700 
JFM(II)-IFM(II) NOool"110 
PT·,TRUE. !'oIOool720 

ELSE NODO I J JO 
JFJ04(II)·O !'IOooIHO 

ENDIF NOD01750 
CONTI NUE NOCO 1 i 60 

IF (PT.AND.BUG) WRITE (6.BO) IO(J),JFJII NOD017"l0 
ELSE NOoo1180 

J ·IQUICIt:(NODE,ID.NNOOE) HOOOl"l90 
IF (I.EO.O) THEN NOoolBOO 

IF (BUG) WRITE (6,110) NODE NOOO1810 
ELSE !'lOCO IB10 

!XI 101 II·L6 NOOOIB30 
IF (IFJ04( II). HE. 0 .MO •• NOT. 8TEST( JTFLG( J), II -1) )THENNOOO 1840 

J'TFLG(J)·IBSE'I'(J'I'FLG(J),II~5) NOOOIEl50 
JFM(II)-IFM(II) NOOO1860 

ELSE NOOO18JO 
JFJo1(II)·O NOC018BO 

ENDIF NOD01890 
CONTINUE NOCO 1900 

IF (?T.ANO.BUG) WRITE (15,80) IO(Jl.JF!II NOOO1910 
E:NDIF NOD019:20 
IF (IGEN.GT.O) THEN NOD019JO 

HODE· NODE+NODI N'C NO 00 19 4 0 
IGEN·IGEN-l NoOO1950 
GO TO 95 NOD01960 

ENDIF IIIOD01970 
SNDlF NOoo1960 
GO TO 90 NOoo1990 

ENDIF NOOO2000 
110 FORMAT (. NODE",15,' NOT roUND, COF ARE NOT CONDENSED ••• ·) N0002010 

CALL PBIT (NNODE:, J"l'FLG) N0002020 
N0002030 
NOoo';l040 

C------- INPl1'1' CONSTRAINTS ••• 
I-a 

N0002050 
1110002060 
N00020"l0 
NOoo';l080 
N00020!l0 
No002100 
NOOO2110 
N'OOO:H:ilO 
NODQ2130 
No002140 
NOoo:ill50 
NOoo:H50 
H0002170 
1'10002180 
N0002190 
H0002200 
N0002210 
N0002220 
N0002'2JO 
N0002240 
N0002250 
N0002260 
NOOO22"10 
N0002280 
N0002290 
N0002JOO 
NOOO2JI0 
N0002J20 
N0002J30 
NOOO2J40 
NOD02J50 
NOOO2J60 
NOOO2JJO 
N0002JSO 
NOD02l90 
N0002400 
N0002410 
N0002420 
NOoo:l4JO 
t-IOOO:lUO 
NOD02450 
N0002460 
t-IOOO:ilO4"lO 
N00020480 
N0002490 
Nooo:2500 
N0002510 
NOD02520 
NOoo:il530 
N0002540 
t-IOOO2550 
NOD025150 
N0002510 
N0002580 
N0002590 
1110002600 
NOOO21S10 
N0002620 
N0002630 
NOoo:il640 
t-I0002650 
N0002550 
,",000:16"10 
N0002680 
NOOO2690 
NOOO2"100 
N0002"110 
NOoo:;! 72 0 
N0002"130 
NOD02HO 
N0002"150 
NOOO2"160 
NOD02"1"10 
NOOO2i BO 
NOOC2' 90 
NoD02800 
NOOC2B 10 
N0002B20 
NOD02BJO 
NOOO2940 
N0002850 
NOOO2B60 
N0002810 

c 

FLAG· .TRUE. 
400 1·1+1 

410 

415 

IF (I.LE.NCONST) THEN 
IF (FLAG) WRITE (6,1000) , NODE CONS"I'RAINTS 
FLAG •• FALSE. 
READ (S, *] ITTPE,MASTER,NODE,IGEN,NODINC 

J -IQUICIt:(NODE,IO,NNODE) 
IF (J.EQ.O) THEN 

WRITE (6.420) NODE 
ELSE 

IF (ITYPE.EQ.O) THEN 
TTPE-' lD-RIGI 0 BODY' 
00 415 1-1.6 

IF (.NOT.BTEST{JTFLG(J),1t'-I) THEN 

ELSE 

.JTFLG(J)·IBSET{J'I'F'LG( J), It.+ll) 
MSTR.JT (J, I() .IOUICI( KASTER, I 0, NNODE) 

WRITE(I5,4JO) NODE,I( 
ENOIF 

CONTINUE 
c:LSE IF (IT'TPE.EQ.l) THEN 

T1PE-'XT-PLANE' 

'-I IF (.NOT.BTES't'(J"l'FLG(J),IC-I)) THEN 
J"l'FLG(J)·I BSET( J'I'FLG{ J) ,IC+ 11) 
JIISTRJT (J, It:). IQUICIC( MASTER, I D. NNODE) 

""SE 
IfRITE(fi,4JO) NODE:'I( 

ENDIF ,-, 
IF (.NOT.BTEST(JTFLG(J),IC-l)) THEN 

JTFLG(J)-I BSE'T{J'I'FLG( J), 1C+11) 
MSTRJT(J, 1().IQUICIt:( I4A5'!'ER, 10, NNOOE) 

ELSE 

ENDIF ,-, 
WRITE(6,4J0) NODE,It: 

IF (.NOT. BTES"J'(J"I'FLG(J) ,It:-l» THE:N 
J'l'FLG (JJ -I BSET (J't'FLG (J) ,"+11 ) 
MSTRJ'!'( J, 1t:)-lCUICIt(MASTER, 10, NNODE) 

ELSE: 
WRITE(6,4J0) NODE,X 

ENOl? 
ELSE 

WRITE (6.440) IT1PE,)(ASTER,NODE 
ENOIF' 

WRITE (15,4S0) TTPE,HASTER,NODE 
ENDIF 
IF (IGE:N.GT.O) THEN 

N'ODE·NODE+NOOINC 
IGEN·IGEN-l 

. GO TO 410 
ENDIF 

GO TO 400 
ENDIF 

420 FORMAT (. NODEI' ,16,' IS NOT FOUND, CONSTRAINT IS IGNORED') 
00 FORMAT' (' NODEI',I6,' IS RESTRAINED. CONSTRAINT',I2, 

i ' IS IGNORED ••• ·) 
440 FORMAT (. INVALID CON6'TRAINT TTPE·. IJ. 

, • KASTERI',I6,' SLAVEI',IIS) 
450 FORMAT (JI,A,'CONSTRAINT,'. 

, • M.ASTERr·,I6,' SLA ... EI'.16) 

IF (BUG) WRITE (6,1000) 'JOINT REST~IN'T CODES ... • 
IF (8UG) CALL PBIT(NNODE,J'!'FLG,ID) 

C····· .• ---------•..•..... --.-_ ...... --..... --
C··· DE'I'ERMINE THE DEGREES OF FREEDOM •.• 
C· •••••• ----.-.--•••••••••••••••••••••• - ....... . 
C •••••••• ZERO CONSTRAINT MATRIl[ WHICH WILL HOLD THEJ !IIOHENT 
C •••••••• TRANSFORMATION FOR CONSTRAINED OOF 

c 

00' 499 I-l,NNODE 
DO 499 J·1,6 

499 CONST(I.J)-O 
NOOF-O 

C •• •••••• DEGREES OF FREEOOM TO BE CONDENSED OU'I' 
00 500 t-l,NNOOE 

00 500 J-1,6 
J'I'. J'I'FLG ( I) 
IF (BTEST(J'!',J+5) .AND •• NOT.BTEST{J'!',J+ll) THEN 



c 

NooF'-NooF+l 
IOOF'(I,J)-NooF 

ENOIF 
500 CONTINUE 

NCON~NDOF' 

C •••••••• UNCONS'TRAINED AND UNRES"J'RAINEO DeGREES OF' FREEDOM 
00 510 1-1. NNODE 

c 

00 510 J-l,6 
NODC:-loor'(I,J) 
IF (.NO'1'.(BTE5T(J'I'f'LG(I),J-l) .OR. 8TE5T(JTFLG(I),J+5) .OR. 

8TEST(JTFLG(I),J+ll)) ) THE:N 
IF (IOOF{I,J).EQ. 0) THEN 

NDOF'-NOOF'+l 
lOOr'(I,J)-NooF 

ENDIF 
SlO CONTINUE 

N ~REC:.NOO~-NCONO 

C •••••••• RESTRAINED DEGREES OF' F'RC:C:OOIC 
00 5)0 1-1. NNODE 

00 5JO J-1.6 

No002880 
t-Io002e90 
1110002900 
N0002910 
N'OOO:3920 
NOOO2930 
N00Cl2940 
N'00029S0 
N'OOO29150 
N'OD02910 
NoD0251BO 
No00251510 
1110003000 
N0003010 
NOOO3020 
NOOO3030 
1110003040 
NOOO30S0 
NOOOJO!SO 
NOOOJ010 
NOOOJOBO 
NOooJ05l0 

I~ (B"ES'T(J'l'~LG(I),J-II .ANO. 
.AND. 

.NO'I'.BTES'!'(J'I'F'LG(I),J+11) NOOOJl.OO 

.NO'I'.BTES'!'(J'l'F'LG(I),J+ll» TH~ NOOOJIIo 

c 

NOOF'-NooF+I 
I OOF( I, J) -NOOF 

ENDIF 
530 CONTINUE 

C •••••••• RESTRAINED DEGREES OF FREEDOM 
00 535 1·1, NNODE 

00 535 J-I.6 

HODOJl20 
NODOJ IJo 
NODOJl4o 
NODOJlSo 
NODOJl60 
N'OD03170 
N'OOOJ180 
NODOJ190 

IF' (BTEST{J'I'F'LG(I),J+li) 
NooF'-NOOF+I 
lOOF'(I,J)-NDOF 

.AND •• N'O'I'.BTEST(J'l'FLG(I),J+ll» THO! NODOJ200 

ENDIF' 
535 CONTINUE 

NREST- NOOF-NFREE-NCOIIIO 
c 
C •••••••• CONSTRAINED DEGREES OF' F'REEOOM 
C I - NODE 10 OF' SLAVE NODE 
C II- NODE 10 OF KASTER NODE 

c 

515 

00 520 t-l,NNODE 
00 520 J-1.6 

••• CHE:CII.: ooF roR CONSTRAINT ••• 
IF (BTE:5T(JTFLG(I),J+ll) THEN 

••• DETERMINE MASTER NODE AND ooF f .•• 
11-1 
NODE-IoCII) 
II-MS'TRJT(II,J) 
IF (II.EQ.O) THEN 

WRITE (15,5:ilS) NODE,ID(I),J 
IOOF(LJ)-O 
GO TO 520 

ENDIF' 
IF' (BTES'T(J'TF'LG(II),J+1l.» GO TO 515 
looF(I ,J)-ICOF'(II .J) 

••• CHEeIl: FOR DIF'FERENT JOINT COORDINATE SJS'TEMS ••• 
IF' (J'TCaS(I) .NE.J'TCOS(II)) THEN 

WRITE (6,UI) 10(1),10(11) 
• 11 , FORMAT ( , CONFLICTING COSINE 10 NUICBERS, JQ.5TER • 

16.' SLAVEI',I6,' CORRECT INPUT' RERUN ••• ') 

ENOIF 
S:iiO CONTINUE 

EHDIr 

••• CALCULATE THE CONSTRAINT MATRI:I ••• 
IF (J.GE.-f.) THEN 

XG-CooRD( 1,1) -COORO( II, l) 
YG-CooRD( I, 2) -COORD( I I, l) 
ZG-CooRD( T ,3) -COORD( 1 1.3) 
N -.J'I'C06(I) 
XMS-COSINE( 1. 1, N) -IG+COSINE( 1.2, N) -TG+COSI NE( 1, 3. N) - ZG 
YMS·COSTNE( 2. 1. N )-I'G+COSINE( 2,2. N) -YG+COSINE (2,3, N') - ZG 
ZICS-C06INE( 3, 1, N )-IG;<06INE( J, 1, N) -JG+C061 NE (3,3, N') - ZG 

ENDIF 
IF (J.EQ.4) THEN 

CONS'T(I.l)--ZICS 
CONST(I,2)- JMS 

ELSE IF' (J.EQ.S) THDol 
CONS"J'(I,J)- ZMS 
CONST(I,4)--I'ICS 

ELSE IF (J.~.6). THEN 
CONST(I,S)--IMS 
CONST(I,15). XICS 

E:NDIF 

525 FORMAT (' NODE" .16.' NOT FOUND WHILE ASSIGNING CONSTRAINEO', 
, ' COF TO NODEt' .16,' OOFt' ,12:.' --- ooF IS DELE"ED ') 

PRINT OUT ORDERED MODE INFO, ANO DEGREES OF FREE CON 
WRITE (6.1000) 'NODE COORDINATES AND DEGREES OF FREEOON' 
WRITE (6,600) NDOF,NCOND,NFREE,NRE6'I' 

!SOO f'ORMAT 
, (n:. 'TOTAL NUMBER OF DEGREES OF FREEOOM ••••••••••••• ' ,Hi, I 
, 41,' NUMBER OF' DEGREES OF F'REEOOM CONDENSED OUT ••••• ', I 6 ,I 
, n,'NuMBER OF' FREE DEGREES OF FREEIXlM .............. ',I6.1 
, n.'NUMBER OF' RESTRAINED DEGREES OF' FREEOOM •••••••• ',I6.11 
, 41.' NODE COSf',4J,'x-COORD'.8X,'Y-COORD',8:1,'Z-COORD',41. 
, 4 X, • F'I' ,61', 'n ' ,6:1, 'FZ' , 6X, 'KI' • 6X, 'MY' ,6:1, 'MZ' ) 

00 610 I-LNt.lODE 
00 605 .:1-1.6 

IF (BTES'!'(J'rF'LG(I),J-l») THEN 
CX(J)-' -R' 

ELSE IF (BTES'I'(""f'LG(I),(J+11))) THEN 
CX(J)-'-C' 

ELSE 
CX(J)- ' 

ENDIF 
605 CONTINUE 
610 WRITE(6,6:il0) rD(I).J'rCOS(I).{COORD(I.J),J-l,3), 

, (IOOF(I,II:J,CI(II:),K·l,6) 
iS20 F'ORMAT(4I',I6,lP,I5,JGi!I.5,OP,6(I6,A2) ) 

WRITE(6,152:5) 
625 F'ORJ(AT(lOI. 'NOTEI R - AE6't'RA1NEC DEGREE OF FREECOM',I 

, lOX,' C - COH5'l'RAINED DEGREE OF FRESOON') 

C--------- PRINT OUT CONSTRAINT MATRIJ: 

c 

536 

IF (BUG) THEN 
FLAG- • TRUE. 
00 540 I-LNN'ODE 

TEST-.F'ALSE. 
00 536 J-l, 6 
TEST" TES'I' .OR. 8TES'T(J'T~LG(I).(J+11») 

IF (TE:5T) THEN 
IF (FLAG) WRITE (15,1000) 'NODE: CONSTRAIN'T 
E"LAG-. F'ALSE:. 
WRITE(6,550) ID(I),(CONS'!'(I,J),J-l,6) 

ENDIF 
540 CONTINUE 
550 FORMAT(4X,I6,IP, 

, T121' ,Gl:i1.5.' Tl3 I' .G12. 5. 
, 'T211'.Gl2:.5,' T2JI'.Gl:il.5, 
, 'T3ll'.G12.5,' T321·,G12.5) 

ENDIF' 

c--------- PRI NT OUT 01 RECTI ON COSINES 
WRITE (6,1000) 'DIRECTION COSINES ••• 
00 560 I COS·l, NCOS 

MATRIX ' 

WRITE (6,56) ICOS, , VXI',(COSINE(l,J,ICOS),J-I,J), 

NOOOJ210 
NOOOJ220 
NoDOJ2JO 
NOOO)240 
NOOOJ'l50 
NOooJUiO 
NOOOJ210 
NODOJ2eO 
NOooJ290 
NoooJJOO 
NODClJJlO 
NODOJJ20 
NODOJJJO 
N'OOO3J40 
NOD03J50 
N0003360 
N'OD03310 
NOooJ3BO 
N00033510 
N0003400 
N'OOO 341 0 
NOCOJ42:0 
N'OOO34JO 
NOD03UO 
NOCOJ450 
N'OOOJ460 
N'ODOJ410 
N'ODOJ480 
NO[)OJ490 
NOOO3500 
NODOJ510 
NODOJ5'20 
NOooJ5JO 
NODOJS40 
NOD03550 
NODOJ560 
NODOJ510 
NOOOJ5BO 
NOoo3590 
NOOO3600 
N'OOO3610 
NOOOJ620 
NOOO36JO 
NOOO31540 
NOooJ650 
N'OOOJl5l5o 
NOOOJ670 
N0003680 
NOOO36510 
NOOOJ700 
NOOOJ1l0 
NOOO3120 
NOOOJ730 
1110003740 
NOD03750 
N'ODOJ760 
NOOOJll0 
NODOJ180 
NODOJ790 
NOOOJ800 
NODOJ810 
NOD03820 
NODOJ8JO 
NOOQJ840 
NOOO3850 
NOD03860 
NODOJ810 
NOOOJeBO 
NOoo]e90 
NOoo3900 
NOOO3910 
NOoo3920 
N'OOO)9JO 
N'OOO)HO 
NOOO)5l50 
NOOO)9150 
NOOO)970 
N0003S180 
N0003990 
N0004000 
HOD04010 
NOD04020 
NOD040JO 
NOD04040 
NOD04050 
NOQ04060 
N0004070 
N0004080 
N0004090 
1110004100 
Nooo4110 
Nooo4120 
N'OD041]O 
N0004140 
NOoo41S0 
NOD041!S0 
N0004170 
NOoo4180 
NOOO41S10 
NOOO4200 
1'10004210 
NOD04220 
NOD04230 
NOOQ4240 
NOOO4250 
No004260 
N'OD04'270 
N0004280 
NOD04290 

93 

, , 
560 CO!ol'!"INUE 

vt I', (COSINE(2,J,ICOS) ,J-l, J). 
vz I', (COSINE{ 3 ,J. ICOS), J.l,]) 

NOC04300 
NOOO4JIO 
NOD04 no 
NOoo4JJO 

RETURN NOOO4J40 
1000 FORMAT (1/,51,A/) NOOO4J50 

END NOOO4J60 
C-- ---- -. - - - - ---- - - •• - •• ------------.--------.- ----- - ----- - .. - - - - - - ____ •• P B I 00010 
C DEBUG UNIT( is), SUBCHII.:, SUBTRACE PBI00020 
C END DEBUG PBIOOO)O 

SUBROUTINE PBIT( NNODE, J'TFLG. 10) PBI00040 
01 MENSION J'I'F'LG (NN'ODE) , I D( NNOoE) PBI00050 
LOGICAL F'LAG( 0 I Jl) PBIOOO!SO 
LOGICAL BTEST PBI00070 
WRITE (6.40) PBI00080 

40 FORMAT (141',' RESTRAIN'T',' CONDENSE',' CONS"t'RAIN',' ELIMINATE',I PSI00090 
'lU,4(4I,'F'FFJOOI'),/14X.4(U,·XTZXU')) PBIOOI00 

00 20 t·l,NNODE P8IOOII0 
00 10 J·O,23 PBI001:i10 

10 F'LA!:i(J)-STEST(JTFLG( I) ,J) PBIOOlJO 
20 WRITE (6.30) ID(I),(F'LAG(lt),1t-0,23),JTFLG(I) PBI00140 
JO roRMAT C' NODE(',I4,') ',4(4X,6Ll).ll0) PBI00150 

RETURN PBIOOl60 
END PBI00170 c-------·--...... ------... -.. ---.------.-------.--------------------------- REAOOO 10 

C DEBUG UNIT(6) ,SUBCHII:,SUBTR.ACC: REA00020 
C END DEBUG REAOOOJO 
C- •• -----------•• -.- --_ .. - .----. - - - •• - •• --.----------•• ----.-.---.. ---•••• R EAOOO'( 0 

SUBROUTINE REACTN ( IOPT • PRIN"!', NNOOE, L 1, L2, L), L4 , m RCE _ 01 SPL, REA00050 
, 1010, A, JOI:,NOOF'. NLQAD. F'ACTOR, REA00060 
, MAlNOD, I OOF', COORD. I D, TITLE, S"I'EPI 0, HEAD, REA00070 
, NC05. COSI NE, J'TCOS. JTF'LG, SUM) REAO0080 

DIMENSION A(~) ,MD{NIXlF+l) REAO0090 
DINE:NSION FORCE(NooF,NLOAD) .DISPL(NOOF,NLOAD) REAOOIOO 
DINE:NSION IDOF(MAXHOD.6) REMOl10 
DH4ENSION ID()(AJI:NOD),CooRD(JltAXNOD,J) REAO0120 
DIMENSION F( 6) ,G (6) , SUM( 6) • COSINE( J, ) ,NCOS) , J'TCOS( JltAXNOo) REAOO 130 
DIMENSION JTE"LG(MAlNOD) REA00140 
CHARACTER"'(-) TITLE(2).STEPID REAO0150 
CHARACTER-IS CO(6) R£A00160 
LOGICAL PRINT,HEAD,E'LAG,BTEST REAOOIJO 

IF (lOPT.EQ.l) THE:N' 
c C--------· .. ----------·------------_·-··-------· 
C- !CIOI PI LOAOS roR RE.STRAINT 01 SPLACEMENTS -.-C-------·····---·-···------------·--·· .. --------
C CONSIDER THE. PARTITIONED STIFFNESS WHERE X'l ARE THE RESTRAIN"!' DISPL. 
C 
C :Pl: : 11.:11 : ltl:il : :11 
C I-A: - :----- .. -----: :--
c 
c 

: P'2: : lI::iil : 11:22 : :X2 

C THE MODIFIED F'REE LOAD IS (P1-1U:ii"'12) _ II.:lltiXI C --------___________________________ -- ___ - ---------c 
C DO 10 I-Ll.L:ii C 
C 00 10 J-l,NLOAD C 
C 00 10 It-LJ, L4 C 
C 10 roRCE(I.J)-F'ORCE(I.J)-II.:(I,II::)"'DISPt.(II:.J) C 
C -- - -- - --______________________ - -- - - - ------ - - - - ----c 

00 20 II::-L3, L4 
MOII::-Mo( 11.:+1) 

DO 20 J-1.NLOAD 
00 10 l-L'2,Ll,-1 

II{-MO( 11:)+11:-1 
IF (U.GE.MOII:) GO TO :il0 
FIJ-r'ORCE(I,J) 
AIIl-A( lit) 
DII.:J·DISPL(II.:,J) 

10 roRCE( I, J)-F'ORC'E( I .J) -A( lIC)tlDISPL( 11:. J) 
20 CON'l'INUE 

IF (PRINT) 

F'ULL STORAGE 
E:QUIVALENT 

, CALL WMATFlI'(E"ORCE,NooF,NLOAD, 'MODIFIED LOADS') 

ELSE IF' (lOP'J'.D;j.:iI) THEN 
c C--------... ---------.. ---
C. SOLVE FOR REACTIONS .--C------------ ._-----------
C CONSIDER THE PARTITIONED S"J'IFFNE:SS WHERE X2 ARE THE REsrRAINT DISPL. 
C 
C IPll : 11:11 " Itl:il I 11'1: 
C :--: - :-----+-----: I-A: '" FACTOR 
C : P2: : 101 : 11:22 : :X:I: 
c 
C THE RE.ACTIONS ARE P2 - P:I + ( 11:21"''11:1 + 1I:22-X2 ) I F'ACTOR 
C NO'1'EI BO'I'H PI AND P:ii CONTAIN FIlED END roRC'ES F'ROM ME""BER LOADS ••• 
C THUS, 1I:21.Xl + 1t'2:i1-:l:ii IS ADDEO TO P::Z TO GE'T THE REACTIONS. 
C --- -- - --__________ ---------- - - --- ------ - -------c 
C 00 120 t-L3.L4 C 
C DO 120 J.I,NLOAO C 
CC roRCE(t,J)-O '" P:iI CON'l'AINS F'EFIII C 
C DO 110 II.:-Ll,L2 C 
C 110 FORCE(1.J)-FORCE{I,J)+K(I,II:)-OISPL(II.:,J) C 
C DO 120 IC-L3,L4 C 
C l:iiO FORCE:(I,J)-rDRCE(I.J)+II:(I.II:)"'OISPL(It,J) C C-----------------------------------------------<: 
C 00 100 J-l,NLOAD 
C 00 100 I-LJ,L4 
C 100 FORCE( I, J)-O 
c 

00 120 I·L3,L4 
00 120 J-1,NLOAD 
00 110 II.:-L:il,Ll.-1 

II:I-"'D(I )+I-It 
IF ("I.GE.ND(I+l») GO TO 120 
AItI'"A(II:I) 

110 F'ORCE{ I, J)-FORCE( I. J) +A( 11:1) "DISPL( II:.J) -F'ACTOR 
1:;:0 CONTI NUE 

00 140 I-L3,L4 
00 140 IC-LJ. L4 

IF (I.LE.II:) THEN 
I 1C-"'O(It) +11:-1 
MDIt-MD( 11:+ I) 

ELSE: 
IIt-MD(1 )+I-It 
MDIt-MD(I+l) 

ENOIF' 
IF' (III::.GE.J4DIt) GO TO 140 
AU-A(II') 
DO 1)0 J-l,NLOAD 

FULL STORAGE 
MODE EQUIVALENT 

130 F'ORCE( I, J)-FORCE.( I, J) +A( III:)-DISPL( 11:, J) "'F',\CTOR 
140 CONTINUE 

IF' (PRINT) 
, CALL WMATFlI'(FORC'E,NOOF,NLOAD, 'FINAL LOADS AND REACTIONS') 

ELSE If' (IOPT.EQ.] .OR. IOPT.EQ.4) THEN 
NF'-L:ii C-----·-------.... ----. -.------

C- LOOP FOR EACH LOAD CASE ---
C --•• -------.--. '" -. - - - - - _. - - ---

00 JOO L-l,NLOAD 
c 
C- -.- •• - .. -------.---- •• -. - - - - '" ••• 
C- PRINT GLOBAL REACTIONS 

C'" - - -- -------•• ----•• - •• - - - .. - _. --
c 

IF (PRINT) THEN 
IF (HEAD) WRITE (6,3:ii0) TITLE(I),TI'Tt.E.(:il) 

NREACT-O 

REM0180 
REAOOI5l0 
REAOO:ilOO 
REMO:i!lO 
REA002:il0 
R£AOO:il)0 
REAOO:il40 
REA00250 
REA00260 
REAOO:ii70 
REAOO:l80 
REo\00290 
REAOOJOO 
REMOJIO 
REA00320 
REAOOJJO 
REAOO]~O 

REA00350 
RE-AD0360 
RE.AOOJ10 
RE.MOJ80 
REAOO)90 
REA00400 
REA00410 
REA004:i1o 
REA00430 
REAOOHo 
REA00450 
REAoIH60 
REA00470 
RE.A00480 
REA004510 
RE.A00500 
REA00510 
REA005:ilO 
RE.A005]O 
RE.AOOS40 
REA00550 
REA005150 
REAOOS10 
REA005eo 
REA0055l0 
REA00!500 
REA00610 
REA001520 
REA006JO 
REA00640 
REA00650 
REA00660 
REA00670 
REA00680 
REA00690 
REA00100 
REA00110 
READO' 20-
REA00730 
RE:A00740 
RE.A00750 
REAO0760 
RE.A00710 
RE.AD0780 
READ07!ilO 
REAOOBOO 
REAOOBIO 
REAOOe:iiO 
READOB]O 
REA00840 
REAOOB50 
REA00860 
REA00870 
REA00880 
REA00890 
REA00900 
REA00910 
R£A00920 
REA00930 
REA00940 
REAO0950 
RE:A00960 
REA00970 
REA00980 
REA00990 
REAOIOOO 
REAOI010 
R£M10:il0 
REMIO)O 
REAOI040 
REA01050 
REAOIOiSO 
REAOIOHl 
REA01080 
REAOIOSIO 
REAOIIOO 
REA01110 
RE:AOll:iiO 
REA01l30 
REAOl140 
REA01l50 
RE.A01160 
REAOll'O 
REAOlleo 





c ......• 
C ••••••• 
C ••••••• 
C 
C ••••••• 
C 
c ...... . 
c 
c 
c 
c 

J • '1'HE COLUMN OF THE MEMBER S"!'IFf'NESS KJ.TRI:I 5,"00450 
IJ • THE ADDRESS OF THE MENBER STIFFNESS TERM I, J 5,"00460 
U4I • THE RQ_ OF TH'E GLOBAL S'TtFFN'E66 MA'I'RU COR.RESPONDING 5,"00210 

TO ROW I OF THE "'EMBER STIFFNESS MATRII SU00'280 
LM.J • THE COLUMN OF THE GLOBAL STIFFNESS MATRII CORRESPOt-iDING 5000290 

'r'0 COLUMN J OF THE IlfEMBER STIFFNESS "-,TRII 5000300 
!oIDIAG(JJ) • TIiE JJ'1'H EI.E:KEN'I' Of' THE GLOBAL 6ltTLINE MATRIX. 510'00310 

AT THIS POINT THE GLOaAL SICTLINE MATRIX CONTAINS THE 51tl00J20 
LQWES'!' ROW NUMBER THAT CON'l'AINS A NON-ZERO STIFFNESS SltT00330 
TERJIiI. Sltl00J40 

SnOOJ50 
00 :;50 1-1. IELOOP S,"00l60 

[.MI.['M{I) SItTOOJiO 
IF (LMI.LE.O) GO fO 250 6,"00380 
00 240 J.I,IELOOF 5000390 

LJ4J·LM( Jl 510'00400 
IF (LJ4J.LE.O) GO TO 240 S1Cl00410 

IJ .... D(Jl+J'-I sn00420 
IF (5E(IJ').EQ.0 .AND. J'FLAG .EQ. 0 ) GO TO 240 SJ(l004JO 
IF (SE(IJ).~.o ) GO TO 240 SJ(lOOUO 
IF CLMI.LE:.IJU) THEN Sltl00450 

MDIAG(LMJ)·MINOl'DU.G( LMJ') , LMI) SItl00460 
ELSE 51tT00i"lO 

MDtAG( [..MI )·MIN04DIAG( ['MI) , t.MJ) SJ(l00480 
ENDIF S:000490 

240 CONTINUE snoosoo 
250 CONTINUE 6:000510 

c-----------------------------------------------------------------------SItl00520 
C SItTOOSJO 

ELSE IF (IOPT.EQ.J) TH~ SItTOOSoI.O c----------- CALCULATE THE INDICIES OF THE MAIN DIAGONAL TERJoIS... SItTOOSSO 
IF ( BTEST(IBUG,12j ) THEN SJ(l00S60 

WRITE (15,.) 'AFTER CO[.UMN HEIGH'TS' 5J(l00SiO 
WRITE (fi,J20) (I,MDIAG(I),I·l,NOOF) SI0005eo 

ENDIF 5n00590 
MDIAG( 1 )-1 sn00600 
ICO[.HT.l SICl00610 
00 310 IRON-2, (NooF·d) SICY00620 

lLOCN.ICOLHT + "'DIAG(IROW-l1 SltT006JO 
ICOLK't'·IRQW - (MDIAG(IRQW)-l) SItl00640 

310 MDIAG(TROW).ILOCN S1tl006'S0 
IF ( BTEST(IBUG,12) ) THE:N sn00660 

320 

WIH1'E (6,·) , ... DDRESS OF MAIN DIAGONAL ELEMEN'!'S' SltY006iO 
WRITE (6,320) CI,MDIAG(I),I·l,NOOF) SltT006BO 
FORHAT (' MDIAG(' ,13,' ).' ,15) 51000690 

E.NDIF 51rJ00700 
321 FORMAT (:;ZI6) SnOO"l10 

IF' { .NOT. (BTEST(IBUG, 12) .OR. BTEST(IBUG.9) ) RETURN 
C---------- PRINT A MAP OF THE STIFFNESS "RRAT 

NL. fil:DIAG(NOOF+1)-MDIAG(1) +1 
NP·NOOF 1100 
NFI"JII(lD(NOOF, 100) 
IF (NR.G".O) Np·NP'+'l 
00 2io Ip·l,NP 

JC1-(IP-l )il100 
JC2.MIN( IP.I00 ,NDOF) 
J2-100 
IF' (IP.EQ.NP) .J2·NR 
WRI'l'E (6,290) TITLE( 1) ,TITLE/2), NAME,NL, (I, I·Jcl,.Jc2 ,10) 
00 2"10 t·l,NOOF 

PT·. FALSE. 
DO 260 J'.:r-l, J'2 

J'-JJ+( IP-lj-100 
IJ·MDIAG( J) +J-I 
IF (IJ.[.T.MDIAG{J+l) .AND. I.['T.J) THEN 

CJ:(JJ)· 'X' 
P'T" .TRUE. 

ELSE IF (I.EQ.J) THEN 
CX(JJ)·'O' 
PT·.TRUE. 

ELSE 
CX(J'J)· ' 

ENDIF' 
260 CONTINUE 
270 If' (P1') WRITE (6,295) I,(CJ.{J),J·l,J2, 

290 f'ORMAT ('l STRUCTURE •••• I ',A,I 
Ii 'SO[.UTION ..... I ',10,11 
Ii 'SnLIN'E OF THE' ,A,' MATRIX' ,I 
Ii' THE "-,TRIX REQUIRES',IIS,' STORAGE LOCATIONS', 
, 12J:, 12( 14,' : ••.•• ')) 

295 FORMAT (16,132Al) 

ENDIF' 

snoono 
SItTOOiJO 
SItTOOHO 
SI(!00750 
SIClOOi60 
SItlOO"O 
5noono 
S1tY00190 
snooeoo 
SltTOC810 
5000820 
SJcr008JO 
51Cl00840 
sJcrooe50 
51tl00860 
SlO008iO 
slnooeeo 
6n00890 
snOogOO 
5JCY00910 
51C100920 
SICl009l0 
SICT00940 
SltT009S0 
51tT009150 
Sln009iO 
SKl'00geO 
51tl00990 
SlnOlOOO 
SIClOlOIO 
SICl01020 
snOl0JO 
SltT010ol.0 
SltT01050 
SItlOl060 
SIClOI0iO 
snOl0ee 
51CT0I090 
SItTOllOO 

RE:'1'URN SIClOlllO 
END SltT01120 

C ••••••••••••••••••••••• - .................................. _ .......... - ........ 5 ItT 000 10 

C DEBUG UNIT(IS),SUBCHIt,SUBTR.N:E,INIT SltT00020 
C END DEBUG 5lnOOOJO 

SUBROUTUE SItTLN:o! (NooF ,[.J ,[.01. ,NOS ,MD,MDMABS ,MDItG, ltGFORM) sn00040 
DIMENSION MOMAGS( 1ll00F+l) ,MD(NOOF+l), MOS( NooF+1) ,MDJtG(NOOF+1} SItYOOOSO 

C SltT00060 
C 5ltTOOO"lO 
C------- DE:VELOP SItlLINE OF ClNAJo1IC STIFFNESS (6) SIClOOc80 
c ....... MDS{I) • ADDRESS OF DTIIIAMIC S"l'IFF'. MAIN DIAGONAL "rERJIiI ROlli I 5n00090 
C ••••••• MD(I) • ADDRESS OF STIFFNESS MAIN DIAGONAL TERM ROil I SltT00100 
C ••••••• MDMAS(t) • ADDRESS OF MASS MAIN DIAGONAL TERM ROW I SltY00110 
C ••••••• MOItG{I) .. ADDRESS OF GEOMETRIC STIFF. MAIN DIAGONAL TEIU4 RON ISltT00120 
C snOOlJO 
C ••••••• [.STIFF •• OF STIf'FNESS TERMS IN COLUMN J' SIClOOHO 
C ••••••• LKASS •• OF KASS TERMS IN COLUMN J 5lnOOlS0 
C ••••••• LItG •• oF' ItG TERMS HI CO[,UKN J SlnOO 160 
C ••••••• [. • f OF S TERMS IN CO['UKN J' SlCTOOl"/O 
c ~~~ 

NFREE.[.4-L3.1 SltT00190 
MDS(l).1 SltT00200 
LItG.O SII:100210 
00 110 Jl·2, NFREE+1 S1U00:il20 

J.J1'+'LJ-1 Sltt00230 
LSTIFF"MD(J)-MD{J-l) sltT00240 
('KASS • "'DMASS ( J) -Ji4CMAS5( J-l ) 5lCT00250 
IF (ICGF'ORJlil.EQ.:;n [.KG· MDC{J)-MDItG{J-l) 5 Itt 00260 
[.·"'IN(Jl-l,M.AJ.{LS'!'IfF,LMA&B, LG)) SICl00270 

110 MDS(J'11.MDS{J1-1)+L Sltt00280 
SltT00290 

RETURN SItTOOJOO 
END 511:100310 

C------_ ••• _ .... - ••• _ ......... ·.-•• - .-... ---... - .... --.......... - ••• --_ ......... SMAO 0 e 1 0 
C--- SUBROUTINE 5MA1, FINOS THE KA:lIMUN AND NINIMUN' VALUES sMAOOO:ilO 
C (o\f'"rER [.ANL) S"'-A00030 
C DEBUG UNIT (6) ,SUBCH'P:,SUBTRACE SMA00040 
C ENO DEBUG SJo(A00050 

sueROUTINE S"'-AX (N,[7T',A,nOC,TMN,'rL'1'2,N[.EN,AVE,S't'DEV,RM5) SMA00060 
DIMENSION A(NLEN) 5,,"00010 
LOGICAL BTEST 5MA00080 
RE:AL-e T ,SUMJ(, SU)!I5Q ,ADBL 5MA00090 

A"'E-O 5MAOOI00 
STDEV.O 5MAOOllO 
RMS.O SMAOO 120 

'Uo.:-A{l) SMAOOlJO 
TIoQf·A{ 1) SNAOOUO 
T.OT SMA001:'0 
Tl.[1l' 5NA00160 
T2"OT 5MAool10 

IF (N.LE.l) RETURN 5MA00180 
SUKll.A( 1) 5MA0019Q 
ADB[.· A (1) SMA00200 
SUKllSO.ADB[.ilil2 SK.\00210 

00 40 I-2,N SMA00220 
Ace['.A(I) SMA00230 

SU)(X - SUMX '+' ADe[. SMA00240 
SUMXSQ • SUMXSQ + ADS[."2 5""00250 

IF (IKI.LT.A(I) THEN SMA00:260 
TMX-A/ I) SM.A00210 
Tl"" 5,,"00280 

ELSE IF (YMN.(i1'.A(I)) THEN 5)0411002510 
TM:N·A( I) sMAOOJOO 
'1'2-T 5MA00310 

ENOl F SMAOO 320 
T·T+OT SMAOOJ30 

40 CONTINUE SMAOOJ40 
AVE.SUMX/N SMAOOJ50 
IF' «N-sUM:II:SQ-SUMXiIiI:iI) .GT.O ) 5MA0031S0 

Ii 6'TDEv·SQRT( (N-SUMXsQ-SUMJ;iIiI2)/(NiI(N-l) ) SMA00370 
RMS-SQR'I' (SUMXSQ/N J SIQ.003BO 
RETURN 5,,"00390 
END SIQ.00400 

C ••••••••••••••••••• -_ ............ - ....................................... 50[.000 1 0 
C DEBUG UNIT (IS), SUBCHJ., SUBTRACE ,INIT SOL00020 
C END DEBUG SOLOOOlO 

SUBROUTI NE SO['N (OPT ION, P[.AC E, C PU, TC PU, REQC PU) SOL00040 
LOGICAL BTES't' SOL00050 
CHAAACTERileo NAME,OPTION 50[.00060 
CHARACTER-IS PLACE SOL00070 
INC[.UDE (:/iCOKN) 50[.00080 
STEPI D-' , 50[.00090 

o SOLOOI00 

c················ .. ··· .. ··· .. ·· SOLOOl10 
SOL00120 
SOLOOlJO 
SOLOOHO 
SOt..00150 
50[.00160 
50[.00170 
50[.00180 
SOLOOIge 
sOL00200 
SOL002\0 
50[.002:20 
SOLOO:2JO 
SOL00240 
SOL00:250 
SOLOO:2fiO 
SOt..00270 
50L00280 
50[.00290 
50[.00300 
50[.00310 
50[..00320 
50[.00330 
SOLOOJ40 
SOLOOJ50 
SOLOOJEiO 

C- DETEIU4INE SO[.UTION NO. _. 

C·-··················· .. ··--.. 
CAl.,L GE"t'IN'T{OPTION, 'SOL' ,NSOLN. 0, .TRUE:., • fALSE.) 

c 
c···--· .. ··-· .. ············ 
C- CHOOSE THE: SOLUTION •• 

c······-.... ····• .. ··-······ 
IF (NSOLN.EQ.l1 THEN 

CA.LL SOLOl 
ELSE IF (N50LN.EQ.:l) THEN 

NLOAD-l 
MA.lELD-O 
CALL SO[.02(PLACE,CPU,TCPU,RE:QCPU) 

ELSE IF (N60LN.EQ.3) TIiEN 
N'LOAD-l 
MAXELD-O 
CALL 50L03 

ELSE: IF (NSOLN. E/J. 4 1 THEN 
t-ILQAD-1 
CALL SOL04 

ELSE IF' (tolSOLN.E:(I.5) THEN 
NLOAD-l 
AAJ.E:LD-O 
CAL[' SOLO'S 

ELSE 
WRITE (6,-) 'INVALID SOLN",NSOLN SOLOOJ70 
STOP 'INVALID SO[.UTION NUMBER' SOLOOJeO 

ENOl&' 50L00390 
30 RETURN 50[.00400 

END 50[.0 0 oI.l 0 
CIiIPROCE5S SDUMP O~(O) GOSTMT J.REF MAP 50[..00010 
C ••••••••• • _ ....................................................... _ •••• -·.··-50[.000:2 0 
C DEBUG UNIT{IS),SUSCHIt,SUBTRACE,HHT SOL00030 
C END DEBUG SOL00040 
C ...... - ............................................. _ ........ - ......... • ••• ······SOLOOO!:oO 

SUBROUTINE SO[.Ol SOL00060 
LOGICAL PRINT,DSPFLG,HE.AD,~IAL,BTES1' SOLOOOiO 
CHARACTER-eO NAME sot..oooao 
DIMENSION' RINPUT( 100) 50L00090 
INCLUDE (:ZCOMN) 50[.00100 

WRITE (6,1) TITLE(1),TI1LE(2),NLOAD 
1 FORJ(AT ('1 STRUCTURE: •••• I • ,A, / 

, ' SO[.tJ't'ION ..... 1 ',A,II 
'11,' SOLUTION tl, STAtIC - EL.-.sTIC MALTSIS 'I 
'11, ' •••••• - .................... - •••••• _._ ••••• ' 1/ 
1i1J., , NlJMBER OF LOAD CASES •••••••••••• ',15) 

IF (N'!{IZIt.Gtn'+J).EQ.2) WRITE (6,2) 
2 FORMAT (11,' GEONE'TRIC STIFFNESS IS NOT INCLUDED, , 

, 'USE: ItGOATA(J)"l TO INCLUDE: GEOMEn'RIC STIFFNESS.') 

.--- lNITIALI'&E STORAGE FOR STIFFNESS, LOAD MD DISPL ••• 
ELSTIC·.TRUE. 

____ INITIALIZE STORAGE FOR S"l'IF'FNESS, LOAD »olD DIS"L ••• 
Z(USTIF) • LOCATION OF THE S"I'IF'rN"ESS NATRIJ. 
Z(ULOAD) .. LOCATION OF THE LOAD MATRIX 
'a( IZLOAD) • LOCATION OF THE DISPLACEMENT MATRII 

IF (IZLOAD.EQ.O) THEN 
I ZtoAD • IZ 
I I • IZ,+,NOOF-NLOAD 
£NOll' 

IF (tzDISP.E:Q.O) THEN 
I :/iDlSP • II 
1 Z • I Z.NOOFilNLOAD 
ENDIP 

IF tUVE!. .E(j.O) THEN 
tzVEL • U 
13 • IZ+NOOF 
ENDIF' 
!Xl 3 I-l,NOOF' 
~(I...rZVE[' -1) -0 

IF (IZDVEL.EQ.O) THEN 
I~DVEL • 11 
I~ .. IhNDOF 
ENDIF 
00 4 t-1,NOOE' 
1(I+IZDVEL-1) -0 

IF' (IZFUB .EQ.O) THEN 
IZFU9 • IZ 
I Z • IZ+NOOf' 
DO 5 I-l,NOOF 
Z(I+UfUB -1) -0 
OlDIE' 

---- SET UP CON51'AH'I'S ------------------
Ll-l 
L2-NCOND +NFREE 
LJ·NCOND +N'F'REE+ 1 
L4-NDOF 
IF (Mlr..XELO.GT.O) THEN 

I ZI ELD-I Z 
IZ·rz + l"IAXE['D-S 
IZELD-IZ 
n·rz + MAXE:LO-12 

ENDIf' 
IW·IZ'+'l 
lJoI:D-NZ (I U,J04+['4) 
CALL SOL01.\ 

, (Ll, L:2, L3, [,4 ,I MO, NLeAD, f'(AXELD, NELD, NNODE, NCOS, NELMT • ABOR'[', 
, I ZDISP, 1 ZLOAD,MSTOR, IBUG, ~NOD,TITLE, STEPI 0, ESE, 
Ii Z(IZSTIF), I(IZLQAD), Z(IZDISP), Z(IZ..,EL ), Z{IZDVEL), 
, Z(IZFUB ),NZ(IZIELD), Z(IZELD), Z(IW ),NZ(IZMD), 
i NZ(IZID ),NZ(lZIOOF), Z(IZCNS'T'),NZ(IZJFLG), Z(IZCORD), 
, a{IZCOS ),NZ(lZJ'COS),SUMRCT) 

RE:TURN 

50[.00110 
50[.001:20 
SOLOO lJO 
SOL00140 
SOL00150 
SOL00160 
SOLOODO 
SO[.00180 
50[.00190 
SOL00:200 
50LOO:iIl0 
50[.00220 
SOL002l0 
50[.00240 
5OL00250 
SOLOO2.60 
SOL00270 
5OL002BO 
50L00290 
50L00300 
SOLOOJI0 
SO[.00320 
SOL00330 
50LOOJ40 
SOL00)50 
SOLOOJ60 
SOL00370 
SOL003BO 
SOLOOJ90 
SOL00400 
SOt..00410 
50[.00420 
SOL004JO 
SOLOOHO 
50[.00450 
50[.00460 
SOLoono 
SOLOO~ eo 
50L00490 
SOL00500 
50(,00510 
50[.005:20 
SOL00530 
50[.00540 
SOL005S0 
SOL00560 
SOL005"10 
50[.00580 
50[.00590 
SO[.OOISOO 
50[.00610 
50[.00620 
SOL006JO 
SOL00640 
SOL00650 
SOL00660 
SOL00670 
50[..00680 
50[.00690 
50[.00iOO 
SOLOOilO 
SOL00"l:20 
SOLOOi 30 
SOL00740 
SOL00750 
SOLOQ71S0 
SOLoono 
50t..00i90 
50[.001510 
50[.00800 

END so[.ooe 10 
c ....... _ .... __ ••••••••••••••• - ........ __ ............. - ................... - •• - ••• SOLOOO 1 0 
C DEBUG UNIT(6),sUBCH'P:,SUBTRACE,It-IIT SOL00020 
C END DE9UG SOLOOOJO 

95 



C··· -- •••••••••••••••••••••••••••••••••••••••••••••• --.-••••• - •• -. • •••• -SOLOO 0 4 0 
SUBROUTHIE SOLOIA SOL00050 

, (L1. L::l:. L3. L4 • t MD. NLOAD. M.A%ELD. NEL.D. NNODE. NCOS, NE:LH'T, ABORT. SOL00060 
, IZDISP,IZLOAD. MSTOR.ISUG.M.A%NOC.TITLE,STEPID,ESE:. SOL00010 
, STIF. LOAD. DI5P • VEL , OVEL • SOL00080 
, FUB. 'tELO , ELO , WORX , MD • 50L00090 
, 10 • IIXlF • CONS'!', JTFLG. COORD, SOL00100 
, COSINE, .JTCOS.S\JJIIRCT) SOLOO1l0 

COIolMON IISPECI ISPl, SGDpOOO.2).REACF(6) 50L00120 
CHARACTER*("") TITLE(2).S'UPID SOL00130 
LOGICAL PRINT. DSPFLCi. HUO. ~IAL, BTES'r. BUG.ABORT. BUG3 SOLOOI40 
CHARACTER-eo NAJoIE 6OLOOI50 
01 MENSION RINPUT ( 100) • SUWRCT ( 6) SOLOO 160 
REAL LOAO SOLOO 11 0 
DIMENSION S'U F( 1 .... 0), LO"'D(L4, NLOAD). oISP(L4 .N'LOAD1. VEL(L4). DVEL( L4) SOLOOleo 
DIME:NSION ruBe L4), I ELO( M.A.lSt..D, 5). ELD( MAIE:LD. 12). WORIt( 1) .MDeLhl) SOLOO 190 
DIMENSION COORD(J!lA.:INOD,J),ID(MAlNOD). SOL00200 

, Ic.:JF(MAlNOD,6) ,COSINE(],3.NCOS).CONST(MAXNOD.6). SOL00210 
'J'l'FLG(MAXN'DD),.nCOS()Q.J(NOD) 6OL00220 

BUG-BTEST( IBue;, 5) SOL00230 
BUG3.BTEST( IaUG,]) SOL00:240 
ISPI-l SOL00:250 

c SOL00:260 C----··----····-········ SOL00210 
SOL00'280 
50L00'290 
SOL00300 
SOt..00310 
SOL003'20 
SOLOOJ30 
SOLOOJ40 
SOL00350 
5OL00360 

C· INPUT LO ... DING DATA •• 

C···· .. ----··-----······· 
C 
C ----- ZERO LOAD AND DISPLACEMENT MM'Rn: 

00 6 I·l,L4 
00 6 J·l, NLOAD 

LOAD(I.J)·O 
OISP(I,J)·O 

----- INPUT JOINT LOADS --------------------
JOINT LO ... DS AND SUPPORT DISPLACEMENT'S ... RE S'rORED IN THE 
DISPLACE~ENT MATRIX 

CALL JOILOA( BUGJ. MA.J:NOD, L4. NNODE.NLOAD. L'2. 
, ID,IIXlF,CONS'r.DISP. 
, OSPFLG. JTFLG.TITLe: •• fALSe:.) 

----- INPUT e:LEMENT LOADS -----------------
ELE)oIENT LO"'DS ARE STORED IN THE LOAD MATRIX 

If' (MAXtLD.GT.O) THEN 
CALL ELELOA( BUGJ, 1.3. NELH'I' .MAl.ELD.NELD. L4. NLOAD. 

LO ... D. IELD. ELD, tzDISP, IZLOAD,NAJoIE.TITLE •• FALSE.) 

••• ADD ELEMENT LO ... DS ON FREE JOINTS TO THE JOINT LO ... DS ON FREE 
••• JOINTS, STORE IN THE DISPLACEM&NT IotATRU 

SOL003"'10 
50L00380 
SOL00390 
SOL00400 
SOL004IO 
SOLoono 
5OL004JO 
SOLOOHO 
50L00450 
5OL00460 
SOL00410 
5OL00480 
5OL00490 
SO[.00500 
SOL00510 

... SAVE ELEMENT LO"'DS ON ALL JOINTS IN LO ... D MATRIX, 
••• FOR CALCUL ... TING THE REACTIONS. 

USED LATER 50L005'2.0 

c· 

10 

15 
15 

00 10 I"Ll.L2 
00 10 J-l, NW ... D 

OISP( I, J).DISP( I, J) +LOADe 1:, J) 

.•. SWAP THE SIGN OF' THE FEF AT REACTION'S 
00 IS I.L3,L4 

ENDIf' 

00 15 J·I,N'LOAD 
L.OAD(I,J). -LOAD(I.J) 
DISP(I,J)- -LOAD(I.J) 

00 19 I·l.L4 
19 SGD(I,l)·DISP(LI) 

C---···----····--·····---·-
C. FORMULATE STIFFNESS .woo.. 

CALL FORM( 1} 
c 
C·· .-...... -_.-•••••••• - •••••• - •••••• --......... . 
C. MODIFY LOADS FOR RESTRAINT DISPL ... CDlENTS - •• 

C-········· .. -······---····--·· .. ··--.. -...... ---.. 
IF (DSPFLG) THEN 

IOM·l 
CALL REACTN (10M'. BUG, NNOOE. LI • L2. L3, L4 ,01 SP, 01 sp, 

Ii ""'D.STIF, HCD.L4 .!IILOAD.1.0. 

c 

Ii .toCA:IN'OD, IOOF.CooRD. I O.TITLE.STEPIO •• FALSE •• 
Ii NCOS, COSI NE • .JTCOS. J'TFLG. SUMRCT) 

SNDIF 

C .. ··----··············--····· 
C. SOLVE FOR FREE DISPL .... --

C··--··········· .. ···-·-_····-
C 

IF (BTE6T(IBUG.5)) THEN 
CALL LMATRJr:( STU'. JIID. L4. I ""'D. 'GLOBAL STIFFNESS 00.111.1'-7' 1 
CALL WMATRJ(OISP,L4.NW"'D,'LO"'D MATRII' OOMP-1') 

ENDIF 

IOPT·l 
CALL MSOLL( IOP1'. BTEST{ I8UG, 6), L2, IMD,L4, NLO"'D, Ll. L2. 

, IoCD,STIF.DISP.WORIIt, 
, .FALSE.,WORIC.NORIIt.L4, 
, • FALSE. ,NORIt.NORIIt.L4 .A80AT) 

IF ("'BORT) RE."'!'URN 

IOP1'·3 
CALL )o(SOLL( lOP'\'. BTEST( I BUG. 6) .L2. IMO.L4 .NLOAO.Ll.L:2. 

c· 
c 

20 

Ii MD,S'T'IF.DISP.WORX. 
, .FALSE •• \IO'ORIt,WORIC.L4. 
, .FALSE •• WORX,'NORX.L4 .... BORTl 

IF (ABORT) RETURN 

IF (BTES'T'(IeUG. 51) 
, CALL WKATiU(OISP,L4,NLQ"'O, 'DISPt.ACOCENT 

00 :20 l·l,L4 
SGD( 1,:oJ )-OISP(I.I) 

C--····--······---···-·· .. · 
C. SOLVE FOR REACTIONS .-. 

C···-··· .. ---···--········· 
IOPT·,2 

OUJIIP-1'l 

CALL REACTN (lOP'\'. BUG. NNODE. L 1. L2. L3. L4 • LO ... D. 01 sp. 
, MO.STIF.I~D.L4,NLOAD,I.0. 
, MAXNOD. I OOF .CooRo. IO.TITLE. STEPI D •• FALSE •• 
, NCOS. COSINE. JTCOS, JTFLG. 6UMRCT) 

IF (BTEST(lBUG.51) 
, CALL W)(ATRX( LOAD.L4. NLOAO, 'FINAL LOADS AND REACTIONS') 

Coo PAINT GLOBAL 01 SPL ... CEMENTS .... c"'-····-_······---··············· 
CIU.L JOl DSP( 1, ~NOC, L4, NNODE, N[.OAD, 0, L:2, 10, 

, IIXlF,CONST,DISP. 
, TITLE, 'DISPLACEMENTS' .STEPIC •• TRUE., 
, N'CDS,COS1:N'E.JTC05.J't'FLG) 

C· PRINT Gt..OBAL REACTIONS •• -

C···························· 

115 
c 

IOPT-J 
CALL REACTN( 10~, .TRUE •• NNODE. Ll.L'2, L3. L4. LOAD, DISP. 

, MD.STIF.IMD.L4.NLOAD,l,C, 
, MAXNOD. I DaF .COORD, ID,TITLE, STEPID, .TRUE •• 
, NC06. COSINE. JTCOS, JTFLG. SU)oIRCT) 

00 115 1·1, 6 
RE ... CF( I 1.SU)oIRCT( I) 

C· - - - - •••• -. - ••••• -. - - - •••• -.- ...... --••• 

SOL00530 
5OL00540 
SOL00550 
SOL00560 
SOL00510 
SOL00580 
5OL00590 
5OL00600 
SOLOOfi10 
SOL00620 
SOLOOfiJO 
SOL00640 
SOL00650 
SOL00660 
6OL00610 
5OL006Bo 
SOL00690 
5OL00700 
5OL00110 
SOL007:20 
50L00730 
SOL00740 
50L00150 
SOL00760 
SOL00110 
SOL00180 
SOL00190 
5OL00800 
SOL00810 
SOL008'20 
5OL00830 
SOLOOB40 
50LOOB50 
SOLOOB60 
SOLOOB10 
SOLOOBBO 
5OL00890 
5OLOOSlOO 
5OLOO!HO 
5OLOOSl'20 
5OL00930 
5OL00940 
5OL00950 
SOL00960 
SOL00970 
6OL00980 
SOL00990 
SOLOIOOO 
SOLOI010 
SOLOI020 
SOLOIOJO 
SOLOl040 
Sot-Ol050 
5OLOI060 
SOLOI070 
sot-010BO 
5OLOI090 
SOLOll00 
SOLOI110 
SOLO 114:0 
5OLOI130 
SOLOl140 
SOLO 11 so 
SOLO 1160 
5OL01170 
SOLOl1eo 
SOt-OlIgO 
SOLOI200 
SOL01210 
SOL01'2'20 
SOL012JO 
SOLOl'240 
SOLOl:250 
SOLOI2150 
SOL01210 
50L01280 
SOL01::190 
SOLOlJOO 
SOL01310 
SOLO 13::10 
50LOlJJO 
SOLOI340 
SOLOIJ50 
SOt.01360 
5Ot..01370 
6OLOIJBO 
SOL01390 
SOLOHOO 
SOL014IO 
SOLO 14::1 0 
SOL01430 
SOL01440 
SOLOH 50 
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C- CALCULATE AND PRINT MEMBER FORCES .... C-··········· .. · .. ··-·-········--_···---·· 

c 

10P1'·4 
[.,STTTP-O 
PRINT'"'.TRUE. 
HE"'D ·.TRUE. 
00 300 1 ELNO· 1 ,NELH'T 

]00 CALL ELELl a 
Ii (IO~ .LSTTIP ,PRINT ,IREL.HE"'O. NAJoIE .EESE, EPSE,DAMAGE, 
, DlJCFAG. 
, 1 ELNO • I ELooF, ItGIXlF, PGEeM. RINPUT. AXI AL. I ZDI SP. I ZLOAD, Io4STOR) 

c· •• ---- ••••• -----............ - ...... --••••••••••• 
C· ADD L ... ST LO ... D CASE TO TO'!'AL )oIEMBER LOADS ••• Coo _. __ ••• __ ••••••••••• ___ •••••••• _____ ••••• __ •• 

C THIS SE:'l'S THE TOTAL LO ... D IN THE ELEMENT SUBROUTINE EQUAL TO THE 
C SUM OF THE TOTAL LOAD AND THE LAST W ... O CASE. 
C TWO IoO.JIOR BE:NIFI'I'S ARE DERIVED FROM THISI 
C 1) TOTAL ELEMENT LOADS ARE USED AS INITIAL VALUES fOR BUCItLING AND 
C DINA.MIC r.DADING5. 
C '2) TMAL ELE>4EN'I' LOADS ARE USED IN NONLINEAR ANALTSIS 
C 

c 

[0P'l'-5 
L5,"['''P·0 
PRI NT •• FALSE. 
HEAD ·.FALSE. 
00 310 IELNO-l,NELIofJ' 

310 CALL ELELIB 
, (TOP'[' ,LS"I'TTP ,PRINT ,IREL,HEAD. NAME ,EESE,EPSE,DAHAGE, 

" OUCFAG. 
, IELNO. lELOCF, ICGOOF, PGEOM. RINPUT. ~I AL. I ZOtSP, I ZLOAO, MSTOR) 

C········-·······---········_·-.. ··· 
C· OBTAIN TOTAL STRAIN £NERGT 
c·- - -....... _-••••••• - - - .-..... - - - - .. . 

C 

c 

131:2 

ESe:-O 
00 131:2 IELNOOOl.!IIELM'I' 

CALL ELE:LIB 
(IO.LSTTTP •• FALSE.,IREL,.FALSE., NAJ04E ,EESE,EP5E.OA.M.AGE. 

OUCFAG. 
I ELNO ,I ELOOF, ItGIXlF, PGEOM, RINPUT ,AXI AL, I Z 01 SP, I ZLOAD, MSTOR) 
IIt'RITE( 54, -) I ELNO. EESE 
ESE- Ese; .. EE6E 
£SE·ESE/4 

WRITE(6, III) 
WRITE( 6 .131 J) ESE 

IJIJ FORMAT ( II:. 'THE STATICS STRAIN ENERGT OF SISTEM .' ,Gl::1. 4 /) 
t1iRI TEe 6,·) ' •••••••• - ............... - .............. --- •• ---' 

IF (NLOAD.EQ.l) RETURN 

WRITE (6.1000) TITLE(l).'I'ITLE('2) 
1000 FORKAT ('1 STRUCTURE •••• I ',A, / 

, 'SOLlITION ••••• 1 ',A,// 
'11.' MA.lIM\JN VALUES FDA ALL LOAD CASES' / 
'11, '-....... ----•••••• -- ................ -') 

C··· .. -·-···· .. ········----.. ····--·· 
C. GE:l' AND PRINT MAlIM\JM CISPL ••• C······ ---.... ----..... -----••.... 
c 

c 

00 1010 I·LL4 
WORIC(I )·DISP( I .1) 
00 1010 J-:2,NLOAD 
IF (ASS(DISP(I,J».GT.A8S(WORX(llll 1ooi0RIt(I)·DISP(I.J) 

1010 CONTINUE 
CALL .:r01 O6P(2. JItAINOD. L4. NNOOE. 1. O. L:2, 1 D. 

, lOOF.C:ONST.WORIit. 
, TITLE •• MAJ:I MUM DISPLACEMENTS' .STEPID, .FALSE •• 
, NCOS.COSINE.J'TCOS.JTFLG) 

C·· .. •• .. ···-········ ... ·······---······-· 
Coo GET !\NO PRINT MA.J.IMUJoII REACTIONS ... -
C· - ---••••• -._ ..... - •••••••••• - -_ •• - -.-. 

c 

WRITE (6.1000) TITLE(1),TITLE(2) 
00 10'20 I·l,L4 

NORIIt( I J ·LOAO( I • 1 ) 
00 1020 J-'2,NLOAD 
IF (AB6(LO"'D( I • .:rl) .GT .ABS{NORIt( I))) WORIIt( I) "LOAD( I, J) 

1020 CON'I'INUE: 
00 1030 1-1,6 

1030 SUMRCT(I)·O 
CALL REAeTN (4, • TRUE. , NNODE. L I. L'2. L). L4 • waRIt. or SP. 

'MD.STIF.IMD,L4.1 .1.0. 
, MAX!IIOD, IooF ,COORD. I D.TITLE, STEP1 D •• FALSE •• 
, NeoS.COSINE. JTCOS. JTFLG. SUMRCTl 

C···-·--·······--·· .. ---············ C. PRINT MAJ:lMUN ELEJoIIEN'l' FORCES ••• 

C .. ···············---·····-········· 
C 

WRITE: (6.1000) TITLE(I) ,TlTt.E('2) 
LS'TTTP-O 
PRIN'T·.TRUE. 
HEAD -.FALSE. 
00 1310 IELN(}oIl.NELM'l' 

1310 CALL E:LELIS 
, (I:ii ,LSTTTIl ,PRIN'[' .IREL,HEAD. NAAE ,EESE,EPSE.OAMAGE, 
, OJCFAG, 
, IELNO. Ic:LOOF.IltGOOF. PGEOM. RINPUT .AXIAL. I ZDISP, I ZLOAD, MSTOR) 

RETURN 

SOL01460 
SOLOI470 
SOLOHBO 
SOLOI490 
SOt-01500 
SOLOI510 
5OL01540 
SOLOlS30 
SDLOI540 
50["01550 
SOL01560 
50L01570 
SOL01S80 
SOLO 1590 
5OL01600 
SOLO 1610 
SOLO 16:.10 
SOL01630 
SOL01640 
SOL01650 
50LOI660 
SOLOI6JO 
SOL016BO 
50L0165l0 
SOLOI100 
SOL01710 
SOL017'20 
50[..01730 
SOL01740 
SOL01750 
SOLOI760 
SOL01770 
SOLO 17 BO 
SOL01790 
SOL01800 
SOLOIBIO 
SOLOIB'20 
SOLOIB30 
SO["01B40 
SOL01850 
SOLOIB60 
SOL01870 
SOLOIBBO 
SOLCIB90 
5OL01900 
SOLOl5l10 
SOLOI9:20 
SOL01930 
SOLOI940 
SOL01950 
SOLO 1960 
SOL01970 
SOLOl980 
50LOI95l0 
60L0'2000 
SOL0'20IO 
SOL0'20:20 
SOL0'20JO 
SOL02040 
SOL0'2050 
SOL0:2060 
SOL0'2010 
50L02080 
50L0'2090 
50L0:2100 
5OL0'2110 
SOL021'20 
SOL0'21 )0 
SOL02140 
SOL0'2150 
50L0'2160 
SOL0'2170 
SOL0'2180 
50[.,02190 
50L02200 
SOL0'2210 
SOL0'2'2'20 
SOL022JO 
50L0'2'240 
SOL0'2'250 
SOL0'2'260 
SOL0'2'270 
SOLO'2'2BO 
SOL0'2'290 
SOL0'2300 
SOL0'2310 
50["0'23'20 
5OL0'2330 
SOLO '2 14 0 
SOLO'2J5C 
SOL02J60 
5OLO::l:]70 
SOL0:2380 
5OL0'2390 
50L02400 
SOL0'2410 
SOL024'20 
SOL024JO 
SOL0'2440 
SOL0:245C 
SOL02460 
5OL0'2410 
SOLOHBO 
5OL0:2490 
SOL0'2500 
SOL0'2510 
sOL0'2520 

'2'20 FORMAT (5X.I5.1P.6G15.6) SOL0'2530 
'200 FORMAT ('1 GLOBAL '.A.·, LO ... DING .'.15// SOL02540 

, 4X. 'NODE', 7x. '01:',131:. 'DT' .13X.' DZ' .I3X. 'AX' .13][. 'RI' ,13:1. 'RZ' I)SCL02550 
END SOL0'2560 

C--••• - •• --•••••• - •••• __ • _ •••• --•••••••••• --.--••• -.-........... -- - ••••••• SOLOOO 10 
C DEBUG UNIT(6).SUBCHIIt,5UBTRACE.INIT SOL000'20 
C END DEBUG SOL00030 c---_ ................... _ ..... _ -........ --................. ---............... SOL0004 0 

c 
c 

SUBROUTINE SOLO:2(PLACE.CPU.TCPU,RE:QCPU) SOL00050 
LOGICAL PRINT. OSPFLG.HEAD. REPEAT. SLI(ASS, ~IAL ,TEST, NEWltOT. BTEST SOL00060 
t.oGICAL UNSAL 50L00070 
DIMENSION RINPUT( 100) 50Loooeo 
CHARACTER· I NAME SOL00090 
CHARACTER.6 PLACE SOLOOI00 
CHARJ.CTER*:iiO INTEG SOLOOIIO 
INCLUDE (ZCOMN) 50L00120 

SOLOOl30 
SOLOOHO 

C·············· .. ·-- SOL00150 
SOL00160 
50L00170 
SOLOO 180 
SOL00190 
50["00:;;'00 
50L00210 
50L00'2'20 
SOLOO'2JO 
SOL00'240 
SOL00250 
SOLOC260 
50L00:270 
sOL0028C 
50L00290 
50LOO)00 
SOLOO) 10 

Coo PRINT HEADER .... 

C-···············-· 
WRITE (6.10) TITLE(l),TITLE(:2) 

10 FORMAT ('I STRUCTURE •••• I ',A,I 
, 'SOLUTION ...... ',1../) 

c C--- .. ·····-······ .. ··-·· ... 
C. INPlJ'r ["C ... OING DATA .-

C··· ... ·-·----··---·····-· 
READ (5,.) INTEG,TH~A. ELSTIC.UNBAL 
READ (5.·) IPRNT.lwRITE.KA.J:ACC.SLIoO.5S 
READ (5,·) TO,DT,TF.GRAV 
1 PRNT-.toCA:I(IPRN'I'. 1 ) 

IF (TEST (I!II'I'EG. 'LINEAR' ,.FALSE.)) THEN 
INTEGO-l 



c 

WRITE (!5.11) 't..INE"'R ",CCELEAATION JrlE:'THOO', , ' ............................. -........ ' 
ELSE: IF (TES'!' (I!ITEG. • ... VERAGE· •• FALSE.») THEN 

I N'!'EGO. 4 
WRITE [6.11) 'AVERAGE ACCELERATION )if E'THOO' , , ....................... -.-............ -.. ' 

ELSE !F (TEST(INTEG. 'WILSON' •• FALSE. )) THEN 
t NT EGO" 3 
WRITE (6.11) 'WILSON THETA Jrlf:'T'HOO', 

WRITE (6.12) THETA 
ELSE IF (TEST(INTEC,'WlLSON' ,.FALSE.) THEN 

WRITE (e.*) 'INVALIO INTEGRATION JrI~HOO' 
WRITE (e.11) INTIi!G, ,_ ................. - ..... ' 
RE"!'URN 

ENOIF 

C-~~~--- r;HEC'; FOR INVALID INTEGRATION WITH PROPORTIONAL DAJoIPING 
IF ((IN'I"EGO.EO.I ,OR. [NTEGO.EO.2) .ANO. FOAJIIP.NE.l) THEN 

WIUTE (6.19) 

c 

19 FORMAT (5X.' INTEGRATION MtTl-tOO IS ONLI VALTO FOR', 

RETURN 
ENOIF 

'PRO»ORTIONAL DAMPING'/I,SX. 'SOt,N IS ABORTED') 

WRITE (6.111) TO,OT.TF.GRAV,IPRNT 
IF (ELS't'IC) WiUTE (6.14) 

11 FORXAT ( 
HX.' SOLUTION '2. ',A.' OF NUMERICAL INTEGRATION'I 
"11. , ...................... ' , .... ' •• - .......................... - .... ' I) 

12 FORMAT ( 
'IX.' THE:'I' ............................... ' ,lp,GIS.e) 

13 FOFlJolAT { 
'iX,' INITIAL TlJo!E •••••••••••••••••••• ·.lP.GlS.el 
'1:1.' TIME STEP ••••••••••••••••••••••• ·.lP.GIS.6/ 
'-IX.' FINAL TIME •••••••••••••••••••••• • ,IP.GIS.6! 
'-IX,' ACCELERATION D1JE TO GRAVITT ..... • ,lP,GI5.6! 
'IX,' 5'l'EP INTERVAL FOR PRINTING ...... • .OP,I51 

14 rOFUoUT ( 
'1)[,' THE STRUCTURE IS "'SSUJo!EO'TO BEHAVE ELASTICALLT' 1 

C ....... _ ................................. _ •• 

Coo SET GOOJo!E'1'RIC S'I'IFFNE.SS FLAGS ... .. 

C····· .. ·····_· .. ···-···_ .. ··· .. ··· ...... ·-

c 

Itt:;LOAD-N"a{IUGt1L'+l) 
ItGn PE.NZ (I ZJtGOT+2) 
ItGFORJol.-NZ( I ZItGM+l) 
NEWJC:G-.TRtJE. 
IF (ItGLOAO.EQ.O .01'1. ItGTU>E.EC.O .OR. l(GFORJol.,E:O.O) NEWJC:G ... FALSE. 

~-~- SE:"l' UP CONSTANTS ~~--~~----------~-
LI-I 
t..2-NCOND 
I....J" t..4 + 1 
L4-NCONO +NFREE 
LS-t",4+1 
Le·NooF 

~-~~ INITIALIZE STORAGE FOR [,,0 ... 0. OISPL ..... ELOC. ACCEL 
2:( I 2:LOAD) LOCATION OF THE TOTAL LOAD MATRIX 
2:(UDISP) .. LOCATION OF THE TOTAL DISPLACE:MEN'I' MATRIX 
Z(IZVEL ) .. LOCAT!ON OF THE TD'rAL VELOCI't't KATRIX 
Z{IZACC ) • LOCATION OF THE TO'l'AI" ACCELERATION MATRIX 
Z(IZOLOA) • LOCATION OF THE INCIUMEN't'AL LOAO MATRU 
Z{IZOOSP) • LOCATION OF THE IfIICRIJrlEN'l'AL DISPLACE ... ENT JrrtATRIX 
Z(IZOVEL1 • L.OCATION OF THE tNCRIMENTAL VELOCITT MATRII 
Z(IZDACC) - LOCATION OF THE INCRIMEN"l'AL ACCELERATION MATRIX 

IF (lZLOAO.EQ.O) THE:N 
lZLOAO • IZ 
IZ .. IZ-+NOOF 
CALL CItS'I'OR(O.O) 
to 1 I·l,NooF 
o(I+IZLOAD-l) -0 
E:fIIOIF 

IF (IZDISP.E:Q.O) THEN 
IZOISP • IZ 
lZ .. I"a-+NOOF 
CALL CItS'I'OR( 0.0) 
00 2 I"I.NooF 
Z(I+IZOISP-l) -0 
ENOIF 

IF (lZVEL .~.O) THEN 
I ZVE!. • IZ 
IZ • U-+NOOF 
CALL C1(STOR{O,O) 
00 3 I-l,N'OOF 
Z{I+IZVEL -1) ·0 
ENOIF 

IF (IZACC .EO.O) THEN 
IZACC - I Z 
IZ - IZHlOOr
CALt. C1(S'TOR(O,O) 

00 4 I·l.NOOF 
Z(I+lZACC-l) ·0 
E.NDIF 

IF (lZDLOA.EQ.O) THE'N 
IZDLOA - 12: 
I Z .. IZ+NOOF 

CALL CJtSTOR(O,O) 
00 5 I.l,NooF 
'l.{I+IZDLO ... -l) ·0 
ENOIF 

If" (UOOSP.EQ.O) THEN 
nODSP - IZ 
IZ • I hNOOF 

CALL CItSTOR( 0,0) 
DO e I·l,NOOF 
2:{I+IZODSP~l) -0 
E.NOIF 

IF (IZOVEL.EQ.O) THEN' 
IZOVEL • 10 
I Z .. I Z-+NDOF 

CALL CItSTOR(O,O} 
00 7 l·l.NooF 
2:(I+IZDVEL~l) -0 
ENOU' 

IF (lZO"'CC.EQ.O) THEN 
IZO ... CC .. IZ 
IZ - IZ+NOOF 

CALL CItSrOR(O.O) 
00 8 I·l.NOOF 
Z(I+IZDACC~l) -0 
ENDIF 

Ir (IZFUB .£:0.0) THEN 
IZFUB • IZ 
IZ • lZ+NOOF 

CALL CItSTOR(O,O) 
00 9 l.l,NooF 
Z(,[+I 1FUB~1} -0 
ENOIF 

IW·I Z+l 

c~~---~~--~ FORJrrl MASS MATRIX ----
C 

I"'O~S ·NZ(IZMOMS+NOOF) 
I ZMASS· I ZMASS 

SOt..00320 
5OL00330 
50[.00)40 
SOL003S0 
SOL003tiO 
50L00310 
SOL00380 
SOL00390 
SOL00400 
SOL00410 
SOLOOnO 
SOL00430 
SO["00440 
SO["00450 
5OL00460 
SOLoono 
SOLOOHIO 
50[,,00490 
SOL00500 
SOL00510 
SOt.00S20 
SOLOOS30 
SOLOOS40 
SOLOOSSO 
SOLOOS60 
SOLOOSiO 
saLoo5eo 
SOL00590 
SOL00600 
SOLOOeilO 
SOL006:Z0 
SOLooe30 
SOLooe40 
SOL006S0 
SOL00660 
SOLooe70 
SOt..00680 
5OL00690 
SOLOOiOO 
SOt..007l0 
SOLoono 
50["00130 
SOL00140 
SOL001S0 
SOL00760 
SOL00770 
SOL00780 
5OL00190 
SOLOOBOO 
SOLOCB10 
SOt..00B20 
SOLOOB30 
SOL00!340 
SOL008S0 
SOL00!31S0 
SOL001370 
SOLooe80 
SOLooe90 
SOL00900 
SOt..OO!HO 
SOL00920 
SOL00930 
SOL00940 
SOL00950 
SOL00960 
SOL00910 
SOt,00980 
50L00990 
5OLOIOOO 
SOLOIOI0 
SOLOI0:20 
SOLOI030 
SOLOI040 
5OLOI050 
SOLO 1060 
5OL01010 
SOLO lOBO 
SOLOI090 
SOLOIIOO 
SOLO 11 10 
SOLOl120 
5OLOI130 
SOLO 1 140 
50LOl150 
501..01160 
SOLOl170 
50L01180 
501..01190 
SOLOUOO 
SOL01210 
SOL01220 
SOL012JO 
601..01140 
SOL01250 
5OL01260 
SOLOl:z10 
SOLOI::IIBO 
SOL01290 
5OLOUOO 
5OLOI310 
SOLOlJ20 
SOLOllJO 
SOL01340 
SOL01350 
5O[.Oll60 
SOL01370 
SOLOllBO 
SOLOl.J90 
SOL01400 
SOLO 14 10 
SOL01420 
6OL01430 
SOt..01440 
SOL01450 
SOLO 14 eo 
SOL01410 
5OL01480 
SOL01490 
SOLO 1500 
SOL01S10 
sot..OlS20 
5Ot.OlS30 
SOL01540 
50LOl5S0 
SOL01560 
SOL01570 
SOL01S80 
SOL01S90 
SOLOleoo 
sot..cUIO 
SOLOlti20 
50LOUi30 
SOL01640 
SOL01ti'!l0 
SOL01660 
SQLOle70 
SOt..OHiBO 
SOL01690 
SOLonOO 
5OL01710 
SOL01720 
SOL017]0 
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00 400 l·l,INDMS 
400 l{I+IZMASS~l)·O. 

CALL Ir4FORN{ 2. INMASS, NMASS. Z( I ZMASS l. ~Z( I ZMQfIIS) .1010, NOOF. IMDJo(S. 
, TITLE, NIIIOOE.. MAJ::NOO, NC06. BTE:ST (I BUt:;. S) • I BUG, 
, NZ(I'UO) ,Z{IZCOS) .NZ{IZIooF1.Z(IZCNS'I') .N'3(IZJ~LG), 
, NZ(IZJCOS), Z(UJo!DAT), Z( IW) .NZ( IW+211, Z( IW+47), 

'aCIW+ 6J).Z{IIoi'+ 9~)) 

c 
c~---- ... ~~~- FORJrrl SPE:CIAL MASS MATRIX -~--
C 

c 

IF (SLJoIASS) 1'HE:N 

ELSE 

READ (S.·) I NMASS. I ~MASS 
INJoIASS .. INMASS+l 
CALL MASSIN( INMASS. I FMASS, • FALSE •• BUG,l BUG,TITLE.JrotAXZ .~OZ, 
MAXNOD.N'COS. NNOoE, n, IW. I ZIO, Z. NZ. 02:. 
1 ZSLJrlD, I ZSLI15. I ZLM, IZItE. I ZJo!DT2, 
NOOF, NKASS, I ZCOS. I ZlooF, I ZCN'S'!'. I ZJFLG. I ZJCOS, 'GLOBAL JoIASS', 
NCON D, NFREE. I Z"'O) 
IJo!DHSL·NZ( I ZSL)l.O+NOOF) 

IZSt.. ... S·O 
I ZSLMD-O 
IMOI1SL-l 

ENDIF 
IJo!DMS -NZ(IU4OMS-+NCQF) 

C-~~~~-- SET UP STORAGE FOR MAIN DIAGONAL "DORESS OF DTNAMIC STlrFNt:SS 
IZ~OS· I'll 
IZ • IZ + NFREE: -+1 
CALL CItS'I'OR( 0, IW) 

c 
C~-~~-~~ DEVEI"OP SICl'LINE or DTNAJIIIC S'I'lFFNE:SS (S) 

CALL SItTLN2(NOOF.t..3,L4, 
, NZ( I Z"'05) ,HZ [I Zlr40) ,NZ( IZMDMS), NZ (I 2:Jo!DlCG 1 .l(GFORJ04) 

c 
c-~~- OE."'!'ERJrrIINE THE LENGTH OF THe OTNAMIC STIFMH:S5 MATRIX 

IMDS·NZ(IZJo!D5+NFREE) - NZ(IZMOS) +1 
C 
C---~ DETERMINE "~E "ODRES6 OF THE OlNAJ4IC STIFFNESS JoIATRIX 

I ZS - IZ 
IZ - IZ+NZ(IZ)40S+NFREE) 

c 
C--~~"-~~-~~ DEFINE STORAGE REgO FOR NUJo!r;:~ICAL INTEGRATION 
C AND It-riITILIZE Vo\LUES 

nAN .. IZ 
IZ 1 Z+NFREE 
USN' IZ 
IZ • IZ+NFREE 
I ZPBAR • lZ 
I Z • I Z+NFREE 

c 
C---~ SAVE STORAGE FOR DTNAJIIIC GROUND ",CCELERATIONS 

IZ-'GT1:·IZ 
IZ -IZ+MAJ,:AI:C 
IZ,\GTT"IZ 
IZ ·IZ+MAJ,:AC:C 
IZAGTZ·U 
IZ ·U-+MAJ("'CC 
IZAINP-rz 
NAINP .)4AJ[(NOOP',I(AJ:ACC) 
IZ -IZ+NAINP 
I ZMCOS-I 2. 
IZ "1 Z-+NOOF"3 

c 
C---- SAVE STORAGE FOR ENERGl CALCULATIONS 

IZZERD-IZ 

c 

IS "U+NooF 
IZOM "IZ 
IZ .U+NooF 
IZVJrr! -IZ 
IZ -n-+N'OOF 
IZDBAR"IZ 
IZ -IZ+NDOf' 
IZt.o2 -IZ 
IZ .n-+NooF 
IZot.02--IZ 
IZ -U+NOOF 
IZ'l'FO -IZ 
lZ -IZ+NooF 
I ZOFO -IZ 
I Z ·1 Z+NooF 
IZFG -lZ 
IZ .1 Z-+HooF 
IZDFG -IZ 
IZ "IZ+NOOF 

00 2S I·O,NooF~l 
Z(JZFG +1)·0 
2:(JZOFG +1 )·0 
Z(IUE:IiO+I)·O 
Z( [ZQIII +1 )·0 
Z(IZVM +I)"O 
Z(IZOBAR+l)·O 
"a{IZ[.O:l +1 )·0 
Z (I ZD'LO:l+I )-0 
Z(IZTFC +1 )*0 

2S Z(IZDFO +1 )-0 

C······ .. •• ...... •• .... •• .... ··_··· .. _···- .. •••• 

c 

IZQMAl.[ Z 
IZ • lZ"'N OOE' 
13.VMA.J:·n 
IZ ·U+NOOF 
I'UMU·IZ 
IZ .lhNooF 
IZRMAX·IZ 
la .IZ+NOOF +6 
00 2B I.O.HooF 

'1I(Il;DMAX-+I)-O 
Z(IZVMAJ+I)-O 
Z(IZAHAX-+I)"O 

29 Z(IZRKAX+I)·O 
txl 29 I·l,e 

:o!~ Z (IZRNA.l-l+HOOF+I )"0 
DO 30 1"1,6 

30 S'UMRC'I'(I)·O 

C .. • ..... _ ............................ - ........ . 
c-INPU'I' FIt..E OUTPUT CaNT ROLL DATA _.-
C .. ••••••• .. • .................................. .. 

c 

IF (tNRITE.GT.Ol THEN 
I OPT" 1 
CALL CMPO"'T(IOPT.IWRITE.TO,DT) 

ENOIF 

C---~-- SE'T UP WORl( STORAGE AREA '" 
IW - IZ '" 1 

C 
c-~~--~ CHeCI{ B'T'ORAGE REOUIRJr(E:NTS ••• 

CALL CItSTOR(NOOF, IW) 
c 
C--~~ DETE:RMlNE THe: LENGTH OF THE 5"1'1 FFNESS MATRlX 

UI[)roNZ(UIr40+NOOF) ~ NZ(IZMD} +1 
C---~ OE:"l'E:RMINE THE LENGTH OF THE KASS KATRIJ: 

I ... OHS.NZ(IZ/rI:OIr4S+NOOF) - NZ[UJo!DJotS} .q 
C~--- DETERMINE. THE: LENGTH OF THE GEOMETRIC STIFFNESS MATRIX 

IF tNZ(IZ1(GDT+3}.EQ.2) THEN 
IJo!OItG .NZ(IZ,",DItG+NDOF) ~ NZ(I'OMDItG) +1 

ELSE: 
IMO'ICC ·1 

ENDIF 

SOLO 1740 
50L01750 
SOLO [760 
SOL01710 
50[..017 BO 
SOL01190 
SOt..OISOO 
SOLOIBIO 
SOLO 1820 
SOLOIB30 
SOL01B40 
sot..OlBSO 
SOt..OlBi50 
SOt..01870 
SOLCle80 
SOL01890 
SOLO 1900 
SOL01910 
SOL01920 
SOt..01930 
SOt..019~0 
SOL019S0 
SOt..Ol~60 
SOt..01970 
SOL01geo 
SOL01990 
SOL0200c 
SOL02010 
SOL02020 
SOL02030 
SOL02040 
SO["02050 
sot..o:zoeo 
sot..o:i1070 
SOL02090 
SOLOJ090 
SOt..02100 
SOL02110 
50'L02120 
SOL021l0 
50L02140 
50L02150 
sot..021EiO 
50'L02170 
50[.02190 
SOLOJ190 
SOL02200 
SOL02210 
50L02220 
sot.04230 
sot.02240 
SOLO::l::i150 
SOL02260 
SOLon70 
SOL0'2280 
SOLon90 
50L02300 
SOL02JIO 
5Ot..02J:2.0 
SOL02330 
SOL02340 
SOL023S0 
SOL0231S0 
SOL02370 
50L02390 
SOt,02l90 
SOt..0:2400 
sot,02410 
SOL024:20 
sot.024JO 
SOL02440 
50(.0:14 SO 
50L02460 
SOL02470 
SOL024BO 
SOL02490 
SOL02500 
501..02510 
SOL02520 
SOL02SJO 
SOL0:2540 
SOt..02550 
SOL02S60 
SOL04S70 
SOL02SBO 
SOL02'!190 
SOL02600 
SOL02610 
SOL02Ei20 
SOL021S30 
SOL02640 
SOL02650 
SOL02660 
SOL021S70 
SOL02GaO 
SOL02690 
SOLO:Z700 
50L02710 
SOL02720 
SOL027 JO 
501..04740 
SOL02750 
SOL02760 
SOL02110 
SOL027 BO 
50L02190 
SOL02BOO 
sot..02BIO 
50L02820 
SOt..0:lB30 
50LOJa40 
SOL028S0 
SOL02B60 
Sot..02B70 
SOL029BO 
SOt..02BSiO 
SOL02900 
SOL02910 
SOLO:;l:920 
501..02930 
sOL029~0 
sot..02950 
SOt..O 2 !Hi 0 
sot..02970 
50L029BO 
50L02990 
SOLO)OOO 
50L03010 
SOL03020 
SOLOl030 
50L03040 
SOL03050 
SOL030eo 
$OL03010 
50L030BO 
50L03090 
50LOHOO 
50L03110 
50LOJl20 
SOLOJl30 
SOL03140 
sot..OJl50 



c 
C------ CALL SOL2A TO CALC DATA •••• 

CALL SOL02A 

5OL031150 
50[.03170 
5Ol.03180 
50[.031510 
5OL03200 

" (L1, L2,LJ,Lt. loS. L6, [11m, [MCK6, IMDICG, lIoIOS. [Jo(I»!SL. ABORT , ITLCPU, 
.. PLACE. CPU, TCPU, REQCPU, 
"NLOAD HAXE:LD NNODE NCOS NELJIfI' 

1 ?DI SP I ZLOA.D MS'TOR I BUG KAJNOO 
TI1'LE STEPIO NAINP HOOF HFREE 
ICGFORJo! ~GLOAO ICG"YPE NCOHD INTEGO 

"NE'WICG NE:W1t K:OND ItGCOHD UNBAL 
"INTEG THETA E:LSTIC I?RNT IWRITE 
"KAJACC SLMA6S 'TO en' • TF 
"GRAV ,~OAMP I FMAS6 ,I ZODsP ,I ZOLOA 
" Z(IZOISP), Z(IZVEL ), Z(IZACC ), Z(lZLOAD). Z(IZAH 
" Z(!ZDOSP), Z(IZOVELl. Z(IZOACe), Z(IZDLOA), Z(IZBR 
" Z(IZSTIF). Z(IZMA66), Z(IZSLIoI6), Z(IZICG ), Z(IZS 
" NZ( I Z!IIO ), NZ( I ZMDMS} , NZ( I ZSLIoID), HZ( I ZMDItG). HZ( 1 ZJo(CS 

50[..03:110 
50[.032:10 
50[.03230 
5OI..0 3:i14 0 

, 50[.03250 
,GROUND( 1) ,50[.032150 
,GROUND( 4), 5OL03:170 
,GROUND( 1), 5OL03280 

), Z(I2iOMAX) ,50L03:1510 
), Z (IZVMAX), SOLOJ300 
), Z (UAHAX), 50[..03310 
), Z (I ZRMAX), 5OL03320 

" Z(IZDAJoIP), Z(IZPBAR), Z(IZICOS), Z(IZAGTI), 
" Z(IZAGTT), Z(IZAGTZ), Z(IZAIN?), Z(IZFUB ), 
"NZ(IZID ),NZ(IZIIXIF). Z(!ZCHST),NZ(IZJrLG). 
" Z(!zCOS },NZ(rZ.:rCOS). Z(IZTFO ), 
" £:IE, I::SI::, PSI::. Sltl::, EOO, 
" Z(IZZERO). Z(IZFG) Z( I ZDFG) 

Z (I ZDLO:I) , 6OL03330 
Z(IW ), SUJo1RCT ,5OL03340 
Z(IZCORD),Z(IZDFD ),5OL03350 

5OL033150 
50[,03310 
50L03380 
5OL03390 
5OL03400 
5OL03410 

END 5OL03420 
C ................. - •• --........................................... •• ............................ SOLoOO 10 
C DE8UG UNl"T(I5).SUBCHIIt,5UBTRACE,INIT 50[..00020 
C END DEBUG 5OLoOO]0 
C"-"" ............ --.............. - ................................................ -_ ................. _ •• SOLO 00 4 0 

SUBROUTINE SOL02A 6OL00050 
" (L1. L2, L3, L4. lo5, LI5, IHD, IMDMS, IMOItG, 111106, IJo1OWSL, ABORT. I't'LCPU, 50LOOOIS0 
" PLACE.CPU.TCPU,REQCPU, 5OL00070 
"NLOAD KAXE:LD NNODE NCOS NELJo1T SOLOoOBO 
"IZDISP IZLOAD ""'STOR IBUa IaXNOD 50[.00090 
"TITLE S'TEPID NAINP NOOF' NF'REE SOLOOI00 
"ICGFORM ~GLOAD ItGTTPE NCOND INTEGO SOLOollO 
"NEWICG NEWI{ )oCOND ItGCOND UNB-'L 50L001:10 
"INTEG THE:'TA ELSTIC IPRNT IWRITE GAT SO[.00130 
"IaXACC SLHASS TO 00 , TF GVT SOLO 0 14 0 

GRAV mAJII? F' ....... SS !zOOS? ,!ZOLOA Gar, 5OL00150 
DIS? IIEL ACC LOAD AN DSPHAX, SOLo01150 
OOISP DVEL DACC OLOAD BN VELMAX, 5OL0017o 
STIFF MASS I4A5SSL ~G 5BAR ACCMAX, SOLoo18o 

" Jo(D MOMS MDM66L MOICG !liDS RCTJo1AJ., 50LOOI510 
"DAMP PBAR ICOS AGTX OLOAD:iI:, 5OLOO:lOO 
"AGTT AGT:l! AINP ruB WORIt SUJo(RC, 5OL00210 
" 10 lOOF CNST J'TFLG COORD TFDAJIIP, 50L00220 

COSINE ,J'TC05 DFDAMP 50L00230 
EIE. ESE, PSE, E~E, EDD, 50LOO:l40 

ZERO ,FG DFG 50L00250 

ooUBL£: PRE:CISION EIE,EsE,PSE,EDD,E~E 

COMMON /ISPEC/ ISPI,SGD(3000,2),REACF(6) 
COMMON /IOSTEP/ ISTE? 
CHARACTER*(*) TITLE(2),STEPID 
LOGICAL PRINT, D6PFLG, HEAD, REPEAT, SLMAsS, AlIAL, T EST, NE:W~DT , BTES'T 
LOGIC-'L NE'ft'ltG ,NEWIt, E:L5"I'IC ,!COND, IItGCOND, UNBAL,MCN02 ,ItGCND:iI:, WRITE 
LOGICAL ABOR1'. BUGJ, BUG4, 8UGS, BUGI5, BUGl1 
LOGICAL OllCLOG 
CHARAeTER-BO NAKE 
CHARACTER-20 INTEG 
CHARACTER-6 PLACE 
REAL LOAD,IQ.Ss,KA55SL,ItG,MCOS,IItE 
INTEGER FOAMP, rlQ.ss 
INTEGER ITLCPU, CPURE'III!,CPUE:LA 
OI!llENSION ZE:~(L6), DLOAD2(LI5) , FG(L6), DFG(L6) 
DIMENSION sUlII!RC( IS), DSUJo(RC (IS), SUMFD( IS), DsU .... FD( 15), 5UMUB( 15) 
OIIoIE:l\lSION TFDAMP(LIS) ,DFDAMP([.I5) 
DIJo1ENSION 06PJIOJ[ (LI5) ,VEt.KAI( LIS) ,ACC)Q.J[ (L6) , ~TMAX (LIS +6) 
DIIoIEN5ION GD( 3), GV{ 3), GA( 3) 
OlJo(EN5ION GC1I'(3),GV'I'(3),GAT{3), TSU""'(I5) 
DIJo1EN5ION RINPU1' (100) 
OI!IIE:l\lSION 5"I'I FF( IIoID) ,MASS{ IMOMS), ItG( IMDICG) , sBAR( I!IIDS) , 

" ....... SSSL( IMDNst.) 
DIJo(E:NSION ""'D([..15'+1),MDM5(L6'+1 l,Jo1DltG{LI5+1 ), )l(OS(LIS'+l), 

" .... DM56L(L6+1) 
Ol!llElol5ION LOAD(L6), DISP(LI5), VEL{LIS), ACC(L6), AN(LIS) 
OIME:N5ION DLOAD(LIS), DDI6?( [.15), DVEL{ [..IS), DACC( L6), BN(L6) 
DIMENSION ruB{LI5), PBAR(LIS),)IIC'OS(L6,J),DAMP{3) 
DIJo1ENSION WORIC{2·L6) 
DIMENSION AGTI(HA:lACC), AGTT (MAIACC) ,AGTZ{ICAIACC) , AINP(NAIN?) 
DIMENSION COORD(MAlNOO, 3). ID(M.UNOD), 

" 1 ooF( HAlNOO,IS) , COSINE( 3 , 3, NC06) ,CNST (HA:lNOD, 6) , 
" JTFLG(HAINOD) ,J'TCOS(MAlNOD) 

5UMUB(I)·0 
5UMUB(:2 )"0 
SUMUB( 3)·0 
5UMUB(4)·0 
SUMUB( S )·0 
5UMUB(6)·0 
SUMroR·O 
sUKKlH-O 
5UMHFo-O 
SU~·O 
DUCLQG •• FALSE. 
DUCF'AG· -1 

WRITE (IS,"') ,----- DDISP ----'" AT SUBR 
W'RITE (IS,·) (DDISP(I),I"l,14) 

BUG3 .BTES'!'(IBUG, 3) 
BUG4 ·BTE6'l'(IBUG, 4) 
BUGS .STEST(IBUG, S) 
BUGI5 .BTEST(IBUG, 6) 
BUGll· BTES'T (I BUG, 11) 

5OLOo:l150 
50L0027o 
SOLOO:l80 
5OL00251o 
SOL00300 
SOL00310 
SOL00320 
5OL00330 
5OL00340 
5OL00350 
5OL00360 
5OL00310 
5OL003BO 
5OL00390 
SOL00400 
5OL00410 
SOL00420 
5OL00430 
5OL0044 0 
SOL00450 
SOL00460 
5OL00470 
5OL004BO 
5OL00490 
5OLOOSOO 
5OL00510 
5OL00520 
5OL00530 
5OL00540 
SOL005S0 
SOLOOSISO 
5OL00570 
SOLOOS80 
5OL00590 

C···· .................................................................... .. 

5OLOOIS00 
SOLOOlSI0 
5OLOOlS20 
5OLOOlS30 
5OL00640 
6OL006S0 
5OL00660 
5OL00610 
5OL00680 
5OL00690 
5OL00100 
5OL00710 
6OL00720 
SOL00130 
5OL00140 
sOL007S0 
SOLDOi 60 
5OL00170 
50L00780 
ooL00790 
50L00800 
5OL00810 

c 

IF (BUGS) THE:tI 
CALL LJo1ATRX(Jo1ASS,!IIDMS,Noor,I!II~S, ']o(},SS Jo1ATRIX CUMP"7') 

ENDIF 

C .. • ...... •••• .............................. - ........... __ .................... . 
C. INITIALIZE GROUND ACCELERATION CONSTANTS .... .. 
C· ......................................... _ .... _ .......... __ •• __ ......... .. 

c 

00 91 1"1.J 
GD(I)"O 
GV(I)·O 
GA(I )-0 
GM(I )·0 
GVT(I)·O 

91 GAT( 1)"0 
ACCOL~O 

XGACC·O 
TGACC"O 
ZGACC-O 

C··· .... · ........................ ·• .. ••·• .. •·····• 
C .. INITIALIZE ENERGT CONSTANTS .... 
C·· .. •• ............ •••• .. • .. •••• .. •••••• .. ••• 

" 

EIE"O 
E5E"0 
P5E"0 
E~E"O 

EOOooO 
EIElM ·0 
ESEIII! ·0 
PSEM ·0 
ElIltEM ·0 
EDDM ·0 
00 512 1·1.15 

SUJo1RC{I )"0 
SUMFD(I )"0 

SOLOOB20 
SOL008l0 
SOL00840 
ooL00850 
SOL00860 
SOLooe70 
SOLooeeo 
5OL00890 
5OL00900 
5OL00910 
5OL00920 
5OL009JO 
50L00940 
50L00950 
50L0091S0 
SOL00910 
SOL00980 
5OLo05l90 
50LOI000 
50["01010 
50LOI020 
50LOI030 
50LOIo40 
50LOI050 
50LOI060 
50["01010 
60L01080 
50L01090 
60L01100 
50L01110 
SOL01120 
SOL01130 
6OL01140 
SOLOl150 

c 
C··· ...... • ........ ·······•···••• .. •• .... •••• .. 
C" S~ GEOMETRIC S'I'IFFNE56 FLAGS .... 
e···· ........ · .... ······-...... ··· .. ··· .... · .. ·· .. 

NEWKG· .TRUE. 
Ir (ltGLOAD.EQ.O .OR. IItGTTPE.E:Q.O .0R. ItGFORM.EQ.O) NEWIr:::G-.rAL5E. 

c 
C .. ••••• ...... • .. •••••••••••••• 
e- SE'T ST IFFNESS FLAG6 ••• 

C· .. •• .... ••• .. ••••• .. - .. ••••••• 

c 

NEWK •• TRUE. 
ItSAJII.E- 0 

---- INPUT INITIAL V-'LUE:S FOR OtSPL, VELOC, ACCEL 
CALL I N'TDVA( BUGJ, NooF. MAXNOD, NNODE, Tt TLE, I COF, 

, ID,.J'rFLG,DISP ,IIEL ,ACC ,LOAD 1 

IF( ISP! .EQ. 1 ) THEN 
ESE· ESE 
EIE"ESE 
00 515 1·1,6 

95 REACr( I )·REACF( I J 
ELSE IF( ISPl • EQ. 0 ) THEN 

ESE·o 
EIE·O 
00 5115 1·1.6 

91S REACF(I)·O 
ENDIF 

c---- INITILIZE TlJo(E TO CALC INITIAL GROUND ACCE["ERATION 
T·TO 
TL·T-en' 

c 
C---- READ AND INITILIZE DTNAAIC GROUND ACCELERATIONS 

IF (SL ....... SS) THEN 
CALL O'fLOA( I, BUGJ, IIIlAXACC .NIXIF,NAINP,T ,TL, 

" ACCEL3,TOACC,OOACC,GRAV. 
" Jo1A.XNOO, NNODE, COSINE, I ooF, .JTFLG, J"TCOS, NCOS, 
" AGTIt , AGTT ,AG'T Z ,IoIASSSL, IoIDMSSL, I Jo1CMSL, 
" AINP ,MeOS ,OLOAD ,GA ,GAT ) 

ELSE 
CALL OTLOA( I, BUG3, MAlACC,NooF,NAINP, T ,TL, 

" ACCELZ,TOACC,DTACC,GRAV, 
" MAltNOD, NNODE,COSINE, IooF, .JTFLG,.JTC05,NCOS, 
" AGTX ,AGTT ,AGTZ ,III!ASS ,Jo1DM.S , I Jo1DJo1S , 
" AIN? ,NCOS ,DLOAO ,GA .GAT ) 

ENOIF 
c 
C--·· GET INITIAL DTNAMIC t.OAD 

Ir (SLMAS6) THEN 
CALL O! LOA{ 2 , BUG3. MA.XACC, NooF. NAI NP, T, TL, 

" ACCELZ,TOACC,OOACC,GRAV, 
" Jo(AJNOD, NNODE, COSI NE. I oor. J'TFLG, JTCOS, NCOS, 
" AGTI ,AGTT ,AGTZ ,I'tA.Ss5L,)I;DM.SSL,I)I;DMSL, 
" AINP ,ICOS ,LOAD ,GA ,GAT ) 

"'" .. 
CALL O'fLOA(:I, BUG3, K.UACC, NOOF, NAINP, T, TL, 

" ACCEL3,TOACC,DTACC,GRAV, 
, MAltNOD,NNODE,COSINE,IIXIF, JTFLG, .]TCOS,NCOS, 
" AGTI ,AGTI ,AGTZ • MASS ,Jo(QI!(5 ,tJo1DJo(S, 
" AINP ,MeOt> , LOAD ,GA ,GAT ) 

ENOIr 
c 
C---- INITILI IE It<I'I'EGRATION ROUTINES 
C 

c 

Ir (INTEGO.EQ.l) THEN 
CALL LINACC (I, BUG4, cor ,TO,TF ,T. 1. OO,NEWKDT, 

Ll,L2 ,L3, L4, loS, LIS. IMOMs. IJo10, 1 !liDS , IMDltG.NooF,NFREE, 
ItGLOAD,JtGFOrvt, 

ACC, VEL ,DIS? ,LOAD , 
OACC ,DVE:[,. , DDISP , OLOAD2,WORIt, 
MASS ,Jo1OMS ,DAM? ,S'I'IFF ,)1;0 
ItG ,"'OItG ,F! .GRAV, 

" SBAR, Jo1DS ,AN • 8N ,PBAR, 
" FDAAP,FJo1A55.Cl,C:2 ,C] ,CIl ,CS ,CIS,C7, ALPHA, BE."l'A,C 10 ,Cll, ABORT) 

ELSE IF (INTEGO.EQ.:I) 1'HEN 
CALL AVEACC( 1, BUG4, 01' ,TO,TF,T .THETA,NElIltOT, 

Ll,L2 ,LJ, L4. L5 ,LIS, IHOMS, I !liD , 1)0105. lJo(DICG,NDOF,NFREE, 
ItGLOAD,JtGFORM, 

ACC, VEL ,Ol5P • t.OAD , 
DACC ,DVE:L , DDIS? , OLOAD2,NORJt, 
MASS ,Jo1OMS ,DAJII? ,STIFF ,Jo(D 
ItG ,Jo1DItG ,F'Z ,GRAV. 
SBAR ,Jo1DS ,M ,8N ,PBAR, 

" FDAAP, F'MAS5,C l,C. ,C3 ,C4 .C5 ,C6.C7, -'LPHA, BE'TA,C 10,C II, ABORT) 
ELSE IF (INTEGO.EQ.3) THEN 

CALL "I L60101( 1 , BUG4, DT, TO. TF ,T, THETA, NE"IItDT , 
Ll,L2 ,L3, L4, LS,LIS, IMt'III!S. IJo1D, I)oIOS. I)I;OIltG,NDOF,NFREE, 
ItCLOAD,KGFORM, 

ACe, VEL ,DI5P ,LOAD , 
DACC , DVEL ,DDISP, OLOAD2,WORIt, 
MASS ,"'OMS ,DA.M? ,STIFF ,Jo(D 
Jt:G , Jo1DIltG ,F'Z ,GRAV, 
SBAR ,"'os ,AN ,8N ,PBAR, 

" FOAAP, FJo1ASS,Cl,C2 ,C3 .CIl ,C5 ,C6 ,C7, -'LPHA, BETA,CI0 ,Cll,ABORT) 
ENDIF 
IF (ABORT) GO TO 5000 

C···· .... •••••• .. •• ...... ····• .... ·····-··· ...... .. 
C.WRITE INITIAL DATA TO OUTPUT F'ILE .. .. 
C .. ••• ............ •• .... •••• .. ····-····_ .. ••• ...... •• 

IF (IWRlTE.GT.O) THEN 
IOPT·2 
CALL CMPDAT(IOPT,IWRITE,TO,C1I') 

ENOIF 

SOLOl160 
5OLOll10 
SOL011eo 
60LOI111o 
SOL01200 
50L.0l410 
50L01220 
50L01230 
5OL01240 
50LOl250 
SOLO 121S0 
50LOlJ70 
50L01280 
50L01290 
50LOIJOO 
SOLO L310 
SOLO 13:o!o 
SOLO 1330 
SOL.0!340 
50[,,01350 
50LO lJ150 
50L01310 
SOLO 1380 
SOLO 1390 
SOL01400 
sOL0141o 
sOL01420 
sOL014]o 
SOLO 1440 
SOLO 14 50 
SOL0141So 
SOL01470 
50[..01480 
SOL014;O 
50L01500 
5OLo1510 
50LOlS20 
50Lo1530 
50L01540 
60[,,0.1.550 
50Lo15150 
50["01570 
SOL01580 
50Lo1590 
SOL01600 
50LollS10 
SOLollS20 
SOLoli!iJO 
50[,,01640 
sOLOl15S0 
SOL01660 
SOL011S70 
50LOl1580 
SOLOl690 
SOLO 1700 
50LOI110 
60LOlno 
SOLO 17 30 
50L01740 
SOL01750 
50L01760 
SOLOl770 
60L01780 
5OL01790 
50L01800 
SOLOlB10 
5OL01820 
50L01830 
SOL01840 
50L01850 
SOLO 181S0 
50L01870 
60L01880 
60LO 1890 
SOLO 1900 
SOLO 1910 
SOL01920 
60L019JO 
50L01940 
SOL01950 
SOLO 19150 
SOL01970 
SOLO 19BO 
sOL01990 
50L02000 
60L02010 
50[,,02020 
SO[..02030 
50[,,02040 
5OL020S0 
50["0:20150 
SOL02070 
SOl.0:2080 
50["0:20510 
SOL02100 
50L02!lo 
50L0212o 
sOL02130 
SOL02 14 a 
SOLOHSO 
50LOJ 160 
50LOJ 170 
SOL02180 
SOLOH90 
60L02200 

C SOL024:10 
C ................. _ .. _ ................ _ ............................ ,. .. --..... ---............................ SOLO 2 2 2 0 
C. LOOP FOR EACH TIME STEP, ISTEp·CURRc;NT STEP' •• __ ... ___ ............ • .. • .. • .... 50L022JO 
C- ...................................................................... _ .... ,..-_ .. "' .................. 50LO 2 2 4 0 

C ••• NSTEP .. NUMBER OF TIJo1E STEP6 
C ••• ISTE? .. TIME STEP NUJo1BER 
C ••• '!' • CURRENT Tt"'E 
C ... '!'L • TIME AT PREVIOUS TI""'E STEP 
C ••• TO • INIfIAL TlJo(E 
C ••• OT • TIME INCRlJo(E:N'I' 
C ••• TL .. FINAL TIME 
C 

MCND:I • Jo1COND 
NS'TEP .. (TF-TO) 1M 
T • TO 
00 500 ISTEP"l,NSTEP 

'!' ·"O+ISTEpaOO 
TL-T - OT 
WRITE (STEPIO.90) ISTEP,T 

C. WRITE (6,90) ISTEP,T 
90 FORMAT ('STEP.',16,', TI"'E.·,lP,GlJ.5) 

C .. CALC INCRIMENTAL LOADS •• C-·· .......... ······• .. ··-·· .. · ........ • 
12·2 
CALL O'f LOA(:I, BUGJ, MAXACC, NooF, NAt NP, T, TL, 

" ACCELZ,TOACC.D'I'AeC,GRAV, 
" IQ.XNOD, N'NODE, COSINE, I IXIF. J'TFLG, JTCOS, NC05, 
" AGTI ,AGT' ,AGTZ ,MASS ,Jo([)Io!S ,IJo1~S, 
" AINP ,Jr4COS ,OLOAD ,GA ,GAT l 

FZ ·ACCE[.Z 
c 
C---- ADO UNBALANCEO LOAD'S TO THE LOAD VECTOR. ---> STORE AS DLOAD2 
C STORE OLD UNBALANCED LOADS AT REACTIONS IN DLOAO 

IF (UNBAL) THEN 
00 19S t-L!,L4 

SOL02250 
60L0'2260 
60L02270 
50L02280 
50L02290 
SOL02300 
50[,,02310 
60L02320 
SOL02330 
5QL0:2340 
50L0:23S0 
SOL02HO 
SOL02]10 
SOr...0:2380 
50L02390 
50[,02400 
50['02410 
SOL024:20 
50[,02430 
50['0:2440 
50L02450 
SOL0:241S0 
60['02470 
SOt,0:2(80 
50['02490 
50t,02500 
SOL02510 
50[,,02520 
SOL0:2530 
SOL02540 
60L0255o 
SOL025150 
SOL02570 

98 



195 

DLOA02 (I )-DLOAD( r) .,.PUB( 1) 
WRlTE:( 50. '")DLOAO( 1), PUB( 1). DLOAD'2( 1) 
ruS( I )-0.0 

00 1915 1-[.5.L6 
DLOAD2( I j-·PtlB( I J 

5OL02580 
SOLO:;jS90 
SOLO:o!1500 
50L021510 
50[,02620 c··· 50[.021530 

c .... • OMIT UNBALANCED LOAD FROM REACTIONS... 50["021540 
c ... • UNBALANCED LOADS ADDED TO THE: E'R...t.)(E ARE RESISTED BT 50L0'2650 
C"... 1) INERTIAL FORCES SOLO '2 15 150 
c ..... • 2) DAMPING FORCES SOLO:Hi70 c·... J) MEMBER FORCES 50L021560 c·... SUBTRACTING UtilBALANCED FORCES FRO'" REACTIONS DUE TO MEMBER FORCESSOL02fi90 
C ... • NEGLECTS THE REACTIONS OOE: TO INERTIAL AND DAMPING FORCES. 50[.02700 

OLOAOeI)- -ruseI) 50[.02710 
50["02120 

190 FUB(11-0.0 SOLC27JO 
ELSE SOLC2HO 

DO 19i I-L1.L6 5OL02750 
197 OLeAD2 ( I ) .. OLDAD( I ) SOLO:2 7 fiO 

ENDIF' 50[.0:01770 
C 50LO;27BO c----... ----------· ...... ----- 50L0:2790 
c- FORMULATE S't'IFFNE55 ---- 50['02BOO Coo......................... SOLO:ilBlO 
C FORMULATE THE S't'IFFNESS IF THE FLAG NE'lIIJ( IS TRUE, THIS FLAG IS 5OLO:ilB:il0 
C INITIALIZED ABOVE. AND SET WHEN THE ELEMENT FORCES ARE CALC. SOLO:ilBJO 
C THE STIFFNESS IS ALSO FORMULATED IF ItG IS TO BE CALCULATED SOLO:il8~O 
C AND CONDENSATION IS TO 8E PREFORJo1ED, (THE STIFFNESS IS NEEDED 5OLO:il850 
C FOR THE CONDENSATION PROCEOORE ••• J SOLO:il860 

REPEAT· .TRUE. SOLO:ilB70 
J(SAME.O SOLO:il880 

100 IF (NEWII::) THEN SOLO:il890 
11.1 SOLOHOO 
CALL FORJo1( I 1 ) SOL02910 

C------ CALL LJ4ATRX(STIFF.MD.L4.IMD. 'GLOBAL STIFFNESS MATRIX') SOLO:il920 
IF (BUG5) THEN SOL02930 

CALL LMATRX(S'TIFF,MD,NDOF.IMD •• GLOBAL STIFFNESS DlH4p.,') SOL02940 
ENoIF 6Ot.02950 

ENoIF 6OLO.960 
C SOL02970 
C ••••••••••••••••••••• ••••••••• SOLO.9BO 
C- FOAA GEOMETRIC STIFFNESS --- SOL02990 
C •••••••••• --·-------..... •• .. --.. SOL03000 
C FORMULATE THE GEO"'E.'TRIC STIFFNESS IF THE FLAG NEWK IS TRUE, THIS SOL03010 
C FLAG INITIALBED ABOVE:. 5OL03020 
C IF II::GDATA(l).l. THE GEOMETRIC STIFFNESS IS FORJ4ED ONCE. AND SOLOJ030 
C MULTIPLIED 8T A SCALER TO ACCOUNT FOR CHANGES SOL03040 
C IN THE TOTAL VERTICAL LOAD. THUS THE GEOME"!'RIC SOL03050 
C STIFFNESS ONLI NEEDS TO BE FORJ4ED ONCE. SCL03060 

IF It:GDATA( 1)·2. THE GEO"'E'TRIC STIFFNESS IS BASED ON THE A.lIAL 5OLOJ070 
FORCE IN THE E'LEMENTS, AND IS RECALCULATED EACH SOLOJOBO 
TI"'E THE A.lIAL E'ORCE CHANGES. SOLOJ090 

IF KGDATA(J)·l. THE GEO"'E'T'IHC STIFFNESS IS FORMED WITH THE SOL03100 
STIFFNESS, THUS A SEPERATE CALL TO FORM IS SOLOJllO 
NOT NEEDED 5OLOJ120 

IF Jl:GDATA(J)·2, A SEPERATE GEOME"T'RIC STIFFNESS MATRIX IS E'ORMED 5OLOJ1JO 
IF (NEWKG) THEN SOL03HO 

FORMULATE SEPERATE GEOJIII£'TRIC STIFFNESS MATRIX 
IF (JC:GFORJIII.EQ.2) THEN 

FZ -0 
12-2 
CALL FORJot( 12) 
Jl:GCNDJ·J(GCOND 
IF (BUGS) THEN 

ELSE 

CALL LMATRX( KG,"'DKG,NDOF. IMDltG, 'II::G MATRIX DUMP-7·) 
ENDIF 

II::GCND2·. FALSE. 
ENDIF 

SOL03150 
SOL0311S0 
SOLOJl70 
SOLOJ190 
SOLOJ190 
SOLonoo 
SOLOJ210 
SOL03220 
SOL0)230 
SOL0)240 
SOL0]250 
SOL0J260 
SOL0)210 
SOL0J280 

ENDIF SOLon90 
C SOL03300 
C ••• ··.·····---•••••••• --.... SOLOllI0 
C· CONDENSE OUT FREE DISPL-.. 5OL03J20 
C ••••••••••••••••••••• ••••••• SOL033JO 
C ••• IF MeOHD IS TAUE THE "'-\SS ",",TIUX IS ALSO REDUCED 81 GUYAN REOUCTIONSOLOJJ40 
C ••• IF II::~CHD2 IS TRUE THEN ~ 15 ALSO REDUCED SOLOJ350 

IF' (NCOND.~T.O .AND. NE1IiJC: ) THE:N SOLOJ360 
CALL MSOLL{1,8UG5,L4,I"'D,NooF.l.Ll.L2. SOL03J70 

.... 0 ,STIFF , DLOAD2,1fORJI:, SOL03380 
MeND2,J4ASS ..... OMS ,IMDMS, SOL03390 

JC:GCND2,KG ,~DICG ,IMDKG.A80RT) 6OLOJ400 
IF (ABORT) GO TO 5000 SOLOlHO 
!r4CND2 •• FALSE. SOLOJUO 
KGCND2·. FALSE. SOL03430 

ELSE IF (NCOND.GT.O) THEN SOLOJ44 0 
REDUCE THE DTNAJo1IC LOAD MATRIX IF OLD STIFFNESS IS USED... SOL0J450 
CALL MSOLL(2,8UG5,L4,IMD.NDOF.l,Ll.L2, SOLO:H60 

MD .STIFF • DLOAD2 ,WORK, 50LOH70 
MCND2,J4ASS ,JoIQMS ,IJoIDMS, SOL034BO 

KGCND2,J(G , JoIDKG ,IMDJl:G.ABOAT) 6OLOJ490 
IF (ABORT) GO TO 5000 5OL03500 

ENDIF 5OL03510 
C 5OL03520 
C •••••••• - •• - ............ -.--.... ----•• - •• - ........... -......... SOLO 3 5 30 
c· DETERMINE IF A NEW DINAJIIIC STIFFNESS NEEDS TO BE CALC ••• SOL03S40 
C ••••• - .............................. -·-·-·· .... ·--.. --....•••••• SOLO 3 S SO 

c 
c 
c 
c 

IF' (N"EWK .OR. HE'WICG .OR. (JC:GLOAD.EQ.l .AND. ACCE:LZ.Eg.ACCOLD»THENSOL03560 
N"EllKDY· .TRUE. SOL03570 
ACCOL~ACCELZ SOLOJ5eO 

ELSE SOL03590 
NEWII::DI •• FALSE. SOL03600 

ENDlr 50L031S10 

WRITE (6,'*) ,*---- DDISP ----* aEFoRE LINACC 
"RITE (IS.*) (DDISP(I).I·l.14) 

501..031S20 

C·-········· .. •• ...... -·-····· .. ···· .. ·····-·-······ .. ··· 

SOLOJISJO 
SOL031S40 
SOLOJIS50 
SOLOJ61S0 
SOL03670 
SOLOJIS80 
SOL031S90 
SOL03100 
SOL031l0 
5OI..03720 
50[.03730 
SOL03740 
SOI..03750 
SOL03760 
SOL03770 
SO[.03780 
SOLO 3751 0 
SOI..OJ800 
SOI..03810 
SO[.038.0 
SOL03B30 
SOL03940 
SOLOJ950 
SOL03960 
SOLOJ910 
SOLOJ990 
SOI..O)990 
SOLOJ900 
SOL0J910 
SOLOJ9.0 
50L03930 
SOL03940 
SOL03950 
SOLOJ960 
SOL03970 
SOL03980 
6OLOJ990 

C. SOLVE DYNAJIIIC eQUATION FOR INCRIME:N'!'AL DISPL •• C--········ .. -· ... -·--··-················-······· .. ··· 
12·2 
IF (INTEGO.EQ.l) THEN 

CALL LINACC( 12, BUG4, [7l' ,TO.TF.T. 1. 00 ,Ngw'ltOT, 
Ll, L2 ,LJ ,L4 ,L5 ,L6, IMCMB, IMD. 1"'08. IMDItG,NOOF ,NFREE. 
ICGLOAD, J(GFORM. 

ACC, VEL ,DISP • LOA.O , 
DACC ,DV~ • DDISP , DLOAD2. WOFl.J(, 
MASS ,MOMS ,DAMP ,STIFF ,MD 
ICG ,HDII::G ,F'Z ,GRAV, 
5SAR ,HDS ,AN ,BN ,PBJl.R, 

" FDJI.JoI>', FMIIS5 ,Cl,C2 ,C) ,C4 ,C5, C6 ,C7, ALPHA. BE'TA,C10 ,Cll, ABORT) 
ELSE IF (INTEGO.EQ.2) THEN 

CALL AVEACC (12, BUG4, C1I', TO, TF ,T, THE'l'A, NE:WII::DI, 
tol ,12.1..3,1..4, L5, LIS, IHDMS, IHO, IMDS, I MDICG , NOOF, NFREE, 
II::GLQJl.D, It:G FORM , 

ACC, VEL ,DISP • LOAD , 
DACC , DVEL ,001 SP , DLeAD2, WORJI:, 
MASS ,MOMS • DAMP • STIFF ,MD 
ICG ,"'DIeG • FZ .GRAV, 
SSAR , MDS ,AN ,BN • PBAR , 

" E"OAJol:P, E"MASS. Cl .C2 .e) .C4 ,C5 .C6 .C7, ALPHA, BE"!'P.,CIO ,Cl1 ,ABORT) 
ELSE IF (INTEGO.EQ.J) THEN 

CALL WILSON{ 12. 8UG4. C'r .TO.'l'F.T ,THE'TA, NEWJl:DI, 
LI, L2. L3, L4. to5, LIS. IMOMS, IMD. IMDS. IMDJl:G, NooE", NE"REE:. 
ItGLOAD. Jl:GFORM, 

ACC. VEL , CI6P • LOAD • 
DACC • OVEL • ODISP , DLO"'D2, WORI(, 
MASS • MOMS ,DAMP , ST I FF • MD 
leG ,MDII::G • FZ .GRAY. 
SB ... R ,MDS • AN , BN , PBAR , 

FDAMP, FMAS5. C 1. C2, C3, C4 , C5, C6, C7 , ALPHA. BE'T .... C 10. C 11, ABORT) 

99 

£HDIF 
IF (ABORT) GO TO 5000 

c C····---······· ........... -.. -................... -..... . 
C· BACII:: SUBS'rILI'T'ION TO SOLVE FOR NON-DINAJo1IC DOF ••• C··· •••.. -................... -.••• -••••••. -. -. -...... . 
C 01 SP C • T - 01 SP F 
C OISP-C. INV(1r CCl * (-It CF)*OISP(F) 
C SUBRofN AEA.C'I'N-(l0>'T·1);-
C PREFORXS THE MlILTIPICATION DISP C·(-II:: CF)'*OISP F 
C SUBRTN MSOL.L (IOM.J) I - - -

C PREFORKS THE BACII: SUBSTITUTION TO EQUI LI VENT 1'0 
C OI5P_C·INV(Ie_CC)'*DISP_C 

SOL04000 
SOL04010 
SOL040'l0 
5OL040)0 
50L04040 
SOL04050 
SOL04060 
SOL04070 
SO"['040BO 
SOL04090 
SOL04100 
SOL04110 
SOtoOU20 
SOLOU30 

ONE-l.OO SOLOU40 
IF (NCOND.GT.O) THEN SOL04150 

U.3 SOL.04160 
11-1 SOL.04170 C--------------··· - 01 SPLACEMENTS __________________________________ SOL.041 eo 

IF (BUGS) WRlTE(IS,*)'h--- CALC DISPL' SOL04190 
WRITE (IS.*) '*---- ODISP ----*' SOL04200 
WRITE: (6,*) (DDISP(I),I·1,14) SOL04210 
CALL REACTN( I I, BUG5 .NNODE, LI, L:2, L3. L4. DDISP, DOISP, SOL04220 

MO .STIFF ,MD(NOOF).N'DOf',l.ONE. SOL042JO 
MAlNOD, I OOf', COORD .10, TITLE, STEPI D •• fALSE. , SOL04::14 0 

NCOS, COSI NE, .]TCOS, .]TFLG, DSUMRC ) SOL.O 4 :2 50 
CALL MSOLL(IJ,BUG5,L4.IMD,NOOE",Il.Ll.L:2.MO ,STIF'F, SOI..0421S0 

DOISP ,WORK, SOLO 4:21 0 
.FALSE.,"'-\SS .MDMS .1, SOL04'l80 
.FALSE.,It:G ,MDJ(G .1.ABORT) SOL04290 

IF (ABORT) GO TO 5000 SOL04300 
C-·---------------- VELOCI 1'1 ES ---------------- ----- ---.- - _.- ------- SOL04 310 

IF (BUG5) WRITE(IS.·)'·---- CALC VELOC' SOL043.0 
CALL REAC'l'N( I 1. BUGS. NNODE. Ll. L2, L3. 1..4, DVEL, DVEL., SOL043)0 

MO .STIFF ,MD(NOOE"),NOOF.l.ONE, SOL04J40 
MAXNOD, I ooF, COORD ,10. TITLE. STEPI D, • FALSE:. , SOL04 35 0 

NCOS. COSINE, JTCOS, JTFLG. DSUHRC ) SOL0431S0 
CALL MSOLL(IJ,BU~5,L4,IMD.NOOF.Il,Ll,L2,MO ,STIFF. SOI..04J70 

DVEL ,WORK, SOL04380 
.FALSE.,MASS ,MOMS .1. SOL04390 
.E"ALSE.,KG ,MOIICG ,1.ABORT) 50L04400 

IF (ASORTl GO TO 5000 SOL04410 
C---------------- - - I'ICCELERATION ---------------------------- - ------ 501..04420 

IF' (BUG5) WIUTE(6,.)''*---- CALC "'CCEL' SOL04430 
CALL REACTN( I 1. BUGS ,NNODE. Ll. L •• LJ, L4. DACC, DACC. SOL04 4 40 

MO ,STIFF ,MD(NCOF) .NOOF.l.0NE, SOL04450 
MA.J.NOO,IDOF,CooAD ,ID,TITLE.S'l'EPID •• E"ALSE., SOL0441S0 

NCOS.COSINE,JTCOS,JTFLG, CSUIIIRC) SOL04470 
CALL MSOLL(IJ.BUG5.L4.IMD.NCOF,Il.Ll.L:iI."iD ,S"I'IFF'. SOLOH80 

DACC • WORK. SOL04490 
.FALSE.,MASS ,·MDMS ,1. SOL04500 
.rALSE.,It:G ,MDJl:G .1 .... eOM) SOL04510 

IF (ABORT) GO TO 5000 SOL045'l0 
EKDIF SOL045JO 

C SOL04540 
C......... •••••••••••••••••••••••••••••••• SOL04 5 50 
C· CALCULATE INCREMENTAL JoIEJIiI8ER FORCES ••• SOL04560 
co......................................... SOL04 51 0 
C ELELIB CALLS THE INDIVIDUAL ELEMENT LIBRARIES. EACH OF WHICH DETERJoIHISSOL04580 
C 1) DID THE STIFFNESS CHANGE1 IF so, NEWK •• TRUE. SOL04590 
C :2) SHOULD THE INCRI"'ENTAL DISPLACEHEN"l' BE RECALCULATED7 SOL04600 
C IF so. II::SAJ4E·.u5AJ1(E+ ( ... VALUE DEPENDING ON ELEMEN'I' TYPE) 501..04610 
C - SOL046'lO 

IOPT.4 SOL046JO 
LSTTTP.O SOL04640 
PRIN"l' •• FALSE. SOL04650 
HEAD·. FALSE. SOL0461S0 
NEWIt·. FALSE. SDL04610 
NELMT.NELMT SOL041SS0 
DO 150 IELNO-LNE'LJIn' sot.04690 

150 CALL ELE'LIS SOL04700 
, (IOPT,LS"J'TIP .PRINT ,IREL,HEAD,NAME.EESE.EPSE,DAJoIAGE,Dt.JCFAG, SOL04710 
, IELNO, IELDOF .ItGDOF, PGEOM, RINPUT. AXIAL, I ZDDSP, IZDLOA, MS'I'OR) SOL04720 

C SOI..04730 C.... ......................................... SOL04 7 '" 0 
C· ZERO STIFf"NESS CHANGE FLAGS IF EI..ASTIC ••• 501..041 SO 
C •• - ••••••••• - •• --••• - •••••••••••••••••••• --. SOLO 4 7 60 

If' (ELS'TIC) THEN SOL04710 
NEWIC •• FAL5E. SOL047BO 
ICSAME.O SOL04HO 

ENDIF' SOL04800 
C SOL04810 
C •••• - •••••••••• - ••••••••••••••••• -.............. SOL04B20 
C. DETERMINE IF II;'G IS TO BE UPDATED BASED ON ••• SOL04BJO 
C. CHANGING ELEMElfT AXIAL FORCE SOL04B40 
C ••••••••••••••• --------......................... SOL048S0 

IF (ICGLQAD.EQ.2) THEN SOL04960 
NEWXG-.TRUE. SOL04970 
IF (NCOND.GT.O) NEWIt·.TRUE. SOL04990 

ELSE SOL04990 
NEWltG •• FALSE. SOL04900 

£NDIF SOL04910 
C SOLOl920 
C ••••••••••••• - ••• --.--.--... SOLO 4 9 JO 
C. REPEAT STEP IF NESSAR1 •• - SOL04940 
C •••••••••••• - ••••• ---... -.... SOL049S0 

IF AN ELEXENT STlFF'HESS CHANGE DICT ... TED THAT THE STEP BE REANALIZED, 50L0491S0 
REFORMU[.A.TE THE STIFFNESS AND REANALIZE SOL04970 
THE YARII'r.BLE: REPBAT IS SET UP TO SUPRESS THE REANALIZING DE" A STEPSOL049BO 
CUREN'!'Lr. BACH STEP J4AY ONLI BE REANALIZED ONCE, THIS PREVENTS SOI..04990 
AN ENDLESS LOOP. SOLOSOOO 

c 

IF (Jl:SIJIfE.NE.O .AND. REPEAT) THEN 
REPEAT·. FALSE. 
GO TO 100 

ENDIf' 

C·············--·····-··-· C· SOLVE F'OR REACTIOtoiS ••• C···--················ ... --· 
C REACTIONS ARE DUE TO INTERNAL MEMBER FORCES 
C 

IF (BUGS) WRITE(6,*)'e---- CALC REACT·IC-X· 
CALL RSA.CTN(2,BUG5.NNODE,Ll.L4,L5,L6,DLOAD .DOISP 

'MD ,STH'F .... D(NDOF) ,NooF.l.l.O. 
i MAXNOD,IDOF'.COORD ,ID,'rITLE,S'TEPID,.FALSE., 
" ,NCOS,COSINE, .JTCOS,.JTFLG.DSU"'RC) 

c 
C----- GET 5'UXNATION OF REACTIONS 

CALL REACTN(3,BUG5,NNODE.Ll.L4.L5.L6,DLO"'D ,DCISP, 
" HOI{(; .Jl:G .MDIt:G(NDOF),NDOF,I.1.0. 
" I4AINOD,IOOE".COORD .IO.TITLE,STEPID •• E"ALSE., 
" Ne05, COSII~E, JTCOS, .:rTFLG, OSUMRC) 

c C----- ~ET SUJOIATION OF REACTIONS DUE TO UNBALANCED LOAD 
IF (.NOT.ELS'!'IC) 

" CALL REACTN(3,BUG5.NNODE.Ll,L4,L5.L6,OLOAD ,ODISP. 
" MDItG ,It:G ,MOJ(G(NOOF).NDOF,l,l.O, 
" MAJ[NOD, I COF, COORD ,I D, TITLE, STEPI D •• FALSE. , 
" NCOS, C05HU:, JTCOS. JTFLG, SUIoruB) 

c 
C----··················· .... ········-··---· .. ······-·--··.---. 
C- SOLVE FOR INCRIME:NTAL GEOHE."TIHC STIFFNESS FORCE. OE"G ••• C·····································-··-····-···· .. ··.-.. -
C 
C------- INCRIMEN'l'AL GEOMETRIC STIFFNESS FORCE 

IF (KGFORM.EQ.2) THEN 
IF (BUGS) WRITE( 6, * ) '*----- INCRII':ENTAL FORCE DUE TO 
CALt. TMPLI (BUGS, .TRUE., 1140. Loll. L3,L4 .LJ.L4, 

MDKG ,ltG, OFG, DOl SP) 
SCALE FORCE TO INLCUDE GROUND ACCELERATION 
DO 159 I·LJ .I..4 

<0 • 

SOLO~O 10 
SOLO~020 
SOLO~030 
SOL05040 
SOL050~0 
SOL05050 
SOLOS070 
SOLOSOBO 
SOL05090 
SO~05100 
SOL05110 
501..05120 
SOL05lJO 
SOLOS140 
5OL05150 
SOL05HiO 
SOLO~170 
SOL051BO 
SOL05190 
SOL05200 
50L05::110 
sOL05:2:20 
SOL05230 
50L05:240 
50L05250 
50L05::11S0 
SOL05270 
50L052BO 
SOL05:290 
SOL05300 
50L05310 
SOL05320 
SOt.05330 
50LOS)40 
SOt.05350 
50L05360 
50L05370 
SOL053BO 
SOL05390 
SOL05400 
SOL05UO 



159 Cf'G(I). (l ... FZ)-CFG{I) 
ENOIF 

c C······---···--····-······················----····· c- SOLVE FOR INCRIMEN'I'AL CA)i!PING FORCE, OFOA)(? ••• c-······ ......... _--- ... -.. _ .......... _.-.-........ -. 
C 

IF (BETA.NE.O) THEN c------- INCRINEN'I'AL CAMPING FORCE WE TO S'I'IFFNE6S 
IF (BUGS) WRITE(6,-) 
, .---- D1..MPING FORCE/REACT DUE TO S'I'H"FNESS' 
CALL TMPLY (BUGS •• TRUE •• IMD. L6, L3. [,4. L:3. L4, 

)olD. S'TIFF, DF01..MP. DVEL) 
CALL 'T'MPLY (BUGS •• TRUE., IND, L6, [.5, L6, Ll. L4. 

)0(0, STI FF, DFDAMP, DVEL) 

C------- INCRIMEN"I'AL DA.MPING PORCE CUE TO K.G ••• 
If' (K.Gf'ORM.EQ.:o!) THEN 

IF (BUGS) WRITE(6.-) 
•• ---- OA)o1PING FORCE/REACT CUE TO ItG 

CALL TMPLT (BUGS, .TRUE., IIIIIC. [.6, [.3, L4. L:3. L4. 
MO~G. ltG, WORIIt. DVEL) 

CALL 'T'MP[.! (BUGS •• TRUE •• IHD, L6, [.5, L6. Ll, L4. 
MCItG , IItG • WORIIt. CVEL) 

00 159 I-['J .L6 
159 OFC.vcP(I)·OFDA.MP{I)-WORIt(I) 

ENOIF 

C------------ CM.C SUM OF STIFFNESS PROPORTIONAL DAMPING REACTIONS 
CALL REACTN(3,BUG5,NNODE,Ll,L4,L5,["6,OFDA.MP.OVEL , 

, IIIIOMS ,MASS ,MDMS{NooF),N'OOF,I.I.00, 
IoIAINOD, rooF.CooRD • ID.TITLE, STEPIO •• FALSE., 

NCOS, COSI NE • .3'l'COS, J'rFLG. DSUIIIIFO) 

C------- MI.ILTIPL! BY BETA 
00 160 1·1,6 

DBUMFO( I) ·OSUMFD{I ).BCTA 
160 IF (BUGS) WRITE (6,·) ·1,OSUIIIFD{I),BE'TA'.I.OSUJ!l:FD(I),BETA 

00 Hil I·LJ,L4 
161 CFDAMP{I)·OFDAMP(I)·BE."·U 

EN'DIF 

H' (ALPHA.NE.O) THEN 
C------- INCRIMENTAL DAMPING FORCE DlJE TO MA.SS ••• 

IF (BUGS) WRITE(6.·) ._----- DAJIIPING FORCE DUE TO MASS 
DO Hi2 I·Ll.L6 

1152 WORIIt(I)·O.OO 
CALL TMPLT (BUGS,. FALSE •• IIIID. L4. L:3. L4. L:3. L4, 

MOMS. """55. WORIit. DVEL) 

C------------ CALC SUM OF FO 
CALL A.EACTN ( 3 • BUGS, NNOCE, Ll • L2 • L3, L4 , WORIIt, OVEL 

MOMS ,MASS • MOKS( NooF), NOOF, 1,1.00. 
MAXNOO,IOOF,CooRO ,10. TITLE. STEPI 0,. FALSE •• 

NCOS, COSINE, JTCOS. J'l'FLG, T51JM) 

C------- MI.ILTIPLT BT ALPHA ADO TO PREVIOUS 51JN ••• 
IF (BETA.NE.O) THEN 

00 165 I·L3,L4 
165 DFOAJo(P( I) .DFOAJo(P( I) "'ALPHA-WORIIt( I) 

00 16' 1-1.6 
167 D6UMrD( I )-OSUMFD( I) -'I'51JM( I) -ALPHA 

ELSE 
00 168 I·L3, L4 

168 DFDAJo(P( 1)- ALPHA"WORIIt( I) 
DO 166 1-1, 15 

166 DS1JMFO( I )--TSUlC( I J ·ALPHA 
ENOIF 
IF (BUGS) WRITE (15,·) 'OSUMFOI' ,D5lI'MFD 

ENDIF ' 
IF (BUGS) THEN 

00 169 I-LJ, L6 
169 WRITE (6.-) 'I'.I,'DFOA)(P',DFOAMP(I),'FOAMP',TFOMlP(I) 

ENOIF 
c 
C·-.. -,..-···· .. ·····-···---·------·········· 
C- CALC AND ENi:RGIES AND DlJCTILITIE6 ---C··· -..... -------•• -••••••.•...••••••• -----

WRITE'" MOO(ISTEP,IPA.NT).EO.O 
HEAD - WRITE 

IE' (HEAD) WRITE: (15,:;50) TITLE(1),TITLE(2),, ',ISTEP,STEPTO 
IF (SLMASS) THEN 

C------------ OlERGr FORMULATION WITH SPECIAL LOADING MASS ---
C BASED ON APPLIED LOADING 

CALL ENERGr 
(Ll, L2 .LJ. L4. L5, LI5 ,NooF.MAJ:NOD,NCOS. BUGll •• FALSE •• 

IMD.IMtlMS, IMOI(G .MD,MI)MS,MOIltG, .TRUE., WRITE,ABORT, 
STIFF,ItG,MASS. 
EI E. ESE, PSE, EItE, EDD, 
ALPHA, BE."'l'A, ItGFORN. NE:lJof'I' ,NNODE, O'J', SUMUB, 

51JMRC,OSUMRC, 51J"'FD, OSU"'FD,Tf'[)J.)(p. DFDAJIlP, FZ, 
ZERO,GV ,GO, :J!ERO,GV't' ,GO'!', WORIIt, lIORJt( L6+1), FG. DFG, 
DACC. DVEL, DDISP. ACC. VEL, 01 SP, LOAD. tILOAD, 
10 ,IooF , CNS'I' ,J'I'FLG • COORD 
COSINE ,J'TCOS ) 

ELSE 
C------------ ENERGY FORMULATION VITH/o SPECIAL LOADING /ltASS ---
C BASED ON GROUND MOTION 

c 

CALL ENERGY 
(Ll, L2, LJ, L4, LS, L15 ,NOOF, ~OC,NCOB, BUGll,. FALSE., 

IMD, IMDMS. I)oID~G, )010, NOMS. MDIltG •• TRUE., WRITE, ABORT. 
STIFF,~G,MASS, 

EI E, ESE. PBE, EI(E, EDD, 
ALPHA, BE."I'A, IItGFORJ4, NE:LN'r .NNODE, CIT', SUMUB, 

SUMRC, QSUMRC, SUMFC,06UMPC,TFDA.MP,DFDAMP, FZ, 
G .... GV ,GC,G"'T .GY'l' ,GO'!'. WORK,WOAX{L6+1), FG. DFG, 
DACC, OVEL, DDISP, ACC,VEL.DISP, aERO, aERO. 
10 , I toF , CNS'!' ,.JTf'LG ,COORD 

i COSINE , J"\'COS 1 
EHOIF 
EID! .AHAI.:l(SNGL{EIE) ,EIEM ) 
E6E)!( ·'AMA.l:l{SNGL(ESE) ,ESDI l 
PSEM -AMAIl{SNGL(PSE) ,PISEM ) 
E~E:M ·A.MAXl{SHGL(EJtE),ELEM ) 
EDeM ·A.MAI'l{SNGL{EDC) ,EDOM 1 
IF (A80R'I') GO TO 5000 

C"-- ._-.............. ----------.................. -. -.-
C. GET TOTAL GLOBAL LOAD, DISPL, VELOC AND AeeEL -.-C································----·-------······· 

IF (BUGO WRITE (6,J::iO) 
00 310 I-l,NooF 

ACCCI) .. DAeC(I) + "'CC(Il 
VEL(I) - DVEL(I) + V"EL(I) 
DISP(I) • DDISP(I) + DISP(I) 

LOAD( I) • DLO",D( I) + LOADC I) 
TFDAMP( I}- DrDAMP( I) + TFDAMP( I) 
FG(Il -DFG(I) +FG(I) 
IF (ABS( ACC(I».GT.ABS(ACCM.U(I») "'CCKAX(I}· ACC(I) 
IF (ABS( VEL(I».C;T.ABS(V"ELM.U(I») VELMAX(I}· VEL(I) 
IF (ABS( DISP( I)) .GT. AB6( 06PMAX( I))) DSPMA.I( I )-DISP( I l 
IF (ABS(LOADC I») .GT. ",e5( RCTI'IAX( I») RCTMA.:I( 1 }-LOAD(I) 
IF (BUG4) 

, WRITE (6,J30) l,DDI5P(I).CIIEL(I),DACC(I),DLOAD(I), 
CISP(I). VEL(I) , ACC(I), LOADO) 

DACC( I )-0.00 
OllEL(I)-O.OO 
DDISP( I )-0 .00 
DFDAMP( I )·0.00 

SOL05420 
SOL05430 
50L05440 
SOL05450 
SOL05460 
50L05470 
5OL05480 
5OL054510 
SOL05500 
SOL05510 
SOL05520 
50L05530 
SOL05540 
SOL05550 
SOL05560 
50L05570 
50L05580 
SOL055510 
50L05600 
50L05610 
SOL0515:;0 
SOL056)0 
SOL05640 
SOL05650 
50L05660 
SOL05670 
5OL051580 
SOL056510 
50L05700 
5OL05710 
SOLO 57:il 0 
SOL057:30 
5OL05HO 
5OL05750 
501,,05760 
SOL05770 
5OL05780 
SOL05HO 
SOL05900 
5OL05910 
SOL05820 
SOL059:30 
SOLOS940 
SOL05B50 
50LOS9150 
5OL05870 
SOL05990 
5OL05890 
5OL055100 
5OL055110 
SOLOS5I20 
SOL0551)0 
5OL055140 
5OL055150 
SOLO 5 !iI150 
5OL05970 
5OL05980 
SOL0551510 
SOL015000 
5OL06010 
SOL015020 
5OL060:30 
5OL06040 
SOL06050 
5OL06060 
SOL06070 
5OL015080 
5OL060510 
6OL06100 
5OL06110 
5OL061.0 
5OL0I5130 
5OL0614 0 
5OL015150 
5OL0151150 
5OL06170 
5OL061BO 
5OL061510 
5OL06::iOO 
SOLOI5::ilO 
5OL015:o!::iO 
SOL06::i30 
SOL06::i40 
50L015::i50 
SOL015::i60 
50L06::i70 
5OL06290 
5OL062510 
SOL06300 
SOL06JI0 
5OL015320 
SOL063JO 
6OL06340 
6OL06350 
5OL063150 
6OL015370 
5OL06390 
6OL0153510 
50L01540o 
SOL06410 
SOL064:o10 
5OL06430 
8OL0I5440 
SOL06450 
5OL06460 
SOL06470 
SOL06480 
5OL06490 
SOL06500 
50L06510 
501,,065:01.0 
5OL06530 
SOL06540 
501,,06550 
5OL06560 
SOL06570 
5OL06580 
SOL065510 
SOL06600 
5OL06610 
SOL066:01.0 
50L06630 
50L06640 
50L06650 
501,,06660 
50L06670 
SOL0615BO 
50L06690 
601,,06700 
60L015710 
60L06720 
50L06730 
SOL06HO 
SOL06750 
SOL06760 
SOL06770 
50[.06780 
5OL0I5790 
50L06800 
SOL015810 
50L06920 
SOL015830 

c 

JlO 

30. 

320 , 
330 

DLeAD( I) ·0.00 

00 3051 1-1.6 
SUMRC(I) • D6UMRC(I) + SUMAC(I) 
SUMf'D( I) • DSUMFO( I l ... SUP<4FD( I ) 

SU"FOR·SQR'J' (51JJ!l:FIC( 1 J --::i+SUIIIIRC (2) --2+SUMRC () .. :;) 
SUMMON-SORT (SUNRC( 4 J --:hSUMRC{ 5) --2+SU"RC (15)"2) 
5UMMFO-MAI( SUMFOR, 5UMJllf'0) 
5UJoOODooMAl( 51JJoOCJ"', SUMMMC) 

FORl4AT (' ooF'.6X.'DD',l:o!X.'DV',l::iX,·DA',12.1[,'DP', 
12X,' 0',12X,' V'.12K,· A',12](,' P') 

F'ORl4AT (l1,16,lP.8G14.6) 

c··---············------------.. -·-----········--······ .. -.. -------
C· PRINT TOTAL GLOBAL DISPLACEMENTS, VELOCITIES, ACCELERATIONS ••• C·----······-·······----·-------·-·--·············-···.-.---.--.--

c 

, , , 

IF (WRITE) THE:N 

ENDlf' 

CALL JOI OSP( I, JoO.AXNOD, NOOF, NNODE, 1 , L3 , L4 , I D, 
IooF.CNST ,OISP , 
TITLE,' DISPLACEJoIENTS' ,STEPIC •• TRUE., 
NCOS, COBI NE, JTCOS, JTFLG) 

CA.L.L .JOI DSP( L MAXNOD,HOOF,NNODE, 1, L3, L4. I 0, 
looF,CNST ,VEL , 
TITLE. 'VELOCITIES' ,STEPID, .TRUE., 
NCOS, COSI NE, JTC06, JTFLG) 

CALL .JOI DBP( l,MAXNOD,NOOF,NNOCE.l, to3, [,4, I D. 
looF,CNS'I' ,ACe • 
TITLE. 'ACCELERATIONS' ,5TEPID, .TRUE •• 
NCOS, COS I NE. J"I'COS, JTFLG) 

C··-·--······ ...... ---•... --.... -.. 
C- PRINT TOTAL GLOBAL REACTIONS ••• C--····· ...... -.----.-----•..••...•. 

c 

lOP'!"· 3 
CALL REACTN( 10PT. W'RITE. NNODE, Ll.L4 ,LS. LI5. LOAD,ACC 

, "'eMS ,!'lASS ,M0M5(NDOF),HOOF,1.0NE, 
, MAlI:NOD,IooF,CooRD ,IC,TI'!'LE.5TEPID •• TRUE •• 
, NC06,COSINE. J"1'COS,J"I'FLG.SUMRC) 

IF (WRITE) WRITE (6,3D) 6UMFOR,SUJ040M 
JI3 FORl4AT (/n,'RE51JLTAN't' OF REACTION6, FORCE·'.IP,G12.~. 

311 

, • I4OMEN'I'.' ,GI2. 4) 
00 311 1·1,6 

.J-NOOF"'I 
IF (ABS( SUMRe( I II .GT.ADS( RCTMAX.{.J))) RCTM.U( J) -5UMRC (I) 
COHTINUE 

C·-·········· .... -------.---------............. . 
C- CALCULATE MD PRINT TOTAL MEMBER FORCES ••• C············-····------·-·-· .. ················ 

I OP'Y'· 5 
LSTTYp·O 
IF (WRITE) THEN 

PRIN'!' •• TRUE. 
HEAD - .TRUE. 

ELSE 

ENDIF 

PRINT-. FALSE. 
HEAD ·.FALSE. 

DO 300 IELNo-l.NELH'T 
300 cA.L.L ELELIB 

, croPT ,['S'I'TYP ,PRIN'!' ,IRE:L.HEAD, NA.ME .EESE.EPSE,DAMAGE, 
, DUCFAG. 
, I ELNO ,IELOOF, K.GooF. ?GEO"'. RItlPUT,A.:IIAL. I ZDDSP, I ZDWA,JoISTOR) 

5OL0684o 
SOL0685o 
SOLOfi860 
SOL06870 
50L06BBO 
SOL068S10 
SOL06900 
SOL06S110 
50[.06920 
501,,065130 
50L0651~O 

SOL06950 
SOL0651150 
50L06970 
SOL0I55180 
60L0I5S190 
501,,07000 
50L070l0 
50L070:;0 
50L07030 
50L0704o 
SOL01050 
50L070150 
50L07070 
50L07080 
50L070Slo 
SOL07100 
SOL07110 
SOL0712o 
50L07130 
501,,07140 
SOL01150 
50L01160 
501,,07170 
501,,07180 
501,,07190 
50'[.01200 
SOL01210 
50L07220 
SOLO? 230 
SOL07240 
501.01250 
501,,07260 
50L07270 
50L07280 
SOL07290 
501,,07 JOO 
5OL07310 
50L07:320 
SOL07330 
601,,07340 
SOL07350 
SOL0736o 
60L07370 
SOL073Bo 
SOL073S1o 
SOL07400 
SOL07410 
50L07420 
50L074 JO 
50L07440 
50L07450 
50L07460 
SOL07470 
SOL07480 

C 50L07490 
C-----------••••••••••• - •• ----.---"''''-.--.--. SOL07500 
C. CALCULATE oUID PRINT 5TSTE:M OOCTILITY BASE 50L07510 c-.---------............... --------.----.... --. SOL07520 
C •••• SYSTEM ruCTILIT! IS BAS"ED ON THAT THE FIRst' ELEIIIIENT REACH TO SOL01530 
C ITS CRITICAL LOAD SQL0'i540 

IF( .NOT. E:LS"!'IC) TH~ SOLOi 550 
10PT.ll SOLOi 560 
LSTTYp.O sOLOi 570 
IF( .NOT. DUCLOG) THEN 501,,01580 

PRINT •• FALSE. 50LO' 590 
HEAD •• FALSE. SOLOi600 
00 H20 IELND-l.NEUrT' 50L07610 

DUCFAG-O SOLOi1520 
CALL E:LELIB 501,,07630 
(I OPT, LSTTYP ,PRINT ,I A.E:L, HEAD, NAME, EESE, EPSE, DA.MAGE, OUCFAG, SOL07640 

1 ELNO • IE:LooF.ltGooF, PGOON, RINPUT,AXIAL, I ZDDSP, I ZDLOA, MSTOR) SOL07650 
IF( DUCFAG .GE. 1 ) THEN SOL07660 

WRITE{6,3140) IE:LNO 50L07670 
CALL .JOI OSP( 1 ,MUNOD, NOOE'. NNODE, 1 ,L3, L4 , I 0, 50L0115Bo 

lOOF,CNST .DISP • SOL076510 
TITLE, , 01 SPI..ACEMEN'l'6' ,STEPI 0, • FALSE. , SOLo77 00 
NCOS,COSINE, JTCOS,JTFLG) SOL07710 

DUCLQG- .TRUE. SOL07720 
GO TO 3130 50L01130 

ENOl F SOLO 714 0 
3120 CONTINUE 50L07750 

E:HDIF 50L017 150 
ENDIF 50L07770 

J140 FORMAT (' 5YSTE:M DI6PLACEMENT ( FIRST ELD4EN'l' REACH TO CRITICAL',50L071BO 
, • LOAD'/ 50L07790 
, ' •••••••• ____ .... _ •••••••• _________ •••••••••••• _ •••••••• ', 50L07800 

'._-_.' / 
• •• ELEMEN'I' '.15,' FI RST REACH TO CRITICAL LOAD **') 

60L07810 
SOL07B:;0 
SOL07830 
SOL07840 

C·- ... ·-·-··········--·-········ .. ··-------"'---······ .. ••• ••• 
SOL078S0 
60L078iSO 
50L07870 
50L07880 

C. cALCULATE AND PRINT DUCTILITY AND EJ:CURSION RATIOS ••• 

C··· .... ····---······· .. ········------·--··-··-··--·--·-·-•• 
3130 10PT·ll 

LSTTYP-O 
IF (WRITE) THEN 

PRINT-.TRUE. 
HEAD -.TRUE. 
DO J12 IELNO·l,NElJoIT 

:312 CALL ELELIB 

SOL078S1o 
SOL0790o 
SOL0791o 
50L0192o 
501,,01930 
SOL07940 

, (IOPT ,L5TTYP ,PRINT .IREL,H"EAO, NAME ,E"ESE,EPSE,DAMAG"E, SOLOi9S0 
, DUCFAG. 
• IELNO • I ELOOF.ItGOOF, PG EO" , RIHPUT, AlIAL. I ZDDSP, I ZDLQA,MSTOR) 

ENDIF 
c 
C·- .. ·······--------··············· 
C· IIRITE: DATA TO OUTPUT FILE6 ••• C·····-----·····-················· 

c 

IF (IWRITE.GT.O) THEN 
IF (MOD(ISl'EP,IWRITE:).EQ.O) THE:N 

IOPT-2 
C-'LL DIoIPDAT(IOP'!",IWRITE,TO,[YI') 

ENDIF 
EHDIF 

C·· .. •·•···· .-----••••• ------........................ ---.---..••• 
C. CHE:CIt ELAPSED CPU TI)oIE ON THE U"'RBX OR CORNELLf' STSTEIoI .--C·····-···· .• -•• -... -----.••••........... -...... --........•.. -

DO 3510 I-1,NOOF 
IF( AB5( DI5P( I J l .GT. 300 ) THEN 

WRITE(Ei,")' DISP(',I,') GREATER THAN 300. PROGR.AJot STOP' 
GO TO SOOO 

EHDIF 
390 CONTINUE 

IF( PLACE .EQ. 'UMRYMB' 
CALL TIMEIT(CPU) 
TCPU·CPU ... TCPU 
ITLCPU·REQCPU 
CPURE",· REQC PU -TC PU 
C PUELA· ITLC PU -C PU REM 

1 THEN 

SOL07960 
501,,07970 
SOLOi 990 
SOLOi 990 
SOL08000 
501,,08010 
501,,08020 
501,,08030 
501,,08040 
sOLoe050 
50L080EiO 
50L08070 
SOL08080 
50Loe090 
SOL08100 
SOL08ll0 
SOL081:20 
SOL081JO 
501,,08140 
SOL08150 
SOL081EiO 
SOLOB170 
501,,08180 
SOL08190 
50L08200 
SOL08210 
60L08220 
SOL08130 
SOLOB2~0 
501,,08250 

100 



4891 , 

IF' (ITLCPU.G'!'.O) THE:N SOL08250 
IF' (CPURE'.:14.LT.0.05'111ITt.CPU .OR. CPURE'M.LT.5) THO! SOL08nO 

WRITE (5,4891) lTLCPU,CPUELA,CPURE:)(,ISTEP.T SOL08:lS0 
ABOR'I'· .TRUE. SOLOS290 
GO 't'O 5000 SOLOS300 
F'ORKAT [II SOLOSJlO 
............................................ - .............. ' I SOLOS320 

TIME LI!'.IT IS EXCEEDED 
SOLUTION IS ABORTED 

CPU TI!'.E AT BEGINING OR EXECUTION ••• '. 17.' (SEC) 
E:LAPSEO CPU TIME •••••••••••••••••••• •• 17,' (SEC) 
CPU TIME RE:M.AlNING .................. ', 17,' (SEC) 
NUM8ER OF STEPS COI'I:PLETEO ••••••••••• '. I7.' 
SOLUTION STOP TIME ........... ' .IP ,G14. 7 

- .. ' I SOLOeJ30 
··'/50L08J40 
•• ' I 50L08350 
... ' / 60LOa360 
•• ' / 50L08370 
•• ' I 50LoB3aO 
•• ' I SOLOB390 
··'1 SOL08400 
... ' 1 SOLC8UO 
"·'1 SOLOS420 

................................................... - ........ --') SOL08430 
ENOIF SOLOSUO 

ENDIF SOLOB450 

ELSE IF( PLACE .EQ. 'eORNEL' ) THEN 
CALL TIMEIT(CPU.TepU) 
TCPU·CPU+TCPU 
ITLCPU·REQCPU 
CPUREM· REQCPU-Tepu 
C PUELA- ITLCPU-C PUREM 
IF (ITLCPU.GT.O) THEN 

IF (CPUREM.LT.0.05-lTLCPU .OR. CPURE:)(.L'I'.5) THEN 
WRI'I'E (6.4891) ITLCPU,CPUELA,CPURE:M.ISTEP,'I' 
A80M- .TRUE. 
GO TO 5000 

ENDIF 
ENDIF 

E:NDIF' 

SOLOB450 

500 COt-lTINUE 

c· cLOSE OUTPIJ'I' FILES .-. 

SOLOBOO 
50LOBUI0 
SOLOS490 
SOLOaSOO 
SOLOSS10 
Sot,Oe520 
60LOB530 
60LOBS40 
SOL08SS0 
SOL08S50 
SOL08570 
SOLOSSSO 
SOLOBS90 
SOLOEl500 
SOLOS510 
SOLOS620 
SOL08630 
SOLOB640 
SOLOSSSO 
SOLOa6S0 
SOLOB610 
SOL08seo 
5OL08690 
SOL08700 
SOL08710 
SOLoeno 
SOLoe130 
SOLoaHO 
SOLOS1S0 
SOL08i60 
SOLOBiiO 
SOLoa1BO 
SOLOB190 
SOLoeeoo 
SOLOBB10 
60L08B20 
60L08830 
SOL08840 
SOL088S0 
SOLOB860 
SOL08B70 
SOLOSSBO 
SOLOSSiO 
SOLoe900 
5OLOB910 
50L08920 
SOLOS9lO 
SOL08940 
6(lL089S0 
SOLOB960 

c························· 

c 

5000 IF (URITE.GT.O) THEN 
IOPT·3 
CALL DMPD...,.(IO~.IWRITE.TO,t1I') 

ENDIF 

e .... __ •• •• •••• •• ••••• •• •••• •• oo··· .... •••• • 
e. PRINT MAXIMUM GL08AL DISPLACEMENTS .... 
e· .. _ .. •••••••••••••• .. •••• ••••••••••• _ ••••• 

251 FORMAT ('1 S'T'RUCTUAE .... I ',A,I 
, 'SOLLl'I'ION ••••• 1 ' ,1..11 

, HAXlMUN VALUES FOR ALL STEPS 'I , ......... __ ..... -...... -........ ) 

STEPID-' , 
IS'rEP • 0 
WRITE (6.251) TITLE(l},TITLE(2) 

CALL JOIOSP( 2, MAlI:NOD, NCOF, NNODE. 1. L3.L4.1 D. 
lOOF,eNST ,DSPKAI, 
TITLE, 'MAXIMUM DISPLAC~ENTS' ,STEPIO,.FALSE., 

, Ne05,COSINE.J'l'COS.J"I'F'LC) 
WRITE (6,251) TITLE(1).TITLE(2) 

CALL JOI OSP! J, I'tA.I:NOD, NOOF. NNODE, 1. t.3, t,4, I D. 
IOOF,eNST ,VEI.KA.I • 
TITLE, 'KAlIMtJM VElLDC' ITI ES' • STEPI 0, • FALSE •• 

, NCOS,COSINE,J'l'COS,J'l'Ft..G) 
WRITE (i!i.2S1) 'l'ITLE(1),TITLE(2) 

CALL JOI asp (2 • Ji4A.XN'OD. NooF, NNODE, 1 ,L3 • L4 • I D, 
lOOF,CNS'l' ,ACCI'.AX • 
TITLE. 'MAXIMU!'. ACcELERATIONS' .STEPIO, .FALSE., 
NCOS, eOSI NE. JTeos. JTFLG) 

C •••••••••• ____ •••• • ••••• __ ••••• _.... SOLOB970 

C· PRINT MAXlliruM GLOBAL REACTIONS ••• SOLOB980 
C •••••••••••• ·-_ .......... ••• •••• •••••• 5OL08990 

liRITE (6,251) TI'rLE(l).TITLE(:OI) SOL09000 
00 )100 I.1. 6 SOL09010 

SUMRe ( I ) .. RCTMAll( I +NOOF) SOL09020 
5100 CONTIt-lUE SOL09030 

CALL REACTN {4 •• TRUE •• t-INOOE. L1 • L4 • L5, L6 ,RCTMAJ:, DSPKAJ.. 5OL09040 
MOMS ,MASS ,MDMS(NOOF),NOOF.l,ONE, SOL090S0 
MAXt-IOD, I OOF ,cOORO , IO.TITLE, STEPID,. FALSE., SOL09060 

'NCOS.cOSINE,J'l'eOS.J'l'FLG.5U!'.RCl SOt,09070 
WRITE (6,5111) SUJOllFO,SUMMMO SOL09080 

5111 FORMAT (/4X. 'MAXIMUM RESULTANT OF REACTIONS, roRCE·' ,lP,Ol:2.4, 5OL09090 
, MOMENT'" .012.4) SOt-09100 

C SOL09110 
e •• ··-.... ·--••• ••• ... •••• .... •••• ... • SOL091~0 
c:- PRINT MAXIMUM ME:M.BER FORCES .... SOL09UO c··· ... ··· ... ··· .... ·-.... ··· ... -··· SOL09140 

t.STTYP.O 5OL09150 
PRINT·.TRUE. SOL09160 
HE",D ·.FALSE. 50['09110 
WRITE (15,2S1) TITLE(I),TIT'LE(2) SOL09180 
00 5300 IELNO·l,NELM'I' 5OL09190 

5300 cALL ELELI B 6OL09200 
'(12 .LS"t''t'TP .PRINT,IREL ,HEAD .NAJQ: .EESE.EPSE.DAMAGE, SOL09:iIlO 
, ooeFAG, SOL09220 

I ELNO , I ELOCF, ~GOOF, ?GooM. RINPUT, All AI. , I iliDDSP, I ZOLCA.M5'l'OA) SOL09:i130 
C SOL09HO 
c: •••••••••••• ----........................... 5OL09250 
c:. JIIEIoII!ER DUeTILITT AND EICURSION RATIOS ••• SOL09260 e.···· .. ---· ... ·-·· .. --........ -· ... -......... ..... 50L09270 

c 

5310 , , , 

IF (.NO'!'. ELS'T'IC) THEN SOL09:180 

ENDIF' 

LS"I'TTp.O SOL09290 
PRINT •• TRUE. SOL09JOO 
HEAD ".FALSE. SOL09ll0 
WRITE: (5.251) TITLE(11.TITLE(2) 50L09320 
00 5JI0 IE:LNO-I,NELMT SOt,09JJO 

CALL E:LELIB 60L09340 
(II ,LSTTYP ,PRlt-l'I',IREL ,HEAD ,NI\HE .EESE,EPSE.OAMAGE, 60L093S0 

DUCFAG, SOL093150 
I E:LNO ,IELOOF .ICGOOf', PGEOM, RINPLI'I' , AXIAL, IZOD6P. I ZOLO .... IoISTOR)SOL09370 

SOL09380 
5OL09390 

c·····-·· .. ·····-············· SOL09400 
SOL09410 
6OL09420 
6OL09430 
6OL09UO 
60L09450 
60L09450 
5OL0941 0 
SOL094S0 
60L09490 

C· PRIN'!' DAMAGE INOICIES ••• 

C·· .. - .. ····--················· 

c 

, , 
5J20 

IF [.NOT. ELsrIe) THEN 
LS'TTYP·O 
HEAD ... FALSE. 
PRINT·.TRUE. 
WRITE: [6,251) TlTLE(l),TITLE(2) 
DA.MAG e: .. o 
DO 5320 IE:LNO·l.NEt.~ 

CALL ELELIB 
[14 ,t.,STTTP .PRINT,IREL .HEAD .NAJoIIE ,EESE,EPSE.EDA)\. 

OUCf'AG, 
I ELt-lO. I ELOOF. ItGOOF. PGEO!':. AI NPUT, AXI AL. I ZOOSP, I ZOLDA, MSTOR) 
DAI':AGE-OA)(AGE+EDAJoI 

IF[ (ESE+PSE) .E:Q. 0 ) RE."I'URN 
OAxAGE- DAKAGE I ( e:SE+ "SE) 
WRITE (6,5)JO) DAMAGE 

5330 FORMAT ({lOX. 'STRUCTURE DAMAGE INDEx·'.IP,G15.5) 
ENDlF 

C···············-············ e. PRIt-IT PEAIit ENERGY INFO ••• e·-···· .OO ••• " •••••••••••••••• 
WRITE (6,J51) TITLE(l).TITLE(2) 
WRITE (ti,5340) EIEM.E5E:M.PSEJoI,E~EM.EDOIoI 

5340 FORMAT (' PEAIIi: ENERGY VALUES' lIP, 
,. M..A:X INPUT ElIlERGY ••••••••••••••• '.Gl1.51 

SOL09500 
SOL09,)10 
SOL09520 
SOL09SJO 
60L09540 
5OL09550 
SOLC9560 
SOL09510 
50L09S80 
SOL09590 
5OL09tiOO 
SOL09UO 
6OL096'20 
6OL096l0 
50L09640 
SOL09650 
50L096150 
seLC91570 

KAI EL.\S'TIC STRAIN ENERGt •••••• • ,GI2.51 
)(AX PLASTIC STRAIN ENE~t •••••• • ,G12. 5/ 
Ir4AI JI::INETIC ENERGT. •••••••••••• • ,Gl:l.SI 
KAI DAMPING E.NERGT ••••••••••••• '.G12.5/) 

RE:TURN 

250 FORMAT ('1 S't'RUeT'URE •••• 1 '.1.,1 
, 'SOLLI'I'ION ..... I ',1..11 
, 2X.A.I,', LOADING f'.I5,5X,A) 

SOL09680 
5OL09690 
5OL09'00 
SOL09110 
SOL09'20 
SOL09730 
SOL09HC 
SOt.097S0 
5OL09760 
5OL09110 
SOL09780 
50L09190 

END SOL09800 
C'PROCESS SOOMP OPT(O) GOS'l'M'T ltREF MAP 50LOOOI0 
e .... •••• .-••••••••••••••• - ••••••••••••••• oo ... -••••• _ •••••••• _ ..... __ ........ SOL00020 
e DEBUG UNIT(6).TRACE,SU8CH~,INI1'.SUBTRACE SOL00030 
e END OEaUG SOL00040 
e •••• --····- •• • ..... - ............................................ _ ............. __ ..... SOLO Q 0 5 0 

c 
c 

SUBROLI'I'IHE SOLOJ SOLC0050 
LOGICAL TESi',OUIT,BTEST SOt.00070 
INCLUDE (ZCOMN) 50LOOOBO 

---- SE."I' UP CONS1'ANTS 
Ll·1 
LJ·NCOND 
L3"L2+1 
L4·NCONO +NFREE 
LS·t.4+1 
L15·NOOF 
ELSTIC •• TRUE. 

•• -- INITIAL! ZE STORAGE 
Z(I'ZEVAL) LOCATION OF THE EIGENVALUES 
Z(IZe;VEC) • LOCATION OF THE EIGENVECTORS 
Z(IU ). LOCATION OF THE SY"""'E'TRlc STIFFNESS 
Z( 1'38 ). LOCATION OP THE STHIoIE'TRIC MASS OR ItG 

IU:VAL - IZ 
I Z .. I Z+NFREE 
UEVEe • IZ 
I Z • I Z+NFREE-NFAEE 
IZA • I2i 
I Z • I Z+NFREE-NFREE 
lZB • n 
I Z • I Z+NFREE-NFRe:E 
1 ZTMP· IZ 
I Z • lZ+NOOF 
IW-IZ 

CALL CItS't'OA(NOOF.IW) 

IHO .NZ( IZIoIO +NOOF) 
IMOMS.NiIi( I ZMOIoIS+NDOF) 
IMDICG-NZ ( I ZMDII:Ci+NDOF) 
IMOA8"NFREE:-NFREE 

SOL00090 

e---------- f'ORM MASS I4ATRlX ----
C 

SOLOO 100 
SOLOOI10 
SOL00110 
50L001JO 
SOL00140 
SOL00150 
SOL00160 
SOL00170 
SOLCOl80 
SOL0019C 
SOL00200 
50L00210 
50L00220 
SOL00230 
SOL00240 
50L00250 
SOL00260 
50L00210 
SOL002eo 
SOL00290 
SOLOOJOO 
50Loono 
SOLC0320 
SOLOOJJO 
SOL00340 
SOL00350 
SOL00360 
SOLOOJ10 
50L00380 
50LOO]90 
SOL00400 
SOL00410 
SOL00420 
SOL00430 
SOL00440 
SOL00450 
5OL00460 
SOLoono 
SOL00480 
SOLoono 
50L00500 
SOL00510 
sot.00520 
SOL00530 
SOL00540 

00 400 1·1, IMDMS 
~OO Z(I+I20MASS-l)·O. 

CALL MFORJill(2, I N'MASS ,t-lMASS , iii (1 ZMAS5) , NZ( 1 ZMDMS) ,loID,NooF, I!'.OMS. 
, TITLE, NNODE. MAXNOO. Neos, BTtST ( I BUG. 5) • I BUG. 
, NZ (I 'aID). Z( I zeOS) ,NZ (I HOOF), iii ( I ZeNST) .t-IZ( I 'l.JFLG) , 
, NI (I zJ'eos). Z( I ZMDAT), Z (IW) .NZ( IW+21), Z( IW+::n) , 
, Z(IW+ 153). Z( IIIf+ 99» 

CAI.L SOLOJA 
, (Ll. L::II, L3. L4. L5 ,L15, 11010. IMOIoIS. I!':DltG. ItG-COND. MeOND, ABORT, 
, Z{I ZItGOl') , N:II (IUGOT+11.NZ( I UG01'+2) ,NZ (I ZICCi01'+l), 
,NDOF ,NCOHD • NFREE • TITLE ,STEPID • 
, Z(IZSTIF). Z(UIotASS). Z(IUG ), Z(IZA ), Z[IZB ). 
"NZ(IZMD ) ,N!(IZMDMS).NZ(IZMDItG) , Z(IW ). Z(IZTMP ), 
'NNODE • NcOS ,NELHT • KAXNOO .IBUG • 
'NiIi(lUO ).NZ(IZIOOF), Z{IZCNST),NZ(IZJFLG). Z(IZCOAO). 
" Z(IzeOI5 ).NZ(IZJ'COS), Z(UE:VAL), Z(IZSVEC) ) 

SOLOOSSO 
SOL00560 
SOL00570 
SOL00580 
50L00590 
50L00600 
SOL00610 
SOL00620 
50L006JO 
SOt.00640 
50L001550 
SOL00660 

RETURN SOL00157C 
END SOL00680 

C'PROCESS SOOMP OPT(O) GOS'T,,", XREF I'.AP SOLOOOIC 
C ••••••••• --...... - .......................... - ••••• oo ............. oo- .... - ••••••• SOLO 0 O:il 0 
e DEBUG UNIT(!5) ,TRACE, SUBeHIC. INIT .SUBTRAeE SOL00030 
C END OEBUG SOL00040 
C ••• __ ••••••••• - ••••••••••••••••••••••••• _ ••• _ •• _ •••••••••••••••••••••• -SOLOOO 5 0 

S1.IBROU't'INE SOL03A SOL00060 
, (Ll, L2 ,L3. L4 .L5 .L15, 11010, IMOKS. IMDII:.G, II:.GCONO,HCONO,ASORT. SOL00070 

"'GOATA. II:.GLOo\O, ItGTtPE, IItGFORM. 50L00080 
HOOF , NeONO NFREE TITLE ,$TEPID 5OL00090 
5'TI FF • MASS • F:G A , B SOLOO 100 
MO , IoIDMS , MOICG NORII:. • TMF' SOLOO 110 
NNOOE ,Neos , NEL,,", M.A:lNOD I BUG SOLOO 1:20 
10 ,Ioor , CNS'\' J"I'FLG COORD 50L001JO 

, COSINE • J"I'e05 , EVAL , EVE:C SOLOOHO 
e·- cOI4MON BLOC~ FOR IMSL SUBROUTINE QGVCSP 5OL00150 
C COMMON/WOR.(SP/RWJ(SP SOLOO HiO 
e REAL AWUP(lOOOOO) 5OL00170 

LOGICAL TEST ,QUI'!'. BTE6T, MCOND,ItGeONO.MCON01, litcOt-lDI. ABORT seL00180 
REAL russ, 1tG. F:GOATA SOL00190 
DIMENSION STI FF( IHO) ,MASS ( IMDH:6) , XG( I!'.DII:Ci} SOL00200 
DIMENSION 1.( Nf'RES, NFREE) , 8( NFREE:. NFREE} SOL00210 
DIMENSION !'.O( L6+1 ) • MDMS( Lei +1) ,MDIltG (L6 +1) , WORIt( L6 J ,T!':P (L6 J 50L00'220 
DIMENSION E:VAL (NFAEE) ,E:VEC (NFREE, NFREE) , SUHRCT (6) SOt.00230 
DIMENSION eoaRO( MAXNOO. 3) ,I D( Io(AJtNOD) , SOLOO. 4 0 

, looF(MAXNOD,6) .COSINE:(3,3,NCOS) ,CNST(M.AXNOO, 15) , SOLOO.50 
, J"I'FLG(MAXNOO) ,JTCOS{MAJ[NOO) SO~00250 

DIMENSION G(15),0(6) SOLCC27C 
DI!'.ENSION WIC:i!(BO. 80) SOLOO:l80 

e NOTEI Wlt2 DIMENSION SHOLUO ee: GREA.TER THAN NFREE-NFREE SOL00290 
C SOL00300 

eHARAC't'EJII" 1 NA}i(E SOL00310 
CHARACTER-40 OPTION SOLoono 
CHARACTER- (.) TITLE( 2), STEPID 50LOOJ30 

SOLOO]40 c C··············--C· INPUT DATA - •• 

C················ READ (5,·) OP'l'ION,IPRT.IPRT2 

IF (TEST{OP'l'ION. 'FREQ' "FALSE.ll THEN 
IOP'l'·l 
OPTION· • NATURAL FRE:OUENC I ES' 

ELSE IF' (TES'I'(0P'!'ION.'8UCIC',.FALSE.1) THEN 
IOPT·'2 
OPTION··ELASTIC BUCICLING to ... D' 

ELSE 
WRITE (6.-) 'SOL-OJ It-IVALID OPTIOt-ll ',OP'l'IOt-l 
RE:TURN 

ENOIF 

IF (IPR'I'.LE.O) IPRT·NFRE:E 
1 PR,T·MI N (t-lFREE. I PRT) 
I PRT:2-MI N (I PRT:2 ,I PRT) 

WRITE (6,10) TITLE(1),1'ITLE(2),OPTION,IPRT 
10 FORMAT ('1 S"t'RUCTURE •••• 1 ',,",I 

, 'SOLUTION ••••• I '.,",11 
'111:,' SOLUTION '3, DETEJUoIIINE EIGENVALUES AND EIGENVECTORS' ,I 
'lI, ' •••• _ ......... _ •••• _ ......................................... '/1 

'II.' O~IONI •••••••••••••••••••• '.AI 
HX.' NUMBER OF EIGENVALUESI ••••• • ,IS) 

SOL00)50 
SOL00360 
SOL00370 
SOLOOJBO 
SOLOOBO 
SOL004CO 
SOLOOUO 
SO["004:l0 
SOL00430 
SOLOOHO 
SOL00450 
SOL00460 
50L00470 
50L00480 
SOL00490 
SOLOOSOO 
SOLOOSI0 
SOLC0520 
SOL0053C 
SOLOOS40 
SOLOOS50 
SOLOOS60 
50LOOS70 
SOLooseo 
SOLo0590 
SOL00500 
SOL00610 

101 



C 50L00!5:C0 
c •••••• •• ............. • ........ • 50L00!5]0 
C .. rOFI.MULATe: S'l'H'FNE5S •••• 50L00!540 
C .. • .. ••••• ........... •• .. --.·.. SOL00!550 

11-1 SOL00!5150 
CALL FORM(Il) SOL00670 

IF (BTe:S'I'(IBUG.5» CALL LMATRX(S'TIFr.MD.NOOF .IMD, 50L00!580 
'GLOBAL S"TIFFNE55 KATRIX') SOL00!590 

C SOL00700 
C······.·......................... 50L00710 
C- r0RH GEOME"]'RIC S'l'IFFNE66 ... - 50L00720 
C······ .... •••• ................... ·-.. •• 50L007 JO 
C FORJoruLATE: THE GEOMSTFlIC 5'J'IFfNESS U' THE FLAG NEWIt: IS TRUE. THIS SOL00740 

c 

rLAG INITIoU.IZED ... BOVE. 50L00750 
IF ~GD"'T"'( 1)·1. THE GEOME"l'RIC STIFFNESS IS rORJolED ONCE. AND 50L00760 

MULTIPLIED BY A 5CUER TO ACCOUNT FOR CHANGES SOL00710 
IN THE TOTAL VERTICAL LOAD. THU5 THE GEOMETRIC 50L00780 
STIFFNESS ONLJ NEEDS TO BE F'OAAEO ONCE. SOL00790 

IF ~GDATA( 1)"2. THE GEOME"I'fUC STIFFNESS IS BASED ON THE AXIAL 50L00600 
rOFl.CE IN THE ELE)4ENTS. AND IS RECALCULATED EACH SOL00610 
TIME THE AlIAL FORCE CHANGES. SOL00820 

IF It:GOATA())-l. THE GEOMc:TRIC STIFFNESS IS FORJolED WITH THE 5OL008]0 
S'T'IFFNE5S. THUS A 6EPERATE CALL TO FORJo1 15 5OL00640 
NOT NEEDED 50L00850 

IF IItGDA't'A(J)·2, A 5EPERATE GEOM'E"l'RIC STIFFNESS MATIUX 16 f'oRJo1ED SOLOOB60 

FORMULATE SEPERATE GEOME"I'RIC S'TI FFNESS MATRIX 
IF (IOP'l'.EQ.2) THEN 

, 
ELSE 

, 
ENDIF 

IItGFORM-2 
II:GDATA-O 
I:iI-2 
CALL FORJo1(I:iI} 

tP (B'l'EST(IBUG.S)) CALL LMATRX(IItG.MDK.G.NDOF.IMDItG. 
• GLOBAL GEOMETRIC S'T'IFFNE55 MATRIX'} 

IF (BTEST (I BUG. 5}) CALL LXATRX(MA5S,MDMS,NOOF, IMDMS, 
• GLOBAL MASS MATRI J:' } 

SOLOOB70 
50L00880 
50L00890 
50L00900 
SOL00910 
50L00920 
SOL009)0 
50L00940 
50L00950 
5OL00960 
50L00970 
50L00980 

C·-····--··-·-·· .. · .. ···•••··· .. ••• 
50L00990 
5OLOI000 
50LOI010 
50LOI020 
60LOI0JO 

C. CONDENSE OUT NON-FREE DOF ..... C········ .. ··· .. · .. · ...... ---· .. · .. ····· 
C ••• IF MeOND IS TRUE THE MASS MATRIX IS ALSO REDUCED 8T 
C •• ' IF Ili:GCOND I S TRUE THEN IItG IS ALSO REOUCED 

" 

c 

IF (NCOND.GT.O) THEN 
II-I 
IIA-l 
IF (IOPT.EQ.2) THEN 

MeONDl ·.FALSE. 
IItCONDI ·IItGCOND 

ELSE IF {IOPT.EQ.l} THEN 
IItCONDl -.FAL5E. 
MCONDI ·MeOND 

ENDIF 
SE'I' UP DUJoOof! 7.ERO LOAD VECTOR 

00 2B I.l.HOOF 
TMPrr )-0 

CALL ,",5O["L( 1, BTEST (I BUG,6) .L4. IMD. HOOF, 1. [..1, L:I, 
MD. STI FF. TMP, WORK.. 
MCONDl.MASS.IIICM5.IMDMS. 
IIt:CONDl , K.G , MDItG, I MDllt:G, "'BORT) 

IF (ASORT) RE'I'URN 
ENDIF 

C····· .... ••••••·•·•·• .. ········••····•·••· .. 
C" TRANSFER STIFFNESS INTO A MATRIX - •• 
C .. •••••••••• .. ••• ...... - - - - - - - ••••••••••••••• 

GUY AN REDliCTIONSOLOI040 
SOLO 1050 
SOLO 1060 
5OLOI070 
SOLO 1080 
SOLOI090 
SOLO 1100 
501.01110 
SOL01120 
SOLO 1130 
SOLOIHO 
SOL01150 
SOLO 1160 
SOLO 1170 
SOLO 1180 
SOL01190 
SOL01200 
50L01210 
50LOl220 
SOLO 1230 
50L01240 
SOLO 1:250 
5OL01260 
SOL01210 
5OLOl2BO 

C NOTE. IMSL ROUTINE DGVCSP IS USED TO SOLVE FOR EIGENVALUES, SOL01290 
SOLO 1300 
5OLOl310 
SOLO 1320 
50L01330 
50L01340 
5OL01350 
5OL01360 
50L0)370 
5OLOl)BO 
5OL01390 
5OLOHOO 
5OL01410 
SOLO 14:;0 
SOL014)O 
SOLO 1440 
5OL01450 
5OL01460 
5OLOH70 
50L014BO 
5OL01490 
50L01500 
50L01510 
50[..01520 
SO[..01530 
6OL01540 
5OL01550 

C THIS ~UTINE U5E5 A 'FULL S!IOCE"I'RIC MATRIJ'. 
C 
C 
C 
C 

c 

NOTE. THE S'T'ORAGE METHOD USED FOR STIFFNESS. ""'SS AND 
GEOMETRIC STH"FNESS ARE DIFFERENT. 

" 

QUIT·. FAL5E. 
00 600 J·L3.L4.+1 

00 ISOO I-J.L3.-1 
IJ"MD(J)+J-I 
U'(IJ .LT. MD(J+l) .A1<ID. IJ .GE. IIID(J) 

A( I -L3+1 • J-L3+1 ). S'l'I FF (I J) 
A( .1-L3+1. I-L3+1) .... ( I -L3+1. J-L3+1) 

ELSE IF( IJ .GE. MD(J+l) ) THEN 
A( I-L3+1. J-L)+l )-0 
A( .1-L)+l. I-L3+1 )·0 

ENDIF 

) THO. 

IF (B'l'EST(IBUG.5) trAI'f'E (6,:;9) I.J.A(I • .1) 
FORMAT (' 11'.15.' J.'.I5.' A(I.J)'.IP.G15.5) 

C--------- CHECK. FOR ZERO'5 ON KAIN DIAGONAL 

c 

IF (I.EQ.J .AND ..... (I-L3+1,J-L3+1).LE.0 
QUIT· .TRUE. 
WRITE (IS. 3-:11) I,A(I-L3+1.J-L3+1) 

ENDIF 

600 CONTINUE 

) THEN 

32 roRMA't' (5l:.'OOF ",15.' 15 .LE. 0 IN THE S'TIFFNESS MATRIX ••• •• 
, 51.'~(I.I)··.lP.Gl:;.4.· SOLN IS ABORTED') 

C···· .. • .. ••· .. • .. ········· .. ···•····••·•• .. •••••••••••••••• ••••• C- TRANSFER MASS OR GEOMETRIC STIFFNESS IN'l'O B MATRIl: ... . 

C··· .. •• .... ·•····•••·••••••••• .. ••••••••• .. •·····•·•••• .. •• ..... . 

'9 c 

tF (IOPT.EQ.l) THEN 
00 700 J·L3.L4.+1 

CO 100 I·.1,L).-1 
I.1·MDMS(J)+J-I 
IF(IJ .LT. MDMS(J+l) .AND. IJ .GE. MOMS(J) ) THEN 

B ( I -L]+1 , J-L3+1 ) -HASS( I J) 
B( J-L] +1. I -L3+ 1) - 8( I -L)+l • .1-L3+1 ) 

ELSE IF( IJ .GE. MDNS(J+l) ) THEN 
B( I-LJ+l. J-L)+1 )·0 
B(J-L3+1. I-L)+1 )·0 

ENDIF 
IF (BTEST(IBUG.5» VRl'!'E (1S.39) I.J.B(I.J) 
FORMAT (. 11'.15.' JI'.I5.· 6(I,J).'. IFt,Gl5.5) 

C--------- CHE:C1t FOR ZERO'S ON MAIN DIAGONAL 

c 

IF (I.EQ.J .AND. B(I-L)+I.J-L)+I).LE.O 
QUIT·.TRUE. 
WRITE (6.4-:11) I.B(I-[..3+1.J-t,3+1) 

ENDIF 

) THEN 

700 CONTINUE 
42 ~ORMAT (5x,'OOF .'.15,' IS .LE. 0 IN THE MASS MATRIX ... ' 

" 

, SJ(,'M(I,I)·',IP,GI2.4,· SOLN 15 ABORTED') 

ELSE 
DO 800 J·L).L4,+1 

00 BOO I·J.L3,-1 
!J-MDItG(J)+J-1 
IF(IJ .LT. MDlltG(J+l) .AND. IJ .GE. MDItG{J) ) THEN 

B( I -[..3+ 1 ,J-L3+1 ). IItG (I J) 
B{ J-["3+1, I -t,3+1 )-B( I-L3+1, J-L)+ 1) 

ELSE IF( IJ .CE. MCItG(.1+i) ) THEN' 
B (I -[..)+1 ,J-[..3+-1 )·0 
B( J-L3+1, I-L3+1 )"0 

ENDlf' 
IF (BTES'!'(IBUG.5)) WRITE (6.49) I.J.B(I,J) 
FORMAT (' 1.'.15.' J,·.I5.· 8(1 • .1).'. IP,C15.5) 

C--------- CHEelt FOR ZERO'S ON MAIN DIAGONAL 
IF (I.EQ • .1 .AND. B(I-LJ+l • .1-LJ+1).LE.0 ) THEN 

QUIT- .TRUE. 

60L01560 
50L01510 
6O[..015BO 
50[..01590 
50[..011S00 
60[..01610 
50L016:10 
50LOII5)0 
50[..01640 
50[..01650 
50L016150 
50L01670 
50[..011580 
50L01690 
50[..01700 
50L01710 
5OL01720 
5OL017)0 
5OL01740 
60LOl750 
5OL0171S0 
5OL01170 
SOL017BO 
5OL01190 
50LOIBOO 
50LOIBI0 
50L01820 
50LOIB30 
50LOIB40 
50L01850 
5OLOIB150 
50LOIB70 
50LOIBBO 
50LOIB90 
5OL01900 
50L01910 
SOL01920 
50L01930 
SOL01940 
50L01950 
5OL01960 
501.01970 
501.01980 
50L01990 
5OL02000 
50L02010 
50L02020 
50L020JO 

WRnE (1S.42) I.B(I-L3+1.J-L)+I) 
ENDIF 

BOO COWi'INUE 
52 FORKAT (51.'ooF ".15. 

, IS .LE. 0 IN THE GEOMETRIC STIFFNE5S MATRIX ••• •• 
, 5J(.'ItG(I.I) .. ·.lP.G12.4,· 50LN IS ABORTED') 

ENDIF 

SOL02040 
60L0200;,0 
5OL020150 
501.02010 
5OL02060 
SOL02090 
50L02100 
50L02110 
50L02120 

C SOL021JO c---------- RE'TURN IF A MAIN DIAGONAL IS LE ZERO SOL02140 
IF (QU!T) RETURN 50L021)0 

c 50L02160 
C·----··-·----············· .. • .... ········---- .. • SOL02170 
C· SOLVE FOR EIGENVALUE5 AND EIGENVECTORS ••• 50L021BO 
C .. - ............. ··"'-.· .... ·····- .. ·- .. -··--........ 50L02190 
C--------- IM5L SU.BRCUTINE CGVC5P ------------------------------------ 50L02200 
C EIGENVALUES AND EIGENVECTOR5 OF ... ·J(-LAMBDA.B.X·O 50L02210 
CA· STIFFNESS - REAL. FULL SHtME:'I'RIC MATRIX 50L02220 
C 8 MASS OR GEO)4En'RIC STIFFNESS - REAL. FULL 51HME.'TRIC JoV.'I'RIX 50L022)0 
C N NUMBER O~ COF' OF A AND 8 50L02240 
C PI. PERFORJolANCE INDEX 50L02:C50 
C PI-W!t:( 11. PI <1 - ROU'!'INE PERFOR)(ED \l/ELL 50L02260 
C I<PI<100 - ROUTINE PERF'ORJo1EO SATISFACTORILY 50L02270 
C 100<PI - ROUTINE PERFORMED ?CaRL! 50L022BO 
C EVAL· EIGENVALUES (LAJ04BDA), N BT 1 50L02290 
C EVEe. EIGENVECTORS. N BY !'II 50L02)00 
C LOA. LEADING DIMENSION OF ""'TRIX A EXACTLJ AS 5~ECE'IED IN THE 50L02)10 
C' DIMENSION S'T'ATEMENT IN THE CALLING PROGRA.M. SOL02]20 
C LOB· LEADING DIMENSION OF ""'TRIll: B EXACTLJ AS SPECFIED IN THE SOL02))0 
C DIMENSION STATEMENT IN THE CALLING PROGRAJoI. 50L02J40 
CLDEVEC" LEADING DIJIIENSION OF MATRIX EVEC E::XAC'TLY AS 5PECFIED IN THE 50L02J50 
C DIMENSION STATEMENT IN THE CALLING PROGRAM. 50L02360 

C - - -- --- - - - - ------------------------. -- -- - -. - -- ------ -- ------------ -- - - SO L0237 0 
C 50L02)60 

LOEVEC·NFREE 
CALL IWItIN( 100000) 
CALL OCivC5P (NFREE. A, NFREE. B. NFREE, EVAL. EVEC. LDEVEC) 
PI .. O:;PI SP (NFREE, NFREE,". NFREE, B, N i'REE, EVAL. EVEC .LOEVEC) 
WORIIi:( 1)·PI 
CALL DG2C5P (NFREE, A, NFREE. 8. NFREE. EVAL. EVgc. LDEVEC. A. WJI:'2. WORIIt) 
WRITE (6.·) , PREFOR)(ANCE INDE:XI'.WORIt(l) 

C- NORJolA!.I2iE MODE SHAPE TO )(,\.I VALUE OF ONE ... -

c··-······ .. • .... ··· .. ··········· .. ·-··· .. ·····•••·•• c 
C NOTE. THE EIGENVECTOR IN IMSL DGVC5P HAS eEEN NORJolALI ZEC 
C 

C. PRINT EIGENVALUES AND EIGE:NVE:CTOR5 ••• 

c 

1ST -1 
100 IEND-JIIIN(IST+6,IPRT) 

125 

12l 

129 

WRITE (6.110) (I .I·IST.IEND) 
IF (IOPT.EQ.2) THEN 

WRITE (6,120) (EVAL(l),I·IST.IEND) 
ELSE IF (IOPT.EO.l) THEN 

00 125 I-IST,IEND 
EVAL(I)-SQRT( EVAL(I) ) 

WRITE (6,126) (EVAL(I).I·IST,I~O) 

CO 127 I·IST,IENO 
EVAL(I)" EVAL(I) J 15.2B31953 

WRlTE (6.14B) (EVAL(I).I-I6T.I~D) 
00 129 I-IST,IEND 

IF (EVAL(I).EQ.O) EVAL(I)·1.E:-15 
EVAL{I)- 1.00 J EVAL(I) 

WRITE (6.1)0) (EVAL(I).I·IS'T',IEND) 
ENDIF 
WRITE (6.135) 

l10 FORMAT ( • 
LJO F'ORXAT(' 
126 FORMAT ( • 
12B FORMAT ( • 
1JO FORMAT ( • 
115 FORJoV.T(· 

NODE. ' ,7 (110.51) J 
EIGENVALUE I '. lP. 7 (GIL 5. 1X) 

FREQ (RADJSEC)I'.IP,7(G14.5.1X) 
FREQUENCY (HZ).' .IP. 7(G14. 5.U) 

PERIOD (SEC).·.IP.7(G14.5.1I) 
EIGENVECTORS I ') 

C - - ------ EIGENVECTORS 
CO 140 I-l.NFREE 

II·I+NCONC 

c 

140 WRITE (6.150) II.{EVEC(I,J).J"IST.IE:ND) 
150 F'ORMAT(' COF(·.I6,')'.IP.7(GIL5.U») 

Ii' (IENC.LT.IPRT ) THO. 
WRITE (IS,lO) TITLE(l).TI'rLE(-:II).OPTION.IPRT 
IST·IEND+-l 
GO TO 100 

ENDIF' 

C··· .. • .. •• .... •••• ...... ···················_ ...... ••• 
C. CALC EIGEN VECTORS FOR NOMDTNAMIC COF ••• 

C· ...... • .... ••••••••••••••• .. - .... ••••••••• .. • .. •• .. • .. 
C 
C------ TRANSFER EIG£NVECTORS TO TEMP STORAGE 
C 

00 500 IFREQ·l,IPRT:oI 
o 
c-----· TRANSFER EIGENVECTORS TO TeMP S'T'ORAGE 

DO 200 J-["l. L:il 
200 WORK.(J)·O 

DO 210 J-L3.L4 
210 WORIt:(J)·EVEC(J-L2.IFREQ) 

00 -:1120 J-L5.L6 
220 WORIIt:(J)·O 

c 
C------ CALC EIGENVECTOR6 roR CONDENSEO OUT OOF 

c 

CALL REACTN( 11. BTEST ( !BUG. 6) • NNODE. L 1. L2. L). L4 ,TMP. WORIIt:. 
MD, STIFF. IMD,NOOF. 1. 1.0. 
MAXNOD. rOOF ,COORD. I D.TITLE. STEPI D •• FALSE •• 

NC05.COSINE. J'TCOS. J'TFLG. SUMRCT) 
CALL MSOLL(). B'T EST ( I BUG. 6). L4. IMD.NOOF. I 1.Ll. L2, 

MD. S'I'I FF.TMP. WORIt. 
.FALSE. ,JoIASS.MOMS.l. 
.FALSE •• lltG ,MDItG.l.ABORT) 

IF (ABORT) RE:'I'URH 

C------- NORMALI!E J«)CE SHAPC: TO MAl VALUE OF OlolE 
...... IN-O 
AMA.J:·o 
DO 2)0 1-l,L6 

...... 1 N-MI N (""'I N ,WORIt( I)) 
:C]O AHAX·MAX(AJ(,I.J.WORIt(I» 

IF (- ...... IN.GT.IJIlAI) IJIlAI-AMIN 

00 :240 1·1,[..6 
240 WORIIt(I )·WORIt( I )JAJotAX 

C 
C------- PRIN'l' EIGENVALUE ... T EACH NODE 

c 

IF (IOPT.EQ.-:II) Ioi'RITE (S7EPIO.250) IFREQ.EVAL(IFREQ) 
IF (EVAL(IFREQ).EQ.O) EVAL(IFREQ)·1.E-15 

FREQ.l .00 IEVAL( I FREQ) 
IF ([OP'T.EQ.l) WRITE (S"TEPIO,260) IFREQ.FREQ 

CALL .J'OIDSP( 1, IltA.J.NOD.NooF ,NNODE. 1. L). L4. rD. 
I OOF,CNST, WORIt. 
1'1 TLE, • EIGo.VECTORS' ,ST EP I D •• TRUE •• 

, NC05,COSINE.J'TCOS,J"J'FLG) 
250 FORMAT ('MODE .'.13.' EIGENVALUE.',lP.GI5.6) 
2150 FOAAAT ('MODE .',13.' FREQUENCY".lP,GI5.61 

C------- ~RINT EIGENVALUE TO DISIt FOR PLOTTING 

50L02J90 
50LO-:ll400 
501.02410 
SOL02420 
SOL024 )0 
50L02440 
50L02450 
50LO-:ll4150 
50L02470 
SOL02490 
50[,,0-:11490 
50[..02500 
50[..02510 
50[..02520 
50L025)0 
50L02S40 
SOL02550 
50L04560 
5OL02570 
50L025BO 
SOL02590 
50L02600 
50LO-:ll610 
50L02620 
SOL02630 
SOL04640 
50L04650 
SOL02660 
SOL02670 
SOLO-:ll6BO 
50L02690 
SOL02100 
50L02710 
501.02120 
SOL027 )0 
SOL02740 
50L027 SO 
5OL02760 
50L02770 
50L02'l80 
50L02790 
50L02900 
50L02810 
50L02820 
50L02830 
50L02B40 
50L02B50 
50L02BISO 
50L02B70 
50LO-:ll990 
50L02990 
SOLO:;900 
50LO:C!H0 
50L02920 
50L02930 
SCL0:c940 
5OL02950 
50L02960 
50L02970 
5OL02990 
5OL02990 
50['03000 
SOL03010 
50LO]O-:110 
SOLO)O]O 
SOLO)040 
50L03050 
SOLO]060 
50LO]010 
50LO)080 
SOLO)OSlO 
50LO)100 
50LO)110 
5OL03120 
50L03130 
50L03140 
50L03150 
50L031150 
50[..03170 
50L031BO 
50L03190 
50['03200 
50L03210 
SOL03220 
50L03230 
50L03240 
50[,,03250 
50L03:21S0 
50L03270 
50L03:280 
50L03290 
50L03)00 
50L03310 
5OL03320 
50L03330 
50L03)40 
50L03350 
50L0331S0 
50[..0)370 
50L03)80 
SOLO]390 
50LO)400 
50L03410 
SOLOJ420 
50LO)00 
501.03440 
501.034 ~o 

102 



H'(B'TES1'(IBUG,:l)) THEN 
00 ;130 I.1,NNOOE 

C •••••••••••• 'l'RANSFER EIGE:NVECTOR TO LOCU \lecTOR 
00 9:l0 .1-1,6 

I.1·IOOF(I,.1) 
920 O(.1)·WOR!I:(IJ) 

c 
C •••••••••••• ADD RO'\'ATION EIGENVECTORS TO OISPL FOR CONSTRAINTS 
c ............ IF UNeONSTRAHfEC. CNST(I,.1)·O 

c 

O(l) • D(l) ... D(5pCNS'['(I,3) + D(6)-CNST(I,S) 
D(:l) .. DC:OZ) .. D(.t)-CNS'T(I.l) + 0(6)'"CNST{I,I!i) 
0(3) .. 0(3) • 0(4)·CNS'1'(I.l) + 0(5)-CNS'T'(I.4) 

C •••••••••••• TRANSFER TO GLOBAL DISPLACEMENTS ••••• 
J'COS· .J'!'COS ( I 1 

c 

00 925 11-1,3 
n- I 1 ~3 
G(ll)-O 
G( 12).0 
00 925 .H-l. 3 

J2·')1+3 
G( I 1 )·G( I 1 J .eosINE:( Jl, I 1, JeOS) "D( Jl) 

925 G( I 2}-G( I2) +COsINE( .H, 11. JCOS1.O(J2) 

c ............ WRITE: DISPL 

c 

WRITE: (10.IF'ReQ,51:ilI!i) I, (G(It).It-l,6) 
5l;!lS f'QR)4AT (I1,lP,I!iG12.4) 
5130 CONTINUE 

ENDIF 

500 CONTINUE 

RETURN 

END 
SUBROtJ1'INE SOL04 
t.OGIeAL BTEST,UNBAL 
INCLUDE (ZeOMN) 

c •••• •••• ••• --•••••• -.-----••••• ----
c· SET GEOME'TIHC STIFFNESS FLAGS ---

c 

Z(IZKGOT)-O.OO 
ItGLOAD-NI( I UGOT+ll 
ItGT'fPE·NZ (I ZltGD'l'+21 
ItGFORM·NZ( I ZltGOT.) 

e--· •••. -.-•••.•• -. ----_ •••• ----
C· READ INFO AND SET OP1'IONS .--e----··· .------.•.. ------.-•.... 

REAC (5,11) KAXELo,IPRNT,IWRITE,UNBAL 
NLOAD-l 
I PRNT-MAJ:( I PRNT, 1) 

c e···---··· .. ·-·---·-
C. PRINT HEAD8R - •• e------·----------· 

WRITE (6,lOl) TITL8(1),TITLE(2),IPRN"I',IWRITE 
101 FORMAT ('1 STRUCTURE •••• I ',A,I 

, '5OLU'I'ION ••••• 1 ',1..,1 
ilX,' SOLUTION 14, STATIC PlON[..INEAR SOLUTION 'I 
'II, ' ..... ----•••••• - ...................... ---.' I 
ill,' INTERVAL FOR PRINTING DATA ••••••••••••• ', lSI 
ilX,' INTERVAL FOR WRITING DATA TO FILE •••••• ' ,15/) 

IF (ItGFORM.EQ.:i) WRITE (6.11) 
11 FORJllAT (11,' GEOMETRIC STIFFNESS IS NOT INC["UoEo, " 

Ii ' USE !l:GOATA(3).1 TO INe[..UDE GEOMETRIC S'TIFf'NESS.') 
IF ( UNBAL) WRITE (6,13) 'ARE' 
IF (.NOT.UNBAL) WRITE (6,13) 'ARE NO'!' ' 

13 FaRHAT ( , UNBALANeEC JOINT FORCES' .A. 'ADDEO TO THE NE:IT CYCLE'} 

C"INPUT FILE OUTPUT eONTReLL DATA ••• 
c·· .... •••••• .. - •• ---- ••••• ----•••••• ----

c 

IF (lWIUTE.GT.O) THEN 
IOPT-l 
'1'0·0 
"'-0 
CALL QIoIPoAT(IOPT,IWRITE,TO,OT) 

ENDIF 

e-·-·--··------····-----·····--·····-···---· 
Coo INITILI~E STORAGE R.EQ' 0 FOR THIS SOLN ••• c---·····----·····--····· ...... -·········----·· 
e Z (I l.LOADJ - LOCATION OF THE TOTAL LOAD NATRII 
C l.(IZoISP) • LOeATION OF THe: TO'I'AL oISPLACEJIlElM' MATRII 
e l.(Il.VEL ) • LOCATION OF THe: TOTAL VELOCITl MATRIK 

Z( UOLOA) .. LOCATIO,", OF THe: INeRIMEN'I'AL LOAD KATRII 
l.( IZooSP) LOCATION OF THE INCRIMEN'I'AL oISPLACE:ME:N'I' KATRU 
Z{IZoVEL) .. t.OCATION OF THE INCRIMEN'l'AL VELOCITY """TRU 
Z(IZ!;) ). LOCATION OF THE JOINT LOACS 
Z(IZR ). LOCATION OF THE ELEMEN'l' LOADS 

IF (IZLOAD.EQ.O) THEN 
IZLOAo .. II 
II • IZ+NDCF 
00 1 t·l.NooF 
'2i(I+I'&LOAD-l) -0 
ENoIF 

IF (IZDISP.EO.OJ THEN 
I ZoI6P .. Il. 
120 • U+NOOF 
00 2 1-1,NOOF 
Z(I+IZDISP-l) "0 
ENoIF 

IF (IZVEL .EO.O) THEN 
IZVEL • IZ 
IZ • IZ+NooF 
00 .3 I"I,NooF 
Z(I+IZVEL -1) ·0 
ENDIF 

IF (IzoI..QA.EQ.O) THEN 
IZoLOA - III 
lZ .. I2i+NOOF 
00 5 I-LNOOF 
'2i(I.IZDLOA-l) -0 
~DIF 

(IZooSP.EQ.O) THEN 
IZDDSP - IZ 
Il. • IZ+NOOF 
CO 6 I·l,NOOF 
Z(I+IZoD6P-l) -0 
ENDIF' 

IF (IZDVEL.EQ.O) THEN 
IZOVEL • IZ 
IZ • IZ+NOOF 
00 7 l·l,NooF 
Z(I+IZDYEL-IJ "0 
ENOIF 

IZQ - IZ 
IZ • lZ+NOOF 
00 B I·l,NOOF 
Z( l+IZQ-l) ·0 

5OL03460 
5OL03470 
SOL03'BO 
SOLOJ490 
SOL03500 
SOL03510 
SOL03520 
SO[..03SJO 
5O[..03S40 
SOL03550 
SOL03SIS0 
SOL03SiO 
SOL035BO 
SOL0355i0 
SOLOHOO 
SOLOJ610 
SOL036J:0 
SOLOJ630 
SOL03640 
SOL03650 
SOL03660 
SOL03670 
50L03680 
50L03690 
5OLOJ700 
5OL03710 
SOL03720 
SOLOJ7 JO 
SOLOJHO 
SOLOJ750 
SOL03760 
SOL03770 
SOLOl7BO 
SOL03HO 
5OL03800 
5OL03810 
SOLOOOIO 
SOLOOOJ:O 
SOLOOOlO 
SOL00040 
5OLOOOSO 
6OL00060 
SOLOOOiO 
SOLOOOBO 
SOL00090 
5OLOOI00 
5OLOOII0 
SOL00120 
5OL00130 
SOLOOUO 
SOL00150 
SOL00160 
SOL00170 
5OL00180 
SOL00190 
sOL00200 
50L00210 
SO["00220 
50L002)0 
SOLOOHO 
SOL00250 
SOL00260 
SOLOOJ:70 
5OLOO:llBO 
5OL00290 
5OL00300 
SOL00310 
50[,,00320 
5OLOO)30 
SOL00340 
SOL00350 
5OL00360 
5OL00370 
SOL00380 
5OL00390 
5OL00400 
SOLOO'IO 
SOL00420 
6OL004)0 
5OLOO.t40 
SOL00450 
SOLOO.t60 
50[..00470 
SOL004BO 
SOL004510 
SOLOOSOO 
SOL00510 
SO[..OOS:oIO 
SOLOOS30 
SOLOOS40 
SOLOOSSO 
SOL00560 
SOLOOSiO 
SOLOCS80 
SOLOOS90 
SOL00600 
SOL00610 
ooL00620 
5OL006l0 
SOL00640 
5OLOOlS50 
SOLOOISISO 
SO[..00670 
SOL006BO 
50[..00690 
SOL00700 
5OL00710 
SOL007J:0 
SOL00730 
SOL00i40 
SOL00750 
SOL00760 
SOL00770 
5OL00780 
5OL00790 
50L00800 
SOL00810 
5OL00820 
sOLOOB30 
SOLOOB40 
SOLOOB50 
SOLOOBISO 
SOLOOB70 
50[..008BO 
50L00890 
SOL00900 
SOL00910 
5OL00920 
SOL009.30 
SOL009.t0 
SOL00950 
SOL00960 
5OL00970 
5OL00980 
SOL00990 
50LOIOOO 
50LOIOIO 
SOr.01020 
50[..01030 
SO["01040 
SOr.Ol050 
SOr.OlOfiO 

10 

12 

c 

IZR - !Z 
IZ • IZ"'NooF' 
00 9 I·l,NooF 
l.( 1+1 ~R-l J ·0 

IF (IHUB .EQ.O) THEN 
IZFUB .. lZ 
IZ - IZ+NooF 
ENOIF 
00 10 I·l.NOOF 
Z(I+IZFUB-l) ·0 

nUBLO - IZ 
IZ • lZ+NOOF 
IZUBoP • I Z 
IZ - rz.NooF 
00 12 I·l,NOOF 
Z(I·.,zZUBLD-l} -0 
Z(I ... IZUBoP-l) -0 

C---- DE."I'ERMINE THE ["ENGTH OF THE S'l'I FFNESS MATRU 
IMI)oNZ(IZMo+NOOF} - N~(IZMo) +1 

c 

---- sm UP CONSTANTS ----------------•• 
Ll-l 
L2·NeONO 
[..3·t..2+1 
L4-NCONo +NFREE 
["S-L4+1 
[..6-NooF 

ELS'I'IC-. FALSE. 

IF (MA.Il'ELD.GT.O) THEN 
I1IIELD-U 
U-tz + MAJ.ELO.S 
IZELI>-tz 
IZ"12. + KA.lELo-12 

ENDIF 

C····--·--····· .. · .. -.. -..... --..... ---.. 

c 

IZFG • III 
IZ • IZ+NOOF 
IZOro .. I Z 
IZ • IZ+NOOF 
IZOMAI" II 
IZ - tZ.NDOF 
IZRMAX- II 
I Z • 11.NOCF 
IZoRLQ- IZ 
U .. II+NOOF 
IZRLOA- IZ 
IZ • IZ.NOOF 
00 27 I·O,HOOF-l 

Z(I'loFG +I}·O 
Z{IZoFG +1 }-O 
Z(IZ[)MAI+I)·O 
Z(I ZRMA.I+I )·0 
Z{URLOA+I )·0 

27 '2i (I 'IDRLO+I )-0 

e·-·--.. ····--······· .. ·-········----.. -· c 
C------ eHECIt MEMORY 

CALL CItSTOR{NOOF,IW) 
c 
C------ SE."I' UP CONSTANTS 

IMo ·PlZ(IZMD +NooF) 
IMDMS ·NI (I IMtlMS+NOOF) 
IMD~G -NZ( I '&MOJ:G+NOOF) 
IMOMSL·l 
IMDS -1 

C···············---···· .. -c· ZERO GROUND toarlOH ---

DO 18 I-LIS 
18 SUMFtC1'(I)-O. 

c 
C .. ······-······---······-
e- ZERO GROUND NOTION •• -e············· .. ·········-00 19 I.l,!i 

19 GAOUNo(I)·O. 
c e·---······-············· Coo CALC PRIN't'ING INFO _ •• 

e······--.. ············ .. ·-IPDlSP-fi+-NNOCe: 
IPRCTN·7 
00 20 I-l.NHOCE 

00 IS J-O,S 
IF (B'l'EST(NI(IIJFLG-l+-I),.1)) THEN 

1 PRC1'N-t PACTN+1 
GO 1'0 20 

&NOIF 
15 eON'I'IN1.lE 
J:O eON'i'INUE 

IPE["EM-NE:LMT 
LSTTYP-O 
00 :;16 I.l,NELMT 

J·NZ(UELE+I} 
IF (NZ(J}.NE.LST't'lP) IPELEM·IPELE"'+4 

26 LSTTyp·N'Z(J) 
III FORMAT (OP,' ZNATRI(',I6,')I',I15,lP,G:;I0.IO) 

CALL SOLOU 
i (Ll. L2, Ll, L4. LS ,L6, IMo, IMDMS, IM-oItG, IMOS, I MDf!4SL ,ABORT , 

MAJ:ELo ,IPRN1' IWRITE UNBAL 
NLOAD ,NNODE NCOS NELM"I" 
IZDDSP • nDLOA IBUG MAXNOo 

Iii TITLE ,STEPIo N'ooF N'FREE 
Iii ItGFORM ItGLOAo J:GT1PE NeOND 

NEWItG ,NEWIt MeONo ItGCONO, 
IPDISP ,IPRCTN ,IPELEM ,Z(IZOMAX), 
Z{UOISP), Z(lZVEL ), Z(IZLOAo), Z(tzQ ), 
HtzooSP}, Z(IZoV'EL), Z(UOLQA), Z(IZR ). 
Z(IZSTIF}, Z(IZMASS), ZCIUG ), Z(IZELo ). 

, NZ( IZMo ) ,N'Z(tzMoMS) ,NZ(IZMDItG) ,N'Z(IZIELo), 
,NZ(I'2iIo },NZ(IZIOOF), Z(IZeN'S'l'),NZ(IZ.1Ft..G), 
i Z(IZC05 ),NZ(lZJeOS), EIE,ESE,PSE,EItE,EDD , 
i Z(IZFG ),t.lZ(IZDFG») 

RETURN 

Z(IZRLOA) • 
Z( IZoRLO) , 

SUMRCT , 
Z ( I ~RJII.AX) , 
Z(HFUB ), 
'/lOW}, 
Z( IZU8Lo), 
Z(IZUBDP) , 
Z(I'2iCORD) , 

SOLOI070 
SO[..01080 
so[..010510 
SOLOII00 
SOLO lllO 
SOLOl120 
50LOl130 
SOLO 1140 
SOLOl150 
sOLOl160 
SOLOl170 
50LOl180 
SOL01l90 
50[..01200 
SOL01210 
so~01220 
SO~01230 

SOLO 1240 
50L012S0 
SOL01260 
SOLOl270 
SOLO l2BO 
SOL01290 
SOL01300 
SOLO 13 10 
50LOl)20 
SOLO 1 l.30 
5OL01340 
SOLO 1350 
SOL01360 
SOL013,O 
SOLOIJ80 
SOLO 1390 
50L01400 
SOLOU 10 
SOL01420 
SOLOIOO 
SOLOl440 
SOLO 14 50 
SOL01460 
SOL01470 
SOLOUBO 
SOLOU90 
SOt..01500 
SO[..01S10 
SO[..01520 
SOL01530 
SO[..01540 
SOL01550 
SOLOl560 
SOL01570 
SOLO 1580 
60LOlS90 
SOL01600 
SOL01610 
SOL01620 
SOL01630 
SOL01640 
SOLOll!iSO 
50LOIlS60 
SOLOl670 
5O[..011S80 
SOL01690 
SOLOliOO 
SOLOl710 
SO["01720 
SOLO 1 7 30 
SOLOl740 
SOL01750 
60LOl760 
SOLO 1 "0 
SOLO 1, 80 
SOLOl/90 
50[.01800 
SOL01810 
SOLOIB20 
SOL018l0 
SOLOl840 
SOt..OlB50 
SOt..OlB60 
SOLOIB70 
SOt..OlB80 
SOLOIB90 
50L01900 
SOLOl910 
50L01920 
SOLOl930 
SOL01940 
50L01950 
50L01960 
50L01970 
SOL019BO 
50[..01990 
SO[..02000 
50[..02010 
50L02020 
50L02030 
SOLOJ:040 
SOL02050 
SOL02060 
SOL02070 
SOL020BO 
50L02090 
SO[..02100 
SOL02110 
50L02120 
SOL02lJO 
50L02140 
SOL02150 
SOL02160 
SO[..0:il170 
SO[..021BO 
50[..0 2 lIiIO 
sot,02200 
50L02210 
SOL02220 
SOL02230 
SOL02240 
SOL02250 
50L02'260 
SOL022i 0 
SOL022BO 
SOL02290 
SOL02300 
SOL02310 
SOt,02J20 
SOL023JO 
50'[..02340 

END SOt..02350 
CIiIPROC£SS 50UMP GOS'TMT KRE:F SOLOOOIO 
C _ • ____ ••••• ___ •••••• _ •• _ •• __ •• _ ... _____ ............. ---••• _.--••• --•••••••• - 50[..0 0 O:il 0 

SUBROUTINE SOL04A SOL00030 
, (Ll ,L'2,LJ ,L4 .L5, LI!i, HID, I MOIoCS , lIoCD~G, IMoS, IMOMSL,ABORT, SOL00040 
'MAXELD IPRNT IWRITE UNBAL SOLOOOSO 

NLOAO NNOoE Ncas NELM"!' SOLOOOISO 
IZoD5P IZDLOA IBUG MAXNOD SOL00010 
TITLE S'l'EPIo NOOF NFREE RLOAo 50[..00080 
~GFORM ItGLOAo ItG'l'YPE NeOND DRLOA 50L00090 
NEWItG NEW'" MCOND ItGeOND 5UHRe SOLOOlOO 
IPoISP IPRCTN IPELEIoI OSP)(AX RCTMAX SOLOOliO 
DISP VEL LOAD Q FUB SOL00120 
DDI5P DVEL DLOAO R ft'OR'" SOLOO 130 
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STU'f' 
"0 
IO 
COSINE 

'" 

....... 
"OMS 
looF 
JI'COS 
DFG 

~c; , ELC UBLOAD 
"'O~ ,I £OLD UBOI SP 
CNS'l' J'I'FLG, COORD 

EIE. ESE. i"SE, UE, EOO, 

DOUBLE PRECISIO~ EIE.ESE.PSE,EDD.E~E 

SOt-OOHO 
SOL00150 
SOLOOUSO 
SOLOOl70 
SOLOOIBO 
SOLOOl9Q 
SOLoo200 
SOL002l0 

COMMON II DSTEPI I 5"1' EP SOL00220 
CHARACTER·(") "I'TLE(l),STEPIO SOLOOlJO 
LOGICAL PRINT, DSPFLG, HEAD, REPeAT, UIAL,TEST, NE:W~DT, BTEST, "'BORT SOLOO:il40 
LoGICAL NEWItG, NEWK.MCONO.ItGCOND, UNBAL, MeND:;, ~CCND2. WRITE SOLOQ:il50 
LOGICAL eUG3.BUGS.8UG15.8UGll SOL002150 
CHARACTER·BO lllAAE SOL00270 
CHARACTER·20 INTEG SOL002BO 
REAL LO ... D, MASS, MASSSL, ~G, HeOS 60L00290 
INTEGER FDN(P. FMASS SOL00300 
DlIoIEN610N SUHRe ( ti) , DSUIoiRC (ti) , SUIoIf'D( i5) , DSUNf'o( (5) ,SU)llRC~ (6) • SUJI4lJB ( I!i ) SOL003 10 
DlIoIEN5ION a5PMAJ[ (L6) ,RCTHA..I (t.6) ,ORLO"'( L15 ) , RLOAO( LIS) 6OLOO 320 
alloiENSION RINPIJT( 100) SOt.00330 
DIMENSION' S't'If'F(IMD) .JoIIASS(IMDMS). ItG(IMDICl:i) SOL00340 
DIMENSION JoIID(U ... 1) .M[)Ioi[S(L6+1 ) .... OItG(L6 ... 1 ) SOL00350 
DIMENSION LOAD(L6). DlSP(L6), VEL(LIS). Q(L6),FG(L15),DFG(Lfi) SOL003tiO 
DIMENSION' DLOAD(Lfi).DaISP(L15),OVEL(L6). R(Lfi) SOL00310 
DIMENSION FUe(Li5) ,UeLO~D(Li5) ,UBOISP(L6) SOL003BO 
DIMENSION WO~!IO:( 2.L6) SOL00390 
DIMENSION CooRD(JoLUNDD.3) ,ID(I'tAXNOD) , SOL00400 

, IOOF(K.\XNOD,6) ,COSIN'E(3,3,N'COS).CNST(MAlNOO.Ii). SOL00410 
, J'I'FLG{ P4A1NOD) , J'I'COS( Jr4.U.NOD) 6OL00420 

DIMEN'SION IELD{ll,ELO(I) 
DIMENSION GA(3). GV(J). GD(l) 
OHIEN'SION' GAT( J) .GVT( 3) • GI:7I' ( l) 
LOGICAL NEWFAC 
CHARACTER-IO STEP, STEP2 

SUMUS( 1 )"0 
SUMUB( 2 )·0 
SUMUB( 3 )"0 
SU)o(l.IB(4 )·0 
SUMUB(S)·O 
SUMUB(6 )·0 
SUMFOR·O 
SUMMOM-O 
SUJoOo!FO"O 
SU!0040·0 

BUG3 ·BTEST(IBUG, 3) 
BUGS "BTES'T(IeUG. S) 
BUG6 .. eTEST(IBUG. 6) 
eUGll·BTE5T( aUG. 11) 

C .. ••• .... ••• .. • ....... ····-_ .... -····· ..... • ..... 

SOLOQ430 
SOL00440 
SOL004 SO 
SOL00460 
SOL004jO 
SOL004BO 
SOL00490 
SOL00500 
SOL00510 
5OL005:l:0 
SOLOOS30 
SOLDOHO 
SOLOOSSO 
SOL00560 
SOLOOS70 
SOL005BO 
SOLQ05510 
SOL00600 
SOL00610 
SOL006:l:0 
SOL00630 
6OL00640 
SOL006S0 
5OL00660 
SOL00670 
SOL006BO 
SOL00690 
SOL00700 
SOL00110 

c 
e ........ _- .. _ ....................... - •••• 
C" INITIALIZE EN£RGY CONS"I'AN"I'S .... 

C ...... •• .... • .. • .. ••••••• .. ••• .. •••••••••• 
EIE"O 

c 
C .... • ........ • .. • ........ • ...... ••••••••••••••••• .. • 
e- S~ GEOJolE:'TR[C STI FF'NESS FLAGS ...... 

C .. __ .. ••• ... ··-·· ... • .. •••••••••• .. •• .. • .. ••• 

SOL00120 
50[.00'30 
SOLOOHO 
SOl.00750 
5OL00760 
SOL00770 
SO[.00780 

NE:WIt.G· .TRUE. SOL00190 
IF (~GLOAD.EQ.O .OR. "It.GTTPE.EQ.O .OR. ItGFOIU4.EQ.O) N'EW"C •• FALSE:. 6OL00800 

c C····· .. •·· .. ·· ...... ·•• ... ·•• ....... 
C .. SET STI FFNtSS FLAGS ••• 
C ...... • .. •••••• .. • .......... - .. ••• .... 

c 

NEW~ •• TRUE:. 
~SAME· 0 

c· .. •• .. ••••••• ........ •••• .. •• 
C. INPUT LO~DHIG DATA •• 

C---------- JoIIATRIel ES 0 AND R ARE ZEROED· tN THE eMoLING PGJoI. 
c 
C 
c 

----- INPUT JOIN'!' LOADS - ... --... --... -.---.--. 
JOINT LOADS AND SUPPORT DISPL~CEMEN'rS ARE S'I'ORE:D Ul 0 

CALL ,JOI LO .... ( BUG3 ,MAlI:NOD.NDOF.NNOCE.NLOAD,L4, 
, IC,ICClF,CNS'T'.Q. D5PFLG.JTFLG.TITLE •• FALSE.) 

- .. --- INPUT ELE:Jo(EN'I' LOADS ----------.-------
£LEJoIENT LOADS ARE STORED IN' R 

IF (MAJ:ELD.GT.O) 
, CALL ELELOA( BUG3. LS, !oIELMT. Jr4A.IELD,NE:LC,NOOF, N'1.OAD, 
, R, IELD. E:LD. I SDISP, I ZLOAC, NAJIIE,TITLE, • FALSE:. ) 

5OL00810 
SOL008.0 
5OL008l0 
SOL00840 
SO['00B50 
SOr..00B60 
SO['00810 
50[,00880 
6O[,00B90 
SOL00900 
SOL00910 
6OL00920 
SOL00930 
SOL009'40 
SOL005l50 
SO['005l60 
SOLOO5ljO 
60['005180 
SOL005l5l0 
5OLOI000 
50[.01010 
SOLO 10.0 
SOLOI030 
SOLOI040 
SOLOI0S0 

C •• • ........ •• ............................... _ ...... __ ........ SOLO 1060 
C"'WRlTE INITIAL DATA TO OUTPU'T FILE ••• SOLOI070 
c: ..................... _ ... _ .. _............................. SO[.OIOBO 

IF jIWRlTE:.G".O) THEN SOLOI090 
10M'.. SOLOIlOO 
CM.L QMPDAT tIOP'\' ,IWfUTE,TO.01') SClL01110 

£NOH SOLO 11.0 
C SOL01l30 
C 50['01140 
c-........... - •••• ---.......................................................... --.................. SOLD 115 0 
C" LOOP FOR £ ... CH TIME: STEP, ISTEP"CURRENT STEP' •••• .. • .... ··-··-· .. ••• .. ··SOL011150 
C ...... •• ... •• ......... -.·.· ... •• ..... • ..... • ..... • ........... •••••••••••• ..... -··.·· .... -· ..... ··SOLOl17 0 
C .•• IS'1'EP • STEP NUMBER SOLOIIBO 

C 

FACTOR· CURRENT TIIRGE."I' LOAD • FACTOR"(IHPU'r LOIID) SOLOl190 
FACTL • PREVIOU6 TRAGEn' LOAO SOLOnOO 
FACT'2 .. NEXT TRAGE."1' LOAt) SOLOIHO 
OF • LOAD STEP SOLOl~20 
DFL PREVIOUS LOAD S"rEP SOLOD.30 
DFN - NEXT LOAD S'I'EP SOL01::1:40 
F)('u • Jr4Al(IIotLJN ALLOwABLE INCIUIo1EN'l'AL LaAD I STEP SOLOl::l:50 
DMA.J • JoiIAXIMUN ALLOWABLE INCRIMEN't'AL DI6PLACMEN't' I STEP SOL01::1:60 

ISTEP-O 
F~CTL·O 
OF ... O 
R5;AD( 5,") S'TEP2. FAC't':2, PMAJ::2. tMAX:l, NUM8:; 

1000 51'£P ·S'I'E:P:; 

SOL01270 
SOL01280 
SOL01290 
SOL01300 
SOL01310 
SOLOl3::1:0 
6OL01330 
50L01340 
SOL01350 
SOLD 1360 
SOLOl370 
SOL013!!O 
SOLOl390 
SOL01400 
SOLO 14 10 
SOLOH20 
SOL014JO 
SOLOIUO 
SOL01450 
SOL01460 
SOL01470 
SOLOlUO 
SOL01490 
SOLOlSOO 
SOL01510 
SOLOiS20 
SOL01S30 
SOLOlS40 

If' (TEST{S't'EP, 'END' •• FALSE. ») GO TO SOOO 
F'~C't'OR"FACT. 
P"'-AX "PMAJ:':2 
OIol.A.X "OKAX1 
NUMB "NUMe2 
NUMBDF"NUMB2 
READ( 5 , • ,ENt:- 1010) STEPJ, F",CT2 ,Ptr4AX::I: ,DMAl2 • NUMB2 
GO TO 1020 

1010 STEP2"'END' 
FACT1"'FACTOR 

1020 IF (TEST( STEP, 'END' , • rALSE:.) GO TO 5000 

1100 

90 
01 

Ie' (f''''CTOR.C:O.FJl.CTL) GO TO 1000 

ISTEP"ISTEP+I 
WRITE (STEPID,90l S't'EP,ISTEF>,FACTOR 
IF (eUG3.0R.eUGS.OR.eUG6.0R.BUGll) THEN 

WRI't'E (6.91) STEP,ISTEP,FACTOR 
WRITE (6, -) 'NEW", ',N'E:"'~,' NEWItGI' ,NE:W!IO:G 

ENDIF 
FORHAT (A,' S"I'EP,',IS,' F"'CTORI'.lP,Gl1.4) 
FORHAT ('I ',A,' STEP,',IS,' FACTORI',IP,Gl1.4) 

SOLOl550 

C_ CALC INCRHIENTAL LOADS .. -
C .. •• .... • ... ••• .. • .. • .... • .... • .. ••• .. • 
C 1) loCO ELE:)(F;NT LOl\OS. AND JOIN't' LOAD5 ON ~R£E JOINTS 
C SAVE IN OLDA FOR CALCULIITIN'G UN8ALA.ro1CED FORCES FOR THE NEXT S"rEP. 
C 2) PUT JOIN'!' DISPLACotENTS IN DDISP FOR RESTRAI~E:O JOINTS. 
C 3) PUT THE NEGA'!'IVE E:LEMEN't' LOAD IN DLOA FOR RESTRAINED JOINTS, THIS 
C IS USED TO CALCULATE REACTIONS. 
Col) ZERO THE UNBALANCED LOAD V£CTOR 
C IS USED TO CALCULATE REACTIONS. 

C 

on .. Dr 
OF "FACTOR-F"'CTL 
DFN·FACT2 -F"'CTOR 
IF (PIQ.X.E:O.O .AND. OMU.EQ.O .AND. NUMB.GT.O) DF"OF/NUJoIB 
IF (DF.EQ.O) GO TO 1000 

00 106 r"Ll,[,4 
L015 DLOAD(I)-{Q(I)+R(I})-DF 

.•• SWAP THE SIGN OF THE FEF AT REACTIONS 
00 110 I-L5.L6 

DLOAD(I)·-R(I)·OF 
110 DDISP(I)" O(ll-DF 

C· ........ • .. • .... ••• .... • ...... ••••• .. • 
C" FORMUI. ... TE STIFFNESS ...... 
C ...... •• ........................... .. 

c 

FORMU~ATE THE STIFFNESS IF 'i'HE FLAG NE:'W~ IS TRUE, THIS FL ... G IS 
INITIALIZED ... eOVE. ANC SE"i' WHE:N' 'i'HE E:LEMENT FORCES ... RE CALC. 
THE STIFFNESS IS ALSO FORMUL"'TED IF "G IS TO BE FORMED 

REPEAT· .TRUE. 
ItSAJoIE·O 

100 IF (NEIlIt.OR.NEliI!IO:G) THEN 
11-1 
CALL FORM( I Il 
IF' (~GLOAD.EQ.I) NEWItG·.FALSE. 

ENOIF 

C· ........... • .. • .. ••••••• ...... ···-.. ••••••••• .. • .. • .. • .. • ..... . 
C'" MODIFY LOADS F'OR RESTRAINT DISPLACE"'EN'l'S .... . 

C· .. • .... • .... ••••••••••••• ...... • .. ····_-... •••• .. •••••• ... • 
IF (DS~FLG) THEN 

----- ZERO INCRIMENTAL REACTION' LO ... D vtCTOR ----
00 113 I·Ll.L4 

113 DRLOA( I )"0 
CALL REACTN'( 1, eUG3.NNODE,LI, L4, L5, t.6, ORLOA, DDISP. 

, ... C,S'T'IFf',IHD.~oor.l.l.o. 
MAXN'Oe, IOOF,CooRD. IO.TITLE. STEPI 0 •• FALSE., 

NCOS, C05INE. JTCOS. J'TFLG. SUMRC) 
----- ADD HICRI)o(ENTAL REACTION LOADS TO OTHER LOADS 
00 114 I·Ll,L4 

114 OLO"'a(I) • DLaIlD(I) + -aRLO"'(I) 
ENDIF 

SAVE IN' LOADS I~ Dasp FOR CALCULATING FREE DISPL FOR THIS STEP. 
00 115 I·Ll,L4 

l1S DDISP{I)· DLOAD(I) 

C .. ••••• .. ··_ .. • .. •• .... ••••• ...... . 
C" SO['YE: FOR FREE DISPL ....... C··· .. ··· .... •· ... •··••· ...... · .. · .. ··• 

IF (BUG~) THEN 
If' (NEW~ .OR. NElfItG) 
CALL L){ATIU(S'TIFF.JoID.NOOF.IMD, 'GLOBAL S't'IFFNESS DUMP .. 7') 
CALL WHATRX(DLOAD,NOOF,NLOAD. 'LOAD MATRIX OUMP·7') 

ENDIF 

U' (NElf~ .OR. NEW"G) 'i'HEN' 
CALL JoISOLL( I •• FALSE., L4. IHD,NooF, NLO~D, Ll, L4, 
)0(0, STI FF. DDlSP.1iORIt, .FALSE., MASS. MOMS, 1, • FALSE:. , ltG, IoID~G,l, 
ABORT) 
IF (ABORT) GO TO SOOO 

ELSE 
CALL MSOLL(2,. FALSE:. , to4. IMD, HOOF. NLO~O. Ll. L4. 
IoiD. STI FF. DCI SP, WOR", • FALSE. ,MASS, MOMS, 1, • FALSE: •• ItG. MDItG. 1. 
ABORT) 
IF (AeDRT) GO TO 5000 

ENOIF 
CALL )(SOLL! J,. FALSE •• L4. IMD.NOOF,N'LOAC, Ll. L4, 

MD, 5"'l'I FF, 001 SP, WOR~ •• FALSE •• MASS. MOMS. 1 •• FALSE. ,ltG, MOP::G , 1 , 
ABORT) 

IF (ABORT) GO TO 5COO 

IF (BUGS) 
CALL WMATRX(ODISP.NOOF,NLOAD, 'DISP['ACEMENT DUMP· 1 ') 

C'" SCALE SOLN SUCH '!'H~T PM LE PK.\JE. OM LE D~ ... . 

C· ................. ••••••••• .. •• .... • .. • .. • ....... ··-.... •• .... •••••• .. ... 
_0 
, ... 0 
00 130 I-LJ.L4 

PMwMA.l.( OLCAD( I) ,-DLOAD(I), pJoI) 
130 Cl+-KAl(DDISP(I).-DOISP{Il,OJo1) 

IF C(DM.GT.CM.AI. .AND. DMAJ:.NE.O).OR. 
, (PM.GT.PMiU: • AND. PMAI.NE.Ol l THEN 

FI-O 
r.-o 
IF (CMA.J:.NEl.Ol Fl·DM/ONAJ 
IF (PMA:I.NE.O) F2·P ... /PMA.J. 
F·IolAJ( Fl, r.) 
DF"DF/F 
NE"FAC". FALSE. 
DO 140 I .. t.l,L15 

DRLOA(I )·DRLOA( I l/F 
OLOIID( I )"DLD~D( I) IF 

140 DoISP( I )"COISP(I) IF 
DForN'-l 

ELSE IF (PMAI.EQ.O .ANO. OMAX.EQ.O .AND. NUIoIB.GT.i) THEN 
NEWFAC". FAL6E. 
NUIo1B·N'UMB-l 

ELSE 
NEWFAC".TRUE. 
DrOFN·DF. DFN 

e:NDIF 

AFACT·PACTL+OF 

C .. ·-·· ... •• .. •••••• .. • .. ••• .... •• .. • ...... • .... • ... •• .. ••• .. • .... • 
C. SO~VE FOR DISPL DUE 'i'0 UN'BALANCED FORCES ..... 

c . 
C •••••• USE ~IRST STIFFNESS '1'0 CALCULATE UNBALANCED FORCE:S. 
C IF THE: STEP IS REPEATED, 00 NOT USE: THE NEW S'I'If'F~ESS, 

IF (UNBAL.AND.REPE"'T) THEN 
DO 104 I·Ll,[.4 

UBLOAD(I) .. -FUB(I) 
104 UeDISP(I) • -FUB(I) 

00 105 I·LS.L6 
UBLOA.D(I) .. -FUB(I) 

lOS UBDISP(l)·O.OO 
IF (BUGS) 

CALL WMA'I'RX(UBDISP.Noor.NLO"'D. 'UNBALANCEO LOAD MATRIX') 
CALL MSOL.J..(:I, .FALSE. ,L4 .1JolD,NooE', NLQ"'O. Ll. L4. 

MD. S'l'I FF, USOI sp, waR", • FALSE •• MASS, JoIONS, 1 •• FALSE. , ltG, MDIt"G. 1. 
"'SORT) 

IF (AeOR1' 1 GO TO SODA 
CALL MSOLL( 3, • FALSE •• L4, 1"'0, NooF, NLOAO, Ll, t.4, 

MD, STIfF, UBCI SP .1iOR~ •• FALSE., JrotASS,MOlollS, 1, • FALSE •• KG, MD!IO:G, 1, 
A80R1') 

IF (",SORT) GO TO 5000 
IF (BUGS) 

CALL WMATfiIX.{UBDISP,NOOF,NLO"D. 'UNBALA.NCEo DISPLACEMENT') 

104 

SOLO\5150 
SOL0157Q 
SOLO 15BO 
SOLOlS90 
SOL01600 
SOLOl1510 
SOLOl1520 
50[,011530 
SOL01640 
SOLOl650 
SOLO 1660 
50[,01670 
SO~011580 

SOLD L690 
SaLOL ?OO 
50[,01710 
SOLO 1720 
SOLO 11 30 
50L01HO 
SOL01? 50 
501.001750 
501..01770 
501..01780 
SOLO 1790 
SOLO IBOO 
SO['0IBI0 
50[,01620 
sor.,OlB)O 
SOL01840 
SOr.,0I!!'50 
SOL01660 
SOLOIB70 
SOLO 1880 
SO[.01B90 
SOL01900 
SOLOl910 
SOL01920 
SOL01930 
SOL01!i140 
SOLOI5150 
SOLOI9150 
SOLOl970 
SOl..019BO 
SOL01990 
SOL02000 
SOL02010 
SOL020:il0 
SOL02030 
50LO:l040 
SOL020S0 
SOt,02060 
SOL02070 
SOL02080 
SOL02090 
SOL02100 
SOLO:lIIO 
SOL02120 
SOL021l0 
SOL02140 
SOLO:l150 
50['021150 
SOLO:l170 
SOLO:l180 
SOL02190 
SOL01200 
SOL02210 
6OL02:;:Z0 
SOL02230 
SOLO:l:240 
SOLOJ:l50 
SOL02260 
SOL022jO 
SOL022BO 
SOL02290 
SOt,02300 
SOL02310 
50L02320 
50L02330 
50L02340 
SOLO:l3S0 
SOL02360 
50LO.310 
SOL023BO 
SOL02l90 
50[.02400 
SOL024l0 
SOLO~4:Z0 
SOL02430 
SOL0:2440 
SOLO::l:4 SO 
SOLOH60 
SOL04:00 
50LO'H80 
SOL02490 
60[.02500 
5O[.O::l:S10 
SOLO:;S20 
SOLO:;S30 
SOL04:540 
SOLOlSSO 
50L025150 
5OL02S10 
SOLO:;580 
SOLO:;S;O 
SOL02i500 
SOLO:l610 
SOL0:2620 
SOL02630 
5OL02640 
SO[.021550 
50[.0215150 
SOL02670 
SOLO::l:6BO 
SOL02690 
SOL01700 
50LO:l710 
SOt.O::l:720 
SOL02730 
SOt02HO 
SOL0210:.0 
SOLO:l:'150 
501.02770 
SOL0278Q 
SOL02790 
SOL02BOO 
SOL02B 10 
SOL02920 
SOL02B30 
SO['02B40 
50[.02850 
SOL02860 
SOL02670 
SOL02660 
SOL02B90 
SOLO:l900 
SO['02910 
5OL02920 
SO~029l0 

SOL02~HO 
SOL02950 
50[,02960 
SOL02970 



ENDIF SOL029BO 
C SOL0:2990 
C •••••• ADD UNBALANCED FORCES ,\/IlD DI6PL TO STRUCTURAL LOAD AND OISPL. oo['OJOOO 

IF (UNBAL) THc:N SOLOJOIO 
00 101 t·Ll,L4 SOLOJ020 

DDI5'P(l)·DDISP(I)+ UBDISP(I) SOLOJOJO 
107 CONTINUE SOLOJ040 

00 109 I·LS.LIS SOLOJ050 
DLOAD(I)-DLOAD(I)- UBLOAD(I) SOLOJOISO 

109 CONTINUE SOLOJ010 
ENDIi' Sor..OJOBO 

C SOLOJ090 
C •••••• CALCULIITE THE NORM OF" THE UNBALANCED PORCES SOL03100 

SUM-a SOLOJIIO 
00 lOB I·Ll,LI5 SOLOJ120 

SU"""5UM+FUB(I)··:2 SOL03130 
lOB FUB( I )·0. 00 50L03HO 

FNOR)( • 5QRT(SUM/LI5) 00[..03150 
C 50La31150 

C .. ·····-······ .. ••••••••••• 50LOJ110 
C· CALC PSUoo-VE'LOCITT ••• SOLO.:nBO 

c········ .. · .. ·············· 50LOJ190 
IF' (ISTEP.E'Q.l) THEN SOLOJ200 

00 120 I·Ll, ["15 50LOJ:il0 
VEL(I)·Q(I)+R(I) 50L03:220 

"0 DVEL(I)·C(I)+R(I) SOL032JO 
P5UVEL· J SOLO J 2 4 a 
DVELI ·1 SOL03250 

ELSE IF' (FACTOR.EC.AFACT .AND. 5OL03JISO 
, .NOT.«FACTL.t.T.FACTOR .AND. FACTOR.LT.F"'CT2) .OR. 5Ot.03210 
, (FACTt..GT. FACTOR .AND. FACTOR.GT. FACT2))) THEN SOr..OJ280 

PSUVEL·-PSUVEL SO["OJJ90 
00 121 I-tl. ["6 50L03300 

DVEL(I)- P5UVEL '" (C{!)+R(I) SOL03JI0 
DVELI ·1 50t.03320 

ELSE IF (DVELl-NE.O) THEN SOL03J30 
00 122 I·Ll,LIS SOLOJJ40 

'" DVEL( I ).0 SOLOJ350 
DVELI -a SOLOJJ150 

ENOl P SOLOJJ10 
C SOLOJJ80 
C •••••• ---·-·--······· ••••••• _______ •••••• SOL03390 
C. CALCULATE INCRIMENTAL MEMBER FORCES ••• SOLOJ400 
C ••••••• __ •• _____ ·_··· ••••••••••• •••• ____ • SOLOJ410 
C ELE LIB CALLS THE INOIVIOOAL ELEMEN'I' LIBRAIHES. EACH OF WHICH DETERMINSOLOJ420 

I)-DID THE STIFFNESS CHANGEl IF SO, NEWI\ •• TRUE. SOL03430 
2) SHOULD THE INCRI)oIEN'I'AL DISPt.ACEMENT BE RECALCULATED' SOL03HO 

U' SO, ItSAME·ItSAME+ (A VALUE DEPENDING ON ELE:ME:N'T TTPE) SOLOJ450 
3) TI-!E INCRIMENTAL E:LEMENT FORCES SOL03UiO 
4) THE TOTAL ELEMEN1' FORCES- STORED IN ruB SOL03410 

SOL03480 
LS'I'TIP.O SOLOJ490 
PRINT·. FALSE. SOLOHOO 
H.E:AD •• rALSE. SO[..OJ510 
NgWI\·. F'ALSE. SOLOJ520 
00 150 IELNO-1.NEt.MT SOLOJ530 

IOPT·4 SOLOH40 
CALL ELE:LIB SOLOJ550 

, (10M .LST'TTP .PRINT,IREL ,HEAD .~AME ,EESE,EPSE.DAHAGE. SOL03560 
, DUCf'AG, SOLOJ5"'10 
, I ELMO ,IELooF, 'ItGCOF. PGEOIIII, RI~PU'I', AXIAL, I'2iDDSP, I ZOLOA. M,s"OR) SOLOJ5BO 

IOP'J'-IOP'T 6OL03590 
150 CONTINUE: 5OLOJGOO 

C SOL03UO 
C-.-.......... -----·····-----.. SOL03620 
C. REPEAT STEP IF NESSART ••• 6OL0J630 
C--•••••• ------------··-..... 6OLOJ~40 
C H' AN ELEME:N'I' STIFFNESS CHANGE DIC'TATED THA'!' 'THE STEP BE REANALIZED, SOLOJIS50 
C REFORMULATE THE S't'IFFNE5S AND REANALUE SOL03UO 
C THE VARIABLE REPEAT IS SEn' UP TO SUPRESS THE REANALIZING OF A 6TEPSOLOJ6'10 
C CUREN'I'LT, EACH STEP Jr4AT ONLT BE REANALUED ONCE, 'THIS PREVENTS SOLOJ6eO 
C AN E:NDLESS LOOP. 6OLOJ690 

c 

IF (ItSAHE.NE.O .AND. REPEAT) THEN 
REPEAT-. FALSE. 
GO TO 100 

ENDIF 

C·--·-·····-······--······ C· SOLVE FOR REACTIONS .... 

C-·· .. ··············-······ 
IOPT·2 
CA.L.L REAC'TN( 1. BUGJ,NNODE. Ll, L4 ,L5. [..6. OLOAD. DOtSP. 

, MD,S'I'IFF.IMD,NOOF, 1. 1.0. 
, Jr4Al[NOD. IOOF .CooRD, ID,TITLE. S'I'EPID,. FALSE •• 
, NCOS.COSINE, JTCOS, J'TE'LG. SUMRC) 

c C········-----········· .. · ................ · ...... · .. ······ .. · ........ -·· .... . 
C. SOLVE FOR INCRIMENTAL GE:OMETRIC STIFrNESS FORCE. OFG ••• C-·-----······--·----.. --·-··· .. ······ ............ --.... · .. ·····------
C 
C------- INCRIIIIIENTAL GOOMmRIC STIFFNESS FORCE 

IF (ItGFORJl(.EQ.2) THEN 

cc 

c 

IF (BUG5) WRITEelS, -) ._----- INCRIMEK'!'AL FORCE DUE TO 'ItG 
CALL TMPLT (BUG5 •• TRUE •• IMO.L4 .L3.L4 .Ll. L4, 

MDI\G. 'ItG. DFG. 001 SP) 
SCALE FORCE TO lNLCUDE GROUND ACCELERATION ••• 

ENOIF 

C •• _ ••• ______ ••••••••• 

c- PRINT STEP SI ZE ---C--------······-·-----

c 

ISTEP·ISTEP 
I PRNT· I PRN"I' 
WRITE-( MOD( ISTEP, IPRN'l'). EQ. 0) 
IF (WRITE) THE!N 

WRITE (6.245) TITLE( 1) ,UTLE( 2), S'I'EPIO. FACTOR, AFl'r.CT. OF. F.l!.CTL, 
, PKAI,CMA.J:.P'NORM 

245 FORMAT ('1 S'!'RUCTURE: •••• I '.1.,1 
• 50LU'I'ION ..... 1 ·.A.II,JI.AI 

TARGET FACTOR ••• 1' .lP.GI4:.4, 
F ... CTOR •••• I',lP,GI4:.4.· INC. FACTOR ••••• ·.GIJ.4, 
PREVo F"ACTOR.I· .l:a:z.41 

. PJI4A.J: •••••••••••• I' .lP.Gl1.4. 
DMU •••••• I·.G12.4. 
NORM OF UNBALANCED FORCE I •• GI2.") 

tINE·6 
ENDIF 

C····· .... · .. ········ ••• -•••• -.-----------... 
C. CALC AND ENERGIES AND DUCTILITIES ---c··········· ..... -----.......... -.-------. 
c 

IF (WiUTE) LINE-LINE+9 
C---------- PULL ,JOINT DISPL fORCES OUT OF LOAD MATRIX 

tF (DSPFLG) THEN 

137 

00 IlJ I·Ll,L4 
LOAD( I) LOAo( I J - RLOAD( 1) 
DLO,t"D( I) • DLOAD( I) - oALCA( I ) 

SNDIF 

CUL ENERGT 
(L1. [,,2, Ll, L4 ,L5 .LIS. NooF. MAXNOD,NCOS. BUGll •• fALSE •• 

IMD. IMDHS. IMDItG, MD, JroI[))oIS. MDItG,. FUSE •• WRITE. ABORT, 
S'I'H'f'.'C.G.JroIAS6. • 
EIE. ESE, P6S, E'ltE, EDD, 
UPHA, BETA, l'i:GFORM,NELM't'. NNODE, DT. SU)(lJB, 

SUMRC. D5UMRC, 5U)oIFD, DSUMFD, FOAMP, OF'OAMP. F'2i. 
G,t".GV. GO. GAT ,GV'T ,GDI', WORK,WOR'It(L6+1), ZERO, ZERO, 
DACC. DVE.L, DDISP. ACC, VEL, DISP, LOAD. DLOAD, 
10 . looF CNS'I' , .JTFLG , COORD 
COSINE ,.]TCOS 

SOLOJ700 
SOLOJ710 
SOL031JO 
SOLO)7 )0 
SOLOJHO 
SOLOJ750 
SOLOJ760 
SOLOJ770 
SOL037S0 
5OL03'90 
SOLOJ800 
SOLOJB10 
SOr..OJ820 
SOL03830 
SOL01B40 
SOL03B50 
SOL038150 
SOL03870 
SOLOJB80 
SOLOJ890 
50[,,03900 
SOLOJ910 
SOL039:i10 
5Ot.03930 
SOLOJSI40 
SOLOJ950 
SOLOJ!;150 
SOLOJnO 
SOLOJ9BO 
SOL03990 
SOL04000 
SOL04010 
SOL040:110 
SOL040JO 
SOL04040 
SOL04050 
SOL04060 
SOL04070 
SOL040BO 
SOL04090 
SOL04100 
SOL04110 
SOLO 4 120 
SOL041JO 
SOL04140 
SOLOt150 
SOL04160 
SOLOHIO 
SOL041BO 
SOLOt190 
50[..04200 
SOL04210 
SOL04220 
50L04230 
50[..04240 
50["04250 
50[..04260 
50["04210 
50L044!BO 
50[,,042510 
50L04JOO 
SOL04310 
SOL043JO 
SOL04330 
SOL04340 
50L04350 
5OLOOtiO 
SOL04J10 
SOL04JBO 
50L04390 

IF (ABOR'T) RETURN 
c c·· •••. __ ••••••• ___ .. _ ••••••••••••••• __ ...... _____ .... ___ ••• 
c· GE."i' TOTAL GLOBAL LOADS AND DISPL c······ .................. --...................... -____ .... __ _ 

C 

00 ::IlJ9 l-Ll,L4 
LOAD(I)-LOAD(I)+DLOAD(I) + RLOAD(I) 
ALCAD( 1) • RLOAD( I) • DRLOA{ I) 
01 6P( 1 )-DISP( I) +DDISP( I) 
FG(I) .rc;(1) ·OFG{I) 

2J9 CONTINl.IE 
00 240 I-L5.L6 

LOAD( I )-LOAD( I )+OLDAD( I) 
OISP( I )-OISP( I) +ODISP( I) 
FG(IJ -FG(I) +OFGO) 

240 CONTINl.IE 

C •••••• GET MAJIMlIN t.a,t"OS AND DISP[" 
00 1001 I·Ll,[..6 

C 

IF (ABS(DISP(ll).GT.ABS(DSP)oI.IJ((I))) DSPMAX(I).oI5P(I) 
IF (A9S(LOAO(I)).GT.ABS(RCTKA.J:(I))) RCTIo4.A.X(I)·LOAD(I) 

1001 CONTINUE 

C·-· ••••••••• ----········._.······ ••••• 
c· PRIN'r 1'OTAL GLOBAL DISPLACEMENTS .... 

c 
c 

IF (WRITE:) THO! 
IF (IPDISP+["INE.LE.60 ) THEN 

["INE· I PDISP+LINE 
ELSE 

["INE·IPoISP+4 
IIj'RITE (1S.150) Tlt'LE(1),TITt.E(2), 

ENDIF 

250 FORMAT ('1 S'I'RUCTURE •••• I ·,A.I 
, • 5OLU"J'ION ..... 1 ·.A.II 

21', I. LOADING t' .I5.5X,A) 

IS'I'EP. S'I'EPID 

CALL JOI OSP( 1, MAlNOD, NOOF .NNOOE.l, L5, L6, 10. 

, , 
ENOIF 

loof.CNST.DISP, 
TITLE.' DISPLACE""ENTS' ,S'I'EPIO •• FALSE •• 
NC06. COSI NE • .JTCOS, .JTFLG) 

C·-.. - .. -----· - •••••••••• ---------..... 
C- PRIN"J' TOTAL GL08AL Re;AC'TIONS __ a 

C···· .. ·----················-----··· 
If (1rUUTE) THEN 

IF (IPRC'TN+LINE.LE.150 ) THEN 
LINE-I PRCTN+["INE+4 

ELSE 
LINE-IPRCTN+B 
WRITE (6,J50) TIT["E(1).TITLE(:iI). 

ENDIF 
DlDIF 

ISTEP.STEPID 

CALL REACTN (3, WRI'TE, NNODE, Ll ,r..4 • L5. L15, r..o,t"D, 01 SP, 
, MD,6TIFF.IMD.NtoF.l,l.O, 
, MAlNOo. IOOF.CooRD, ID, TITLE, STEPI D •• FALSE., 
, NC05.COSINE • .J'TCOS.J'!'F'LG, SUMRe) 

SUMroR"SQR'l'(SUMRC( 1) U2+5UMRC( J) U:HSUMRC( J )"2) 
SUMKlM-StlRT(SUMRC( 4) U2+SUMRC( 5) ··:iI+SUMRC( 6) "2) 
6UIOIFO-MAI ( SUMFOR, SUMMFO) 
SUIOO4O-MAJ: ( SUIQCIM. SUMJ040) 

IF (WRITE) IIIRITE (6,JlJ) 5U)oIFOR,SUMMl"" 
31J FORMAT (/4X,'RESULTAN'l' OF REACnONS, FORCE-·.lP.Gl::ll.4. 

, • I4QJroIENT·' .G12.4) 

00 100B [·1,6 
IF (US( SUIIIRC( I)) .GT .ABS{SUMRCM( I») SUMRCM( I) .SUMRC (I) 

100B CONTINUE 
c C-············-· .... -.... ··············----······· 
C· CALCl.ILATE AND PRINT TOTAL MEMBER FORCES ••• 
C· ••••••• -.---............. ----••••• - .......... . 

c 

IOPT-5 
LSTTTP-O 
HEAD·. FALSE. 
IF (WRnE) THEN 

ELS. 

ENDIF 

PRINT-.TRUE. 
IF (IPELEM+LINE.LE.60 ) THEN 

LI NE-I PELE)(+LI NE 
ELSE 

LINE-IPELEJH4 
WR.ITE (6.250) TITLE(1),TITLE(2), ISTEP,S'TEPID 

E!NDIF 

PRINT·. PALSE. 

00 300 IE:LNO*l,NELM'T 
300 CA.L.L ELELIB 

i (IOPT ,LST1'TP .PR.INT,IREL .HEAD .NAME ,EESE.EPSE,DIJo(AGE, 
, ruCF'.-.G. 
, IELNO. IE.LOOF.ItGOOF, PGE:CM, RINPUT,AXIAL. I '2iDDSP, IZDLOA, MSTOR) 

C ... • ••• _ ••• ·_· ____ • .... ••• _______ •••••• _______ .. __ •••• 

C .. PRINT MEMBER DUCTILITT AND EJ:CURSION RATIOS ••• 

C··· .. ----············---···--····---...... ······-----

c 
c 

IOP'I'-ll 
LS'I'TYP-O 
HEAD •• FALSE. 
IF (WRITE) THEN 

PRItn'·. TRUE. 

ELSE 

E:NDIF 

IF (IPELEM+LINE.LE.60 ) THE:N 
LINE·IP~EM+[..INE 

ELSE 
["INE-IPELEM+4 
WRITE (6,250) TITLE(l).TITLE(2), ISTEP.S'I'EPID 

ENDIF 

PRINT-.FALSE. 

00 310 IELNOOO1.NELM'T 
310 CA.L.L ELELIB 

, (IOPT ,t6TTTP .PRIN'l',IREL ,HEAD ,NAME .EESE.EP5E.DAJI(AGE:. 
, DUCf'AG. 
, I&LNO. I ELOClF.ItGOOF, PeEOM. RINPU'T ,AXIAL, IZODSP. I ZOLOA. M6'J'OR) 

C·· .--. - •••••• -----•••••• - •••••••• 
C· WRITE DATA TO OUTPU'I" FILES ••• C····· ....... --........ -----..... . 

c 

IF (IWRITE.GT.O) THEN 
IF (MOD(ISTEP.IWRIT'E).EQ.O) THEN 

IOPT"'::Il 
CALL DMPDAT(IOPT,IWRITE,TO,cn') 

ENDIF 
EHCIF 

C-----······ ... -....... -----....... -.------.......... -...... -_ ... -.... . 
C" EITHER CiE:t' AN NEW FAC'TOR, OR !CEEP WOR!CING ON THE CURRENT ONE •• C··----······ ............ -.----•... -... ---.................. -...... '" 

c 

FACTL·FACTL+DF 
IF (NEWFAC) GO 'TO 1000 
CiO 'I'D 1100 

C--······-----·-·········-C· CLOSE OUTPUT FI["ES ••• C··------··········-······ 
5000 If' (IWRITE.CiT.O) 1'HEN 

IOPT·J 

105 

SOL04400 
50L04410 
SO[..044::l0 
SOL044JO 
SOL04440 
SOLOH 50 
SOL04460 
SOL04410 
SOLOHBO 
SOLOH90 
SOL04500 
SOLOBlO 
SOL045JO 
SOL045JO 
SOL04540 
50L04550 
50L04560 
SOL04570 
SOL04590 
50L04590 
SOLO~ 600 
50L04l510 
50L04620 
50L04630 
50L04640 
SOL04650 
SOL045150 
SOL04670 
50LOHBO 
SOL0415~0 
SOLonoo 
SOLo41l0 
SOt...04120 
SOL047JO 
50[,,04740 
SOr..04750 
50t.04160 
SOL04770 
50L047BO 
50L04190 
SOL04800 
50[..04810 
50[..04B20 
SO["048JO 
50["04B40 
50t.04B50 
SOL04860 
SOL04Bl0 
SOL04BBO 
SOL04890 
SOL04900 
SOL04910 
SOL04920 
SOL049JO 
50L04940 
SOL04950 
50L049150 
SOL04910 
SOL049BO 
SOL04990 
SOL05000 
50[.05010 
SOL05020 
50L05030 
50L05040 
50L05050 
SOL050150 
SOL05070 
50[..05080 
50["050!;0 
SO[..05100 
SOL05110 
SOL051:20 
50[,,05130 
So["05140 
SOL05150 
SOL05l150 
50L051JO 
SOLOSIBO 
50L05190 
50L05200 
50L05::1l10 
50L05220 
sOL052JO 
SOL05240 
50L05250 
50L05260 
SOL05270 
SOL052BO 
SOL05290 
SOLO 5300 
5OL05J10 
SOL05320 
SOL05330 
SOL05340 
SOL05350 
soL05J60 
50L05370 
50L05J80 
50L05J90 
SOL05400 
50L05410 
50[..05420 
50[..05430 
SOLOS440 
SOL05450 
SOLO 541!iO 
SOL05470 
SOL054BO 
SOL05490 
SOL05500 
SOL05510 
SOL05520 
SOL055JO 
SOL05540 
sor.05550 
50L05560 
50L05S70 
SOL055BO 
50t...05S90 
50L05600 
sOLOS15l0 
50r.0515:20 
SOL051530 
50[.05640 
50["05650 
50L05660 
50L05670 
SOL05680 
SOr.,OS6510 
SOL05100 
SO["05710 
SOL05720 
50[..057 JO 
50[,,05740 
50[,,05150 
50[,,057150 
50["05170 
SOL057BO 
SOL05790 
SOLOSBOO 
SOL05BI0 



c 

CALL DMPD~'l'(lOP'T,IWIUTE:,TO.c:rr) 

E:NDIF' 

C .... -· ............. -- ...... - ................... .. 
c· PRIN'!' MAlIJr4VM DISPLACE)IIENTS ••• 

C ...... • ...... •• .... •• .. •••••• .. • .. ••• .... ••• ...... 
LI NE"I POI SP+4 
WIU'l'E (6,25.0) TITI.E(I),'l'l1'LE(l).O.'lQ.J.lMU)oII DISPLACEMEN'I'S' 
CALI. JOI DSP( 2. MAXNOD.Noof', NNODE, 1, LS, 1.6.10. 

looF. CNST, DSPMAX. 
TITLE, • DISPLACEMENTS , ,'MAJIMIJ)oII VALUES', .FALSE •• 
NCOS.COSINE.J'l'COS. J"I'f'LG) 

C" PRINT MAXIMUM GLOI!JAL REACTIONS _ ... 
c .. • ... - ... - ...... - .... - .. - .. - .. - .... - ... ---.. - .. ---

WRITe: (6.250) TITLe:(I).'l'ITLE(2),0,'KAXlMU .... REACTIONS' 
C~L RUCTH( 4 •• TRUe:. ,NNODE. 1.1. 1.4, L~,L6. RCT'MAX. Q5F>MAX. 

MD. 511 FF. IMD. NCOF'. 1. , 1.0, 
KA.XNOD.looF.COORD.ID,TITLE, ''''-A.J,IMUM VALUES' •• FALSE •• 
NCOS, COSINE, J"I'COS, J'I'FLG, SUMRCM) 

WRI'l'E: (6,511l) SUMJo1FO.SUIoOO4O 
5111 FORMAT (/U.·MAXIMUI<4 RE5UtTIJoIT OF REACTIONS, FORCE.',lP,G12.4. 

" MOI<4ENT.' .G1.:2.4) 

C""""-·· ..... --... - ....................... --... .. 
C .. PRINT )Q.XIMUM MEMBER FORCES .... 

c 

LS'I'TTP"O 
HEAD ... ~AL5E. 
PRINT".TRUE. 
WRITE (6,2S0) 'l'ITLE(l),TITLE(1) ,0, 'PEAr.: ELEJoI:ENT F'ORCES' 
!XI 5)00 IELNO-l.NE:LMT 

5300 CALL ELELIB 
"(12 ,LSTTTP ,PRINT.IREL ,HEAD ,NAME ,EE5E,EP6E.DAJ04.AGE, 
" DUCF'.'r.G. 

IE'LNO ,IELOOF. "'GOOF, PCiEOM. RINPUT .AXIAL, 1 ?DOSP, !ZDLDA, ",STOR) 

C .... •• ...... • .... • ............................ -----.. --.... - .. --.. .. 
C· PRINT DUCTILITIES ,IJIlD EXCURSION RATIOS - .. -
C .. - .. -· .... ·-.... • .. - ...... -· ...... - .... - ...... • ...... ·-.... • .. ··-.... 

c 

tSTTTP-O 
HEAD -. FALSE. 
PRINT·.TRUE:. 
WRITE (6,450) 't'ITLE(1).TlTLE(4).0. 

, 'PE ... K DUCTILI't'IES AND EXCURSION RATIO' '5' 
00 ~310 IELNO-l.NELMT 

5310 CALL EI.ELIB 
"(11 .LSTTTP .PRINT,IREL ,HEAD ,NAME .EESE.EPSE.DAMAGE. 
" DUCFAG, 

IELNO ,IELOOf', "'GOOF, PGEOH, RINPUT, AJ(IP.L. I'3DD5P, I '3DLOA. MS'I'OR) 

C .......... •• .... • .. • ...................... - .... .. 
C" PRINT DAMAGE INDICIES - .. -
C""--··"""""" •• - ... --....... - ...... 

LSTTTP-O 
HEAD·. FALSE. 
PRINT-.TRUE. 
WRITE (15,:;'50) TITLE(l).TITLE(:2),O. 

" 'DAJ(AGE INDE:l • 
IJAMAGE"O 
00 5J'20 IELNO"l,NELMT 

CALL ELELI8 
"(14 ,LST'np ,PRINT.IREL ,HEAD ,NAME: .EE6E,EPSE,EDAM, 
" QUCFAG. 
" I e:LNO ,IELOOf', KGOOF, PGEOIIoII.IUNPUT, UIP.L, IZDDSP, IZOLQA,MSTOR) 

5320 OiVQGE"DAMAGE+EDM 
IF( (ESE+PSE) .EQ. 0 ) RE"I'U'RN 
DAMAGE" OAJ4.AGEI ( ESE+PSE) 
WRITE (15.~J30) DNotAGE: 

53)0 F'O~T (/101., 'STRUCTURE DAMAGE INDEI-'.lP.G15.5) 
R~URN 

END 
C@PROCESS SOUMP OPT{O) GOSTMT XREF MAP 
C ...... •• .......... •• .. ••• ............ • .... • .. -·· .. ··---·-.. • .. - .. • .. • ............ • ......... .. 
C DEBUG UNIT(6),SUBCH'It.SUBTRACE,INIT 
C ENDl!JuG 
C .... - .. - .. - ........... • ............. ·-· ........ • .... • ............ •• .. ··-.......... ·-.. ·---...... . 

c 

SUBROIJ'I'INE SOLOS 
LCJ<OICAL PRIN'I',HEAD.BTES'l',TEST.QUIT 
COMJo1ON IRSAI ICOMN, RSAF( 12) 
REAL ICOMN 
DIMENSION RINPUT( 100) 
CHARACTER-'20 ICOH 
1 HCLUDE (ZCOHN) 

c··- .. ··· .. · .......... ·· 
C· PRINT HEADER .. 

C·"""··""·""·"""· 
WRITE(6, 10)TITLE( 1) ,TITLE(:!} 

10 E'ORM-'T('l STRuCTURE •••• 1 '.A,I 
i 'SOtU'TION ••••• 1 ',11..1) 

00 555 I"l,:ilO 
555 'irU'UTE(6.") 

WRITE(I5,551 ) 
551 f'ORMAT( 401.. ' •• RESPONSE SPECTRUM ANALTSIS -_ • • 111 

, 401..' NOTEI IIIODAL COI<4BIN ... TION APPROACH CAN 9E SRSS 
'OR CQc::') 

c 
c .... • ...... _-·-... •• .... • 
C· INPUT DATA ... .. 

c .. • .... • .. •• ...... • .. ··-
READ( 5. -) ICOM, NI«JDE, DAMP ,NA,NAP. IPM 
READ( 5.·l HSTEP. "'EIG 

C NOTEI NSTEP "1 I CALCULATE EIGENP"IRS .S1'ORE EIQ~PAIRS IN 016K MEIG 
C NSTEP "2 I Re:AD EIGE:NPAIR FROM. 'Me:1G' AIolD 00 6PECTRU", .ANALTSI5 
C NSTEP "3 I CALCULA"!'E BIGE;NPAIRS ,IJIlO PERFOR)( SPECTRUM MALTSIS. 
C EI GENPAI AS ARE NO'l' STOREIJ I N UNIT HEIG 
C 

WRITE( 6.10 )TITLE( 1) ,1'ITL£:('2) 
t F( TEST( ICOM, 'SR6S' ,. FALSE.» THEN 

[COIOl"l 
WRI'I'E( 6.11) 'SRSS IiClCAL COMBINATION MEn'HOO' , " .... -.... -.. -... -.. -.... _ ........... ' 

ELSE IF{ 't'EST{ICOM. 'CQC' •• f'ALSE.» THEN 
ICOJQf·:2 

• WiUTE(6. III ::~_~~~_:~~~!~~~!~~ .. ~~~~~:, 
ELSE 

WRITE(I5,-) 'INVALID MODAL CO"'BINATION I4E:I'HOO' 
WRITE( 15,11) ICOM, .............................. ' 
RETURN 

ENDlf' 

WRITE( 6, 12)NMODE. DAJoIP. NA. NAP 
11 FORMAT(lX.'SOt..UTION t5, ' .... ,1 

" IX. ' ................. ,A, I) 
12 f'OR}o(.l.T ( 1 X,' NU!oo1BER OF MODES CONSI CER.ED •••••••••••• ', a p, 14. I 

, lX.· DAMPING RATIO FOR, ALL foIOOES ........... ·,OP,G12.3,' 
" 1X.· NO. OF SEI5"'IC COIolPONEN'l'5 CONSl DERED •• '. a P. 14 , I 

IX.' NO. OF IN~UT POINTS FOR SPECTRU", •••••• ' ,OP.I4) 

IF(NSTEP .EQ. 1 ) THEN 
"'RITE{ is, 13 )NS'fEP. MEHi 

13 FORMAT(1.I,· NSTEP ••••••••••••••••••••••••••••••••• ',OP,I4.1 
, lX,' EIGEN-50LUTtON IS STORE IN CI51t UNIT .. ',OP,H) 

ELSE IF(NSTEP • EQ. 2 ) THEN 
WRITE( 6, H lNSTEP, Me:IG 

14 FOFUolA.T(lx.' NS'!'EP ••••••••••••••••••••••••••••••••• '.OP,14.1 
" lit.' EIGEN-50LUTION IS READ FROM DI61C UNI1' .'.OP.14) 

ENDli' 

SOL05B20 
SOr..05B30 
SO[..05B40 
SOLOSBSO 
SOLOS860 
50LOS8JO 
50["05680 
SO[..05B90 
SOLOS900 
so[..05no 
501.05920 
SOL05930 
501.05940 
SOL05950 
60L05960 
50[..051J70 
60["05980 
501.05990 
501.06000 
50[..015010 
50[..060:20 
SOL06030 
5OL06040 
5Ot.015050 
501.06060 
5Ot.015070 
SOL060BO 
SOL06090 
501.06100 
501.06110 
6OL06120 
501.061)0 
SOL0l!i140 
501.06150 
SOLOtH60 
SOL06110 
5OL06180 
50[..06190 
501.06200 
501.06210 
SO[..OiS:ii20 
501.015230 
SOL06:240 
501.06:250 
501.06260 
601.06210 
501.015280 
001.06290 
001.06300 
001.06310 
001.063'20 
501.063]0 
50L06J40 
501.06)50 
501.0153150 
501.06370 
501.015380 
501.063510 
5OL06400 
501.06410 
501.06420 
001.0600 
SOL06440 
501.06450 
501.06460 
501.06410 
501.06480 
50[..06490 
501.015500 
SOL015510 
SOL06520 
SOL06S30 
601.06540 
5OL065S0 
60LOOOI0 
sot.OOO:i!:O 
50[..00030 
SOLOOO",O 
501.0005.0 
SOL00060 
501.000"'/0 
6OL00080 
50[,,00090 
SO[.00100 
50[,,00110 
SOLOOI0l0 
ooL00130 
6OL00140 
SOL00150 
50[,,00160 
SOLOOUO 
SOL00180 
6OL001!i10 
50[..00'200 
SOL00'210 
60[..00'2'20 
50[..00:230 
SO['00240 
50[.00250 
SOL00260 
501.00270 
SOLOO:2BO 
501.00:290 
50LOOJOO 
SOt-OOJIO 
5OL00320 
SO[.003)0 
501.00340 
501.00350 
SOL00360 
501.00370 
SOt-OOlBO 
601.00390 
601.00400 
601.00410 
60[..004:20 
60[..00430 
5OL00440 
501.00450 
5OLOOUSO 
501.00470 
501.00480 
50L00490 
SOLOO~OO 
60L00510 
501.00520 
501.00530 
501.00540 
50L005S0 
60L00560 
50[..00S70 
50L005BO 
6OL005S10 
501.00600 
501.00610 
501.00620 
501.00630 
50[..001540 
SOLOOEi50 
501.0015150 
501.001570 
501.00680 

C 

---- SET UP CONSTAN'1'6 
Ll"l 
L2-NCONO 
L3-L'21-1 
L4-NCOND +NFREE 
L5"L4,.1 
L6·NOOF' 
ELS'rIC-- .TRUE. 

---- INI't'tALUE STORAGe: 
2i(IZEVAL) .. LOCATION OF THE: EIGENVALUES 
Z(lZEVECl .. LQCA,TION OF THE: EIGENVECTORS 
Z(IZA ) .. LOCATION Of' THE STMME."!'RIC STlFrNESS 
Z( IZB ) .. LOCATIO~ OF THE STJoOtE;!'RIC MASS 
Z(ULOAO) .. LOCATION OF THE TOTAL LOAD AATRIX 
Z(IZOISP) • LOCATION OF THE TOTAL OISPLACEME.NT 

1 ZEVAL .. 121 
I Z I 'hNFREE 
I ZEVEC .. 121 
I Z I Z+NFREE-NFR~E 
IZA .. 121 
IZ I Z+NFREE-NFREE 
l:?B IZ 
1'li IZ+NFREE·NF'RE:E 
[F(ULOAD .EQ. a ) THEN 

I ZLO ... o-I 3 
IZ .. tZ + HOOF 
CALL C"'STOR(O.O) 
!XI 1 I"l,NooF 
:I.{I"IZt.OAD-l)"O 

ENDIf' 

tF(I?DI6P .EQ. 0 ) THEN 
IZDI5P-IZ 
IZ·IZ + NooF 
CALL CltSTOR(O.O) 
00 2 r"l,NOOF 
Z(I+IZDISP·l)"O 

ENDIF 

IF'(IZFUB .E:Q. 0 ) THEN 
I ZFUB"I " 
IZ"IZ + NooF 
CALL C!tSTOR(O.O) 
00 3 I-l.NDQF 
2i(I+IZruB-l)"O 

ENDlf' 

HATRIX 

C----- .. --OEF'IHE STORAGE FOR THE I40DAL COMBINATION 
lZRA"IZ 

c 

I:Ii • I Z+t.lMODE"] 
IZRD-U 
n .. IZ+NMClDE·) 
IZFLu·n 
I z .. n ... NFREE·) 
[ZCMC·I Z 
I Z - t Z·NMOCE·NMODE 
I:l!GM "1 Z 
1:1. • IZ+NMOOE 
UEI..F .. n 
IZ • IZ"'NK)DE·J 
I ZCQC·II 
IZ .. l'a+[..4-NMJDE 
UDLD-IZ 
12! .. I Z+Noof'-NA 
IZELE:F-IZ 
n • IZ+NELMT·12-(NI<400E+NA) 
IZRc:T·U 
I? .. Ihl5 .. {tolI«lDE:+HA) 
tZNAP"13 
IZ .. I3"'1-NAP 
lZTMP2-1 Z 
IZ • IZ+NFR'EE 
IZEEF·U 
I Z • 1 Z +NFREE-NA 
nCQ'2·tz 
1 Z • I Z+NFR.EE"NI«IDE 

IZ"!'MP- IZ 
IZ .. IZ+NDDF 
IV .IZ 

CALL CkSTOR{NOOF,IW) 

110m "N3{lZMD +NDOF) 
I",DMS"NZ (I Z"'DII(6+NCOP) 
II<IDltG-N? (I ZMDKG+NOOP) 

C---------· FORM MASS MATRII. -----
C 

00 400 I"I.IMCMS 
400 Z(I+IZMASS·l )·0. 

CALL MFORM( 2, INMASS. NHASs, Z( !ZI'tAS6). HZ( I ZMCMS) ,MD,NooF. IMOMS. 
" TITLE.NNODE,MAXNOD, NCOS, BTES'T (I BUG, 5), I I!JUG, 
" NZ( HI 0).3 [IZCOS), N3 (IZIOOF), Z( IZCNST} .NZ( I ZJ'F'LG}. 
, NZ( UJ'C05). Z (IZMDAT), Z( IN), NZ (Ilf+21), Z( IW+27). 
" Z(lW+ 6Jl.?(lw+ 99» 

CALL SOLOSA 
i (L1, 1..2.L3. 1.4.[..5. Lei, IMD. 11010)(5, I "'O!l;G , !l:GCOND.MCCND, ABORT, 
" :II! (IZltGt7r) ,N'Z (I UGCT+1) ,NZ (1 UGD'I'+2). NZ( 1 UG C1r+ 3 ), 
" !ZDI5P,I?LOAD,IIoIISTOR. 
"NOOF ,NCOHD • NFII.EE • TITLE ,STEPID 
" Z(USTIF'), Z(IZMABS). Z(IZKG ), Z{IZA 1, '3(IZB ), 
"NZ(IZMD ),NZ(IZMDMS),NZ(IZI<40KG1. Z(IZDI5P), Z{IZ'l'MP ), 
"NNODE ,NCOS • NELMT ,MAXNOO • r BUG • 
" NA,NAP • NMODE ,DAMP • IPRT .NSTEP.)oI,EIC. 
"NZ(IUD 1.NZ(I'iIOOf'), Z(IZCNS"I'),NZ(IZJFLG)' Z(IloCORDl. 
, Z(UC06 ),NZ(tZJCOS). Z(IZEVAL), Z{IZEVEC), 
, Z(IZRA ). 
i Zct:l.RD ),Z(IZFLU), 
" Z(lUI...F ),Z(IZLOAD). 
i Z(IZELEF).Z{IZRC'!'). 
" Z(IZT",Pll,l(nEEF), 

Z(UCMe 1. 2i(IZCI<4 1. 
Z(IZCQC 1. Z(IZOLD 1. 
Z{IZNAP }, 
:I.{IZCQ2 ). Z(IW II 

501.00690 
SOL00100 
SOLOO'10 
501.00720 
501.00730 
SOL00740 
50L00150 
SOLcO] 150 
501.00710 
SOL00780 
SOt,001!i10 
50LOOBOO 
501.00810 
50[..00820 
50L00830 
50[.a0840 
501.00850 
60[..00860 
50[..008' 0 
SOL00880 
SOt,OOBSlO 
SOt-00900 
50[.005110 
sot,005l:;l0 
501.00930 
501.00940 
50L00950 
50L00960 
501.00970 
501.00980 
SOL00990 
SOL01000 
501.01010 
SOLOI020 
50[..01030 
SOLOI040 
50LOI050 
501.01060 
SOL01010 
SOLOI080 
SOt.Ol0Sl0 
SOLCI100 
501.01110 
501.01120 
SOL01130 
SOLO 1140 
SO[..01150 
SOt.01l60 
50L01170 
50[.01180 
501.011.90 
sOL01:200 
50L01210 
sOL01220 
501.01230 
601.01240 
501.01:250 
50LOl2150 
SOL01110 
SOL01280 
5OL01~90 
SOL01300 
5OL01310 
501.01340 
SOL01330 
501.01)40 
501.01)50 
SOL01360 
50L01370 
SOL01380 
501.01390 
SO[..01400 
SOLOUIO 
SOLOU 20 
SOL014JO 
501.01""'0 
501.01450 
501.01460 
SOL01470 
SOL01480 
SOL014!i1Q 
501.01500 
SOLOlSI0 
SOL01520 
SOL01530 
501.01540 
501.01550 
501.01560 
50L01S70 
501.01580 
501.01590 
501.01600 
501.01610 
SOLO 11520 
501.011530 
501.011540 
SOL016S0 
SOLO 1660 
5OL01610 
50L016BO 
50t.OHi90 
SOL01700 
50[,,01110 
501.017:1.0 
501.011)0 
SOLOIHO 
SOL01' ~O 
SO[.01150 
SO[..011?O 
501.01780 
SO["01790 
60LOlI!J00 
SOLOl610 
50LOIB20 
SOL01830 
50[.01840 
SOL01850 
SOLO 1860 

RETURN 50[,,01810 
END 501.01680 

CllPROCE5S SruMP- OP'T(O) GOSTMT XREF' MAP 60t,OC010 
C ... _ .... ,. ........................... _ •• _ ......... __ ... _ .... __ .. ___ .. _ .............................. SOLO 0 0 2 0 

C DEBUG UNIT{I5) ,TRACE, 5U8CHIC. INIT.SUB1'RACE 501.000)0 
C e:ND DEBUG 60[..00040 
c ................... _ ......... _ ............................ --............... - •••• - ....... ---... ""·-"-50[..000 5 0 

SUBROUTINE SOLOSA SOLOOOEiO 
" (Li,L:2,L3,L4,t.5.L6.tHD,II<4DIoIS.IMDItG. ICGCOND,HCOND,AaORT, 50t00010 
"KGDAT'" KGLOAO ItGTTPS: ItGFORl'.. 50[.000BO 

[loOISP IZLOAD I<IS'TDR 50LOOO!il0 
NooF NCoHD NFREE TITLE: STEIlID 50LOOI00 
S"I'IFF MASS ItG A B 50LOOI10 
MD MCIotS I<4DltG DISP T",P SOt.00120 
N'NODE NcaS NELMT I<U.XNOD IBUG SOLOOIJO 
NA.NAP NMODE DNo(P IF>RT NSTEP ~EIG. 50["00140 
10 IooF CNST .;J't'FLG COORD 501.00150 

"COSINE J't'COS EV,\L EVEC 50LOOl60 
" RA SOLoonO 

RD FLU • CHI: G)ot SO[..OOlBO 
ELF LOAD CQCI<4 DLOAO 50["00190 
ELtF ReT • R5NP 50LOO:ilQ0 
TI<4P2 EEF' • CQCM2 WORK 501.00210 

50L00220 

106 



COIOION/RS ... /ICOJlOol, RS ... F( 1:2) 
~EAL ICOHN 

C-- COMMON' BLOCIt roR HISL SUBROLl'TINE CGVCSP 
C COHMQN/WOFUtSP/Rv!tSP 
CREAL RWIt5P(lOOOOO) 

LOGICAL TEST ,QUIT, B'l'EST, MeOND, ItGCOND,I4COND1, !tCONDl, ... eORT, PRINT 
LOGICAL HE ... D, AXIAL 
REAL LO ... D, KAS5, ltG, II:GDATA 
DH(ENSION STIF'F'( I)O(D) , KAS5( IMDJo(S) , ICC ( IH:DItG) , RINPUT (100) 
DIH:ENSION' 1.( N'FREE, NFREE) ,B( N'F'REE, N'FREE) 
DIHE:N5ION "D( LIS+l), H:DMEi( LIS+l) ,MDI:G( ['1S+l), DISP(LiS} ,T"P( L6) 
DHIENSION' EVA.L(NFREE), ~ (N'FREE, N'FREE), SUMRCT (IS) 
DIMENSION' COORD( KA.lN'OD, 3), ID( KAlNOD) , 

" IOOF(MAXNOD,IS) ,C05INE(J,3,NCOS),CNS"I'(MAXNOD,6), 
" J'TF'LG(MAlNOD),J'I'COS(KAXNOD) 

DI"E:N5ION G (IS) , D( 15 ) ,T .... P:<I (NFREE) , EEF( N' FREE, NA) ,COC":2 (NFREE, NMOOE) 
DIfoIENSION Vl( J), v:2()), V3() 
DIMENSION RA(NMODE:'))'~"'O(L6) 
DIMENSION RD( NMODE.)), DLOAO(L6. N'A) 
Dl""ENSION FLU (N FRE:E:. 3) ,CMC (NIoCODE, N'MODE) 
01 ""ENSION G""( NMODE:) , ELF( NMODE, 3} , WORIt( L4 ) ,CQCM( ['4 ,NMODE) 
01 ""ENSION ELEF (NELMT, 12, NMODE+NA) ,RC'T ( IS, NJllCDE +NA) , R5HP (:2, NAP) 
OIfoIE;NSION W!t:2(BO, ao) 

C NOTE. W]{2 DIMENSION SHOULD BE GREATER 'THAN NFREE*NFREE 
C 

c 

CHARACTER· 1 NAJoIE 
eHARACTER-40 OPl'10N 
eHARACTERI(.) TITLE(2}.S'TEPID 

e---·---·-··-----.......... . 
Ca FOR)o{1JLATE S"!'lfFNE55 -.--C···-.. ··•·•·•••••• ............ -.. -

11-1 
CALL FORJ!l( 11) 

IF (BTES'T(I8UG,5) CALL L""'TIU(S'TIFF,MD,NooF 
'GLOBAL STIFFNE5S KATRII') 

c e---························· .... · C. COHDENSE OUT NON-FREE OOP - •• 

e .......... - .. •• .. ••• .. ·-·· .. ••• .. ••••••• .. 

.IMD, 

SOL00230 
50LOO:<l40 
50L00250 
SOLOO:ilISO 
50['00270 
50[,0 O:ilB0 
50['002Sl0 
sO["OO)OO 
SO['0031 a 
SOL00320 
SO[.00330 
SO["00340 
50['00350 
SO["00360 
50[,,00370 
SO['003BO 
SOLCOHO 
SOLo0400 
SOLoono 
SO['004:20 
SOLOOUO 
50L00440 
50L00450 
50L0041S0 
SOLOOOO 
SOL00480 
5OL00490 
SOL00500 
SOL00510 
SOL005:20 
50L00530 
50['00540 
sOL00550 
SOL0051S0 
50[,00570 
5OL00580 
50['00590 
50LOOIS00 
SO['001S10 
SOLOOlS20 

C ••• IF MeOHD IS TRUE THE MASS IQ.TRIX 
IF (NCOHD.GT.O) THEN 

,. 

11-1 
l1A-l 
!tCONDl -.FALSE. 
HeONDl ·MCOHD 

SET UP ZERO LOAD VECTOR 
00 28 I-l.NOOF 

T"'P(I )-0 

IS ALSO REIXICED BT GUYAN REOUCTIONSOLOOlS30 
50L00640 
5OLOOEi50 
50[,006EiO 
SOLOOlS70 
50LOOEiBO 
SOLOOlS90 
60L00700 
50L00710 

c 

CALL "'SOLL( I, BTEST( I BUG, 6), L4. IMD.NooF. l,Ll,L:2, 
"'D. STI FE'. TJ!lP. WORIt:. 
MCONDl,lQ.SS ,IoIDM5, I MOMS, 
ItCOHDl,!tG .MDitG,IMD!tG.ABORT) 

IF (ADOR'T) RETURN 
ENDIF 

C- _ ........... - - - -.- - - ...................... - .... -._ •••• 
C. TRANSFER STIFFNESS INTO A JotATRIX .--
C· _. - ••••• _. - - - - - •• - ........... --.-••• --.-
C NOTEt IMS1.. ROUTINE O:;VC5P IS USED '1'0 SOLVE FOR EIGENVALUES, 
C THIS ROUTINE USES A 'FULL 5YMJoo!E'I'RIC MATRIX'. 
c 

" c 

QUIT· .FALSE. 
00 600 J·L3,L4,+1 

00 600 I.J,L3,-1 
IJ'-"D(J)+J'-I 
IF{lJ .[,'1'. MO(.J+l) .AND. IJ' .GE. MO(J) 

A( I -L3+ 1, .J-L3+ 1 l-STI FF (I.J) 
A( J-L3+1. I-L3+1) ·A( I-LJ+l, J'-L3+1) 

ELSE IF( IJ .CE. J!l:D(J+l) ) THEN 
AC I -LJ+l, J-L3+11-0 
A{ .J-L3+ I, I -L3+1)·0 

EHOIF 

) THEN 

IF (9TEST{IBUG,5)) WRITE (6.29) I.J,A(I-L3+1,J-L3+1) 
FORMAT (' 1.',15,' J'.',15,· A(I-t.3+l.J-t.3+1)·,IP,G15.5) 

c--------- CHECI( FOR ZERO'5 ON JotAIN DIAGONAL 

c 

IF (I.EQ.J .AND. A(I-Ll+l,.J-L3+1) .LE.O 
QUIT-.TRUE. 
WRITE (6.]2) I,A(I-LJ+l,.J-LJ+l) 

tNDIF 

600 CONTINUE 

) THEN 

3. FORMAT (5X,'DOF .'.15.' 16 .LE. 0 IN THE STIFFNESS MATRIJ. ... ', 
, 5:11:,']{(I,I)·',1P,Gl •• 4,· SOLN 16 ABORTED') 

C·· ------••• -...................... --
C- TRANSFER MASS INTO B KATRII ... . 
C" - - - - - - - -- ................... --.-. 

J9 
c 

DO 100 J·L3,L4.+-1 
00 '/00 I"J,LJ,-1 

IJ-"DMS(J)+J-I 
IF(IJ .LT. MDt!6(J+l) .AND. IJ .GE. MIMS(J) ) THEN 

B( I -L3+-1, J-L3+1 )-MASS( IJ) 
B (J-L3+1, I-L3+1 )·B ( I -L3+ 1, J-LJ+l1 

ELSE IF( IJ .GE. "OIo4S(J+l) 1 THEN 
9(I-LJ+l,.J-LJ.t1)"0 
B(J'-L]+l, I -L3+1 )"0 

ENDIF 
IF CBTEST(IBUG,5)) WRITE (15,39) I.J,B(l-['l+l.J-L3+1) 
FORMAT (' 1;'.15.' JI'.15,' B(I-L]+l,J-L3+1).', IP,GI5.5) 

C--------- CHECK. FOR ZERO' 5 ON MAIN' DIAGONAL 
IF (I.EQ.J .AND. B(I-t.]+l.J-LJ+l).LE.O 

QUIT-.TRUE. 
WRITE (1S.42) LB(I-L3+l.J-Ll+l) 

ENDIF 

) THEN 

SOL00720 
50L001JO 
5Ot.00HO 
SOL00750 
50L007l50 
50L00770 
SOL007BO 
SOL00790 
SOL00800 
50L00810 
50LOOB20 
50LOOB30 
SOL00840 
50L00850 
SOt.008EiO 
SOL00970 
SOL00990 
5OL00890 
SOL00900 
SOL00910 
5OL00920 
SOLOOSlJO 
SOLOOSl40 
5OL00950 
6OL0091S0 
SOLOOSl70 
SOLOOSl90 
5OL009Sl0 
60LOIOOO 
5OLOIOIO 
5OLOI020 
SOLOI030 
SOLOI040 
50LOI050 
SOLOI060 
5OL0.1070 
5OLOI090 
5OL01090 
50LOl100 
SO['01110 
SOLOll.O 
SOLOl130 
SOLOIHO 
601..01150 
SOLO 1 1150 
SOL01170 
SOL01190 
SO['01190 
SOt.Ol:i!OO 
SOLO 1:2 10 
SOL01220 
sot.01230 
5Ot.01240 
50t.01250 
SOt.Ol:i!ISO 
50[,01270 
SOL01.BO 
5OL01290 
501..01300 
SO['01310 

'/00 CONTINUE 501..01320 
41 FORMAT (5X.'OOF ",IS,' 15 .LE. 0 IN THE MASS MATRIX ••• ', 50L01330 

, 5X,'M(I,I).',lP,Gl:il.4,' SOLN 16 ABORTED') 50L01340 
C 50L0.1350 
C SOL013150 
C---------- RETU~ H' A ""'IN DIAGONAL IS LE HRO SOL01)70 

IF (QUIT) RE'T\J~ 501..01390 
C 50L013Sl0 C-.--------............... -------------...... SOLO 1~ 00 
C- SOLVE E'OR E:IGE:NVALUES AND EIGeNVECTORS ••• SOLOIUO 
C---------------••••• ·-·---····-···--·····... SOLO It:ilO 
C--------- IMSL SU BROUTINE OGVCSP ------------------------------------ SOLOlt30 
C EIGENVALUES AND-EIGENVECTORS OF A.l'-L,IJoIBD ... ·B·l'·O 501..01440 

10. • STIfFNESS - REAL, F'Ut.L Sr~E"I'RIC MATRIX SOLOl450 
B • KA5S - REAL, f'ULL S!MME"I'RIC Ir(,\TRIX 50L01460 
N - NUMBER OF OOF OF A AND B 501..01410 
PI _ PERFORMANCE INDEX SOL01480 

PI-WP::( 1), PI<l - ROU'I'INE PERF'ORMED WELt. SOL01490 
C 1 <PI <1 00 - ROUT INE PERFORMED SATI 5FACTORI LY SOLO 1500 
C 100<PI - ROIJTIN'E: PERFORJolED POORLT SOLOl510 
C EI/U- EIGENVALUES (['AMBDA), N BY I SOL01520 
C EVEC. EIGENVECTORS, N BY N 5OL01530 
C LOA· t.E"'DING DIMENSION Of' J4ATRIX A EXACTLr AS SPECf'IED IN THE 5OLOl540 
C DIMENSION STATEMENT IN THE CALLING PROGRAM. 5OL01550 
C t.DB - LEADING DIMENSION OF MATRIX B E:lACTLT AS 5PECf'IED IN THE 5OL01560 
C DIMENSION srATEMEN'r IN THE CALLING PROGRAM. SCLOI5'/0 
CLDEIIEC. LEADING DIMENSION Of' MATRIX EVEC EXACTLY AS SPECFIED IN THE SOL01580 
C DIMENSION STATE"ENT IN THE CALLING PROGRAM. 50L01590 
C --------------------------- - --- ---- ----------------- -- - ---------- - ---- SOLO 1600 
C 50L01610 

IF(NSTEP .EQ. 1 .OR. N5TEP .EQ. J) THEN 50t.01620 
LDEVEC.NFREE 50L011S30 
CAL[' IW]{IN( 100000) SOLOl1S40 

CALL CCVCSP( NrREE. A. NFREE. B, NFREE. EVAL, EVEC , LDEIIEC) 
CAL[' CG:ilCSP( NFREE, A, NFREE, B. NFREE, EVAL, EVE:.: ,LDEVEC, A, W1t2, WORIt) 

C- NORMALI ZE MODE 6HAPE TO MAX VALUE OF ONE ---C---· ...... ----_.oo. - _oo -______ ..... ______ .. _ ..... _ -__ 
C 
C NOTE. THE EIGENVECTOR IN IMSL CGVCSP HAS BEEN HORJQ..LIZE:D 
C 
C-----WRITE EIGENVALUES AND EIGENVECTORS TO DISII: MEIG 

IF( NSTEP .EQ. L .01'. NSTEP .EQ. 3) THEN 
WIUTE(MEIG,175) (EVAL( 11.1-1.IPR'T) 
DO 171S I-l,NFREE 

111S WRITE(MEIG, 17 5) (EVEC( I, J), J-l, I PR't') 
115 FORMAT(5(G14.5.1I)J 

ENDIF 

EL6E IF(NSTE:P • EQ. 2 1 THEN 
RE ... D(MEIG.175) (EVAL(I) ,1-1, IPM') 
DO 17B 1.1,NFREE 

I1B READ(JIIEIG.175)(EVEC(I,J),J-1,IPRT) 
ENDIF' 

c 
C .. •• .. • .. ••• _ ••••••• -----........... -- - - - - - - - - --
C. PRIM'!' EIGENVALUES AND EIGENVECTORS --. 

c 

1ST -I 
100 IE:ND-HIN(I5"I'+6.IPRT) 

WRITE (15.110) (I ,I-I5T,IEND) 
00 125 I·IST,IEND 

125 EVJI.L(l)·SORT( EVAL(I) ) 
WRITE (6,1:21S) (EVAL(I),I-IST,IEND) 
00 121 I-IST,IEND 

121 EVAL(I)- EVAL(t) / 6.::1931853 
WRITE (6,128) (EVAL(I),I-IST,IEND) 
DO l:2Sl I-1ST. lEND 

IF (EVAL(I).EQ.O) EVAL(I)-I.E-15 
129 EVJI.L(I)- l.00 1 EVAL(I) 

WRITE (!i,130) (EVAL(I),I-IST,IEND) 
WRITE (6.135) 

110 FORMAT( r MODEl', 7 (I 10,5":1» 
120 FORMAT ( , EIGENVALUE.' ,IP, 1 (Glt. S, ll') 
126 FORMAT(' FREQ (RAD/SEC)I',IP,1{G14.5,lX) 
128 FORJoU.T(' fREQUENCY (HZ).',lP,1(Git.5,lJ:) 
130 FORMAT(' PERIOD (SEC)I',IP,1(G14.5,lX) 
135 FORMAT(' EIGENVECTORS.') 

C-------- EIGENVECTORS 
DO 140 l-l.NFREE 

II-I+NCOND 

C 

140 WRITE: (15,150) II,(EVEC(I,J),J-IS'I',IENo) 
150 FORXAT(' 00E'(',I6,')'.IP,7(Gl4.5,lX» 

IF (IE::ND.LT.IPR'I' ) THEN 
WRITE (6,10) TITLE(1),TITLE(2) 
IST·IEND+l 
GO TO 100 

ENDIF 
10 FORMAT('l STRUCTURE ••••• ',1..1 

, 'SOLU'TION •••••• ',A,II) 

IF(~5"I'EP .EQ. 1 ) THEN 
ABORT'" .TRUE. 
RE'1URN 

E:NOIF 

C-----ZERO GLOBAL BASE ACCELERATION AND DISPLACEMENT SPECTRUM VALUES 

c 

00 771 I-l,NHODE! 
RA(I, I )-0 
RA( 1.:;01)-0 
RA(I,3)-0 
Ro(I, 1 )-0 
RD(I ,. )·0 

J71 RD(I,3)·O 

C ........ -- - - .................. __ .---........................... - .... -- - - - -- - .. --_ •••••• - - --
C .... INPUT NUMBER. OF SEISIolIC COMPONENTS, SCALING FACTOR ,PRINT CONTROL -
C ...... -- --- -- .. -- - ............. ------.............. - ••••••• - ..... - -_ ... -- - - - •••••••• -
C 

READ( 5,·) ASCALE,OPTION, PRINT 
C 
C-----INPLM' DIRECTION VECTORS VI AND V. 

REAo(S, ·)1I1,V2 
c 
C------- CALCULATE: VJ • Vl X V2 

CALL CROSS{VJ,lIl,V2,0} 
c 
C--------CALCULATE V2 • V3 X VI, AND ~ORJoV.LIZE ALL VECTORS ••• 

CALL CROSS(V:ii,V3,Vl.l} 
C··"""·-· .-.. --- ••••••••• - ..... - .. - .......... 
C •• INPUT RESPONSE SPECTRUM VALUES - .. 

WRITE( 6, 10 )TITLE{ 1) ,TITLE( :2 J 
DO ]0 I-I,N'" 

READ (5,·) IDIR 

IF (IDIR.GE.l • .AND. IOIR.LE.3) 'THEN 
IF(TEST(OP'!'ION, 'ACC' •• FALSE. » THEN 

WRnE (IS,I07) I 
101 FORMAT (/IlX.'" ACCELERATIOH SPECTRUM VALUES I', 

, 'INPUTING TRANSLATIOHAL .',1::1,/) 
ELSE IF(TES'T(OPTION, 'DISP',.FALSE. J) THEN 

WRITE (!i,l070) I 
1010 FORMAT (1111.'" DISPLACEMENT SPECTRUM VALUES I', 

" 'INPUTING TRANSLATIONAL .',12,/) 
END1F 

ELSE 
WRI'l'E (Ei,·) 'INVALID OIRECTION.,',IDIR.' SET 0 < IOIR < 4' 
GO TO 30 

ENDIF 

IF (IOIR.Eg.l) THEN 
CX.Vl( 1) 
Ct-Vl (::I) 
CZ"Vl{ 3) 
.. lUTE (6,;.) VI 

ELSE IF CIDIR.EQ.:ii) THEN 
CX"V'2( 1) 
Ct-V::I(::I) 
CZ·V::ICJ) 
WRITE C6,92) V2 

ELSE IF CIOIR.EQ.3) THEN 
CX-V]( 1) 
CY-V3(:iI) 
CZ-V3(]) 
WRITE (6,92) V3 

ENOIF 

00 909 II-l,NAP 
Sl09 READ(5,·)RSNP(I,II),RSNP(2,II) 

WRITE(6,640) 
1540 fORIQ.T(30J:,·PERIOo ',lOX,'SPECTRUM VALUE',I 

30J:.· ',lOX, ' ') 
00 909 JJ"I, NAP 

90B WRITE( 6. 90'/) RSHP( I, J'J'), R5NP(:iI, JJ) 
;07 rORKAT(30J:,G14.6,10X.G14.IS) 

00 95 Il·l,NMCDE 
TI-EVAL(II) 
CALL INTPO(TI .THPCII) ,NAP,RSNP) 

95 CONTINUE 

107 

5OL01650 
5OL01660 
60L01670 
50L011S80 
5OLOllS90 
501..01700 
50L01110 
50LOl7:i!0 
50L01130 
SOLOIHO 
SOt,,01750 
50['017i!i0 
50[,01170 
5OL01180 
SO['017Sl0 
50L01800 
SOL01810 
50L01920 
SOL01930 
50L01840 
50L01850 
SOLO 181S0 
SOt.01B70 
50t.019BO 
SOt.019Sl0 
SOt.OlSiOO 
50LOlSl10 
50L01Sl:20 
50['01Sl30 
SOLO IHO 
50['01950 
SOt,0191S0 
50L01910 
50L01980 
501..01990 
60L02000 
SOL02010 
60[,02020 
50L0:2030 
50['02040 
50L01050 
SOL02060 
SOL02070 
50L02090 
SOL02090 
501..02100 
50L02110 
50t.0:zl20 
50L02130 
SOL02140 
SOL02150 
50[,0:21150 
sot.O:ill70 
SOL02190 
50LO::ll;0 
SOL02200 
50[,02.10 
50LO::l 2::1 0 
SOLO::l:il30 
50L02.40 
50LO::l250 
SOt.O::l260, 
50['02210 
50L02280 
50LO •• 90 
501..0::1300 
SOL02310 
50L023::10 
501..0.2JJO 
50LO::l3tO 
5OL02350 
SOL0231S0 
50LO::l370 
SOLO:il3BO 
50['023Sl0 
50t.02400 
50L02410 
50L02420 
50L02UO 
sot.024~0 
SOL02450 
50t.0:2460 
SOL024JO 
50L02480 
SOL02490 
SOL02500 
SOL02510 
SOL02520 
50L02530 
SOt.02540 
50L02550 
50L0251S0 
50L02570 
SOLO:il580 
5OL02590 
S01..0::l1S00 
50LO.610 
5OLO.620 
50LO::l630 
50L02640 
SOL02650 
SOL02660 
50LO.670 
501..0.690 
501..02690 
SOLO.100 
50L02710 
50LO::l720 
50['02730 
SOL02740 
50L02750 
50LO:il7l50 
50[,0:i!770 
50L027BO 
50L02790 
SOL02800 
SOLO:;;610 
SOLO:;820 
SOL02930 
50[,0::1840 
50LO:il8S0 
SC['O::lS!iO 
50[,0:;;970 
5D1..0::lS90 
SOLO::l890 
50L02900 
SOL02910 
50LO:il920 
501..0:;;930 
50L0:1940 
SOLO::l950 
SOL02960 
50LO::l970 
SOL02980 
50L02990 
SOLO]OOO 
SOL030 10 
50L03020 
SOt.OJ030 
50LO]040 
SOLO]050 
501..0)060 



" 

22 

IF(TE,5"1'(OPTI0N. 'Ace' •• r,u,SE. 1 1 TKEN 
00 20 J-l. NMODE 

~CC.'TMP(,J)· "'SCALE 
DIS-TMP( J) ·A.5CA..t.E/ « 6 .28::l185J/~hl.(.J)) u21 
RA(J,l)-RA(J.l) .. ACC·ClI 
R.J..(J.2)-RA(J,::I) 1- ACC.Cor 
RA(J',J)-RA{J.J) ... ACe·clo 
RO{J,l )-RD(.J.l) ... DIs-eX 
RO(J.2)-AD(J'.1) .. DIS"C'T 
RD(J,J)-RO(J,J) .. DIS'ca 

CONTINUe:: 
ELSE U'(TEST(OPTION. 'DI6?' •• FALSE. J J THEN 

DO 22 ,J-l,NHDDE 
01 S-TMP( J)" ASCA..t.E 
ACC."""P( J)"'ASCALE- « 1!5. :;S3185J/EVAL( J"))" -2) 
RA( J. i )-RA( J, 1) 1- ACC·CJ: 
RA(J,:n-RA(J',l) ... ACC''''CT 
RA(J,J)-RA(J,J) .. ACC"CZ 
RD(J'.l)-RD(J.l) .. DIs-ex 
RD(J,2)-RO(J,2) + DlS·CT 
RD(J,J)-RD(J.3) ... DIS·CZ 

CONTINUE 
E.NDH' 

30 CON'TIHUE 
IF' (PRINT) TIiEN 

WRITE (5,)1) 'X' 
WRnE (6.93) (RA(J,l),J-l.NMQCE) 
WRITE. (6.J1) '" 
WRITE (6.93) (RA(J.21.J-l.NMODE) 
WiUTE: (6,31) ''20' 
WRITE (6.93) (AA(J.J),J·l,NMO08) 

50LO)070 
50LOJ090 
50["0)090 
50L03100 
sot,OJ110 
SO["OJI20 
SOL031JO 
50["03140 
SOL03150 
50L03160 
50L03170 
60L01190 
50L03190 
SOLO 3'200 
SOL03210 
50L03:l:20 
SOLOJ:l:30 
60[.03240 
50[,,03::150 
SOLOJ260 
SOL03.70 
SOLOJ::i80 
50LOJ290 
SOLOlJOO 
SOL03310 
50L033.0 
5OL03JJO 
SOL03.H0 
50LOJ350 
50["033150 
50L03J70 
5OLOlJ90 
5OL03J90 

Jl FORMATe ILX, 'GLOBAL SASE! ACCE!.-5?8CTRUM VALIJE5 tH THE , ,A, 
50[,,03400 
SOL03410 
SOL03420 , 'DIRECTION' ,I) 

WRITE: (5, J19) 'X' 
WRITE (15,93) (RD{J,l),J·l,NMODE) 
WRITE (15,319) '7' 
WRITE (15,93) (RD(J,:2),J·l,NJ«JDE) 
WRITE (6,319) '0' 
WRITE (15,93) (RD(J,J) ,J·l.~MOOE) 

SOLOJ430 
5OLOJ440 
50L03450 
5OL03460 
SOL03470 

Jl9 FORMAT (I1X, 'GLOBAL !!lASE OISP.-SPECTRUM VALUES IN THE , ,A, 
5OL03480 
5OL03490 
50LO)500 , 'DIRECTION ',1) 

EHDIF 

C-- CALCULATE IUNFLUENCE COEFFICIENT VECTORS •• 

C··· .. -···················· .. •• ............. -.-.•• 

c 

DO 440 l·l,NOOF 
00 440 J·l,3 

440 t'LU( I, J)·O 

00 451 It-l,3 

C •••••• OMIT ALL COF THAT ARE CONSTRAINED TO A MASTER OOF ••• 
00 554 NODE-l,NNODE 

ICOS·J"TCOS(NODE) 
00 550 JDIR-l,J 

IF (.NOT. BTE5T{J"!'FLG(r.lODE),JDIR+ll» THEN 

ENOIF 
650 CONTINUE 
554 CONTINUE 
451 CONTINIJE 

I I.IooF{ NODE, JOI R) 
JJ-II-NCOND 
IF(JJ .GE. 1 .AND. JJ .LE. NFREE ) THCN 

FLU (JJ,It) .COSI NE{ vOl R, It, ICOS) 
ENOlF 

IF( aT EST ( I BUG, 5) )Co\LL W)(ATR.I (FLU, NFREE, J, ' INrLUENC E COEF. 

9:i1 FORMAT{U, 'DIRECTION OF COSINE.', 
, 4:1.SS,F9.5,' I',SP,F9.5,' J',F9.5,' K ',55,/) 

93 FORMAT (l:1,lP,lOG12.4) 
94 FORMAT (/IX. 'IN?UT RESPONSE S?E!:TRUJoI VALUES,', I) 

929 FORMATe 1.1, 'DIRECTION OF 01 SPLACE:HEN'I' I , , 
, 4:1.SS,f9.5,' I'.SP,F9.5,' J',F9.5,' !I: ',55) C·---·---.-.-... -··.-··-.-··.-···.··-··.··-··· .. ·· ... ·· ..... c·· CALCULATE eROSS-JI4ODAL COEFFICIEN't'S f'QR cgc APPROACH .-

c .. ·-•• - ••••••••••••• - ..................................... . 
IF{ ICOMN .EQ. :2 ) THEN 

00 809 I·l,NreJDE 
CHeeLl). 1 

to 809 J·I +l,NMODE 
WI·EVAL(II 
WJ'.EVAL( .:I) 
WJI·W.:I/WI 
COEFl.8. (DAMp·-2). (I+WJ1)· (WJI "1. 5) 
COEF2.{I-WJI-.2j--2 + 4.(DAMP-2)·"JI·(I.WJl)":2 
C)4C ( I, J) ·eOEFl/eOEF2 
CHe: (J. I )·CMC (I ,J) 

909 eON'rUIlJE 

WFllTE( 6. 101Tn'["E( 1) ,TIT["E(2) 
CALL lfMATR.I(CIC,NKJOE,NKJOE.. 'CROSS-JoIODAL COF. MATRII') 
ENDIF C-·--···--·-----.. ·· .. ·········· .... ·· ...... ············ .. 

C·. CALCULATE GE:NERALIZEO MASS, GM-E:VEC~·B"EVEC •• c-·· .. -_·· .. •• .... •• .•.•..••.....•.• -.................... . 
00 450 I-l,NMOCE 

GM(I )·0 
00 HiO U-l,NFREE 

CISP(II).O 
00 410 J'J-l.NFREE 

IF( B(II,JJ) .E(!. 0 ) GO TO 470 
DI5?(lI).DI5P(II) • B(II,JJ)·EVEC(JJ,I) 

470 CONTINUE 
4150 CONTINUE 

00 480 ItIt·l,NFREE 
GM( I )·GM( I) +EVEC( XIt. I)· DI5P( P;:P;:) 

480 CONTINUE 
450 CONTINUE 

H( BTEST( I !!lUG ,5» 
i CALL WMATR.J:(GJoI,NMDDE,1. 'GE:NERI:&ED KA.6S MATRIJ.·} 

6OL03510 
SOL035::10 
5OLOJ530 
5OLOJ540 
SOL03550 
50L035150 
50L03570 
SOL03580 
SOL03590 
5OL03600 
SOL03610 
6OL03620 
sot,OJ630 
SOL03540 
5OLOJ1550 
50[.036150 
SOLOJ670 
SOLOJ680 
5OL03690 
SOL03700 
6OL03710 
5OL03120 
5OLOJ730 
SOLOJHO 
50["0]750 
SOL037150 

KATRII' )5OL03770 
5OLO)780 
5OL03790 
5OLOJ900 
SOLO 3810 
60L03820 
SOL03830 
5OL03840 
SOL03850 
SOL03860 
SOL03870 
SOL03e80 
SOL03990 
50L03900 
SOL03910 
5OL03920 
5OL03930 
SOL03940 
SOL03950 
SOL039150 
5OL03970 
SOLOJ980 
5OL03990 
6OL04000 
SOL04010 
SOL04020 
SOL04030 
50[,,04040 
SOL04050 
SOL04060 
5OL04070 
50L04080 
50[,,04090 
5OL04100 
SOL04110 
SOL04120 
SOLOUJO 
5OLQ4140 
5OL04150 
50["04160 
5OL04170 
SOL04180 
5OL04190 
SOL04200 
SOL04210 <;_._--_ .... _ .... _ ....................... -........ --_ ..... _ ... -.... -_ ...... .. 501..04.::10 
SOL04.30 
5OL04240 
5OL04250 

C.- CALCULATE EFFECTIVE-LOAD FACTOR FOR EACH JI4ODE, E:LF·EVEC~·e·n.u -. 
C· •• - ......................... - ............... _ •••• - ...... - ........... _.-. 

00 455 I·l,NJ«JOE 
00 457 !I:·l,3 

ELFCI,:I)·O 
00 465 II·l,NFREE 

Cl5P( I I )-0 
00 475 JJ·l,IH'REE 

Ir( B(II,JJ) .EQ. 0 ) GO TO 475 
015P( II) ·OI6P( II) BOI, J'J')-FLU( JJ,!I:) 

475 CONTINUE 
465 CONTINUE 

00 485 !I:!I:-l,NFREE 
ELF( I. K)-ELF( t,!I:) +EVEC( !l:X, I )-OISP( P;:X) 

485 CONTINUE 
451 CONTINUE 
455 CONTINUE 

IF( B'TES'I'( IBUG,5» 
, eo\LL ~TR:J:(ELF,NMOOE,3, 'EFFECTIVE-LOAD IO.TRI:I') 

C· --- ••••••••••••••••••••••••••••••••••••••••••••••• -_ ........... . 
C.· CALCULATE EFFECTIVE MASS FOR EACH MODE IN EACK INDIVIOIJAL •• 
C SEI SMI e INPUT 01 RECT ION C""-··"····---·--""·--·"·······-·-·············-"_·_··-.. -........ .. 
C 
C-----READ EFFECTIVE MASS RATIO LIIoIIT IN :I, Y, Z OIREelON 
C NOTEI IF NO. OF MODE BASED ON THE LIMIT IS LE5S THAN NMODE. 

50L042150 
SOL04270 
SOL04280 
501..04290 
50L04JOO 
SOL04310 
SOL04320 
SOL04J30 
50L04J40 
50L04 J50 
SOL,04J60 
50L04J70 
50L04J80 
SO['043!i10 
SOLOHOO 
50[,04410 
SOL04420 
SOL04430 
SOL04440 
SOLOH 50 
50L04450 
50Lou70 
SOLOU80 

c 

NO. OF MOOES SASED ON THIS LIMIT 15 USED. 

RE:Ao( 5, -) :lLIM, !LIM. ZLIM 

WRITE(!5,lO}TITLE( 1) ,'l'IT['E(2) 
WRI'rE:(6, 487) 

497 FORMAT(lI, 'EFrE:CTIVE MASS IN GC6' TRANSLATIONAL DIREC'l'IONS',1 
, 1:1, ' ••••• --.......................... -.-............. ' , I) 

WRITE(6, 987) 'I' ,ILIM 
WRI'I'E(6,987) '!' ,!LIM 
WRITE( 6. 987)' Z' ,:aLIM 

C •••• CALCULATE TOTAL STRUC"!'URAL TRANSLATIONAL MASS 
10'1':1-0 
TOTY·O 
TO'!'Z·O 
00 70S J·LJ ,L4 

IJ·MDMS( J) 
DO 706 I-l,NNODE 

IF( .NO'!'. BTE6'T(JTFLG(1) ,12) ) THEN 
NOOFI"IOOF( r, 1) 
IF(J .EQ. NOOF':I)"OTI·TOTX • MAS5{IJ) 

ENDIF 
IF( .NOT, BTEST{JTf't..G(l),IJ) ) THEN' 

NOOFy·tOOF(I,:2) 
IF(J .EQ. NOOFY)TOTT-TOTY .. MA5S(lJ) 

£NDIF 
IF( .NO'T. 8TEST(J"I'FLG(I),14) ) TH~ 

Noon"IooF(I,J) 
IF(J .EQ. NDOFZ)TOTZ.TOTO + MA5S(IJ) 

ENOIF 
70 e CONT INUE 
70S CONTINUE 

WRITE:(15.388) 'X',TOT:I 
WRITE:(tS,le9) 'T',TO'I'T 
WRITE:{6,J88) '~'.TOTZ 

J8e FORHA"!'(II. 'NOTEI TO'I'AL S'rRUCTURAL MASS IN ',A,' DIRECTION IS " 
i OP,GI5.5) 

W1UTE{6,3815) 
386 FORMAT(lJ.,' )I(OOE ','GCS X-DIRECTION(') 

i 'GCS T-DIRECTION(') 
, 'GC5 Z-DIRECTION'(') ') 

987 f'QR)(AT( 1.1. 'EFFECTIVE MASS LIMIT IN GC5' ',A, 
i • DIRECTION' IS ',GI5.1i ) 

'I'ILIM-O 
T't'LI",,",O 
TZLI"..O 
MODEX·O 
MClDEY·O 
IoICOEZ·O 
rlME-O 
rTME·O 
rZME-O 
to 701 l-l.NJiClDE 

IF (TOT'I .SQ. 0 ) GO '1'0 707 
FJ.IotE.( ELF( I.l)·-'2IGM{I) )/TO'!':I 
TlLIM-"!'XLtM + FXME 
1Ft :ILl'" .NE:. 0 • .AND. reJDEJ: .EQ. 0 ) THEN 

IF( TILIM .GE. XLIM 1 MODEX·I 
ENOIF 

701 IF (TOT! .EQ. 0 ) GO TO 708 
FYIo1E. (ELF( 1,2) "2/GM{ I» ITCYrY 
TYLI",-TYLIM + FTME 
IF( TLII'I .NE. 0 .ANC. NODE! .EQ. 0 ) THEJII 

IF( TtLI'" .GE. TLIM ) NODE!·I 
£NDIF 

708 IF (TO'n .EQ. 0 ) GO TO 109 
FZME- (EI..F'( 1,3) "'2IGJII( I) ITO'I'o 
TZLIM-"!'ZLIM + rZME: 
IF( ZLI" .NE. 0 .ANO. MOOEZ • EQ. 0 ) THEN 

IF( TZLIM .GE. ZLIM ) I4ODEZ-I 
CiNDIF 

709 WRITE(6,3e9)I.FJ:ME,FYME,FZJoIE 
389 f'ORNAT(51,IJ.5X,J(G15.4,6:1») 
70l CONTINUE 

IMO-MU( MODO ,MODEl' ,MOOEZ) 
IF( lMO .NE. 0 .AND. lMO .LT. NMCDE) THEN 

JiOCICEwIICJ 
WRITE(6,.)· .... 8ASEO ON EF'F'EC"!'IV'E MASS LIMIT, FINAL NO. OF 

, 'MOOES USED IS ',I'I]I«)DE:,' ... ' 
ELSE 

MJIIjDE-NMJDE 
ENOIF' c-····· .. ···· .. ··········--······················ C .. - CALCULATE MAlIJ(lJM DISPLACE.ME:NT RESPONSES •• e·-----··············-········ .. -········ .. ······ c 

c 

00 560 NN-l,NA 
00 540 1.1.[,,6 

540 TMP(T )-0 
to 541 t-l,NFREE 

541 TMP::iI( 1)"0 
00 550 J·1,MlCJOE 

00 559 I·I.Nf'REE: 
DIIiP{I )-0 

559 CONTINUE 
00 570 II-l,NFREE 

DISP( I I )·EVEC( II, J) -ELr( J ,NN) .RO( J .NN) IGJII( J) .. DISP( I I) 
510 eONTINtJE 

IF{ICOMN .EQ. 2 ) THEN 
00 815 l"l,NF'REE 

815 CgcM{I+NCONO,.J)-OISP(I) 
ENDIF 

IF(BTES'I'(IBUG,5» THEN 
WRITE(I5,-)'MOCAL DISPLACEMENTS .. OR MODE: ',J 
00 9999 I ·l, NFREE 

9999 WFlITE(6,iI') 'DISP(' ,I.')" ',OIS?(I) 
ENDIF 

IF{ ICOMN .~. 1 ) THEN 
DO 580 ItIt·l.NFREE 

TMP(KIt+NCONO).DIS?(KIt)"2 .. T",?(ItJ:'+NeON'C) 
580 CONTINUE 

ENDIF 

00 500 LL"l. NFREE 
500 oLO .... O(LL,l)..-OISP(LL) 

00 501 LL·Ll,L2 
501 OISP(LL)-O 

00 502 LL·L3,L4 
502 OISP(LL)·OLOAC( LL-L2, 1) 

00 503 LL·L5,L6 
503 DlS?(LL)-O 

e- .. •••• .......... ---••••• -._ .................. . 
C." eLACULATE EQUIVALENT EARTHCUAP;;E FORCES •• 
e ................ - •••• _ ............. _ ••• _z ........ . 

00 753 I·L5,L6 
75J LOAC(I)·O 

co 7J5 I-l.NFREE 
LOAD( 1 "NCONC)·O 

co 735 JJ-l.NFREE 
LOAD( I +NeONO).LOAC( t .NCOHO) .A( I ,JJ) ·01 6P (JJ+NeoN D) 

7J5 CON"!'INUE 
IF(BTEST{ISUG,5) ) THEN 

108 

501..04490 
SOL04500 
SOL04Sl0 
50L04520 
SOL04530 
50L04540 
501.,04550 
SOLO 4 560 
501..04570 
501.04590 
SOL04590 
SOLO 4600 
50(.041510 
501..04620 
SOL04630 
50L04640 
501.,04650 
50LO~ 660 
501..04670 
SOL04680 
SOL04690 
501..04700 
501.,04710 
501.,0020 
50L041 )0 
501.04140 
501..04750 
50L04150 
50L04170 
50[..04780 
50[..04790 
SOL04800 
SOL04810 
501.,04820 
50L048JO 
50L04940 
50L04850 
50L04860 
SOL04870 
SOL04880 
SOL04990 
50["04900 
50["04910 
50L049:20 
50L04930 
50L04940 
501..04950 
50L04960 
501.,04910 
50L04980 
SOL04990 
50L05000 
SOLO 50 10 
50L05020 
50L05030 
SOL05040 
50L05050 
50L05060 
SOL05070 
SOL05080 
SOL05090 
50L05100 
SOL05110 
50L05120 
SOL051:!0 
50L05140 
50L05150 
50LIJ5160 
50L05110 
50L05180 
50L05190 
50L05200 
SOL05210 
50L05:<110 
50L05230 
501..05240 
50L05250 
50["05260 
50L05270 
50L05280 
60L05290 
SOL05300 
50L05310 
50L05J::10 
50L053J0 
50L05140 
5OL05350 
50L05360 
SOL05370 
501..05380 
50L05390 
50L0540a 
SOL05410 
SOL054.,0 
SOLO 54 30 
50L05440 
SOL05450 
SOL054150 
SOL05470 
50L05480 
60L05490 
50L05500 
50L05510 
501..05520 
S01.05530 
SOL05540 
501..05550 
SOL05560 
50L05S70 
50L05580 
50L05590 
50L05600 
SOL05610 
50L05620 
50L056JO 
50t,05540 
50L05650 
SOL05660 
SOL05670 
SOL05680 
50L05690 
SOL05700 
50L05710 
50L05720 
501.05730 
50L05140 
50L05750 
501.05760 
50L05710 
501.,05780 
SOL05790 
50L05900 
501.05910 
SOL05B20 
50L05830 
sOL05840 
50L05850 
50L05860 
SOL05870 
501.,05890 
50LOS890 
50L05900 



WRITE(6,10)TITLE( 1) .TITLE( 2) 
WRITE(6.1S05}J',NN 

605 FORXAT(ll.'TOTAL EQUIvAL~ EARTHQUAK:E FORCES FOR Jro1OCE ',13, 
, ' IN THE SEISMIC CO ... ?ONENT • '.121) 

WRITE(6.913) 
WRITE( 6,212) (I +NCOND, LQAO( I +NCOND). t.l.NFREE) 

ENOlF 

IF( ICOJI!N .EQ. 1 ) THEN 
00 581 ~K:.l, NFREE 

581 TJIIP2( 1Ut)·WAD( U+NCOND)":iI +TJIIP'2( !I:!I:J 
ELSE IF( rCOMN .~. 2 ) THEN 

00 BllS l·l,NFREE 
BllS CQCM:iI(I.J)·LOAD(I+NCON'D) 

EHDIF 
C 
C· .. •••• .................................. - ••••••••• 
C- .. CALC RESPONSE FOR CONDENSED OUT ooF •• 

C ........ ••••• .. •••• .. • .. •••••••••••••••••••••••• 

c 

11·1 
CALL REACTN( I I, BTEST (1 BUG. IS) , NNOOE. L1. Ll. Ll.L4, OISP, DISP, 

HD, STIFF, IHO. Noof',l, 1.0, 
MA.lNOD. I IXIF, COORD, I 0, TITLE. STEPI O •• FALSE. , 

NCOS. CoSUolE. JTCOS, J1'FLG, SUHRCT) 
CALL MSOLL( J, BTES'T (IBUG,IS).L4. IHO. NooE'. 11.Ll.L:iI, 

MD, srI FF, DISP, WORK:, 
• FALSE •• MASS. HOMS .1. 
• FALSE •• !l:G .HD!l:G.l.ABORT) 

IF' (ABORT) RE"rURN 

IF(ICOMN .EO. 1 l THE:N 
00 1S75 I·L1.L2 

lSi5 TMP(I)-DISP(I)"'2 + nlP(I) 
ELSE IF( ICOMN • EO. 2 ) THE:N 

00 616 I-Ll,L2 
15715 CQCM(l.J)·DISP(I) 

ENDIF 

C __ w ........................................... . 

C· PRINT GLOBAL E:'QUlvALENT EARTHQUAIitE FORCE •• 
C ••••••• •••••••••• .. • .. • •• - ••••• - ................... .. 

c 
c 
c 

CALL J'01 DSP( 1, MAXNOO, LI5, NNOOE, 1. L3, L4, 10. 
, loof'.CNS'I',L.OAD, 

TITLE •• TOTAL EQUIVALENT EAR'l'HQUAIitE FORCES'. STEPI O •• TRUE. , 
NCOS, COSINE, J'"!'COS, J'Tf'LG) 

C·· .... ···-···-·· .. ••••••• .. • .. ·····-········ 
C. CALCULATE MEMBER FORCES ••• 

C····· .. ··················-· .. · .... ········· 

c 

IOPT-4 
L5T'l'YP·0 
PRINT· BTEST (aUG, 5 ) 
HEAD ·.FALSE. 
00 35B IEt.No·l,NELMT 

CALL ELELIB 
(lOP'!' .LS'l'TYP .P!UNT .IREL,HEAD, NAME ,EESE,EP5E.0~E. 

DUCFAG, 
IELNo , IELOOF. ItODDF. PGEOM. RINPUT ,AXIAL. I ZDISP, IZLQ"'O. MSTOR) 

00 359 1-1.1:2 
359 E['Ef"(IELNO,I ,J')·RS"'F(I) 
35B CONTINUE 

C······ .. ······ .. ········· .. · C· SOLVE FOR REACTIONS ••• c··· .... · .... ······ .. ···· .. · .... ·· c 

c 

CALL REACTN (:II. B'rEST (I BUG, 5) ,NNODE, LI ,L4 • L5, LIS, LOAD, 01 5P. 
, MD.5TIFF,IMO,NOOF,I,l.O, 

tr4AXNoO.looF,COORD, ID.TITLE,S't'EPID, • FALSE •• 
NCoS, C061 NE. J"t'COS. JrFLG, SUMACT) 

C···· .. ·· .. · .. ·····•••••·····••••• .. • C. SOLVE i'oR GLOBAL REACTIOtiS ••• 

c·· .. •······· .. •• .. •••••••••••• .. •••• c 
00 366 1·1.6 

366 SUMRCT(I)·O 
CALL REACTN( J. BTEST( I BUG, 5). NNODE, LI,L4 .L5 ,L6,LOAO,DISP, 

, MD. STIFF, lJoIID.NooF, 1,1.0. 
, MAXNOD. IDDF.COORD. ID,TITLE. STEPID •• FALSE., 
, NCOS.COSINE, J'TCOS. J'TFLG. SUMRCT) 

00 J60 1-1.6 
31S0 RCT(I.J)·SUMRCT(I) 

IF( BTEST(IBUG,5)1 THEN 
WRITE(6.10)TITLE( 1) ,TI1LE(2) 
WRITE(6,601 )J'.NN 

60i FORMAT(II,'REAC'I'ION rtlR MODE ',13.' IN SEISMIC COMP • ',1:2/) 
WRITE( IS, J23) SUMRCT 

EHOIF 

550 CONTINUE 

H'( ICoMN • E:Q. 1 ) THE:N 
00 590 J'J'·1.L4 

590 TMP(J'J')·SQRT(TMP(JJ') 
00 547 J'J'·1.NFREE 

547 TMP2(J'J')·SORT(TMP:iI(J'J'» 
00 591 I·l.NE:I.MT 
00 591 II·l,l:il 
00 592 J·l,~OE 

5512 E['EF( I, II .IrOIDCE+N!oI)·ELEF(l. II. trO«lDE+NN) +ELEF( I, I I. J') **2 
ELEF( I, II. MMOOE+NN)·SQR'i'{ ELEF(I, II, ~DE+NN) ) 

5511 CONTINUE 
00 593 1·1,6 
00 594 .J·l,~OE 

5514 RCT(I ,MMOOE+NN)·RC'I'( I ,MMCDE+NN) +RCT(I • .J)"2 
RCT (I ,JQ40DE+NN) • SORT (RC'r (I. MMODE"NN) ) 

593 CONTINUE 

ELSE IF(1COMN .EQ. '2 ) THEN 
00 826 L·l,L4 

5UJoII·O 
00 828 J'·LJOICDE 
00 828 J'J'·I, MMODE 

8lB SU ... ·SUM+CQCM(L. J') ·CMC( J', J'J') *CQCM( L; .J.J) 
SU"'·ABS( SUM) 
TMP( L)·SQR"I'( SUM) 

826 CO NT I NU E 

00 BJ1 L-1.NFREE 
SUM·O 
IXI B 39 J' .. l,IOIDDE 
00 B38 J'J'·l,)oO(oDE 

B 3 B SUM. 5UM+CQCM2 ([". J') ·CMC (J', J'J )-CQCM:iI (L, J'J') 
5UM· 1.8 S ( SU)o() 
TMP:iI (L)" 5QRT (SUM) 

831 CONTINUE 

00 595 I·l.NELP4'1' 
00 595 II·l,ll 

SUM·O 
ro 596 J'·I,MMOOE 
00 596 J'J'·I.I9!DOE 

596 5UM.SUM+ELEF( I. II. JJ -CMe( J. J'J') I ELEF(I, II, .JJ) 
SUM· ... BS(SU)o() 
E['EF ( I • I I ,10400E+NN) ·SQRT (SUJII) 

595 CONTINUE 
00 59i 1·1,6 

5UM"O 
00 59B J a l, MMODE 

SO[.05910 
SOL05920 
5OL05930 
SOL05940 
SOL05HO 
5OL05960 
SOL059iO 
SOL05980 
6OL05990 
50L06000 
00[.06010 
SO[.06020 
SOL060JO 
SOL06040 
50[.06050 
50[.06060 
SOL06070 
SoL06080 

_50L06090 
SO[.06100 
50L06110 
ooL06120 
50LOlS130 
SOLO IS 14 0 
60[.015150 
50LOlS160 
60L015110 
50L015180 
oot,01S190 
60L015200 
50LOlS210 
SOt,015220 
50["0152]0 
50L06240 
50L015250 
SOL06:i1150 
6OL015270 
5OL06280 
SOL015290 
50L0I5)00 
60[,015310 
6OLOlSJ20 
SOLOISJJO 
5OLOlSJ40 
6O[.0ISJSO 
5OL015J150 
SOLOISJiO 
SoLOlS380 
SOLOlS390 
SoL015400 
SOLO IS 41 0 
SOLOlS4:i10 
SOL015430 
5OL0644 0 
5OL06450 
50LOlS41S0 
5OL06410 
50L064BO 
SOL06490 
50L06500 
50L06510 
6OL065:10 
SOL06530 
SOL06540 
SOL06550 
60LOlS560 
5OL06510 
SOL06580 
SOL06590 
5OL06600 
sOL06610 
ooL06620 
5OL066)0 
SOL06640 
50L06650 
SOt,06660 
SOL06670 
SoLOlS680 
SOL0151590 
5OL015700 
5OL06710 
50[.0151:i10 
501.01S730 
50[,015740 
6OL015750 
50L0157150 
SOL0I5770 
5OL015780 
5OL0I5790 
SO[.015800 
5OL015810 
SOL0158:i10 
5OL015830 
5OLOlS840 
5OLOlS8S0 
501.068150 
SoL06870 
5OLOlS880 
SOL06B~0 
SOLOlS900 
50L06910 
SOL069:i10 
SOL06930 
5OL06940 
50L06950 
SOLOlS960 
SOL06970 
5OL06980 
50L06990 
50LOiOOO 
50LOiOl0 
60L01020 
501.010)0 
601.01040 
5OL01050 
501.07060 
6OL07010 
5OL070BO 
50L01090 
SoL07l00 
SOL07110 
501.01120 
SOL07130 
SOL01140 
50L07150 
50L071 ISO 
50L07110 
50L07160 
501.01190 
$01.01200 
SOL01410 
SOL014:i10 
50L012JO 
SOL0124 0 
5OL07250 
SOLOi :160 
SOL072iO 
SOL07280 
50L01290 
501.07 JOO 
50L07310 
SOL07320 

c 
c 
c 
c 

00 598 J'J'·I, IOfODE 
59B 5UM"SU)o(+RCT (I, J') *CMC (J', J'J') • RCT (I ,JJ') 

SUM· ABS ( SU)o() 
RCT (I ,HMDDE+NN) ·SQRT ( SU)o!) 

597 CONTINUE 

ENDIF 

IF( NA .GT. 1 ) THEN 
WRITE (15. 10 )TITLE{ 1) , 'I' ITLE( 2) 
WRITE(6.489)NN 

489 FORMAT ( lX. 'MAJ,:I)o(\JM S'I'RUCTURAL RE5PONSES " 
, 'DUE TO SEISMIC COMPONENT' ',I:iI,1 

IX. ' ................................. ' , 

'········· .... •••• .. ••• .. •••••••• .. ',1) 
WRITE(IS.9lJ) 

91J FoRHAT(3(' : C.O.r. DISPL :'),/) 
WRITE( IS.:I 12) (I+NCONO,TMP( I +NCOND). I·l.NFREE) 

WRITE( IS. 10 )TITLE( 1) ,TITLE( 2) 
WRITE(IS.489)NN 
00 19J J·L5,LIS 

C 193 
C 

TMP(.J)·O 

C 
C 
C 
C 
C 

CALL JOT05P( 1, MAXNOO. LI5. NNODE, 1, LJ, L4, I D. 
IDDF.CNST,TMP, 
TITLE. 'MAXI)o(\J)II DISPL~CEMENTS', STEPI D •• FALSE •• 
NC05. COS! NE, J"I'C05, J'"!' rt.<i) 

C----CALCULATE TOTAL ELEMENT FORCES 

". , , , 

WRITE(6.10)TITLE( 1) .1'I1LE(2) 
WRITE(6,98~ )NN 
rORHAT( IX, 'MAXI)o(\J)o( E['EMENT FORCES " 

'CUE TO SEIS)O(IC COMPONENT' ',12,/ 
IX, ................................ ', 

' ................................. ' ,/) 
IoPT·5 
LSTTYp·O 
PRINT·.TRUE. 
HEAD-. FALSE. 

ro 905 I"l,NELMT 
IELND-I 
00 5159 11·1.12 

959 RsAF(II)"E:LEE'(I.II,MMODE+NN) 
CALL E:LELI B 
(IOPT, LS'TTY? ,PRINT ,IREL,HEAD. NA.ME: ,EE5E,EPSE.DAMAGE. 

DUCFAG. 
, lELNo, IeLooF ,ICGooF. PGEOH, FUNPLM'. AXIAL. I'ZDISP. I 'Z[.oAD, HSTOR) 

905 CoN'l'HNE 
c . 
C----CALCULATE TOTAL EOUIVALEN"l' EARTHQUAltE FORCES 

WRITE(IS, 10)TITLE( 1) .TtTLE(2) 
WRI'l'E(i5,184)NN 

IB4 FoRMA'!'(II, 'KMIMUM EOUIVALENT EAATHQUAJltE roACES 
, 'OOE TO 5EIS ... IC COMPONENT' ',12,1 
, 11, •••• -- •••••••••••••••••••••••••••••••• _ •••• , 
, ..... - .......................... ' ,I) 

WRITE(IS,~12) 
WRITE( 1S,:ilI:;l) (I +NCOND,TJIIP:iI (I). I·l,NFREE) 

c 
C----CALCULATE TOTAL REACTION AT GC5' ORIGIN 

00 696 1-1.15 

c 

IS 915 5UM~T{I )·RCT( I .JrOIODE+NN) 
WRITE (IS, 10 )TITLE( 1) , T ITLE( 2) 
WRITE(6.23:i1)NN 

2J2 FORJi(AT(I/' TDTAL REACTIONS AT GCS' ORIGIN " 
, • DUE TO SEI S:"'IC COMPONENT , " 12. / , ' ................................. " . . ................................. ' ,/ 
, In!:. 'Fl', 131', 'Fl' .131', • FZ', 13X. ')(I' .131. 'MY' .131. 'M'Z' ,I) 

WRITE( 6.323) SUIIIRCT 
ENOIE' 

C--···· S'I'oRE RESPONSE TO CISP ARRAY 
00 200 J·Ll,L2 

.00 DLOAD(J.NN)·TMP{J') 
DO 210 J·LJ.L4 

210 DLOAD(J.NN)·TMP{J') 
DD 220 J·L5.LIS 

:il 4 0 DL.OAD(.J.NN)"O 
c 
C----·· STORE EQUIVALENT EARTHQUAJll:E FoRCE5 IN EEF ARRAY 

00 291 J' .. l,NFREE 
291 EEF(J,NN)·TMP:iI{J') 

560 CONTINUE 
c 
C-----CALCULATE TOTAL RE6PON5ES 

00 '231 J·LI.LI5 
OISP(J)·O 

00 237 I·l,NA 
237 DISP{J')·OI6P(J')+OLOAD{J',I) 

WRITE( IS, 10 )TI'I'LE( 1) ,TITLE ('l) 
WRITE( IS, 150B) 

608 FORMAT ( 11, 'TO'rAL MAlIMUM STRUCTURAL RESPONSES', I 
, 1'1,·· .. •••• .. •••••••••••••• .. • .. ···········./) 

WRITE{I5,!Hl) 
WRI TE( 15,.1:i1) (I +NCOND. 01 SP (I +NCOND) ,I ·1, NFREE) 

c 
C-----cALCULATE 'l'OTAL EQUIVALENT EARTHQUAICE FORCE 

00 202 J'.I. NFREE 

c 

TMP:iI{J')·O 
00 202 I·l,NA 

202 TJIIP:iI(J)·TMP2(J')+EEF(J',I) 
WRITE(6,lO)TITLE( 1) ,TITLE(2) 
WRITE(6.1518) 

~7B FORMAT ( IX, • TOTAL Jr(AJlMUM EQUIVALENT EARTHOUAItE FORCES' ,I 
, IX ............................ - ....................... ' , I) 

WRITE(6.914) 
WRITE( 6. 212) (1 ;.NCoND,THP2 (1), I-I. N'FREE) 

C··········-.. -·················· C· PRIN'!' GLOBAL DISPLACEMENTS •• 

c 
c 
c 
c 
c 

CALL J'01 D5P ( I.MAXNOD,L6 .NNODE, 1. LJ. L4. 10. 
i 1 IXIF,CN5'I'.DISP, 
i TI'I'LE:. 'TOTAL MAXHfU)O( DISPLACEMENTS'. S'I'EPI 0,. TRUE •• 

NC05, C06I NE. J"t'COS, J"t'FLG) 

C----CALCULATE TOTAL ELEMENT f'QRCES 

c 

WRITE( IS. 10)T ITLE ( 1) • TITLE(:iI ) 
WRITE( IS .IiJBO 1 

980 FORMAT { 11. 'TOTAL MAXI""-lM ELEMENT FORCES.·.I 
, 1 'I. ,-................................ I ) 

IOPT·5 
LS'l'TTP·O 
PRINT· .'l'RUE. 
HEAD- .FALSE. 

00 509 I·l.NELMT 
I ELND-I 
00 599 11·1,1:;1 

ABAF{II )·0 
DD 599 J·l,NA 

599 RSAF (I I ) ·RSAr( II ) +E:LEF( I , II ,KMDOE:+J') 
CALL ELELIB 

, (IOF'T. LSTTlP .PRINT ,IREL,HEAD, NAJoIIE .EE5E.EPSE.DAMAGE. 
OlJCFAG. 

, I ELi'lO • I ELOOF, ItGOOF, PGEOM, RINPUT. AXIAL, I ZOI 5P. I ZLOAD. M5TOR) 
5051 CONTINUE 

C----CALCULATE TOTAL REACTION AT GCS' ORIGIN 
00 1599 1·1.6 
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SOL07 J30 
SOLOi ]40 
SOL07350 
50L013150 
50[.01)10 
5OL013BO 
50[.01390 
SOL07400 
50[.01410 
50L01420 
SoL014JO 
50[.07440 
50L014S0 
SOL014!50 
SOL01410 
SOLOHBO 
SOLOH90 
SOL07500 
SOL07510 
50L07520 
50LOi 530 
SOLOi 540 
SOLOi550 
50LOi 51S0 
SOLOi 5iO 
SOL07580 
SOL01590 
50L011500 
SOL07610 
50[.071520 
50L011S30 
SOL071S40 
50L071550 
50L0161S0 
SOL076iO 
5OL071580 
50L07690 
SOL01700 
50L07710 
50L07720 
50L017 30 
50L07HO 
50L01750 
50L071150 
50L07770 
SoL07180 
501.01790 
SOL01800 
SOL07810 
50L01B20 
50L07BJO 
50[.01840 
50L01B50 
SOL01B150 
50L07870 
5o[.OiBBO 
50L01890 
50L01900 
50L01910 
50L019:10 
50L01930 
SOL0194 0 
50L01950 
50L07960 
SOL07970 
50LOi980 
50L07990 
SOLoeooo 
50LOB010 
50[.08020 
SOL08030 
50LOB040 
5OLOB050 
50LOBOIS0 
SOLOB070 
SoLOBOBO 
50LOB090 
6OLOBI00 
so[.08110 
SOl.08120 
SOL08130 
50['OB140 
50LOB150 
50LOB160 
SOLOB170 
SOLOBIBO 
5OL08190 
SOLOB200 
SOL08210 
SOL08220 
5OL08230 
50[.OB240 
5OLOB250 
SOLOB2150 
SOL08270 
50L08280 
50L08290 
50["OB300 
SOL08JlO 
SOLOBno 
50L08330 
SO[.08340 
SoLOB350 
SoLOB360 
50[.08310 
50[.08380 
50[,083510 
50L08400 
SOL09410 
50LOB420 
50[,08430 
50LOB440 
SOL08450 
SOL084150 
SOL08410 
5OL08480 
50L08490 
SoL08500 
SoL08510 
SOL08520 
50L08530 
50LOB540 
SOLOB550 
SOL085150 
50LOB570 
50LOB580 
50LOB590 
SO~OB600 
50[.081510 
50L081520 
50LOB1530 
50LOB1540 
50LOB1550 
SO[.OBI5150 
SOL08670 
50L0615BO 
50LOBIS90 
50LOB100 
SOLOB110 
50L08720 
50[,,08730 
50L06740 



c 

SUMRC'I'(I)-O 
DO 1599 J-l.NA 

SUMRCT( I) -SUMRC'I' {I 1 +AC'I' (I, trOIJOE:+J) 
1S99 CONTINUE 

WRITE( 15 .10 )TITLE( 1) ,'rI'I'LE( ~) 
WRlTE(6,]::i::i) 

322 FORMAT ( II' 'I'O'TAL REAC'I'IONS ... ,. GCS' ORIGIN ',I 
, ' ••••••• - ••••• -.--- •••••••••••• ',I 
, 171,' F"I', 131', ·Ft· .131'. 'FZ', 131:, 'MJ', 131, '1(1', 1:3'lI:, 'JoIZ' ./) 

WRITE( IS, 3::13) SUMAC'!' 
32] FOFUQ'I'(' GCS SUMJIIIJ.·,i5G15."I) 

C···· .... • .. ·• ----.----.............. ---. -----..... -..... .. 
C .... CALCUL ... TE KAlHC'UJo! INERTIA EARTHOUA~E FORCES •• 
C" _ ...... - - - - --.............. - - - - - - -- --- --............... . 

c 

". 
201 

00 :207 NN-l,N'" 
00 8!iB I-1,NFREE 

'l'MP(I )-0 
00 ::104 J-l.JIOC)DE 

00 201 I-1.NFREE 
DISP(I)·O 

00 205 II-l.NFREE 
WORJIt(II )·0 
00 206 J'J-l.NFREE 

IF( B(II.JJ') .EQ. 0 ) GO TO 206 

'0. 
'05 

WORII:( I I )-WRIt( I I) +B( I I .JJ)-EV'EC (JJ, J) 
CONTINUE 

CONTINUE 

'0' 

'15 

BBee 

'0' 

00 208 II-l,NFREE 
DISP( II )-woRP:(II)" ELF( J,NN) -Rlr.(J,NN) IGM{J) + OI5P( II) 

CONTINUE 

IF(ICOMH .EC. 2 ) THEN 
00 915 l-l,NFREE 

CQCM (I • J). 01 SP ( I 1 
ENDIF 

IF [ BTESTCIBUG,5) ) THEN 
WRITE(6,-)'MCDAL FORCE FOR MODE ',J' 
00 eeee 1-1. NFREE 

WRITE(6,-)'DISP(',I,')- ',DISP(I) 
SNOIF 

IF(ICOMN .EQ. 1 ) THEN 
00 209 II:It.l, NFREE 

TMP( 11:10.01 SP( !t1t)"2 
CONTINUE 

ENDIF 

+TJo!P(P:JIt) 

2001 CONTINUE 

'13 

.28 

.,. 

IF'(ICOMN .EO. 1 ) THEN 
00 213 JJ-l,NFREE 

TMP{JJ)·SQRT(TMP(.1J) ) 
CONTINUE 

ELSE IF{ICOMH .EC. 2 } 'I'HEN 
00 926 L.l.NFREE 

su"'·O 
00 92e J.l. JoO(QOE 
00 92e JJ.l.MMCDE 

5UM-SUM+CQCJo!(L, .1) -CMe( J • .1J) -CQCM(L,J.1) 
SU ....... B6(SUM} 
TMP( L ).SQRT (6UJo!) 

CONTINUE 
ENDIF 

IF( N .... GT. 1 ) THEN 
WRITE{ 6,10 )TITLE( 1) ,TITLE( 2} 
WRITE(6,488)NN 

488 FORMAT { IX, 'MAXIMUM INERTIA roRCES , 
, 'DUE TO SEISJoIIC COJo!PONEN'I' • '.1"4.1 
, IX. '.-----...... -.----------- •• 
, •• ------•• --.... --.--------•••• ' , I) 

WRITE(6,912) 
911 FORJolAT(3(' : D.O.F. FORCE :')./) 

WRITE( 6. 212J (I+NCONO.TJo!P( 1),1·1, NFREEl 
212 FORJ(AT(3(3X.16.lX,GI5.4)) 

ENOIF 

C •••• STORE EARTHCUAJltE FORCES '1'0 LOAD ARRAY 
C 

c 

'" 
'" 

00 2]J J.L1. L2 
DLOAO(J.NN1-0 

00 234 J-L3.L4 
DLO"'D( oJ, NN )·TMP( J-L:2) 

00 235 J.L5,L6 
2J5 DLOAD(J.NN)·O 
207 CONTINUE 

C-----CALCULATE TOTAL FORCES 
00 236 J·Ll. L6 

LOAD(J)-O 
00 236 r·1,NA 

236 LOAO( J').t.o"'D( J)+OLOAO{ .1. I) 
WRITE.( 6 .10 )TITLE{ 1) ,TITLE(::I) 
WRITE:(6, lSaa) 

1588 FORMAT(lJ.:, ''!'OTAL JotAJ:HfUJo! INERTIA FORCE6'.1 
" 11', ' •••••• _____ ••••••••••••• ___ •• , I, 

WRITE:( IS ,91:2) 
WRITE( 6,212) (I +NCONO,LOAD( I +NCOND). I-I ,NFREE) 

C· .. ···-·---· .. • .... ····-·-·· 
C- PRINT GLOBAL FORCES --

CALL JOI OSP( 1.MAXf'lOD,L6.NNOOE. 1, L3. L4, ID, 
, I OOF,CNS'\',LOAO, 
, TITLE. ''!'O'I'AL MAXIMUM FORCES' ,6'I'EPID •• tRUE., 
, NCOS.COSINE.JTCOS.J"I'Ft.G) 

5OL08150 
5OL087150 
5OL08770 
SOL08lBO 
SOLO!!7S10 
SOLOBBOO 
SOLOBB10 
60L08820 
5OL08830 
5OL08840 
SOL08850 
50[.088150 
50[.08870 
60L08Beo 
50L088S10 
50L08S100 
60L08910 
60L08S1::i0 
SOL08S130 
SOL08S140 
5OL08S150 
50[.08960 
5OL08970 
SO[.08S180 
50[.089;0 
50[.09000 
50L090l0 
SOL090::10 
5OL09030 
6OL09040 
50L09050 
50L09060 
5OL09010 
50L09080 
SOL09090 
SOL09100 
5OL09110 
5OL09120 
50L09130 
60L09140 
5OL09150 
5OL09160 
50L09170 
50L09180 
50L09190 
5OL09:200 
ooL09:210 
50[.09no 
50[.09230 
50[.09240 
50L09250 
60[.09260 
6OL09270 
60["09280 
50L09290 
5OL09300 
50L09310 
60L09320 
6OL09330 
5OL09340 
50L09350 
5OL09360 
6OL09370 
50L09JeO 
5OL09J90 
5OL09400 
50L09410 
50L094:1:0 
5OL094JO 
5OL09440 
5OL09450 
50[,,09460 
50[..09470 
50L09480 
5OL09490 
5OL09500 
50L09!il0 
5OL09520 
SOL09530 
SOL09540 
50[.09550 
$OL09560 
6OL09570 
60L09580 
50[.09590 
50[.09600 
SOL091510 
6OL09620 
6OL09630 
6OL09640 
6OL09650 
5OL09660 
5OL09610 
6OL09680 
6OL09690 
SOL09700 
SOL09710 
50L09120 
SOL09730 
6OL09HO 
6OL09750 
SOL09760 
SOL09770 
5OL09780 
50L09790 
60L09800 
50L09810 
6OL09820 
5OL09830 
50L09840 

RE'TURN 50L09850 
END 60L09860 

C--................ --.-....... - .............. ---·-------.--.··-------.-....... -. ---- ST FlOO 0 1 0 
C DEBUG UNIT ( 6) ,TRACE, SUBCH~, INIT, SUBTRACE S'I'R00020 
C END DEBUG S"!'R00030 
C--.... --.-.---.-........ •• •••••••••• - •••••••• ---••••• ----.-••••••••• - .--. 6'!' ROOO 4 0 

SUBROUTINE STR.ENG (E6E,PSE,PSEOLO,P,PL,O,D'L.5.S8) STR00050 
STR00060 

IMPLICIT REAL( A-H, O-Z) S'I'R00070 
DHIENSION ESE(J} STR00080 

C ________________________ ---__ ---- ------___ -- -- - --- -- -- - - - -- - - --- -- -- ---ST RO 0 0 90 

C VAIUABLESI STR00100 
C ---__________________ - -- - --___________________ - - - -- - - - - ------ - ------ - --ST RO 0 11 0 

C T5E - TOTAL ELEMEN'1' STRAIN ENERGY STR001:20 
C ESE(l) • EL ... STIC ELEMEN'I' S'I'RAIN ENE:RG't STROOl]O 
C ESE( 2) - MAXI)ofUM ELASTIC ELEJoI:ENT STRAIN ENERG't, POSI'I'IVE LOADING 5TR00140 
C E6E(3) - MAJt:I)ofUM ELASTIC ELEMEN'I' STRAIN ENERG't, NEG ... TIVE LO ... DING STRO0150 
C PSE ... PLASTIC ELEMENT STRAIN ENERGT S't'ROOI60 
C PSEOLD - PL ... STIC ELEMEN'I' S'!'RAIN ENERGY "''1' L"'S'!' ZERO CROSSING STR00170 
C P • CURRENT LOAD STROO 180 
C PL • PREVIOUS LOAD STR00190 
CO" CURRENT DISPLACEMENT STR00200 
C OL • PREVI DUS 01 SPLAC~ENT' S't'R00210 
C 5 • CIJREN'r STIFFNESS • STR00220 
C SE .. UNLOADING STIFrNE5S STROO2)O C ---_________________________ - - -- --- --- - _________________________ - ---- - -6T R002 4 0 

C STR002S0 
PSEL .. P5E STR00260 

PREVENT UNDERFLOW FOR. VERY 5MALL P6UJo! OR DDIF STR00270 
P5UM.P+PL STR002eo 
DDIF-o-OL S'I'R00290 
TOL-1.00E-25 S7R00300 

c 

TSE 

IF (ABS(PSU)l().LE.TOL .01'1. "'S5{DDIF).LE.TOL) THEN 
lJTSE-O 

ELSE 
OTSE • PSUMilDDIF/2.00 

£NOIF 
- E58(1)+ PSE + O'l'SE 

PREVE.N'I' UNDEFIFLOW FOR VERY 
IF (ABS(P).LE.TOL) THEN 

ESE( 1 )-0. 
ELSE U' (SE.EC.O) THEN 

ESE( 1)-T5E 
ELSE 

E6E(1)- PilP/{2-SE) 
£NDIF 

SIQ.LL P, OR SE"'O 

ESE(1)· )olIN(T6E.ESE(I)) 
PSE • 'I'SE-ESE( 1) 

C •••••••• CALC PLACTIC STRAIN ENERGY "''1' ZERO CROSSING 
IF (P"PL.LE.O) THEN 

c 

OF-PL-P 
IF (OF.NE.O) THEN 

IF( (PSEL - pSE) .LT. TaL) THEN 
PSEOLo-PSE 

ELSE 
PSEOLo-PSE+ (P6EL-PSE)-P/(PL-P) 

ENDIP 
EL6E 

PSOOLo-PSE 
£NDIP 

ENDIF 

C •••••••• DETERMINE KoUIMUM ELASTIC STRAIN ENERGf/SIDE ••• 
IF (P.GE.O) 'I'HEN 

ESE(::I )-14.\1'( ESE( 2), ESE( 1) 
EL6E 

ESE( 3 )-J!t.U{ ESE( 3), ESE( 1) 
ENDIF 

S"I'R003Hl 
S'l'ROO]:10 
S"I'R00330 
S't'R00340 
S'l'R,00350 
STR00360 
S'l'ROO]70 
STROOJ80 
S'l'R00J90 
STR00400 
srROO~10 
STR004:20 
STR00430 
S"I'R004~0 
S'I'R004 SO 
STR00460 
STR00470 
S"I'R004BO 
S"I'R00490 
S"TR00500 
S'l'R00510 
S"1'R00520 
STR00530 
S"TR00540 
S"I'R00550 
S"I'R00560 
S"I'R00570 
s'I'R005ao 
5'I'R005510 
STROOISOO 
STR00610 
STR00620 
S'I'ROOIS30 
S'I'R00640 
S'I'ROOIS50 
STROOeieiO 
S'I'R00610 
STROOei80 

RETURN STROOeiSlO 
END STR00700 

@PROCESS SOOJolP GOSTJr4'I' 1:REF STROOOIO 
C- - - ---............. - ---............. - •• ------.---•••••• - - - - - - - - •••••••••• ST RO 0 0 2 0 
C DEBUG UNIT(6),TRACE.SUBCH~,INIT.SUBTRACE S'!'ROOOJO 
C END DEBUG S'I'R00040 
C •••••• - •• ----.--•••••••••• ---------.--•••••••• -------···· __ •••• _______ ·STROOOSO 

SUBROUTINE S"I'RUCT S'I'R000150 
DIMENSION NOI NP( 8 .::i! 1 , RINPU'I' ( 100 1 ,GINPUT ( 100) • DUCt' (3) • EXCR{ J) STR00070 
CHARACTER"80 NAllCE,T'tPE S'rRO0080 
DIMENSION SEC 100) S'I'R00090 
LOGICAL FIRST. P'I' .HEAD.TEST. AXIAL, HEAD2, BTES'I' STR00100 
INCLUDE (~COMN) STROO 110 
WRITE (6.S) TITLE(1).TITLE(2) STR00120 

5 FORMAT ('I STRUCTURE •••• I ',,1,,,1 STROOlJO 
~ 'SOLUTION ••••• I ',".1) S'I'ROO 14 0 

WRITE (6.6) S1'R00150 
6 FORMAT (' _.iI PROGiUJo1 FEM ..... DOUBLE PRECISION vERSION'II)S"I'ROOI60 

c 
C------- INPUT' OF NODES, • OF SUPTS, • OF CaNST., AND SCALE FACTOR 

Rg,I"D (5.-) NNODE,NC06,NSIJPT,NCOND.t-ICONST,SCALE 
)r(AXNOo-NNOOE 

NLO"o-l 
C- - - .---•••••• -.-------. 
C. INPUT NOOE DATA -----
C·- - - - - - - - •••••••• ------
C ---- NODE DATA STORAGE --------------------
C NZ(lZIO ) - 10 NUMBERS FOR E ... CH NODE 
C NZ(IZIOOP) • DEGREE OF PREEOO)ol POR EACH NODE 
C Z(lZCORD) - GLOBAL CooRDIN ... TE OF EACH NODE (X,l,Z) 
C Z(IZCN6T) - GLOBAL CONS'I'RAIN'l' MATRIX mR E"'CH NODE 
C N:I (I ZWI!;' ) - TEMPORARf S'!'ORAGE 
C 

UID IZ 
IZ IZ + MAl'NO 0 
I'UOOF • IZ 
IZ IZ+!oIllNOD-6 
nCDRD - IZ 
I Z IZ+JlQXNOO-J 
I ZC06 • IZ 
II - IZ+IV...XNOD*9 
I ZCN6T - IZ 
1 I - I Z+MAlNOD·6 
lZJFLG - IZ 
13 - IZ+MA.lNOD 
IZJC06 • I Z 
II • IZ+MAI'NOO 
II.X. .. IZ 
IZWJt'2 • IZ+MAlNOO'"ei 

CALL NODooF{ NDOP, NCOND. N'FR.EE. NREST. JQ.XNOO, NNOOE, NC06, 
i SCALE. NSUPT, NCONS'T. 
i NI(I'lIil Dl, NZ (nIDOf) .N:!!( I ZW~2). Z( I ZCORD), Z (I ZeDS). Z (I ICNST) , 
, NI(I2iJFLG).NZ(IZJC06),B'!'E6'T(IBUG,OJ.NZ(IZWX.}) 

c 
C------ SE:'!' UP 't'DtPORARY ARRAY FOR MAIN DIAGONAL [NDICIES ••• 

I ZM!) -IZ 

c 
c 

IZ -IZ+NOOP+l 
CALL 6Il'TLIN(0.1 ,NooF, I BUG ,TITLE. !ill:(t ZKD). 

IELOOF, NZ( IZl..M). Z( IUE}, MO, 'GLOBAL STI Ff'NESS'} 

C· .. -·- .... ······-----····· 
C.o INPUT MATERlAL DATA -C--------.... -.------... 
C WRITE (6,5) TITLE(l).TITLE(:ii) 

RE ... D (5, -) NMAT 
---- KATERIAL DATA S'l'ORAGE --------------------

NZ( IZIICAT ). f OF I(ATERlAL PORPERTlES 
NZ(IZIICAT+ 1)· "BSOLUTE ... DDRESS OF MATt. 
NII:(IZJItAT+ 2)· ... BSOLUTE ... DDRESs OF MATL 
NZ{IZJltAT+ 3)· "'B50LUTE "DORE5s OF MATL 

(NMAT) 
OJ 

" " 

5TR00170 
STM01BO 
51'1\00190 
5TR00200 
STR00210 
STROO:l:20 
S'I'R002JO 
S"I'ROOHO 
STR00250 
STR00260 
6'l'R00270 
STR00280 
6'l'R002Sl0 
6'l'R00300 
STROOJlO 
STR00320 
5TR00330 
6'l'R00340 
S'l'R00350 
STR003150 
S'l'R00370 
STROOJBO 
S'I'R00390 
STR00400 
STR00410 
S'I'R00420 
STR00430 
STR00440 
S'I'R00450 
STR00460 
STR00470 
STR00480 
STR00490 
STR00500 
5'!'R00510 
S'T'R00520 
S"I'R00530 
STR00540 
S'l'R00550 
STR0051S0 
STR00570 
6TR005ao 
STROOS5l0 
5'l'R00600 
S'l'R00610 
STR00620 
5TR00630 
S'I'R00640 
5TR00650 
STR00660 
S'I'R00610 
STR00680 
STR00690 
5TR00700 
S'!'R00710 
STR00720 
5TR007]0 
5TR00740 

NZ(UMAT+NMAT ).o 
Z(N2{IZMAT+l) ). 

... BSOLUTE ... DORESS Fa MATt. • NMAT S7R00750 
MATERIAL D"'I'A FOR MATERIAL f1 STR00760 

S'1'R0077 0 

Z(NZ(IZMAT+2) )-

IOPT-l 
IZMAT .o[ Z 
III: "IZ +NMA,T+l 
NZ( I ZMAT)·NNAT 
M-.TRUE. 
FI RST-. TRUE. 
Hg,I"D-.'I'RUE. 
""'T -0 
LSTTYP-O 

MATERIAL OAT ... FOR ~TERIA.L ':il 

C------------- LOOP FOR EACH IotATERI~ ------------------------------
110 MAT -MAT +1 

READ (5,·) TYPE 
B"'C~P"CE (5) 

IF (TEST(TYPE, ·3D-BE.v4', .F~SE.») THEN 
MATTYP- 1 

ELSE IF (TES'1'(TYPE. 'ULMCD' ,.FALSE.» THEN 

S'l'R00780 
5TR00790 
5TROOBOO 
STR00810 
51'R00820 
STR008)O 
STR00840 
STR00850 
5TR00860 
STR00810 
S'!'R00880 
STR00890 
STR00900 
STR009l0 
STR0092C 
STR005l30 
S'l'1I.00HO 
6'l'ROO5l50 
STR00960 
STR00970 
STR00980 
STR00990 
S'l'RO 1000 
STR01010 
S'I'ROI020 

110 

L 



c 

Io(ATTYP· J 
ELSE IF (TEST{T'fPE, 'BENDI' ,.FALSE.») THEN 

J4ATTYP. J 
ELSE IF (TEST(TTPE, 'SHEAR1' ,.FALSE.» THEN 

J4ATT!po. 4-
ELSE IF (TEST(TTPE,·ROM8ERG',.FALSE.» THEN 

MATTYP- 5 
ELSE IF (TEST('rTPE.·TAltEDA' •• FALSE.l) THEN 

MATTTP- 6 
ELSE IF (TES'T(TYPE, 'ELSPLS' ,.FALSE.)l THEN 

MAT'!'!P- 7 
ELSE IF (fES'T'("!PE, 'BILINEAR' •• FALSE.) j THEN 

MATTYP· 7 
ELSE IF (TEST{T!P£:, 'BRACE', .FALSE.» THEN 

NATT!p. e 
ELSE IF (,rEST(T'fPE,'LONG OWJG·,.FALSE.» THDl 

MATTYP· 9 -
ELSE IF (TES'I'(TTPE, 'IA BUN', .FALSE.» THEN 

""'TT'fP- 10 -
ELSE IF (TEST(TTPE,'SHOR'f' OWJG',.FA.LSE.») THEN 

MATTTP- 11 -
ELSE IF (TE5'T(TTPE,'6'I'ABILITT' •• FALSE.» THEN 

)o(ATTTP. 12 
ELSE IF (1'E5'1'(TTPE,·t.QCBK:I,·,.FALSE.» THEN 

MATTYP- 13 
ELSE IF (TEST("I'TPE,'SHEAR2',.FALSE.» THEN 

""'TT!P· 14 

C •••••••••••• TO ADD ADDITION.\L MATERIALS, COPl THE NEXT TWO LINES 
C ELSE If' (TEST(TTPE,·(I}·,.FALSE.» THEN 
C MATTTp· (4) 
C. • CHANGE THE FOLLOWING \l'ALUES 
C.. (1) TOUR MATERIAL NAJI4E 
c.. (2) MATERIAL 10, NUMBER - XX 
C.. ADD CALL MATlx TO SUBPROGRAM MATtI B 
C.. ADD SUBPROGRM I'tATU 
C •••••••••••• 

c 

ELSE IF (TES'T(TTPE, 'END', .FALSE. ),) THEN 
NMAT-MA.T-l 
NZ(IZMA.Tj·NMAT 
GO TO 1'20 

ELSE 
WRITE (6,-) 'INVALID MATERIAL TTPE. ',HEAD 
GO TO 110 

ENOIF 

C ••••••• RESERVE STORAGE 

c 

NZ( IZMAT+KAT )·n 
1ZW~·IZ+:200 

C ••••••• eALL MATERIAL LIBRART TO INITIALIZE MATERIAL DATA 
CALL MATLIB 

, (IOPT ,LSTT!P ,PT ,IREL,HEAD,NAJIIE,EESE,EPSE.DUCT,EICR, 
,p ,PI.. ,0 .DL ,V ,VL ,LELEJoil ,LMT , 
, MAT ,MAT't'!p.SE,-LD~E) 

c 
C ••••••• RESERVE STORAGE 

IZ-IZ+LMAT+1 

H' (MAT .LT.NJ4AT) GO TO 110 
1:20 CONTINUE 

c C···············-- ...... ---· .. ---···_-_ .... 
C· INPU't' GEOMETRIC STIFrNES5 DATA ---c·--.... --· .. • .. --_ .... -_··---.. ·---.... ·---.. · 
C Z( I UGi1l'+O) • VER'TICAL GROUND ACCE:LERATION 
C NZ(IUGi1l'+l) - TTPE OF AXIAL LoAD USED 
C • 0, GEOME'I'RIC S'I'IFF'NE;SS IS NOT CONSIDERED 
C .1. LOA[)o f'(INPIJ'l')-(l.O'" ACCEL) 
C • J, PREVIOUS LOAD STEP'S AXIAL LOAD IS USED 
C NZ{IZI(GCT+4)· T!PE OF ELEMENT GEOIo1E."l'RIC S'I'IFFNESS TO BE USED 
·C • 0, GEOIo1ETRIC STIFFNESS IS NOT CONSIDERED 
C • 1. LUMPED FORMULATION 
C .. 2, CONSISTENT rORMULATION 
C NZ(IUGD1'+J)· roRJo1 OF SOLUTION 
C - 0, GEOME.'TRIC STIFFNESS IS NOT CONSIDERED 

c 
c 

1, ItG IS SUBTRACTED FROM EL&M:E.N'I' STIFFNESS 
- :2, SEPERA'TE GLOBAL ItG 16 roRJ4ED 

I(GCOND • LOGICAL FLAG, 'TRUE IF ItG IS 'TO BE CONDENSED' 

IZItGDT·IZ 
120 .120 +4 
~EAD (S,*) (NZ(IUGM"'I),I-1.J) ,P;:GCONO 
WRITE(6, *) 'P;:GDATA', (NZ( 1 ZltG01"+I), I-I, J) 
I·IZlCG[Yt' 
IF (IIIZ(I+1).EQ.0 .OR. NiIi(I+2).EQ.O .OR. NZ(1+3).£'Q.0) THEN 

NZ( I+1}.O 
NZ( 1+2)-0 
NZ( 1+3)·0 

E't.SE 
WRITE (fi,150) TITLE{l),TITLE(J) 
IF (N!(I+1).EQ.l) WRITE (6,160) 

·ItGDATA{l)- 1, LOAD- F(INPLI't')*(l.OO+ACCEL)', 
• r( INPUT} IS POSITIVE IN COJoilPRESSION', 

ACCEL IS POSI1'IVE GLOBAL I-AIlS ACCELERATION' 
IF (NZ(I+l).E:g.2) WRITE (15,lfiO) 

'K:GDATA( 1)- :2, PREVIOUS LOAD STEP"S AlIAto LOAD IS USED' 

IF (NZ(I+2).EQ.l) WRITE (15,1150) 
·ICGDATA(:2)· 1, LUMPED FORMULATION 

U' (NZ(I+2).EQ.~) WRITE (6,160) 
'ItGDATA{~)· ., CONSISTENT FORMULlr.TION 

If' (NZ(I+J).EQ.1) WRITE (6,1150) 
·!C.GOATI\(3)- 1, ItG IS SUBTRACTED FROM ELE)(r:N'!' STIFFNESS 

IF (NZ(I+J).E;Q.4) WRITE (15.1iSO) 
'I(GOATA(3) •• , SEPERATE GLOBAL ItG IS FORHEO' 

WRITE (6, liSO) • 
IF ( P;:GCOND) WRITE (6,160) 

'- THE GEOJollETRIC STIFrNESS MATRIX IS CONDENSED '/I 
'WITH THE STRUCTURAL STIFFNESS MATRIX.' 

IF (.NOT.ItGCOND) WRITE (6,160) 

ENOIF 

'- THE GEO,",E:TRIC STIFFNESS KATRII IS NOT CONDENSED 'II 
'WI'l'H THE STRUCTURAL S"I'IFf'NESS MA.TRIX.' 

150 FORMAT C'l 5TRUCTURE ••••• ',A,I 
, 'SOLUTION •••••• ',A,II 
, 51,' GEO .... E'TRIC STIFFNESS DATA' I 
, SX. ' ..... - ...... ----.. ---... ---••• --. I 1 

160 FORJotAT(SX,A) 

C········--······ .... ························· .. ····· C· SET UP STORAGE F'OR GEOMETRIC STI f'FNESS DATA .-. 

e·············.-··.············· .. ················· 
C ---- GLOBAL STI FFNESS STOReE ------------------

Nj',(IZMDJ(G) - INDIClES OF THE MAIN DIAGONAL TERJolS 
Z( I ZltG l" GLOBA!.. GEOMETRIC STIFFNESS MATRIX 

IF (NiIi(IUGtn'+3).EQ.:2) THtN 
IiliJollDltG-I Z 
IZ -IZ +NOOF .... 1 
CALL SJC'TLIN{ 0,1, NCOF, IBUG ,TITLE, NZ (IZMOI(G), 

, ItGCOF,NZ(I?;LMlI:G) ,Z(IZJ(ElI:G) ,MO, • GLOBAL GEOMETRIC STIFFNESS') 
ELSE 

DUMMl' LOCATION FOR !C.G TO AVOID ADDRESSING EICEPTIONS 
P;;G DATA IS NOT STORED IN THESE LOCATIONS ••• 

I ZJI(DJ(Ci.IZI(Grn' 
I ilill:G -I ZII:GDT 

ENDIF 

STROIO)O 
S't'Ji101040 
STROIOSO 
STR01060 
STROI070 
STROIOBO 
STR01090 
STROll00 
STROll10 
S"I'ROl120 
STR011)0 
STR01l40 
STR01150 
STROl160 
STROB10 
STROlleo 
51'R01190 
S'TR01:200 
S'l'ROl210 
S't'R01220 
S"I'R012JO 
STROl:240 
S't'ROIJSO 
S't'A01260 
STR01210 
STROl2BO 
STR01290 
STROIJOO 
$TR01JI0 
STROD20 
51R01330 
STR(1)40 
STR01350 
S't'R01)60 
STJi10LJ70 
S"l'AO LJeo 
STRO LJ90 
STR01400 
STROH 10 
STR01420 
S'TR0100 
S'TROIHO 
STROH50 
S'TROHiSO 
STR01470 
STROUBO 
STR01490 
STR01500 
STR01510 
STR01520 
STR01S30 
STR01540 
S"l'R01550 
STR01560 
STROlS70 
STR015BO 
STROl590 
STR01600 
STR01610 
STR01620 
STR01610 
ST RO 1154-0 
STR01650 
STROliS150 
STROlfi70 
5TROHiBO 
STA01690 
S"t'A01700 
STROlll0 
STROl720 
S'TR017JO 
STR01HO 
S'TROIHO 
STROl760 
STROl710 
S'I'RO 17 BO 
STROIHO 
STROIBOO 
6'TR01BIO 
STROle.o 
STROleJO 
S'TR01640 
STR01650 
S'l'ROHI60 
STR01B70 
S'TROIBBO 
STROlSSlO 
STR01900 
STAOl!HO 
STRO 19.0 
5TR019JO 
STR01940 
STR01950 
STRC1960 
S'i'R01970 
S'I'R01geO 
STROU90 
STR02000 
S'TRO.OIO 
STR02020 
STR020JO 
STR02040 
STR02050 
S'TR02060 
STR02070 
STR020S0 
STR04090 
STRO::tlOO 
STR02110 
STRO::t 120 
STRO.110 
S'TR02140 
STR02150 
STR02HiO 
STROH 70 
STROJ1BO 
STR02190 
S'l'R02200 
STR02110 
STR02220 
STR02230 
S"!'R02:24-0 
5TR02250 
STRO:2UiO 
STR0:2:270 
STRO:2JBO 
STR02290 
STR02JOO 
STRQ1310 
S'TR0:2J20 
STR02JJO 
STR02J40 
S'l'ROJJ50 
STR02J150 
STROJJ70 
STROBBO 
STR01J90 
STR02400 
STR02410 
S"I'R0:2420 
S'I'R0'2430 
STR0:2440 

c C········----·· .. ····.··· 
C .. INPUT ELEJI(ENT DATA •• 
C·· •••• ----.---.-....... . 

RE:~D (5.·) t.1ELM'I' 
ELEJoilENT STOR.AGE .-------------------

NZ(IZELE ). • OF JoIIATERIAL PORPERTIE:S (t.1ELH'l') 
NZ(LZELE+ 1)- AesoLuTE ADDRESS OF EI..~ENT fl 
NZCUELE+ 2)- ABSOLUTE ADDRESS OF ELEJoIIEN'I' '2 
N3{IZELE+ J). ABSOLUTE ADDAESS OF ELEMEN'!' .3 

S'TR02450 
S'l'R02460 
5'!'RO::tOO 
S"!'R0'24BO 
STRO.490 
STFl02500 
STR02510 
STROJ5:20 
STROJ5JO 
STRO.540 
STROJ550 
S'1'RO.S60 

NZ(IZJ4AT+NELHT)· 
iIi(NZ(IZELE+l) ). 

• S']'R01S70 
I\BSOLUTE ADDRESS FOR ELEJoII • NEtJon' STR02580 
MATERIAL DATA FOR ELEkENT tl STR02590 

STR021500 
STR02610 

Z(NZ( IZELE+2»· 

10PT-1 
IZ'ELE .I2i 
IZ .IZ +N ELM'l'+ 1 
NZ (I ZELE)-NELMT 
FIRS'1'-.TRUE. 
HEA[)o.TRUE. 
IGEN·O 
IELND-O 
L5TTTP-O 

MATERIAL DATA FOR ELEHEN't' tl 

C---------·--- LOOP FOR EACH 
'210 I ELNo- I ELNQ+ 1 

ELEJoIENT -------------------------------

IF (IGEN.LE.O) THEN 
READ (5,-) TTPE 

IF (TEST(TTPE, 'JD-BEAM', .FALSE.)) THEN 
NINPUT- 10 
NINZ - 01 
NELTTP- 1 

ELSE IF ('l'ES"I'(TYPE,'SPRING·,.FALSE.)J THEN 
NINPU'I'· 10 
NINZ • 13J 
NELTTP· J 

ELSE IF (TES'T(TtPE, 'SHEAR WALt.', .FALSE.») THEN 
NINPU'!'· 9 
NINZ • 169 
NELTTP- 3 

ELSE IF ('l'EST(TTPE.'BRACE' .. FALSE.) THEN 
NINPU"!'. 10 
NINZ • lJJ 
NELTTP. B 

ELSE IF (TEST(TTPE,'IEJDBEIJo(',.FALSE.») THEN 
NINPU"!'. 14-
NINZ • 614 
NELTTP- 9 

ELSE IF (TEST(TTPE, 'STABILIT!', • FALSE. ) THEN 
NINPUT- e 
NIN! • filB 
NELTTP. 1. 

ELSE IF (TES'I'CTYPE,'SHEAR_OPEN',.FALSE.) THEN 
NINPUT· 9 
NINt. _ 175 

NELTYP. 14 
C •• " ........ TO "oD "COITIONAL EL£)IIENTS, COP! THE NEXT FOUR LINES 

c .. 
c .. 
c .. 
c .. 
c .. 
c •. 
c .. 

ELSE IF (TEST(TTPE,·(l)·"FALSE.» THEN 
NINPUT· (2) 
NINZ • (J) 
NEI,T!P- (4) 

CHANGE THE FOLLOWING VALUES 
(1) TOUR EtoEl4EN'1' NAJoIE 
(2) • OF V!\LUE6 TO BE INPUT 
(J) • OF STORAGE LOCATIONS REOO FOR ELEJoII'ENT 
(4) ELEMENT 10 NUJI(BER • II 
ADD CALL ELEJ:I TO SUBPROBRAM Et.E_LI B 
ADD SUBPROGRAM ELEXX 

C •••••••••••• 

22' 

ELSE IF (TEST(TTPE, 'END', .FALSE.») THEN 
NEurr·IELNO-1 
Na(UELE)·NELM'I' 
GO TO JOO 

ELSE 
1'lRITE (6,-) 'INVALID ELOIE:N'T TYPE_ '. HEAD 
GO TO 110 

ENDIF 
BACII:SPACE (5) 
READ (5,*) T'fPE,NAJoIIE. 
IF (IGE:N.G'I'.O) REAO (5,-) 

ELSE 
IGEN·IGEN-l 
NAME- 'GE:RERATED' 
DO .20 I-1,NINPUT 

RINPU'I'{I), I·1.NH1PUT J, IGEN 
GINPUT(I 1,1·1. NINPUTj 

RINPUT(I )·RINPUT(I )+GINPU"J'( I J 
ENDIF 

e WRIT E (6, -) • BEFORE S'I'ORAGE I S RESERVED IN 5'l'RUCT' 
CD6G WRITE(6,lll) (I,NZ{I),Z(I),I·15B,91) 

111 fQR)Q.T (OP,' iIi)i(,\TRX(',16,");·,IlS,lP,G:t0.lO) 
C ••••••• RESERVE STORAGE 

c 

N! (IZELE+l £LNO) -I iii 
Ic·n 
TZ1'lIt·U 

C ••••••• STORE ELD4ElfT TYPE 
HZ( ICl -NELTlP 

c 
C ..... .. CALL ELOtENT LIBRART TO DETERMINE THE S'l'ORAGE FOR MATL DATA 

IOPT-9 

c 

HEAD2 •• FALSE:. 
L6TTP.·O 
CALL £LELIB 
(IOpt' ,LS't'TP2 

OIJCFAG. 
, • FALSE •• IRE!., HEAD.. NAJoIE , EESE, EPSE, DAMAGE, 

I ELNO ,I &LooF ,ItGtof', PGEOM, RINPUT, AXIAL. I ZDISP, I iliLOAD,MSTOR) 

c ....... RESERVE STORAGE 

c 

I 2i. I Z+NI III Z +MSTOR 
IZWIt·IZ 

C ••••••• DU_JI(P ELEMENT OATA IF OEBU_GING 

1100 

c 

1r (BTEST(I8UG,8)) THEN , 
WRITE (is,.) ·UI.JI(I' ,IZL ..... ' IZ~E:I' .IiIi~E 
JJ .. ~l 
00 7100 I-IC,(IZWJ(-l-IREL) 
JJ·JJ+l 
IF (NZ(I).NE.O) WRITE (6,7010) IEI.NO,JJ,I,NZ(I).Z(I) 

ENDIF 

C ••••••• CALL ELEMENT LIBRART 1'0 INITIALIZE ELEMENT DATA AND RETURN 
C ....... INFO ON ELEMENT DOF ... 

JOP1'·l 
CALL ELELI B 

, (IO?'!' ,LSTT'fP ,.TRUE.,IREL,HEAO.NA)(E • E:ESE,EPSE,DA.){.a.GE:, 
, QUCFAG, 
, I ELNO • I ELDOF, ~GDoF, PGEOJl(, RI NPUT ,AXI AL, I ZDI SP. I ZLOAD, I4S'I'OR) 

c 
C ••••••• RELEASE Ut-lUSEO STORACiE ••••• 

S'!'R02620 
STRO:2tSJO 
S'I'RO:2 is 4 0 
S't'R02650 
STRO.660 
STR02610 
STRO.6BO 
STR021590 
STR02700 
STROJ110 
STRO;C720 
STR027JO 
STR02HO 
STR02150 
STR02760 
STR02710 
STR021BO 
STR02190 
5TF\02BOO 
STR02elO 
STR0:2B20 
STR02BJO 
STRO:2B40 
srR02B50 
STR0:2B60 
STR0:2B70 
STRO.BBO 
STR02890 
STR02900 
STR02910 
STR0'2920 
S"I'R029JO 
S'TR0:2940 
STRO:il9'50 
STR02960 
STR01910 
STR029BO 
STR01990 
STRO)OOO 
S'TROJOIO 
S'TROJOJO 
STROJOJO 
STROJ040 
STR03050 
S'l'R03060 
STROJ010 
STR03080 
STRO)090 
STR03100 
5'!'RO)110 
STROJ1:20 
STR03lJO 
STR03140 
STR03150 
STR03160 
STROJ170 
STROJl80 
STROJl;O 
STROJ.OO 
S"I'ROJ:210 
STROJ.20 
STROJ130 
STR03240 
STROJ2S0 
STROJ.60 
STROJ270 
STR0J290 
S'!'R03290 
STROJ300 
STR03JI0 
STROJJJO 
STROJ330 
STROJ340 
S'l'RO JJ 50 
S'rR0J360 
STR.03J10 
STR03JeO 
STROJ390 
STR03400 
STROJ410 
STROJ4.0 
STAOJ4JO 
STROJ440 
STROJ450 
STR03460 
5TR03410 
STROJ480 
STROJ4Sl0 
STROJ500 
STROJ5l0 
STRQJS.O 
S'r'R01SJO 
STROJ540 
STR03550 
STROJS60 
S'TR03570 
STROJ5BO 
STROJ590 
STR0Jl500 
STROJ6l0 
STROJiS20 
STROJ6JO 
STROJ640 
STROJ650 
51ROJ660 
STM3670 
STROJ6BO 
S1'ROJI590 
S'i'ROJ700 
STROJ710 
STROJ720 
STROJ7JO 
STROJHO 
STROJ750 
STR03HiO 
STR03110 
STROJ7BO 
STROJ790 
STR03BOO 
STROJB10 
STROJB20 
STROJBJO 
STFlO3B~O 
STROJB50 
S'i'ROJBeO 

111 



IZ·IZ-IREL 
c 
c: ••••••• DU_~P E:LEMENT DATA rr D~BU_GING 

IF CBTEST(IBUG,B») THE:N 

c 

7000 
"1010 

WRITE (6,'") 'lZLJh',lZLH,' IZ1tEI',IZ~E 
J.J"~ 1 
CO 7000 r·re,{IUIt-l-IR,EL) 
JJ·JJ"'l 
If" on(I).NE.O) WRITE (6,"1010) IELNO,JJ,I,NZ(I),Z(I) 

f"ORMAT (' IEUlOI',Il,' .',16.' Zt·,I6,·)I',II0.1P,G18 B) 
ENDIf' 

c--------- RESERVE: SPACE IN THE 6ItTLINE: FOR THE STIFF!'IESS 
JFLAG-O 
U'( TES'!'(TTPE. '5'!'",SILI1T " • FALSE. )) JFLAC·l 
CALL SItlLIN( JFL.\G,:2, HOOf', IBUG, TITLE.NZ (IZMO). 

I ELDOf' , NZ (UU4), 1.(1 UE), 1010, 'GLOBAL STH'FNE:SS') 
c c--------- RESERVE SPACE I!'I THE SItTLIf'IE FOR THE GEOME'!'RIC S'I'IFf'NE5S 

If' (NZ(IZ1t:GDT+31.EQ.l .AND. AXIAL) THEN 

C 
COBG 
C 

CALL SItlLIN( 0,2. HOOf', I BUG ,TITLE ,HZ( I ZtoID), 
" ltGOOF,NZ(IZLHItG),Z(IUEltG),MD, 'GLOBAL GEOtolEn'RIe S't'H'FNESS') 

ELSE IF (NZ(IZ~OT+]).EQ.2 .AND • .uIAL) THEN 
CALL SCt.INC 0.:;;, NooF, IaUG ,TITLE, NZ (I ZMD~), 

" ItGOOF,NZ{BL.MICG) ,Z(IZICEItG) ,MD, 'GLOaU GEOME."TRIC STIFrNESS') 
ENDlf" 
WRITE (6,·) • ... FTER SKTLI!'I IN S'TRUCT' 

WRITE:(6,lll) (I,!'IZ(I),20(I),1·68,91) 

IF (IELNO.LT.NELMT) GO TO :nO 
300 CONTINUE: 

c····· .. ············· .. ···················· .. ··· .. ··· .. ···· ..... c· toIOOIFT GEO~E'l'RIC STIFF!'IESS MATIUX FOR CONCE!'ISATION ••• 

C-···· .. ••··•• .. ••·•••••••·•·•·••·•• .. ·••·•••·••·•• .. ···· ....... 
C THE CO!'lDE!'ISATION PROCESS MAT EXPAND THE GEOIolETRIe S'TIFf'!'IESS ""'TRU'S 
e SItTLJ!'IE. THE KAXIHUN SOLINE: OF BOTH THE GEOIrIETRIC S'I'IFF!'IESS AND 
e THE STH'FNESS IolATRU IS USED. 

IF (NZ(Ulli:COT+l).EQ.2 .ANO. ItGCOND .AND. NCOND.GT.O)THE:N 
00 310 I·O,Hoof" 

J·I ... 1 
I4DItGl·N'a(IZMDJI;G+I) 
!'IZ{IZHDItG+I)·MAX( !'IZ(IZMDItG+I),!'IZ(l:ZI4D+I) ) 
!'IZ(IZIoIDItG+I)-MIN( NZ(IZMDII:G+I),NZ(IZMO+I) ) 

cce 
310 

WRITE (6,") 'J. MDII:GI. MD, MOItC' ,J, MDItGl,!'IZ( I ZtoID+I), NZ( I ZMDItG+I) 
CowrlNUE 

c 
c 

ENDIF 

c--··----.. ··· ... ········· .. ·· ... ······ .. ··· 
e· SE:T UP GLOBAL STIFF!'IESS STORAGE •• 

!'IZ(IUIO) • INDICIES OF THE IrIAIN DIAGONAL TERMS 
j!j(IZSTIF) .. GLOBAL S't'IFFNESS K.\TRIX 

CALL SJl;TLU( 0.], NDOF', I BUG ,TITLE, NZ (1 ZHD), 
" IELDOF.NZ(lZLM),Z(IUE),M'D,'Gt.OBAL S'TIf'f'NESS') 

IZSTIF-IZ 
IZ • IZ+NZ(IZMO+NDOF) +l 

C· SE'T VP STORAGE f'OR GEOM'E'TRIC STIFFNESS OAT' A ••• 

C···· .. •··••·•••••••••••••• .. •••••• .. •••••• .. ··-······ C NZ(IZ)!!DICG) • INDIeIES OF THE: MAIN DIAGONAL TERJ'S 
e Z( I UG ). GL08AL GEO .... t'TRle 6'TIFFNESS MATRIX 

c 
c 

IF (NZ(IUGOT+J).EQ.2) 'THEN 
CALL SICTLIN( 0.3, NOOF, IBUG ,TITL.E, NZ( IZJr4DIltG) , 
ItGOOF.NZ(IZLMK:G) ,~tInEItG) ,MD, • GLOBAL GEOJolE:TRIC STIFf'NE:SS'j 
UICG ·U 
IZ .120 .N~(IZMOItG+NOOF) 

E:!'IDIF 

C···· ...... •••· .. •••••• .. •·•· e· INPUT MASS MATRI1 ••• 

e .. ·-···· .. •••••• .. ·-···· .. • 
NMASS • NUMBER OF NODAL MASSES TO BE INPUT 
FMASS • 0, NO I4ASS MATRIX 

I, MASS MATRIX DlJE TO NODE I4ASSES O!'lLT 
MeOHD • LOCICAL FLAG, 'rRUE IF MASS IS TO BE CONDENSED ••• 

RE:AD (5,'") INMASS,f'JQSS.MCOND 

CALL MASSI !'I(I !'IMASS , FMASS,M::OND, BUG, IBUG,TITLE, Jr4Al(Z ,I4Alt'DZ. 
, J4Al:HOO,NCOS,HNODE, I 3,IW, IUD. 3,NZ, D1, 
, I ZIoIOM:S, I zHAS6, 1 :&I.)!!, I litE:. I Z)!!QAT, 
, NooF ,NMASS, I zeos, I II COr', I ZCNST ,I ZJi'LG, I ZJCOS, 'GLOBAL MASS', 
" NCONO, HFRE:E:, I 'aMO) 

." • 

IF (INKAS6.G'LO) THEN 
WRITE: (6,160) • , 
IF (MeONO) THEN 

WRI'l'E (6,160) '- THE KASS MATRIJ: IS 'II 
'CONDENSED WITH THE STRUCTURAL STIFFNESS MATIUI:.' 

ELSE 
WRITE (6,160) '- THE: !(ASS MATRIJ, IS HOT '1/ 
'CONDE:NSE:D WITH THE STRUCTURAL STIFf"NES6 MATRU.' 

E:NOIF 
E:LSE: 

If RITE (6,t99) 
FORHATtI15X,' ZERO MAS5 MATRIX '1 

5x, ....... - .... _ ...... "' ••••• ') 
ENDIF 

C--··········-······-· ... 
C· INPUT DAMPING DATA ••• 

C···················· .. ··· C NOAHP • NUMBER OF NODAL DAXPING CO] EF TO BE 
C FDAHP • O. NO DAAPING MATR.U 
C 1. ALPHA oUlD BE."a, INPUT 
c 

NDAJr4P"'O 
FDAJr4P·l 
READ (5,") !'lOAM?, FDAMP 
IF (FDAHP.EQ.l) 'rHDI 

IZDAJII.P-IZ 
IZ·IZ + 2 
READ (S,") ALPHJI., BE:TJI. 
Z( lZDAMP) ·ALPHA 
Z(IZDAMP+l) -BETA 
WRITE{6,SOO) ALPHA,SE'l'A 

ENOIF' 

INPUT "0 

500 F'OR)'.}"T(IISX,· PROPClRTIO!'lAL D,I.)IPING COIEF'ICIE!'ITS'I 
.. SX. '.--.-.-.-•• - ....... _ •• _ •• __ •• _ •• __ •• ' I, 
" 5X.'ALPHA.'.lP.G13.S.' BE:'1'A·',Gl].5/) 

c 
C·· .. • .. •••• .. •••••• .. ••••••••••••• .. ••• 
C .. 'ZERO LOAD AND OISPL INDICIES - •• 

e .. • .. • .. • .. •• .. •••••• .. ····-···-.. -·· .. ••• 
! ZLOAD-O 
IZDISP-O 
IZ\lE:L ·0 
I ZAec -0 
IZDLOA·O 
IZDDSP·O 
I ZOVEL-O 
I zDAec-O 

STR03B10 
STR038BO 
STR0J690 
STRO)900 
5"'I'RO)910 
S'l'R03920 
S'l'ROB30 
S'l'R03HO 
5"'I'R039S0 
S'rR03960 
5"'I'ROJ9"10 
STROn80 
STROJ990 
STR04000 
STR04010 
STR04020 
STR040JO 
S't'R04040 
S't'R040S0 
5't'R04060 
STR04070 
STR04080 
STR04090 
STR04100 
S"tR04110 
S'1.'R041~O 
S'1'''04130 
STR04140 
STR04150 
5,],R04160 
5'I'R04110 
STR04lBO 
STR04190 
STR04200 
STROnl0 
STR042'20 
STR042JO 
STR0424D 
STR04250 
STR04460 
6'rR04~70 
S't'R042BO 
STfil04290 
STR04100 
S'TR04110 
STR04)20 
S"I'R043l0 
STR04340 
S'I'R043S0 
S't'R04360 
S't'RO 4] "I 0 
S't'R04380 
STR04390 
S't'R044 00 
S'l'R04410 
STROU20 
STROUJO 
S'l'R0444 0 
S'l'R04450 
STROU60 
51'ROU10 
6TR04480 
51'R04490 
5"'I'R04500 
S'l'R04S10 
S'l'R04540 
STR04530 
S't'R04540 
STR04550 
&"TR04560 
S"I'R04510 
5"'I'R04580 
S'rR04590 
5'TR04600 
STR00l610 
STR04620 
STR046JO 
5"'I'R04640 
6'1'RD4650 
6'1'R04660 
5"1'R046"10 
STR046BO 
STR00l690 
STR04"100 
STR04110 
STil04120 
STR041 JO 
S't'R04740 
S"l'A04150 
STR04HiO 
STR04"1 "I 0 
STR04 "I 80 
5"J'RD 4 '19D 
6TR04BOO 
S'l'R04810 
S"rA04B'20 
STR0483D 
STR048010 
STR0485D 
STR04860 
5'TR048"10 
S"'I'R04BBO 
STR04890 
S'TR.04900 
S'I'R04910 
STR04920 
STR04930 
STR04940 
5"'I'R04950 
S'TR04HO 
STR04S110 
STR04S1BO 
S't'R00l990 
STR05000 
5"'I'R05010 
S'l'R05C20 
S"I'ROSOlO 
STR05040 
S't'R050S0 
S'TR05060 
5TR050"lO 
STR05080 
STR05090 
STR05100 
S'I'R05110 
S"t'R05120 
S't'ROS130 
STR05140 
S'rROS1S0 
5"l'R05160 
S'l'R05110 
STROS180 
S'1'R051S10 
STR05:Z00 
STR05:Z 10 
STR052:Z0 
5'1'R052]0 
STR05240 

f:l.E."TURN STROSlSO 
F.:ND STROS260 

C···· ................................................. --........... "·········TESOOO 1 0 
e DEBUG U!'IIT(6) ,SUBCH1t,SUBTRACE TES000'20 

END DEBUG 
LOGICAL FUNCTION 'l'EST(OP'T!ON,TARGE'T',DEFLT) 
CHARACTER" ('") OP'I'ION .TARGE:'l' 
LOGICAL DEFLT, BTEST 

J. INDEX(OPTIO!'l,TARGE'I') 
IF (DEFLT) THEN 

IF (J.LT.2) THE!'I 
TEST-.TRUE. 

E:LSE IF (OP'l'ION((J-2lqJ-l).NE.'NO') 
'TEST •• TRUE. 

ELSE 
TEST·.FALSE. 

E.NDIF 

IF (J.EQ.O) THE!'I 
TEST·. FALSE. 

ELSE H' (J.LT.2 ) THE!'I 
TEST-.TRUE. 

ELSE IF (OPTION( (J-2) I (J-l) .EO. 'NO') 
TEST".F'ALSE. 

THEN 

THEN 

T£SOOOJO 
1'E500040 
TE:S00050 
TES00060 
'l'ES00010 
TEsoooeo 
TES00090 
TE500100 
TE500110 
TE:S00120 
1'ES00130 
'l'ESOO l40 
TESOO 150 
TES00160 
1'ESOOI10 
TESOOIBO 
TE:500190 
TES00200 
'1'E500210 
'1'£500:Z20 

ELSE TESOO2JO 
TEST· • JRUE:. TES002 4 ° 

ENDIF TE:S00'250 
ENDIF TES00260 

RETURN TE:S00270 
END '1'E:500280 

C-· •• •• .... • •••••••••••• - ................................................... TMPO 0 0 1 0 
e DEBUt; UNIT (IS). 5UBCHII:, SUBTRACE, INlT 'l'MP00020 
e END DEBUG TMPOOOJO 
C.· .... • .................................. - ............ _ .... __ .-........... --- ..... 'l'MPOOO 4 ° 

TRIANGLAR MATRIX N1JLTIPLIeATIO~ •••• TMPOOOSO 
MATRII: A 16 oUl UPpER TFtIANGULAR K.\TRU, WITH MAIN DIAGONAL ADDRESS TMP00060 
MATRIX MO. I IS A VECTOR. p .. .u: TtoIP00010 
'THE MULTIPLICATION IS CARRIED OUT FROM ROW IRl TO IR:t. ~D f"ROM 'TMPOOOBO 
eOLUIr!N Jel TO Je2. TMP00090 

C.· ........................................ - ................................... 'I'I4POO 1 0 0 
SUBROUTI!'IE TMPL! (PrtINT, ZERO, IMO, N, I Rl, IR2, Jel, Je2 ,MD,A, P, X) 'l'I4POOI10 
DIMENSION "'(11'10) ,I(!'I) ,P(N) .MD(N"'l) TMP00120 
t.oGleAL BTEST,PRI!'lT,ZERO TMPOOIJO 

"0 

IJI (I, J) ·MD( J) +J-I 
1F (PRI~) 'l'HEN 

WRITE (6,500) '''['RI~GULAR MULTIPLACATIO!'l', 
IR1.1Rl,Jel.JC2.N 

CALL LMATRX(A,MO,N,MD(N+1),'KATRIX A 'l 
CALL WMATR:I(X,!'I ,t.'MATRII I') 

ENDIf' 
---- ZERO P ----

If' (ZERO) THEN 
00 320 J·IR1,IR2 

P(J)·O 
E~DIF 

e---- OLD IrIE:'1'HOD OF HULTIPLIeJl.TIO!'l, "['00 SLOW 
C 00 140 I-IR1.IR2 
e 00 140 It·JeL JC2 
e IF (I.LE.lt) THEN 
C IIt.MD(It).I{-I 
C MOIt·MD( It.l) 
C ELSE 
e IIC.toID(1 )+1-';: 
C MDII:·MO(I+1) 
C ENDIF 
e IF (IIt.GE..MDIt) P(I)-P(I)+A(IIt)·X{It) 
C 140 CON"I'INtJE 
e IF (PRINT) CALL WMATR.I(P,N ,L'RESULT'" A"X ') 

c 
e----~·-- HULTIPLt TEIU4S ABOVE AND INCLUDING THE MAIN 

c 

10 

00 :ZO ,J-JCLJC2 
lRe.J-MO( J+1) +MD(.J)"'1 
MDJ·MD{J) +J 
n·MA.I(lRC,IR1) 
I2·MIN(J,IR2) 
IF (I2.GE.Il) THEN 

DC 10 I·Il,I2 
PO )·P( I) +A(IoIDJ~1 )-''Jl{ J) 

E:NDIF 
20 CONTINUE 

C-------- MULTIPLT TERXS BELOW THE MAIN DIAGONAL 

cc 
c 

40 

00 30 I·IR1, IR2 
I RC"I-MD( 1+1) +)I(D( I) +1 
toIDI·MD(I) +1 
Jl·IotAX(IRC,JC1) 
J2-MIN(I-LJe2) 
IF (J2.GE..Jl) THEN 

00 40 J·Jl.J2 
P{ I )·P( I) +JI.(MDI-J)"X(.J) 

EHOIF 
]0 CONTINUE 

IF (PRINT) CALL WHATRJr:{P,N .1.'RE6\Jr.T· JI."X·) 

DIAGO!'lAL 

TMP00140 
TMP001SO 
TMP00160 
TMP00110 
TMP00180 
TMP00190 
TMP00200 
TMP00210 
TMP00220 
TMP00230 
'l'MPOOHO 
TMPOO:ZSO 
TMP00260 
TMP00270 
TIoIP002BO 
TMPOO:Z90 
TMP00300 
TJoIIP00310 
TMP00)20 
T,,"pOOJ30 
TMP00340 
TIoIPOO]50 
TMP00360 
TIIlPOOl70 
TMP003BO 
TtoIP00390 
TMPOOolOO 
T,,"P00410 
THPoono 
TIrIP004 ]0 
THP00440 
TMP00450 
TMP00460 
TMP00410 
TMP004BO 
TMP00490 
TMP00500 
TMP00510 
TIrIP00520 
T,,"P005JO 
TMP00540 
TMP005S0 
TMP005EiO 
't'"IoIP00570 
'I'"IoIPOOS60 
TMPOOS9Q 
TMP00600 
'rMPOOEil0 
TMP00620 
TMPOOEi)O 
'TMP00640 
TMP001550 
TMP00660 
TIoIP006"10 

500 FORMAT (I'~J,Jl./,2X,· IRll',IS,' IR2.·,IS. TMP00680 
, ' JClI'.IS,' JC:;)I',I5,' HI',I5) TJooIP00690 

IF (PRINT) THE:N THp00700 
DO 515 I.IRl,IR:iI TMP00710 

WRITE:(6,520) I,J(I),p(I) TMP00720 
WRITE (6,.) , • TIoIPOO"l30 

S20 FORMAT (2X,'OOFI',16,' X(OOF)',IP,Glt.5,' A·X"P(DOF)l'.G14.5) TMPOOHO 
ENDIF TMP00150 

515 

RE'!'URN "['toIPOO7EiO 
ENO TI4P0077 0 

CI.IPRCCESS SDlJMP OPT(O) GOSTMT XREF Io'..AP UTMOOOIO 
e ...... - .............. - ......... - ••••••••• -.-••• - ••••••• -.·_················UTM00020 
e OEBUG U!'IIT(6),SUBCHI(,SUBTRACE,INIT UTM00030 
e E:ND DEBUG UTM00040 
C ..................................................... - •• - ...... • •• _ ••• • ..... ____ •• .. UTIrIOOOSO 
C UPPER TRIANGLAR MATRU: MULTIPLICATION.... UTMOOOISO 
C HATRn A 15 oUl UPPER TRIANGULAR MATRIX, InTH KAIN DIAGONAL AODRESS UTM00070 
e MATRUX '"'0. II: 15 A VECTOR. P·AX UTMOOOBO 
e THE IoruLTIPLleATION IS CARRIED OUT FRO'"' lmW Ll TO L2 AND FROM UTMOOO!OO 
e COLUMN 1.1 TO !'I. UTM00100 
c ............ _ ............................................. _ .................... UTMOO 1 1 0 

320 

c 

SUilFtOlJ'J'INE UTMPLY (PRItf'r, ZERO, IMD,H, IR1. IR2, JC 1, Je2 .1010, A. p, Xl UTM00120 
SUBROIJ't'INE UTICPLY (PRINT, ZERO. N, IMD, Ll, 1.2 ,"D,"', p, X) UTMOO 130 
CIMENSIO!'l A(IMD),I(N),P(!'I).MD(!'I+l) UTIolOOltO 
LOGICAL B'TEST,pRIN'l',ZERO UTH001S0 

IJI(I,J)·"'D(J)+J-I 
IF (PRINT) THEN 

WRITE (6,500) 'UPPER TRI~GULAR MllLTI PLACATION , , 
!Fll,IR2.Je1,Je2,N 

CALI.. ~MATRJI:(A.IrID,N.MD(N+1). 'MATRIX A ') 
CALI.. ~TRX(lI:.N .1. 'MATRIX X') 

ENDIF 
---- ZERO P ~--

It' (ZE:RO) THEN 
00 )20 J·L 1. 1.2 

P(J)·O 
ENDIF 

UTH00160 

C-------- MlJLT!pt,'r TERloIS ABOVE: AND INCLUDINt; THE MAIN DIAGONAL 

UTM00170 
UTli001BO 
UTM00190 
UTM00200 
U'rM00210 
UTM00220 
UTM002JO 
UTIoI00240 
UTM00250 
UTM00260 
U't'M002"10 
UTIrI002BO 
UTM00290 
UTM00300 
UTtoIOOJlO 
UTM00320 
UTM003]0 
UTto:OO)~O 

UTMOO)"SO 
UTMOO)60 
UTM00370 
uTMOOJBO 
UTMOOJ90 

10 

00 20 .J·JC1,Je4 
I RC·J-IrID( J+ 1) +MD{ J) ... 1 
MOJ-MO( J)"'J 
I1·MAX(IRC,IR1) 
n.l'IIN(J, [R2) 
IF (I:;;.GE.Il) THEN 

00 10 1·11.12 
p( I ).P( I )+A(MDJ'-I) ·X( J} 

ENDIF 

112 



20 Co~IN1JE 
c 
C------------ troruLTIPLY 5 RED· OISP • P 

LJ'I'MOQ400 
UTM00410 
UTMOOnO 
UTMOOOO 
UTM00440 
UTM00450 
UTM00460 
UTM00470 
V'T'1"-004BO 
UTM00490 
LJ'I'MOOSOO 
UTMOOSIO 

e 00 340 .:I·LI,N -
C ICl·.J-(MD(.J+l)-MD(.J» +1 

IC2·MAJ:(IC1,Ll} 

,<0 
00 J40 I-J,IC2,-1 

IJ·IJI( I. Jl 
P( I).P( I) + .... ( IJ) ill( J) 

IF (PRI~) CALL WMATIU(P,N ,l,'RESULT· "-I ') 

'SOO FORMAT (/2X,A/,21',' IIHI',IS,' IR2.',IS, UTM005JO 
, ' .:IClI' ,15,' .:IC21' ,15,' NI' ,15) UTM005JO 

IF [PRINT) THEN UTM00540 
00 515 I-IRl.IR2 UTMOO'HO 

5[5 WRITE(6,S20) l.X(I),P(I) u'I'JIIOOS60 
WRITE(6, *) U'TM00570 

520 FORXAT (::iII,'ooFI',I6,' X(oorl',lP,GH,5,' A·X-P(OOF)I',GH.S) UTM005BO 
ENOIF UTMOOS90 
RE'I'URN LJ'I'M00600 
END U'I'M00i510 

C -. --- .......... - •••••••••••••• - •••• _ ................... --...... ---•••••••••• VeDO 0 0 1 0 
C DE6UG UNIT(6),S1J8CHK,SU8TR.\CE VCOOOOJO 
C END DE8UG VC000030 

REAL FUNCTION VeOS(Vl,..,2) vC000040 
DIMENSION Vl(3).V2(J) vC000050 
VALUE (Al.A2.AJl·SQRT(Al·.2+A2 .... 2+AJ··2) VC000060 
DO'(" (Al,IU ,C 1. A2. B2. C2) ..... 1" A2+6 I-B2+C 1·C2 VC000070 

vcooooeo 
}Wl.VALUE(Vl( 1) .v1(2),Vl( J) VC000090 
",v2-VALUE( V2( 11. V2 (2) .... 2 (3) VCOCOlOO 
vOOT·COT(Vl( 1), VI(::iI) , v1(3) ,V2{ I), V:il( 2) ,V2( J) VCOOOllO 
VCOS.VOOT/(AVI.I\V2) VC000120 
RE'I'URN VC000130 
END VCOOOHO 

C ..... • ...................................................... ···-···-··· .. ---VCROOO I 0 
C '13 • VI X V1, VECTOR CROSS PRODUCT ••• VCR00020 
C •••• • •••••••••••••••••• - ..... --•• - ........................................ • .... VC ROOO JO 

SUBROIJTINE VCROSS(VJ,Vl,V2} VCR00040 
DIJoIENSION Vl(J),V2(J),VJ(J) VCR00050 

VJ(l) • V1(2)·V:il{3) - Vl(3}-V:il:{:il) 
v3(:21 • ~(""I(l).V2(3) ~ Vl(3)·":il:(1) ) 
VJ(Jl • '11(1)·"2(2) - Vl(2)·Y2(l) 

VCR00060 
VCR00010 
VCR00080 
VCR00090 
VCFlOOI00 

RE'TURN VCROOllO 
END VCR00120 

C ........................... • •••••• - •••••• • .......... • .... ···.····.···········WILOOO 10 
C DEBUG UNIT(6) ,SUBCHIt.SUI!ITRACE WIL00020 
C END DEBUG Wlt.OOOJO 

c 

SUBROUTINE WILSON ( 1 OPT, BUG, OT ,TO, TF. T, THE:TA. NEWJt:OT • WILOOO" 0 
, Ll. L2. LJ, L4. L5, L6, IMOMAS, 1"'0, I "'OS ,IMDItG, HOOF, NFREE, WIL00050 
, II:GLOAO,II:GFOR)(, WIL000i50 
, .... ,V ,0 ,P WIL00010 
, 0"" ,0'" , DO , DP , VORl( , WIL00060 

MASS ,HDKASS,DAMP .STIFF ,MC WIL00090 
II:G ,MOII:G .... ce ,GRAV • WILOOI00 
S ,MOS,Q ,FI ,PBA~. WILOOI10 
F'DIJo1P. FMASS, Cl, c2. CJ, C •• C5. C6. C7 • ALPH ... , BETA, C 10, C 11 ,ABORT} WILOO 120 

COIOlCN ItDSTEF'/IS'TEP 
INTEGER FOAMP, f'KAS5 
REAL MA.SS, ~ 
LOGICAL BlJG,NEli'"II:OY,BTES'I',I\BOR'I' 
DIMENSION A(NooF), V{NOOF), D(NOOF), DA(NDJF), DV(NooFl, oD(NOOF} 
DIMENSION P(NOOF), DP(NDOF), DUJoIMl (1), IOOMMT (1), NQR,I(( 2·NOOF'j 
OIME:NSION PBAFI(LJ IL4) ,Q(LJIL4). R(LJ IL4) 
DIMENSION MOMASS(NDOF+ 1 J. MASS ( IJoIDKAS) 
DIMENSION JoIOP;:G(NooF+l) ,1tG(IMOItCi) 
DIMENSION JIIO(NooF+l) ,STIF'F(IMO) 
DIMENSION JoIOS(NOOF+l) ,S(INOS) ,DAMP(J) 

GO TO (100,200,300) IOPT 

"ILOOllO 

e··········- .. ··········· 

WIL00140 
\IIIL001S0 
\111[.00160 
WILOOI10 
WILOOl60 
"IL00190 
WIL00100 
WIL00210 
WIL00220 
WIL002JO 
WIt.00240 
\II1[,,002S0 
WI[,,00260 
WIL00210 
WIL00260 
WIL00290 
WILOOJOO 
WIL00310 
III'ILOOJ20 
WILOOJ30 
WI['00340 
WIL003S0 
WIL00360 
,.1 LOOJ10 
WILOC3eo 
WILoono 
WIL00400 
WIL00410 
WIL00420 
WIL004JO 
IfILOOUO 
WIL004S0 
VILOO.uO 
WIL00410 
WIL00490 
WIL00490 
WILOOSOO 
WIL00510 
WILOOS20 
\IIILOOS30 
WIL00540 
WIL00550 
wiLOOS60 
WILOOS/O 
WILOO')80 

C. INITIALIZE VALUES ••• 

C·· .. •••••••••••••••••••• 100 CONTINUE 

c 

C 1·6./ (THE."t'A·t:n')"2 
C2-J./(THE'I'A·OT) 
Cl-6./(THE'I'A·C7J') 
C4-THE.'TA·DT/2. 
C5·errl2. 
c6-01'··2 12. 
C7-[7['-·:il 16. 
ALPHI\.OAMP( 1) 
8ETI\ "CAMP(2) 
CIO·l ... BE."l' ... ·C2 
C II·C l+ALPHA-C2 

c~----~- DEVELOP SJ.:TLINE: OF DYNAMIC BTl FF'NES8 S 
C ••••••• LSTIFF •• OF STIFFNESS TERMS IN COLUMN J 
C ••••••• !.MASS f OF )(ASS TERMS IN COLUMN J 
C. • • • • •• LItG •• OF KG TERMS I N COLUMN J 
C 
C 
C 
C 
C 
C 
C 
C 
C 
ClIO 
C 

MCS( 1 )·1 
LP;:G·O 
00 110 Jl·2.NFFlEE+l 

.J·Jl+Ll-l 
LSTI FF·JoID( Jl-MD( J-l ) 
LMASS -MDNAS6( J) ~)o(CMASS( J-l) 
IF (II:GroRM.E:Q.J) L"II:G· "'DItG(J)-",oKG(J-l) 
t.·MINj Jl-1, t4A.1{ LS'l'IFF. LMASS, Lx:G) 
MoS( Jl ).MDS(Jl-ll +L 

RETURN WILOO')90 
C WIL00600 
c-· •• -_.-.-_._--•• - •••• - ................ - ••• _ ••••••••••• ---................ WI LO 0151 0 
C. SOLVE FOR INCRIMENTAL OISPL",CE:MEN'l'S, VELOCITIES ANt) ACCELERATIONS •• WILOOi5:ilO 
c •• ·_ ••• • ..... ·"' ••• • .... ··-•• • ..... • •••• • ••• • •••• • •• •• ••• • •••• - •••••••• - ••• WILOC630 

c 

200 caN'I'INUE 1UL00640 

'0' '00 

• 

IF (BUG ) THEN WIL006')0 
00 205 I·L3,L4 WIL00660 
WFlITE (6.2061 I, DeI) ,V( I) , .... ( I). F'(I}. OP(I) WIL00670 
FaRJ(A.T (' [)OF.',I6,' OISPI',lp,G12.4,' VEL.',G12.4. WIL00660 

, ACC.',G12.4,' LOAD.', G12.4,' OPI',G12.4) WIL00690 
ENOIF WIL00100 

C-~~~-~~ FORM OYNAMIC S'I'IFFNESS 
IF (FDI\)IP.EQ.l) THEN 

WIL00710 
WIL001'20 
WILOOiJO 
WIL00'140 

c ••••••• SOME LOCAL VAFlIABLES WIL00750 
C J .. COLUIooIli NUMBER FOR MASS AND STIFF WIt.OOHiO 
C I - RO"" NUJoIBER mR MASS AND STIfF WILOOno 
C Jl • COLUJoIN NUMBER FOR S WIL00180 
C 11 Fl.OW NUMBEFI. FaFl. S WILOOHO 
C IJSTIF • ADDRESS OF' ELEMENT I.J IN MATRII ~IFF WIL00900 
C IJMAS5 • "DDRESS OF' ELEMENT I.J IN foOt.TRII MASS "'IL00610 
C IJI{G I\DDRESS OF' ELEMENT I,J IN GEOMETRIC STIFFNESS foOt.TRIX WIL00920 
C IJS ADDRESS OF ELEMENT I1,Jl IN MATRIX S WILOOB30 
C LSTU'F • ROW. CONTAINING THE FIRST NONZEFIO TEF~M IN COLUMN J OF S'I'IFF WILOOB40 
C LMASS • ROW t CONTAINING THE FIRST NONZERO TERJ04 IN COLUJoIN J OF MASS WILOOB50 
C LI'\G - ROW f CONTAINING THE FlR.6'I' NONZERO TERJoI IN COLUJoCN J OF II;G WIL008150 
C LS .. ROW f CONTAINING THE FIRST NOt-lZi:RO TERM IN COLUJoIN J OF S IofIL00870 
C WIL008BO 
C OE."TERMINE THE FI\C'!'OR FOR KG WIL00690 

IF (II:GLOMl.EQ.l) THEN WIL00900 
CI0';:G·CI0-( 1+"CC) WIL00910 

ELSE IF (II:GLOAo.EQ.:ill THEN WIL00920 
CI0'ltG·ClO WIL009JO 

ENOIF lli'ILOOHO 

210 

215 

220 

c 

00 ::i!::I5 J·LJ ,L4 
Jl·J-t.3i'1 
LS'TI FF·.)'- P4o( J+l } -JoIO( .J) ~ 1 ) 
L5 ·.)'I-("'DS(,1l+1)~"'DS(Jl)~IJ+L2 
L·HAJt (LS. I..S'!'I FF) 
[)O 210 I·J.L,~1 

II-I-LJ-+l 
I,1S-( MOS( Jl )+.:11 )-1 1 
I JS'T I r·( MO( Jl +.:11-1 
S( IJS).5TIFF( I J5TI F}·C 10 

IF (LS.LT.LSTIFr) THEN 
00 21S I·L~1,L5,~1 

IJ'S- (MOS( J1) +,111-11 
S(IJS)·O 

ENoIF 

LMASS-J- (Ioo!;DM.ASS( J+ 1) -MoM1r.SS( J) ~ 1) 
t.-1ltAl.(LS, LMASS} 
00 :il:il0 I"J,L,~l 

Il·I-LJ+l 
IJS· ("'OS( Jl) +Jl )-1 1 
I J'MASS· ("'DMASS( J) +J)-I 
5(IJS)·AASS(I.J'MASS)·Cl1 + 5(IJS) 

IF (II:GFORJo1.EQ.:il) THEN 

"'IL00950 
'!IIIL00960 
WIL00970 
wlt.00980 
WIL00990 
wIt.OlOOO 
WILOIOIC 
WILOI020 
wILOIOJO 
WtLOI040 
WIL010SO 
WILOI060 
WILOI010 
WIt.01080 
WILOI090 
WILOII00 
WILO 1110 
WILOl120 
WILOIllO 
wILOl140 
iIiIILOllS0 
WIL011i50 
WILOl170 
WILOl180 
WILOl190 
WIL01200 
WHOllIO 
wtLOU:20 

c. 
c. 
c. 
c. 

NOTEI THE GEOMETRIC 5'!'IFFNESS WAS DE:FlIVEo WITH COMF'RESSION WIL012JO 
8E:ING ?QSITIVE, IICG HI\S POSITI'w'E TERMS ON THE I'V.IN DIAGIONAL "lL01240 
REF'RESENTING COMPFlESSIO!oi, THUS II(G IS SUBTRACTED FROM S WIL01250 
CItG IS AN INCREASE FOR VERT "CCEL WIL01:il60 

CP;:G"1.00 WIt.Ol:illO 
c 
c 

77711772 WILOl:il80 

C~-~- It( BARl .. II(B .... R) ~ C'ltG·GEOHE'I'RIC STIFFNESS 

'" 
225 

c 

LP;:G·J- (MCP;:G (J"'l ) ~"'DItG (J) -1 ) 
L-MAX (LS, LJt:G) 
00 222 1·.:1,1.0.-1 

I1-I~'[,J"'l 

IJS-(MDS( Jl1 +Jl) -I 1 
I JItG" ("'OItG (J'l +J')-I 
S(IJS)·S(IJS) ~ II:G(IJP;:G)·C-':G 

ENDIF 

CONTINUE 
'EIliDIF 

c----~-~ Co\LCULATE Q AND R VECTORS 
C ••••••• QI IS TEMPFIOARLT STOFlEO IN 01\ 

'1111.001290 
WIL01300 
"'11.001310 
wILOlno 
'!IIILOIJlO 
WIL01340 
WILOlJ50 
WILOlJ60 
WIL01310 
WIt.Q1380 
WILOlJ90 
WIL01400 
WtL01410 
WIL01420 
wILOl4JO 
WIL01440 

C Q{I) AND FI.(!) ARE troruLTIPLIEo BU! THE PROPER COIEFICIENTS FOR WIL014S0 
C PRQPOR'l'IONI\L DAMPING 

c 

00 230 I·LJ,L4 
QI· e3·V(I) + 3·A(I} 
RI. J·V(I) i' C4·A(I) 
DA( I)· QI 
Q( 1)· QI + ALPHA·RI 

230 R(I)· BE't' ... ·RI 

C------- FOR)( DYNAMIC LOAD 
C 
c ••••••• INITILUE F'Bl\Fl-OPiOTHE:TA 

[)O ::140 I·L3,t.4 
240 F'e"'R(I)· oP(I)·THE:T1\ 

IF (FOAMP.EQ.l) THEN 
c 
C ••••••• F'BAR-PB .... FI +KASS·Q 

250 

25' < 

00 :ilSO J·LJ,L4 
MOJ.III0MA.6S( J) +.:1 
M.J'- (IIIDlQSS( ,1+ 1) ~MDMA..SS (.:Ill + 1 
M-MA.l(M,t.3) 
DO 250 I·M,J 

PBAR(I)"P8AR(I)'" MASS(MOJ'-I)iOQ(J) 
CONTuruE 

[)O 2SS I.LJ+l,L4 
HOI·MDMASS( I 1 +1 
"'" I -( JoICMA.6S (I + l)-MDMASS( I ) ) ... 1 
"""KU(M,L3) 
00 2!SS J-M, I ~1 

P8AR(I)·PBAR( 1)+ JoIASS(lt:DI-J)-Q(J) 
eON'i'INUE 

C ••••••• PBAR·BB ... R +S'TIFF-R 

'00 

'05 

c 

00 260 J·LJ, L4 
...DJ·JIIO( 31 +,J 
M-J-(JoIO(.:I+l)-MO{J) )"'1 
M-M,g(M,LJ} 
00 260 I·M, J 

PBAR( I }. PB .... R.( I } + STI FF (MOJ-I ) ·FI( J) 
CON"l'INUE 

00 265 I·L3"'l,L4 
MoI·Mo(I )+1 
M-l-(MO(I +1 )-MO( I) +1 
M-MAJ:(M.L3) 
[)O J65 J·M, I ~1 

ENoIF 

PB.AR(I)·F'8AR(I)'" S'!'IFF(MDI~J)·R(J) 
CON'I'INUE. 

C-~~-~-- SOLVE FOR oISPL~E:MENT AT TIJIIE THETA"C1l' 
C ....... NOTEI - WORI{ IS USED FOFl TEJoIF'OIVIRT WOFlJt: SPACE 
C - PBAR CONTAINS THE INCRIJoIEN'l'AL DISPLACMENT BE'I'WEEN 
C TIM.ES T AND T+THE:TAilCYl' AMER THE SECOND CALL TO MSOLL 
C 

CALL MSOLL( 1, BUG, NFREE. IM05, NFFlEE,l,l,NFREE, ",OS, 6, PBAR, WOR';:, 
, .FALSE •• DUMKT.IOOJolMl,I, 
, • FALSE •• OUMKT ,IDUI04't ,I,I\BORT) 

IF (1\80RT) RE."TUFI.N 
CALL MSOLL( 3 , BUG, NFREE, lJoI05. NFREE. I, I, NFFlEE, M05, S, PBI\R, WaRP;:, 

, .FALSE.,DUMMT,IOt,lioO(J,l, 
, .FAl"SE.,DUI04T,lOOioO(J.l,AI!IORT) 

IF ("'SORT) RE'I'URN 
c 
c 

Wlt.01460 
WIL01470 
WIL01490 
WIL01490 
WIL01SOO 
WILOl')lO 
WIL01S20 
WIL01S30 
WIt.01540 
WIL01550 
WIL01560 
WIL01SiO 
WILOlseo 
WIL01590 
WIL01600 
WIL01610 
WIL01620 
WIt.016JO 
WIL01640 
WII..01650 
'10111.001660 
lriIL016iO 
WtL016BO 
WIL01690 
\IIIL01700 
'oIIL01710 
WIL01 ?:cO 
WILOI130 
WILOIHO 
WIL01750 
WIL01l60 
lIIILO Iii 0 
WIL01790 
... 11.001790 
'10111.001900 
WILOIBI0 
WILOlB20 
WIL01830 
WIL01840 
wI(.018S0 
WIL01860 
WI(.01870 
"'IL019BO 
'iUL01890 
WIL01900 
1ri]L01910 
Wl1..01920 
WIL019JO 
wIL01940 
WILOUl50 
WI[.019i50 
WIL01910 
WIL01980 
WILO 1990 
WIL0200C 
WILC:il010 
WI[.02020 
OlIL020JO 
WIt.02040 
WIL02050 
WIL02060 
WIL02070 
WI'[,02080 
WIL02090 

C------- OE:TERMINE ACC~ERATION, VELOCITY AND OISPLACEMon' 
c ....... RECALL THAT QI WAS TE:)(PORARLI STOREC IN 01\(1) 

I\T TIJoIE err WIL02100 

C OA • INCRIMEN'I'AL ACCELERATION BE'l'WEEN TIMES T AND T+[1r 
C OY - BICRIM.ENTAL VELOCTIT 8E."t'WEEN TlJoIES T AND T"'[11' 
C 00 • tNCRIMENTAL oISPLACMENT BETWEEN TIMES T AND T+C1l' 
C 

270 

c 

00 ;i!10 r·L3,L4 
Do\{l)·( Cl-PI!IAR(I) - oA(I) liTHE"!''' 
oV(I).A(l).CYl' + 0::5-0A(I) 
oD(I)·V(I)iO[1r + ci5. A(I) + e7-0A(Il 

RETURN 

c-···· .... -.••. -............................. -_ .. -... --.. --.--.... -. 
C· CALC TOTAL oISF'LACEMENTS. VEt.OCITIES AND ACCELEIVITIONS ... C····· .....•..•• -..... -............................................ . 

JOO CON'l'IN"UE: 
DO 310 I-l,Noor 

A(I )·01\(1) + 1\( I} 
V(I)·OV(I) + V(I) 
0(1)·00(1) -+ 0(1) 
P(I).oP(I) + P(I) 

310 OF'(I)-O.OO 

WIL02110 
W'ILO:ill:ilO 
Wlt.O::i!lJO 
WILO::l140 
WIL021S0 
wtL02160 
WIL02170 
'1111.002190 
WIL02190 
WIL02200 
"IL02:illO 
Wlt.022:il0 
WIL02::i!30 
WIL02240 
'10111..02250 
WIL02::l60 
WIL02210 
WIL02280 
WIL02290 
WIL02300 
WII..O::i!310 
WI1..02320 
WIL0'2J30 

RE."TURN WIL02J40 
END WIL02350 

C ••••••••••••••• _ ........ ,.. .................. _ ...................... ", ........ ·WMAOOO 10 
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DEBUG UNI1'(6),SUs.cHIt.,SUBTRACE 
E:ND DEBUG 

SUBROUTIN'E Iof)(,\TRI'(A.IR.IC.NAME) 
DHCEN'SION A(IR,IC) 
CHARACTER'" ('") NAIo1E 
LOGICAL DMP.BTES't' 

CALL GE'TtNT( NAJIIE. 'OOMP-', I OO,",P , O •• TRUE ••• FALSE.) 
I~ (IDU,",P.NE.O) THO: 

DMP·.TRUE. 

DMP ... FUSE. 
ENDIF' 

WMA00020 
WM.\00030 
1OUr.00040 
tfMA00050 
'irlMA,00060 
WMA00010 
WMAOOOeO 
WMA00090 
WMAOO 100 
",",,00110 
w)u'OOno 
WMAOOIJO 
WMA00140 
W1Q,001S0 

WRITE (6.-) • • WMA00160 
WRITE (6.-) 'PRINTIt-lG MATRIX. ·.NAJoIE WMA0017Q 
00 50 ICG-1,1C.6 WMA00180 

I~ (ICG.GT.l) WRITE (6,-) W1Q,00190 
~·MIN((ICGtS),IC) WMA00200 
.... RI't'E (6,10) (J,J.ICG,Iit) WMA00:210 
OOJOI·l.IR Wl'.A002JO 

IF (OMP) THEN WJII.A00;2J0 
00 15 J-ICG,1t WXA00240 
IF (A(t,J') .NE.O) \IIRI't'E (IOU,",P,-) I,J.A(I.J) .NIJo1E WMA00450 

END!:' WMAOO;Z60 
20 WRITE: (6,JO) 1. (A(I,J),J·ICG,lt:l WMAOO.70 
SO COt-lTINUE WHAOO.eO 

RE'TURloI 'llJl(A0029 0 
10 FORMAT ( • COLUJI(N' .1'17 ,IS.5( 15X,I5)) WJ!I..AOOJOO 
JO FORMAT(' ii:OW'.I4,EiG20.Ei) WMA00310 

END )r()o(AOOJ20 
C ... ...................................................................... _-- .. _ ............ WHT 0 0 0 1 0 
C DEBUG UNI't'(iS),SUBCHIt,5US1RACE WHT00020 
C END DESUG WM'I'OOOJO 

SUBROUTINE WM'T'RX2(A,IR,IC,NA)o«E,IRO'lf) WM'l'00040 
DIMENSION A(IROW,IC) W)ft'00050 
CHARACT£R'" (.) N.u4E W)ft'00060 
LOGICAL OMP,BTES'T WMT00070 

CALL GETINT(NAME, 'OO,",p·' • lCUMP, O •• TR\.IE., • FALSE.) 
IF (IOUMP.NE.O) THEN 

D,",P· .TRUE. 
ELSE 

DHp·.FALSE. 
ENDIF 

WRITE: (6. -) , , 
WRITE (6,·) 'PRINTING MA'I'RI'II ',NAME 
DO 50 ICG·l.IC.iS 

IF (ICG.GT.l) WRITE (IS,") 
~-MIN«ICG+5),IC) 

WRnE (6, LO) (.:r • .:r-I~G,P;:l 
to '20 1"l,IR 

tF (DIo!P) THEN 
00 15 J"ICG,1t. 
IF (A(I.J).N£.O) WRITE (IOUHP.-) I,J,A(I.J),N'AMt 

ENDIF 
JO WRITE (6,JO) I,(A(I,J).J .. tCG,K) 
50 CONTINUE 

RE,W!'URN 
10 FORMAT(' COLUMN',1'l7,I5,5(lSX,IS)) 
JO FORMAT(' RQW',I4,iSf''20.iS) 

"NO 

:pt J.la normal 
· to on 
.sp 1 A 
• ue C. PROGRJ.)4 SEE 
· (a ott t.runc 
.sp 1 "-
.us FILEI SEe FORTRAN 
.ep 1 A 
• b r p4 ,. 1s norma 1 p5 

WHT00080 
WM'I'00090 
WM'['00100 
WMTOOUO 
1fMT00 1::10 
VM"I'00130 
W)l']'00140 
WHT00150 
WMTOOHiO 
WM'I'OOl10 
WMT00180 
WMT00190 
WJo(T00200 
WMTOO:I:lO 
W)fI'00'220 
W)fI'00'230 
WM'!'OO:;uO 
W)4't'OO::lSO 
WM'l'00'260 
m.n'00270 
WMT002S0 
'l()ft'00290 
~OOJOO 
WMTOOnO 
WMTOOJ20 

C ....... • ••• • •• • ........... _ .... _ •• - •• - ............ _ .................................. 5EEOOO 1 0 
C DEBUG UNIT( is) ,TRACE, SUSCH~, HHT, SUBTRAC£ SE£000'20 
c END DESUG 5EEOOOJO 

PA,RAME."TER (MMAX.ISOO) SEE00040 
LOGICAL PUIS SEEOOOSO 
CHARACTER"20 L.ABEL{J) SEE00060 
CHARACTER"SO TITLE 5EE00010 
~HARACTER"41 'T'EJ!l:P 5EEOOOSO 
DtJ!l:ENSION VX(J).VT(3).IIZ(J),X(4).T(4) SEE00090 
DI,",ENSION Se J. MMAI}, SRC J, MMAX), !tEl (HMAX), R)(AI( J). RMIN( 3) 5EEOOI00 
DIME:NSION E{J,)O(AI),ER(J,IOQ.X) 5££00110 
C AOSSI (A1 • SI • ~ 1 ,A~ • B2. C2 )"81-CJ -S2.C 1 SEE0012Q 
CROSSJ( Al , 81 ,('1, A:l:, B::I ,C2)"C 1- A::I-C:l:· AI SEEOO IJO 
CROSSI( (A 1. S 1. C 1 • A:I:. 8'2, C2) -Al·82-A:I:-81 SEEOe 140 
VALUE (AI, 1..2, A3 ).SQRT (AI· .. 2+"2 .... 2tA3 .. "2) SEEOO 150 
DOT (Al,Bl,Cl,A2.B2,C2)"A1·A2t81·B2...cl·C2 SEE001iSO 
LABEL( 1)·' ROTATED X AIlS' SE£00110 
LABEL(2)·' ROTATED t' AIlS' SEE00180 
LA8EL(3)·'RO'l'A't'ED a A.lIS' SEE00190 

c 
C------ INITIALIIE THE PLO'I'TUIG DEVICE ---

CALL PLO'I'S(O,O,7) 
c 
C~----- INPUT' PRINT POINTS --------

00 10 1-1.JOIAX 

c 

RE:.AD (10,-.£No-15) Jt:EY{I),{S{J,I),J"l,3),{E(J.I),J·l,3) 
10 Wii:ITE: (6.::10) KEYtI), (5(J,I ),J.l.J), (E(J,I) .J·l.J). 'INPIJ't' 
15 NUMB·I 

IF (I.LE.MMAJ:) NUMS"I-1 
'20 E'ORXAT (lX.I5.1P,!5G12.4,.,A) 

C------ LOOP FOR EACH VIEW ---------
READ(S,.) NVIEW 
DO 2000 IVUWool,NVIEW 

c 
C------ INPUT VIEWING D".,.A ----------

READ (5,-) TITLE,ILEN.lt.EN.PUIS.VI.VT. 
c 
c------ CALCULATE DIRECTIDN COSINES -

V'a(I)· VX(2)'VT.(3)-Vl(3)'V1(2) 
V'a (2 )--VX( 1) -vT( 3) tV'l( ll"VY( 1) 
V~{))· V1(1)-V1(2)-V'l(.)·VY{1) 
\1'1(1)· IIZ('2)-VX(3)-VI(J)·VX(J) 
VI( '2 ).-vz (1) ·W( 3) tV'Z (3 )·VI{ 1) 
VY{J). VZ{l)-VX(:2)-V'Z(:2)'"VX(l) 
DX"VALUE(VI( 1) .V'X(2) ,V'I(3) 1 
DI·VALUE(VY (1), VT ('2 J. VT (3») 
D2.-V.\LUE(VZ( 1) ,"'Z( '2), VZ( J) J 

c 

DO JO 1·1. J 
VJ:( 11·........:( 11/0X 
VT (I )·VY (I) 101 

30 VZ(I)·v'HI )/ClZ 

C-----~ PRINT ClIRECTION C05INE.5 
WRITE (6,*) , VIE:W NUMBE:R .......... .!'.IVIEw 
WRITE (6,·) TITLE ................. I ',TITLE 
WRITE (S,·) X-LENGTH ••••••••••••••• ·,XLEN 
WRITE (S.·) Y-LENCTH ••••••••••••••• • • YLEN 
WRITE (6.*) VX ••••••••••••••••••••• ·.vx 
WRITE (6.*) VT ••••••••••••••••••••• ·.VY 
WRITE (6.·J liZ ••••••••••••••••••••• ' ,VZ 

c 
c------ CALCuLATE, PRINT RO'l'ATED COORDINATES ----

00 lOO J·l,NUMB 
00 40 I·l,J 

SR( 1..])"0 

'0 ER( I ,J)"O 
00 50 1·1, J 

SR(l,J)· SR{l,J) .. VX{I)-S(I,J) 

5££00200 
5EE00210 
SEEoono 
SEE00230 
5££00240 
S£E002S0 
S£E00260 

POINT' 6E£00270 
SEEOO:ZSO 
5EE00290 
5EEOOJOO 
SEE00310 
SEE00J10 
5EEOOJJO 
SE£00340 
SEE00350 
6EE00J60 
SEEOOJ10 
SEEOOJeO 
SEEOOJ90 
5Et00400 
5EE00410 
SEE00420 
S£E00430 
5EE00440 
SEE004 SO 
5EE00460 
SEE00410 
6EE00480 
6EE00490 
SEEOOSOO 
6EE00510 
5E:E00520 
5E£00530 
5E£00540 
SEE00550 
S£&00560 
5EE00570 
5E;E00580 
51::;E;00590 
SEEOOEiOO 
S£:E00610 
5£EOOI!S'20 
5££00630 
6£:£00640 
5£:E:00650 
5£:E00660 
6EE001570 
SEEOOl!S80 
SEE00690 

5R(2,J)· 5R('2.J) + VY(I)-S(I.J) SE£00100 
6R(J,J)· 5A(J.J) + VZ(I)·S(!,J) SE£001l0 
ER(l.J)- E:R(l.J) + VX(I)·EeI,J) SEE001':1:0 
ER(:;!,J)- ER('2,J) t VT(I)-E(I.J) SEE00730 

50 ER(J,J)· ER(J,J) ~ 'W'Z(I)·E(I.J) 5£.£.00140 
IF (J.EQ.l) THEN SEE00750 

00 60 1"1.3 5££00760 
RMAI( I )·M.U(SR( I, J), ER( I • .1) S££00770 

.0 RJIIIN(I )""'IN(5R(I .J) ,ER(I .J» SEE007S0 
ELSE 5E£00790 

00 70 1·1. J 5EE00800 
RMAJ:(I)-KAJl:{5R(LJ).E:R(I.J).RJo(AX(l1) SEE00810 

10 RJo4IN(I )·MIN(5R(I, J), E:R( I, J), RJo4U( I)) 5££008:20 
£NDIF 5££00SJO 

100 WRITE (6,20) ItEI(J),(5R(I,J).1·l,J),(ER(I.J),I-l,J). 5E£00S40 
, 'ROTATED POINT' 5EE00850 

C SEE00860 
C ..... _ ... •• ...... • ... •• •• ·-... ·-.. ·_ ... •• ... • ..... ••• .. • .. • .. ••• ..... • ............. - .......... 5EE008' 0 
C~----_ PLQ'I' POINTS. USING CALCOMP 1051 PLOTTER COkMAND5... SEE00880 
C·.·_ ... • .. -.-..... •• .... • •• • .......... •• ... •• ......... • ...... •• ... ··-_ .... • ....... _ ..... •• .... 5EEOOS90 
C 5EE00900 
C 5EE00910 
C------ LOOP FOR DlFFENINe",- VIEWS ___ 5EED0920 

00 500 IJ.l, J SEEOOr;lJO 
IF (I3.EQ.l) THEN S£E00940 

IX-I SEE00950 
II.'2 5EE00960 

E:LSE IF (IJ.£O.J) THEN 5EE;00970 
[x"l 5EE009s0 
n·J 5EE00990 

EL6E SEE01DOO 

c 
C-----~ DRAW TRIM LINE --------------

c 

CALL PLOT(0 •• 1L.J) 
CALL PLO'1'(O., O •• '2) 

C------ MOVE ORIGIN TO 0.5, o. 5 
CALI.. PLOT(.7S,.5._J) 

c 
C------ GE.'T SCALE FACTORS FOR X-!' 

X( l)-RJoIIN(IXl 

c 

X(2 ).RM.A.:I( lk) 
I (1 )·RMI~{ Il) 
I (':1:)·RMA:I(Il) 
CALL SCALE(X.'1LE:N,2.1) 
CALL SCALE(I,ILEN.2.1) 
13-X( )) 
X4·X(4 ) 
YJ • .,.(3) 
14·1(4) 

'LOT 

C------ PLOT A.lI5 ------------------------

c 

IF (PAXIS) 'l'HEN 
CALL AJ.IS{O.OO.~.OS,LABEL(n),-JO.ILEN, 0 •• K(Jl.X(4» 
CALL J\.XI5(_.05, 0 .00. LABEL( n). 20, YLEN, 90 •• J( J), J( 4)) 

ENDIF 

C------ PLOT MEJI(BERS ---------------------

c 

00 200 .1.1, NU,",B 
X(l)·SR(U.J) 
X(:2}-ER(II.,J) 
T(l)·SR(IY,J) 
t'('2}·E]:O(I'f.J) 

::100 CALL LINE(X,T,2,l,O,O) 

c-~---- PLOT TITLE -----------------------

c 

CALL SlM80t.(O.l,(ILEN+.15),.14,TITLE .0.,80) 
't'EJoIP·LABEL[I1) II' --' I /L.ABEt.( n) 
CALL 5HIBOL(0.l, (ILEN+.Ol), .05,TE:MP ,0 •• 42) 

C------ "",VE ORIGIN BACIt. TO 0,0 AND ADVANCE PAGE ----
CALI.. PI..OT{(XLE~+.'25),-.5,~J) 

500 CONTI NUE 
C 

1000 CONTINUE 
:2000 CONTIN\.IE 

C 
C------ DRAlI 'l'RIM. LINE -------------. 

c 

CALL PLOT(0.,11.,2) 
CALL PLOT(O •• O.,J) 

C------ CLOSE THE PLOTTING DEVICE ---
CALL Pt.OT(0.,O.,99r;l) 

STO' 
"NO 

5££01010 
5££010'20 
SEEO 10JO 
5E:EOI0~0 

5EEOI050 
5E:E0101S0 
SEE01010 
5EEDIOBO 
SE&010r;l0 
SEE01100 
5EE01110 
5EE:01120 
5E:E01lJO 
SEED tHO 
SEE01150 
SEE0111S0 
SEEOll'10 
5E£01180 
5EE01l90 
SE:EOIJOO 
SEEOlno 
SE£OUJO 
SEEOl2JO 
SEE:Ol140 
SEE012S0 
5EE01260 
5EE01270 
SgE:012BO 
SEE01:;5l0 
SEEO 1300 
SEEOlll0 
SEEOIJ20 
SEEOIJ]O 
5EE01HO 
sEa::olJ50 
SEEOIJ150 
5EEOIJ70 
SEEO !J80 
5EEOIJ90 
5EE01400 
5£E:01410 
SEED1420 
5£E01430 
SEE01440 
SEE01450 
5EE01460 
SEEOl470 
SEE:OH80 
SEE0145l0 
SEEOlSOO 
SEE01510 
SEE01520 
5EE01530 
SEE01540 
5£'E01550 
5EE01560 
5EE01S70 
SEEOI580 
5£E01590 
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