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DISCLAIMER
The program 3D-BASIS-TABS has been developed using computational modules in 30
BASIS-developed at the State University of New York at Buffalo, and ETABS-developed by the
University of California at Berkeley. The program 3D-BASIS-TABS has been developed, for
research purposes, with financial support from National Center for Earthquake Engineer
ing Research, Center for Infrastructure Research and Development, University of Buffalo,
and University of Missouri - Columbia. The following DISCLAIMER OF WARRANTY ap
plies to the use of computer program 3D-BASIS-TABS and the associated subroutines (in
cluding routines from 3D-BASIS and ETABS).

DISCLAIMER OF WARRANTY
The program 3D-BASIS-TABS, the associated subroutines, and the data files, are provided "AS
IS" i.-l,Jithout warranty of any kind. The authors and the aforementioned institutions make no U!ar
ranties, express or implied, that the program is free of error or is consistent with any particular
standard of merchmltability, or that the program will meet your requirements for any particular
appl1calion. The program should not be relied on for solving a problem whose incorrect solution could
restllt in injury to a person or loss of property. If you do use the program in such a manner, it
is at your own nsk. The authors and the aforementioned institutions disclaim all liability for direct
or consequential damages resulting from your use of the program.

The ownership of the program remains with the developers. The program should not be
resold or redistributed in whole or in part for direct profit. Neither the whole program
nor routines of the program shall be incorporated in to the source code or the executable
binary code of other programs without prior written permission from the authors. Pro
grams containing 3D-BASIS-TABS routines must acknowledge acceptance of the above
DISCLAIA1ER OF WARRANTY and of the fact that no business relationship is created be
tween the program's users and the authors of 3D-BASIS-TABS or the aforementioned in
stitutions. The names of the authors and the names of the aforementioned institutions
should not be used to promote products derived from this program without specific prior
\qitten permission from the authors.

NOTICE
This report was prepared by the State University of New York at Buffalo and the Universi
ty of Missouri at Columbia as a result of research sponsored by the National Center for
Earthquake Engineering Research (NCEER) through grants from the National Science Foun
dation, the New York State Science and Technology Foundation, and other sponsors.
Neither NCEER, associates of NCEER, its sponsors, the State University of New York at
Buffalo and the University of Missouri at Columbia, nor any person acting on their behalf:

a. makes any warranty, express or implied, with respect to the use of any information,
apparatus, method, or process disclosed in this report or that such use may not infringe
upon privately owned rights; or

b. assumes any liabilities of whatsoever kind with respect to the use of, or the damage
resulting from the use of, any information, apparatus, method or process disclosed in
thi'> report.

Any opinions, findings, and conclusions or recommendations expressed in this publica
tion are those of the author(s) and do not necessarily reflect the views of the National Science
Foundation, the New York State Science and Technology Foundation; or other sponsors.
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PREFACE

The National Center for Earthquake Engineering Research (NCEER) was established to expand and
disseminate knowledge about earthquakes, improve earthquake-resistant design, and implement
seismic hazard mitigation procedures to minimize loss of lives and property. The emphasis is on
structures in the eastern and central United States and lifelines throughout the country that are found
in zones oflow, moderate, and high seismicity.

NCEER's research and implementation plan in years six through ten (1991-1996) comprises four
interlocked elements, as shown in the figure below. Element I, Basic Research, is carried out to
support projects in the Applied Research area. Element II, Applied Research, is the major focus of
work for years six through ten. Element III, Demonstration Projects, have been planned to support
Applied Research projects, and will be either case studies or regional studies. Element IV,
Implementation, will result from activity in the four Applied Research projects, and from Demon
stration Projects.

ELEMENT I
BASIC RESEARCH

• Seismic hazard and
ground motion

• Soils and geotechnical
engineering

• Structures and systems

• Risk and reliability

• Protective and intelligent
systems

ELEMENT II
APPLIED RESEARCH

• The Building Project

• The Nonstructural
Components Project

• The Lifelines Project

The Highway Project

ELEMENT III
DEMONSTRATION PROJECTS

Case Studies
• Active and hybrid control
• Hospital and data processing

facilities
• Short and medium span bridges
• Water supply systems in

Memphis and San Francisco
Regional Studies

• New York City
• Mississippi Valley
• San Francisco Bay Area

• Societal and economic
studies

ELEMENT IV
IMPLEMENTATION

• ConferenceslWorkshops
• EducationfTraining courses
• Publications
• Public Awareness

Research in the Building Project focuses on the evaluation and retrofit of buildings in regions of
moderate seismicity. Emphasis is on lightly reinforced concrete buildings, steel semi-rigid frames,
and masonry walls or infills. The research involves small- and medium-scale shake table tests and
full-scale component tests at several institutions. In a parallel effort, analytical models and computer
programs are being developed to aid in the prediction of the response of these buildings to various
types of ground motion.
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Two ofthe short-tenn products of the Building Project will be a monograph on the evaluation of
lightly reinforced concrete buildings and a state-of-the-art report on unreinforced masonry.

The protective and intelligent systems program constitutes one ofthe important areas ofresearch
in the Building Project. Current tasks include the following:

1. Evaluate the perfonnance of full-scale active bracing and active mass dampers already in
place in tenns ofperfonnance, power requirements, maintenance, reliability and cost.

2. Compare passive and active control strategies in tenns of structural type, degree of
effectiveness, cost and long-tenn reliability.

3. Perfonn fundamental studies ofhybrid control.
4. Develop and test hybrid control systems.

The new computerprogram documented in this report, 3D-BASiS-TABS, Version 2. 0, is an enhanced
version of 3D-BASiS-TABS and 3D-BASiS which are special purpose programs developed by
NCEERfor nonlinear dynamic analysis ofthree-dimensional base isolated structure (see reports
NCEER-93-0011 andNCEER-91-0005). One limitation associated with the use of3D-BASiS is that
the superstructure memberforces cannot be computed - since no data regarding individual members
is specified by the user in this version. 3D-BASiS-TABS overcomes this limitation by computing
superstructure memberforces, after the completion ofthe nonlinear time history analysis, followed
by output ofpeak member forces, which can be usedfor the design ofmembers. This report briefly
describes the development of3D-BASiS-TABS and the enhancements from Version 1.0 (NCEER
Report 93-0011), which include addition ofnew isolation elementsfor modeling nonlinear dampers,
special slidingfriction bearings, improvement ofother hysteretic elements, additional verification,
several new example problems, new input/output format, and updated user's manual.
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ABSTRACf

The computer program 3D-BASIS-TABS is a special purpose program developed for

nonlinear dynamic analysis of three-dimensional base isolated structures. The program can

analyze base isolated structures with linear superstructure and nonlinear isolation system.

3D-BASIS-TABS has three options for modeling the linear superstructure (i) option 1 -

three-dimensional shear building representati~n, in which case the global stiffness matrix of

the superstructure is assembled internally by the program using story stiffnesses, specified by

the user, followed by the dynamic analysis; (ii) option 2 -- full three-dimensional represen

tation, in which case beam, column, shear wall and bracing elements of the superstructure

are modeled explicitly, followed by assembly of the global stiffness matrix, condensation,

dynamic analysis, and recovery of internal forces in structural elements by backsubstitution;

(iii) option 3 -- three-dimensional representation, in which case the dynamic characteristics

of the superstructure, such as frequencies and mode shapes, specified by the user, are used

to compute the superstructure stiffness matrix, followed by dynamic analysis. The isolation

system is modeled by representing the force-displacement relationship of each individual

isolator explicitly. The aforementioned approach for options 1 and 3 yields accurate global

response results; however, the disadvantage is that superstructure member forces cannot be

computed, since no data is available for individual members (this is the principle disadvantage

of the previous version 3D-BASIS). Option 2 in 3D-BASIS-TABS overcomes the afore

mentioned shortcoming by computing superstructure member forces, after the completion of

the nonlinear time history analysis, followed by output of peak member forces, which can be

used for the design of members.

This report describes the development of computer program 3D-BASIS-TABS

Version 2.0. The new program is an enhanced version of30-BASIS-TABS. The report should

be viewed as a continuation and addition to previous reports NCEER-93-0011 and

NCEER-91-0005. The enhancements that have been made include (i) addition ofnew isolation
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elements; (ii) models of nonlinear dampers and other hysteretic elements; (iii) additional

verification; (iv) addition of severalnew example problems; (v) new input/output format for

easier usage; (vi) updated user's manual.
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SECI10N 1

INTRODUcnON

A class of computer programs have been developed by the authors to provide com

prehensive analysis capabilities for nonlinear dynamic analysis of three-dimensional base

isolated structures, which are, 3D-BASIS (Nagarajaiah et al. 1991a;1991b), 3D-BASIS-M

(Tsopelas et al. 1991;1994), and 3D-BASIS-TABS (Nagarajaiah et al. 1993c). The newest of

the class is computer program 3D-BASIS-TABS Version 2.0 described in this report.

Computer programs 3D-BASIS have b7en specifically developed for analysis of base

isolated structures with linear superstructure and nonlinear elastomeric and/or sliding iso

lation systems. Salient features of 3D-BASIS programs which make them specially suitable

for analysis of base isolated structures with different isolation systems are as follows:

(1) Capability to analyze isolation systems that are a combination ofelastomeric and sliding

isolation systems;

(2) Unified model capable of representing the biaxial behavior of either elastomeric or

sliding bearings and other isolation devices;

(3) Capability to capture the highly nonlinear behavior of sliding isolation systems in plane

motion;

(4) Pseudo-force solution algorithm for accurate and efficient solution of stiff differential

equations that arise in sliding systems due to stick-slip behavior;

(5) Solution algorithm with the accuracy of predictor-corrector methods and efficiency

suitable for analyzing large base isolated structures;

(6) Capability to model multistory base isolated buildings and capture the lateral-torsional

behavior under bidirectional earthquake motion;

(7) Simplicity of input requirements and execution on both main and microcomputers.
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With the above mentioned capabilities 3D-BASIS programs have become increasingly

popular amongstboth researchers and practising engineers leading to several applications (i)

preliminary studies in preparation for shake table tests at SUNY-Buffalo and UC-Berkeley;

(ii) evaluation of the important effects of nonlinear biaxial interaction between orthogonal

lateral forces in isolation bearings, on the response of base isolated-structures, by Nagarajaiah

et al. (1990) and by Mokha et al. (1993); (iii) simulation of shake table test results using

measured properties of the structure and the isolation system (Nagarajaiah et al. 1992); (iv)

study oflateral torsional response ofbase isolated structures (Nagarajaiah et al. 1993a;1993b);

(v) evaluation of SEAOC code provisions for base isolated structures (Constantinou et al.

1993, Theodossiou et al. 1991, Winters et al. 1993); (vi) analysis of new base isolated buildings

and existing buildings to be retrofitted using base isolation (Amin et al. 1993, Asher et al.

1993, Button et al. 1993, Cho et al. 1993); (vi) post-earthquake evaluation studies of existing

base isolated buildings in seismically active areas such as the region of San-Andreas fault

(Clark et al. 1993).

The computer program 3D-BASIS-TABS is a special purpose program developed for

nonlinear dynamic analysis of three-dimensional base isolated structures. The program can

analyze base isolated structures with linear superstructure and nonlinear isolation system.

3D-BASIS-TABS has three options for modeling the linear superstructure (i) option 1 -

three-dimensional shear building representation, in which case the global stiffness matrix of

the superstructure is assembled internally by the program using story stiffnesses, specified by

the user, followed by the dynamic analysis; (ii) option 2 -- full three dimensional representation,

in which case beam, column, shear wall and bracing elements of the superstructure are

modeled explicitly, followed by assembly of the global stiffness matrix, condensation, dynamic

analysis, and recovery of internal forces in structural elements by backsubstitution; (iii) option

3 -- three-dimensional representation, in which case the dynamic charact~ristics of the

superstructure, such as frequencies and mode shapes, specified by the user, are used to
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compute the superstructure stiffness matrix, followed by dynamic analysis. The isolation system

is modeled by representing the force-displacement relationship of each individual isolator

explicitly. The aforementioned approach for options 1 and 3 yields accurate global response

results; however, the disadvantage is that superstructure member forces cannot be computed,

since no data is available for individual members (this is the principal disadvantage of the

previous version 3D-BASIS). Option 2 in 3D-BASIS-TABS overcomes the aforementioned

shortcoming by computing superstructure member forces, after the completion of the non

linear time history analysis, followed by output of peak member forces, which can be used for

the design of members.

This report describes the development of computer program 3D-BASIS-TABS

Version 2.0. The new program is an enhanced version of3D-BASIS-TABS. The enhancements

that have been made include (i) addition of new isolation elements and models for nonlinear

dampers and nonlinear bearings; (ii) additional verifications; (iii) several new example

problems; (iv) new input/output format for easier usage; (v) updated user's manual.

The input format for the superstructure in 3D-BASIS-TABS has been retained in the

same format as in ETABS to facilitate usage. It is to be noted that the aforementioned beam,

column, shear wall and bracing elements, substructure condensation, global assembly, and

backsubstitution procedures are adopted from the computer program ETABS (Wilson et al.

1975).
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SECflON2

3D·BASIS·TABS

A complete description of computer program 3D-BASIS-TABS has been presented

by Nagarajaiah et al. (1993c); however, for the sake completeness a brief description of the

structural model and the solution algorithm is presented in this section. The major steps

involved in the assembly of the structural model and the solution algorithm are presented in

the Flowchart 2.1. The detailed description of each step is described in the following sub

sections.

2.1 INPUT DATA

The input format has been retained in the same format as in ETABS to facilitate usage

(since many designers are familiar with the superstructure input requirements for ETABS).

The data in the form ofbeam, column, shearwall, and bracing member properties, conneetivity,

etc., need to be input. In addition the isolation system data in the form of isolator properties,

connectivity, etc., need to be input. The data needed for the dynamic analysis also has to be

input. The user's manual in APPENDIX A specifies the data input requirements.

2.2 SUPERSTRUCfURE STIFFNESS ASSEMBLY

The superstructure is assumed to be remain elastic at all times. Coupled lateral

torsional response is accounted for by'maintaining three degrees of freedom per floor, i.e.,

two translational and one rotational degree of freedom attached to the center of mass. The

base and floors are assumed to be rigid diaphragms.

3D·BASIS·TABS is designed to include three options for modeling the superstructure;

option 1 for 3D-shear building, in which case story stiffnesses are to be input; option 2 for full

3D-building, in which case member properties for beam, column, etc., are to be input, for

detailed member by member representation of the superstructure; option 3 for full 3D

building, in which case eigenvalues/eigenvectors are to be input. If option 1 or 3 is used,

member forces are not output, as no data for representing individual members is available.
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INPUT DATA

STlFFNESS ASSEMBLY
BEAM, COLUMN, WALL ELEMENT STIFFNESSES

CONDENSATION TO 3 DOF/FLOOR

EIGENVALUE ANALYSIS
FlXED BASE MODE SHAPES AND FREQUENCIES

GLOBAL SYSTEM ASSEMBLY
GLOBAL SYSTEM· COMBINED SUPERSTRUCTURE AND ISOLATION

SYSTEM

SOLUTION FOR GLOBAL SYSTEM RESPONSE
SOLUTION USING PSEUDOFORCE SOLUTION ALGORITHM

BACKSUBSTlTUTlON
BACKSUBST1TUT10N TO COMPUTE MEMBER FORCES

OUTPUT
SUPERSTRUCTURE RESPONSE· MEMBER FORCES

ISOLATION SYSTEM RESPONSE

FLOW CHART OF MAJOR STEPS IN 3D·BASIS·TABS
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In option 1, the superstructure of the three-dimensional shear building is represented

by a global stiffness matrix assembled using story stiffnesses specified by the user. The global

displacement coordinate system consists of three degrees of freedom at the center of mass of

the floors. It is assumed that the center of mass of all the floors lie on a common vertical axis;

floors and beams are rigid; walls and columns are inextensible.

In option 2, the procedure for assembly of the global stiffness matrix from ETABS

(Wilson et al. 1975) is adopted. The procedure involves (i) formulation of the lateral stiffness

matrix of each frame, which is treated as separate substructure with an associated frame

displacement coordinate system; (ii) assembly of the global stiffness matrix, using the frame

substructure stiffness transformed to the global displacement coordinate system, with the

assumption that all frame substructures are c,onnected at each floor level by a diaphragm

which is rigid in its own plane. Each joint in the structure is modeled with six degrees of

freedom. Within each frame joint three degrees offreedom (two translations and one rotation

in the floor plane) are transformed, using the rigid floor diaphragm assumption, to the frame

displacement coordinate system at that floor level. The remaining three frame joint degrees

of freedom are eliminated by static condensation. The condensed frame substructure stiffness

is transfonned to the global displacement coordinate system and added to the global structural

stiffness. The global displacement coordinate system consists of three degrees of freedom at

the center of mass of the floors. The position of the center of mass may vary from floor to

floor; hence, the mass matrix, required for dynamic analysis, will be a diagonal matrix --which

simplifies the eigenvalue' analysis. The global stiffness matrix of the superstructure, in the

fixed base condition, is used for eigenvalue analysis.

In option 3, the superstructure of the three-dimensional building is represented by a

global stiffness matrix, assembled using the dynamic characteristics, such as frequencies and

mode shapes specified by the user (minimum of three modes of vibration, with the global

displacement coordinate system of three degrees of freedom at the center of mass of the floors,
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to be specified). Implicit in this approach is that the axial deformation of columns, bending

and shear deformation of column and beam members, and arbitrary location of the center of

mass, are accounted for by the condensed dynamic characteristics.

2.3 EIGENVALUE ANALYSIS

The eigenvalue analysis is performed to determine the eigenvalues and eigenvectors,

Le., frequencies and mode shapes in the fixed base condition using the global stiffness matrix.

The frequencies and mode shapes are used in the global system assembly of the superstructure

and the isolation syst~m. The frequencies and mode shapes obtained correspond to the global

coordinate system with three degrees of freedom at the center of mass of the floors.

2.4 ISOLATION SYSTEM MODELING

The isolation system is modeled with spatial distribution and explicit nonlinear

force-displacement characteristics of individual isolation devices. The isolation devices are

considered rigid in the vertical direction and individual devices are assumed to have negligible

resistance to torsion.

The following are the elements available for modeling the behavior of an isolation

system (i) linear elastic element --spring; (ii) linear viscous element --damper; (iii) hysteretic

element for elastomeric bearings and steel dampers; (iv) hysteretic element for sliding

bearings; (v) nonlinear damper element --a new element for modeling damping devices;

(vi friction pendulum (FPS) element; (vii) new biaxial element for sliding.

2.4.1 Linear Elastic Element

The linear elastic element can be used to approximately simulate the behavior of

elastomeric bearings along with the viscous element. All linear elastic devices of the isolation

system specified are combined, internally by the program, in global elements at the center of

mass ofthe base, having the combined properties ofall the elastic devices, with the translational

stiffnesses, Kx and Ky and the rotational stiffness, Kr.
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(2.1 )

2.4.2 Linear Viscous Element

The linear viscous element can be used to simulate theviscous properties ofthe isolation

devices. All linear viscous devices are combined, internally by the program, in global viscous

elements at the center of mass of the base, having the combined properties of all the viscous

devices, with the translational damping coefficients ex and Cy and rotational damping coef

ficient Cr.

2.4.3 Model for Biaxial Isolation Elements
i

i
I

At a bearing undergoing plane motion with displacement components /U x and U y

and velocity components (j x and (j y in the x: and Y directions, lateral forces develop and

these forces exhibit biaxial interaction. In addition a torsional moment develops at the bearing.

The contribution of this torsional moment to the total torque exerted to the structure supported

by several bearings is insignificant.

The direction of the resultant force at the bearing opposes the direction of the motion

given by:

e =tan-I(~:)

The model presented herein accounts for the direction and magnitude of the resultant

hysteretic force.

The model for biaxial interaction is based on the following set of equations proposed

by Park, Wen and Ang (1986):

(2.2)
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in which, Zx and Zy are hysteretic dimensionless quantities, Y is the yield displacement, A, Y

and f3 are dimensionless quantities that control the shape of the hysteresis loop. The values

of A = 1, Y = 0.9 and f3 = O. 1 are used in this report. When yielding commences, Eq. 2.2

has the following solution, provided that A / (f3 + y) = 1:

Z y = cos e, Z y = sin e (2.3)

Zx and Zy are bounded by values.±.l and account for the direction and biaxial interaction of

hysteretic forces. The interaction curve given by Eq. 2.2 is circular.

2.4.3.1 Biaxial Model for Sliding Bearings

For a sliding bearing, the mobilized forces are described by the equations (Constantinou

et al. 1990):

(2.4 )

in which, W is the vertical load carried by the bearing and I-l s is the coefficient of sliding

friction which depends on the value ofbearing pressure, anglee and the instantaneous velocity

of sliding (;:

0= (0 2 + ( 2 )1/2
y Y (2.5)

Zx and Zy, given by Eq. 2.2, are bounded by the values .±.1, account for the conditions of

separation and reattachment (instead of a signum function) and also account for the direction

and biaxial interaction of frictional forces.

The coefficient of sliding friction is modeled by the following equation (Constantinou

et al. 1990):

I-l s = f max - (f max - f min) exp (- a IV I) (2.6)

in which, f max is the maximum value of the coefficient offriction and f min is the minimum

(at 0 - 0) value of the coefficient of friction. f max' f min and a may be, in general,

functions of bearing pressure and angle e.
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2.4.3.2 Biaxial Model for Elastomeric Bearings and Steel Dampers

For a elastomeric bearing, the mobilized forces are described by the equations:

FY
F =a-U +(I-a)FYZ

x y x x'

FY
F =a-U +(l-a)FYZ

Y y Y Y
(2.7)

in which, a is the postyielding to preyielding stiffness ratio, F Y is the yield force and Y is the

yield displacement. Zx and Zy, given by Eq. 2.2 account for the direction and biaxial interaction

of hysteretic forces.

2.4.4 Model for Uniaxial Isolation Elements

The biaxial interaction can be neglected' when the off-diagonal elements of the matrix

in Eq 2.2 are replaced by zeros. This results in a uniaxial model with two either frictional or

bilinear independent elements in the two orthogonal directions. Eq.2.2 collapses to the

uniaxial model governed by the following equation (Wen 1976):

Zy = AU-lzl'"'(ySgn(UZ)+ P-»U (2.8)

where 11 = 2 in the biaxial case and this parameter controls the transition from elastic range

to the post yielding range. The value ofthis parameter can be increased to achieve near-bilinear

behavior rather than smooth bilinear behavior. The interaction curve in the uniaxial case is

effectively square. In the case of uniaxial sliding element the velocity used for calculation of

the coefficient of friction from Eq. 2.6 is either Ux or Uy'

2.4.5 Nonlinear Damping Element

Many physical systems exhibit nonlinear damping mechanisms such as Coulomb

damping, viscous damping, orifice damping, and velocity raised to power p damping. Several

fluid viscous damping and friction damping devices have been proposed. The nonlinear

damping force of such devices can be described as being proportional to the the power p of

relative velocity across the damper:

(2.9)
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Fig. 2.0 Force-Velocity Function for Nonlinear Viscous Damper

where F 01 is an offset constant for stage i, the damping coefficient C i and the exponent

Pi may have any positive value. The- signum function S 9 n ( U) accounts for the phase

between the damping force F d and the relative velocity· V, and n is the number of stages

(maximum 2). The applications of such generalized formulation of the damping force are

demonstrated as foHows:

Coulomb damping ( P 1 = 0)

F d = CiSgn(U)

Linear viscous damping (p 1 = I)

F d = CiIUISgn(U)

Nonlinear viscous damping (p i = 2)

F d = c I IUI 2 Sgn(V)

(2.10)

(2.11)

(2.12)

where C 1 for Pi = 0 is the magnitude of the Coulomb damping force, C i for Pi = I is

the coefficient of viscous damping, and C i for Pi = 2 is the coefficient of nonlinear

visc6us damping. Devices with values of exponent Pi in the range of 0.4 to 2 have been

produced.
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2.5 ELEMENT FOR FRICTION PENDULUM (FPS) BEARING

The principles of operation of the FPS Bearing have been established by Zayas et al.

1987, Mokha et al. 1990 and Constantinou et al. 1993. These principles are, of course, valid

for all types of spherical sliding bearings. A cross-section view of an FPS bearing is shown in

Fig. 2.1. The bearing consists of a spherical sliding surface and an articulated slider which is

faced with a high pressure capacity bearing material. The bearing may be installed as shown

in Fig. 2.1 or upside-down with the spherical surface down rather than up. In both installation

methods the behavior is identical.

BEARING WATERIAL-~

SEAL

ARTICULATED SUDER

ENCLOSINC
CYUNDER

SPHERICAL SURFACE

Fig. 2.1 FPS Bearing Section.

The force-displacement relation of an FPS bearing in any direction is given by:

F =
W

R
u + (2.13)

in which R is the radius of curvature of the spherical sliding surface, W is the normal load and

~l s is the coefficient of the sliding friction. In cases in which the normal load may be assumed

to be constant and equal to the carried weight W j, modeling of an FPS bearings may be

accomplished by combining the linear elastic element of Section 2.4.1, using stiffness

K xi = K yl = I-v' II R, and the biaxial element for sliding bearing of Section 2.4.3, using

W = W /. To reduce computational effort, all the linear elastic elements may be combined in

a global element described by translational stiffnesses K x = K y = LWi I R (L W / =total

weight) and corresponding rotational stiffness K r and associated eccentricities e~ and e ~

(see Section 2.4.1 and Nagarajaiah et al. 1989 and 1991).
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In general, the vertical load on an isolation bearing does not remain constant but rather

varies as a result of the vertical ground motion and the effect of overturning moment. For

vertically rigid structures, the normal load on an FPS bearing is:

+ +
g

(2.14)

where Iv i is the weight (j v is the vertical ground acceleration (positive when the direction is

upwards) and N OM is the additional axial force due to the overturning moment effects (N OM

is positive when compressive - see requirements for subroutine in Section 2.10.1.)

The direct effects of vanations in the normal load on the behavior of the FPS bearing

are to instantaneously change the stiffness and friction force. Another indirect effect is to

change the coefficient of frietion which is pressure dependent. Modeling of the behavior of

FPS bearings to this detail is important in the accurate estimation of the forces in individual

bearings. However, use of W = h/ I rather than Eq. (2.14) results in nearly the same global

isolation system response and superstructure, response. This has been demonstrated by

comparison of analytical results to shake table results of a seven-story model in which the

axial forces on individual bearings varied from 0 to 2 W" Wi being the gravity load (AI

Hussaini et al. 1994).

The forces in the FPS element are described by (Tsopelas et al. 1994):

r,,"

F -. U, + ~s • N Z.,'R
W

F -. U + II • W ZY R y rs y (2.15)

whichZ, andZ yare described by Eq. 2.2 and W is described by Eq. 2.14. The current program

requires user-supplied routines to:

a) Calculate the additional force on individual bearings from overturning moments about

the two horizontal axes, and

b) Describe the variation of coefficient! max in Eq. 2.6 with bearing pressure.

Details of these routines are given in Section 2.12.
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2.6 NEW BIAXIAL ELEMENT FOR SLIDING BEARINGS

The new biaxial element for flat sliding bearings is described by equations (2.4-2.6 and

2.2) with the exception that W is not constant but rather described by Eq. 2.14. The element

requires the user-supplied routines (Tsopelas et al. 1994) described in Sections 2.5 and 2.10.

It should be noted that when Uu is not given and when the user-supplied routine returns zero

for the additional axial load NOM (Eq. 2.14), the model collapses to the original constant

normal load (W = W J model.

2.7 GWBAL SYSTEM ASSEMBLY

The formulation for global system assembly of the combined superstructure and the

isolation has been presented in detail by Nagarajaiah et al. (1993c); hence, it is presented only

. briefly herein.

A typical base isolated multistory building and the displacement coordinates that will

be used in the formulation are shown in Fig. 2.2 ( U i , U b , U g may be in X or Y

direction). The superstructure is modeled as an elastic frame-wall structure with three degrees

of freedom per floor, as described earlier. The three degrees of freedom are attached to the

center of mass of each floor and base. The floors and the base are assumed to be infinitely

rigid inplane. The isolation system may consist ofelastomeric and/or sliding isolation bearings, .

linear springs, viscous elements, and nonlinear damping elements.

The equations of motion for the elastic superstructure are expressed in the following

form:

(2.16)

in which, n is three times the number of floors, M is the diagonal superstructure mass

matrix, C is the superstructure damping matrix, I< is the superstructure stiffness matrix
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Fig. 2.2 Displacement Coordinates of the Base Isolated Structure
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and R is the matrix of earthquake influence coefficients Le., the matrix of displacements

and rotation at the center of mass of the floors resulting from a unit translation in the X and

Y directions and unit rotation at the center of mass of the base (with respect to global structure

reference axis). Furthermore, ii, U and u represent the floor acceleration, velocity and dis

placement vectors relative to the base, ii b is the vector of base acceleration relative to the

ground and ii 9 is the vector of ground acceleration.

The equations of motion for the base are as follows:

(2.17)

in which, M b is the diagonal mass matrix of the rigid base, C b is the resultant damping

matrix of viscous isolation elements, I< b is the resultant stiffness matrix of elastic isolation

elements and f is the vector containing the forces mobilized in the nonlinear elements of the

isolation system such as the presented elements for sliding, elastomeric bearings, etc.

Employing modal reduction:

Un = <t> nxm U :x/ (2.18)

in which, <P is the modal matrix normalized with respect to the mass matrix and u ,. is the

modal displacement vector relative to the base and m is the number of eigenvectors retained

in the analysis, and combining Eqs. 2.16 to 2.18 the following equation is derived:

(2.19)

in which, ~/ = the modal damping ratio, andw/ = the natural frequency, of the fixed base

structure in the mode i. In Eq. 2.19 matrices[2~/wi] and [w~] are diagonal.
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Eq. 2.16 can be written as follows:

MO, + CO, + RU I + f , = P,

At timet + 6t

Written in incremental form

(2.20)

(2.21 )

(2.22)

in which,M , C, RandP represent the reduced mass, damping, stiffness and load matrices

(see Eq. 2.19). Furthermore, the state of motion of modal superstructure and base is repre

sented by vectors fi ,, ii I and fi I (see Eq. 2.19).

2.8 WADING CONDITIONS

Vertical static loading conditions for representing dead loads, and earthquake loads

--representing seismic excitation, can be,specified. The vertical loading conditions can include

up to three independent vertical load distributions (1,11,111) and these distributions are

combmed to form load cases for the complete building. For earthquake loading conditions,

biclirectionallateral ground motions can be specified.

2.9 SOLUTION FOR GWBAL SYSTEM RESPONSE

The incremental nonlinear force vector (j, f 1+ 6.1 in Eq. 2.22 is unknown. This vector is

brought on to the right hand side of Eq. 2.22 and treated as a pseudo-force vector. The two

steps in the solution algorithm are (i) The solution ofequations ofmotion usingunconditionally

stable Newmark's constant-average-acceleration method (Newmark 1959); (ii) The solution

of differential equations governing the behavior of the nonlinear isolation elements using

unconditionally stable semi-implicit Runge-Kutta method (Rosenbrock 1964) suitable for

solution of stiff differential equations. Furthermore, a iterative procedure consisting of cor

rective pseudo-forces is employedwithin each time step until equilibrium is achieved. Detailed

explanation of the solution algorithm can be found in Nagarajaiah et al. (1991a;1991b).
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2.10 BACKSUBSTITUTION

The time history of member forces are computed by backsubstitution, after the non

linear time history analysis is completed. The peak member forces are output to facilitate the

design of members. The backsubstitution procedure from ETABS is adopted.

2.11 OUTPUT DATA

The output data consists of three sets (i) input data for the structure and isolation

system; (ii) dynamic characteristics of the structure; (iii) peak response results in the fonn of

maximum response quantities; (iv) time history of response. The dynamic characteristics of

the structure output are periods and mode shapes. The peak response results of member

response and isolator response is output. A full range of options for output are available, the

details of which can be found in the user's manual in APPENDIX A

2.U USERS - SUPPLIED ROUTINES IN PROGRAM 3D-BASIS-TABS

2.12.1 Routine for Additional Axial Load Due to Overturning Moment Effects

The routine (a function) has the fonn:

FOVM(OVMX,OVMY,XP,YF,I)

in which I is the bearing number, XP and YF are arrays containing the bearing coordinated

(XP(I) =X coordinate ofbearing I etc.), and OVMX and OVMY are the overturning moments

about the X and Y axes, as illustrated in Fig. 2.3. Function FOVM is called by the main

program at all time steps: The function returns to the main program the additional axial load

FOVM on bearing I. FOVM is positive when-compressive.
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Fig. 2.3 Definition of Overturning Moments OVMX and OVMY,

and Additional Force FOVM.

It should be noted that we have assumed a unique relation between overturning

moments and additional axial load on bearings. The user is cautioned that this is a simplifi

cation ofa complex phenomenon. However, it is a commonly used engineering approximation.

The report of AI Hussaini et al. 1994 provides valuable insight into the behavior of slender

isolated structures with FPS bearings which are subjected to strong overturning moments.

To exclude the effect of the overturning moment on the additional axial force, function FOVM

should be as follows:

FUNCTION FOVM(OVMX,OVMY,SP,YP,I)
IMPUCITREAL '8
COMMON/MAIN1/NB,NP,MNF,MNE,NFE,MXF
DIMENSION XP(NP), YP(I)
FOVM=O.DO
RETURN
END

This default version of function FOVM in 3DBASIS-TABS.
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2.12.2 Routine for Describing the Dependency of Parameter f max on Bearing Pressure

Constantinou et al. 1990 and 1993 described the dependency on bearing pressure of

the parameters in the model offriction in Eq. 2.6. Specifically, the coefficient ofsliding friction

is given by:

Il s = fmax~(fmax- fmln)eXp(-allil) (2.23)

where a is nearly independent of pressure, whereas f min is dependent on pressure for

unfilled and glass-filled PTFE but nearly independent of pressure for the PTFE-composites

used in the FPS bearings. Parameter f max is generally dependent on bearing pressure.

Since parameter f max describes the maximum friction force that is transmitted through the

bearing, its dependency on pressure is explicitly modeled in this program. However, the much

less significant dependency on pressure of parameters a and f min is neglected.

The user-supplied routine (function) has the form:

FFMAX(FRMAX,FRMIN,FNOR,I)

in which I is the bearing number, FNOR is the normal load on bearing I, which includes the

gravity, vertical ground motion and overturning moment effects, normalized by the weight

Wi on the bearing. Furthermore, FRMAX and FRMIN are, respectively, the supplied,

through the INPUT, parameters f ma xO and f minO under almost zero static pressure of

bearing I. Function FFMAX returns the value of f m a x at the bearing pressure resulting

from the instantaneous normal load. Note that parameter f min is assumed independent of

pressure, that is f minO = f min'

For example, consider the case iIi which the dependency on pressure of parameter

f m a x is neglected.

Function FFMAX should be:

FUNCTION FFMAX(FRMAX,FRMIN,FNOR,I)
IMPliCIT REAL *8
COMMON/MAIN1/NB,NP,MNF,MNE,NFE,MXF
FFMAX=FRMAX
RETURN
END
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This is the default version of function FFMAX.

Consider now the case of pressure dependent parameter f max' Figure 2.4 shows the

assumed dependency on pressure of parameter f ma x' It is typical of the behavior of sliding

bearings (Soong and Constantinou 1994). An accurate representation of the variation of

parameter f Ill'" with pressure can be accounted for by using the following expression:

f In a" = f m a yO - (f ma xO - f ma x p ) tan h ( E P) ( 2 .24 )

where P is the instantaneous bearing pressure, ! maxp is the maximum coefficient of

friction at very high pressures, ! ma ,0 is the value of the coefficient at zero pressure, E is

a constant that controls the transition of f ma:l' between very low and very high pressure.

fmax

(fmaxp

PRESSURE

Fig. 2.4 Variation of Friction Parameter! Ifl~ ~ with Pressure
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As an example, Constantinou et a1. 1993 gave the following values for the parameters

of a bearing at pressure of 17.2 MPa: f max :;= O. 12, f maxp = 0.05, E = 0.0 12 (P the

bearing pressure is in the units of MPa). For this case function FFMAX should be of the

fonn:

FUNCTION FFMAX(FRMAX,FRMIN,FNOR,I)
IMPLICIT REAL *8
COMMON/MAIN1/NB,NP,MNF,MNE,NFE,MXF
DIMENSION P(SOO)
DATA/P(J) = 17.2,J = 1,.. /

etc. etc.

PRES=FNOR*P(I)
FFMAX =FRMAX-O.07*DTANH(O.012*PRES)
END

Note that P(J) contains the bearing pressure under static conditions of bearing J.

Quantity PRES is the instantaneous bearing pressure in units of MN/m2 or MPa.
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SECTION 3

VERIFICATION AND EXAMPLE PROBLEMS

3D-BASIS-TABS has been verified by the authors (Nagarajaiah et a!. 1993c). This

section describes the previous verification briefly, for completeness sake, and also describes

additional verification of 3D-BASIS-TABS.

The verification is performed using three example problems. The first example problem

consists of a three story reinforced concrete building with sliding isolation system. The second

example considered is a single story structure on lead-rubber isolation system. The third

example problem -consists of a six story reinforced concrete building with lead-rubber bearing

isolation system.

The verification using the three story reinforced concrete building with sliding isolation

system is accomplished by comparing the dynamic analysis results of program 3D-BASIS

TABS, in the form of peak member forces at a chosen instant oftime during the time history,

with the pseudo-static analysis results offinite element program STAAD; thus, validating the

member force computations in the program 3D-BASIS-TABS. The pseudo-static analysis,

performed using commercially available finite element program STAAD, consists of appli

cation of lateral forces or inertial forces, at the same instant of time as chosen in 3D

BASIS-TABS time history analysis, at the center of mass of the three floors. The lateral forces

or inertial forces are extracted from the dynamic analysis using 3D-BASIS-TABS.

The verfication using the single story structure with lead-rubber bearing isolation system

is accomplished by comparing the results at the center of mass from program 3D-BASIS-TABS

with the results of program-ANSR (Mondkar and Powell 1975); thus, validating the global

results.

The verification using the six story reinforced concrete buildingwith lead-rubber bearing

isolation system is accomplished by comparing the results of3D-BASIS-TABS with the results

of a two dimensional analysis performed using DRAIN-2D (Kannan and Powell 1975). Also,
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results, at the center of mass, from program 3D-BASIS-TABS --modeling the superstructure

explicitly element-by-element-- are compared with the results of program 3D-BASIS (Na

garajaiah et a1. 1991b) using the dynamic characteristics of the superstructure, i.e., eigenvalues

and eigenvectors; thus, validating the global results.

3.1 THREE STORY REINFORCED CONCRETE BUILDING

WITH SLIDING ISOLATION SYSTEM

The three story reinforced concrete building considered has three bays in each direction

and has a square plan with dimensions 12 x 12 meters as shown in Fig. 3.1. The dimensions

of the various members shown in Fig. 3.1 are (i) beams 300 x 400 mm; (ii) interior columns

300 x 400 mm; (iii) exterior columns 300 x 300 mm; (iv) RIC bracing members 300 x 300 mm;

(v) shear wall or panel of 100 mm thickness. The floor slab is 150 mm thick. The floor masses

are (i) translational mass of 119.4 kN-sec2/m; and (ii) mass moment of inertia of 2985.6

kN-m-s2. The modulus of elasticity of the concrete is assumed to be Ee = 29862560 kN/m2.

The damping ratio in the superstructure is assumed to be 5% of critical.

The building is base isolated using a sli~ing isolation system as shown in Fig. 3.2 and

Fig. 3.3. The sliding isolation system consists of 16 sliding bearings placed concentrically under

each column and 4 recentering springs placed at the four corners of the building as shown in

Fig. 3.3. Design of the isolation system is based on appropriate code provisions. The sliding

isolation bearings are made of unfilled Teflon and polished stainless steel plates. The sliding

bearings have a coefficient offrictionf max = O. 1 andf min = 0.07. The recentering helical

springs are designed to provide an isolation period Tb = 3 sec. The sliding bearings and helical

springs are shown in Fig. 3.2 in greater detail (see the enlarged detail Fig. 3.2).

3D-BASIS-TABS is used to analyze the base isolated building excited by El Centro NS

earthquake. The input and output files for this building are given in APPENDIX B.
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FIG. 3.1. Superstructure Member configuration and Isolation System Configuration of the Three
Story Reinforced Concrete Sliding Isolated Building. Note the Location of the Structure A..x.is at
the Center of Mass of the Base and the Location of the Co Iurnn Lines 1, 4, 13 and 16 (Refer to

the Input File Given in Appendix B)
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fIG. 3.2. Cross Section of the Three-Story Reinforced Concrete Sliding Isolated Building (Left
Extreme Column Line is 16 and Right Exlreme Column Line is 13). Note the Details of the
Sliding Bearing and Recentering Spring Shown in the Inset and Plan Location Shown in rIO 3.3
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3.1.1 Verification of Member Force Computations

The local response results, in the form of peak member forces at a chosen instant of

time (t = 3.05 sec) during the time history analysis, are verified by comparing the results of

3D-BASIS-TABS with the results of a pseudo-static analysis -- performed using commercially

available finite element program STAAD. The pseudo-static analysis using STAAD consists

of-application of lateral forces or inertial forces, at the same instant of time as chosen in

3D-BASIS-TABS time history analysis, at the center of mass of the three floors. The lateral

forces or inertial forces are extracted from the dynamic analysis using 3D-BASIS-TABS. A

comparison between the member forces computed in 3D-BASIS-TABS and STAAD is shown

in Table 3-1 and 3-2. Table 3-1 shows the column moments and forces. Table 3-2 shows the

beam moments. It is evident from the comparison in Tables 3-1 and 3-2 that member force

computation in 3D-BASIS-TABS is accurate.

3.2 SINGLE STORY STRUCTURE WITH LEAD-RUBBER BEARING ISOLATION

SYSTEM

The single story shear building has equal base dimensions L=480 inch (12192 mm); it

is supported on four corner columns; it has a height of 180 inch (4572 mm) and a total weight

of 480 Kips (2135 kN). Equal floor and base weight is considered. The center of mass of both

the floor and the base are assumed to be on the same vertical axis. The vertical axis of centers

of mass is offset from the geometric center of the building for inducing a mass eccentricity of

0.083L in the Y direction. Eccentricities ex = ey = O.lL, of the center of resistance of the

superstructure from the center of mass, are considered. The uncoupled translational period

of the superstructure Ts is 0.3 sec in both X and Y directions. The uncoupled torsional period

of the superstructure T 8 is equal to 0.58 Ts. Viscous damping of 2 percent of critical is used

for the superstructure in all the three modes.

An isolation system consisting of four lead-rubber bearings placed below the columns

is considered. The design of the isolation system is based on a ground motion with
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the characteristics of the ATC OAg S2 spectrum and on the procedure developed by Dynamic

Isolation Systems (1983). A design live load of 200 Kips (889.6 kN) is considered in addition

to the total dead load of 480 Kips (2135 kN). The bearings chosen are of 13 inch (330.2 mm)

diameter and with 18 layers of natural rubber (hardness 50) of 0.375 inch (9.53 mm) thickness.

Lead plugs of 2.5 inch (63.5 mm) diameter are present in all four bearings. The average

properties of bearings determined are the initial elastic stiffness of 17.8 K/in (3.12 kN jmm),

the postyielding stiffness of 2.74 K/in (0048 kN/mm) and the yield strength FY of 6.6 Kip (29.36

kN). The total yield strength of the isolation system is 5.5% the structural weight. The rigid

body mode period is:

(
W ) 1/2

T b =2n K
b
9 (3. I )

in which, W is the total weight and Kb is the total post yielding stiffness of four Lead-rubber

bearings. Tb in the present case is 2.12 sec.

The single story base isolated building excited by 1940 El Centro is analyzed using

3D-BASIS-TABS. The SOOE component is input in the X direction and S90W is input in the

Y direction. The input and output files for the single story base isolated building are given in

APPENDIX C.

Fig. 3.5 shows the bearing displacement response at corner bearing No.1 (see the

input/output files in APPENDIX C for details). The peak ground displacement (PGD) of

4.29 inch (108.96 mm) is used for normalizing the displacement response. The same base

isolated building is analyzed using ANSR (Mondkar and Powell 1975). The comparison

between the response computed using 3D-BASIS-TABS and ANSR --with completely dif

ferent modeling and solution procedures-- is shown in Fig. 3.5, from which, it is evident that

the results of 3D-BASIS-TABS are accurate. Also, the results of 3D-BASIS-TABS (see

APPENDIX C) and the results of 3D-BASIS (refer to section 7.3 of NCEER 91-0005;

Nagarajaiah et al. 1991b) are identical.
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3.3 SIX STORY REINFORCED CONCRETE STRUCTURE WITH LEAD-RUBBER

BEARING ISOLATION SYSTEM

The analysis of a six story reinforced concrete base isolated structure with the lead

rubber bearing isolation system is considered. The plan and section of the building are shown

in Fig. 3.6. The reinforced concrete superstructure is designed to resist lateral loads equivalent

to a seismic base shear coefficient of 0.15 g using shear walls. Damping of 5% of critical is

used for the superstructure in all the modes. 3D-BASIS-TABS is used to model the super

structure (i) using option 2 -- with member-by-member modeling; (ii) using option 3 -- with

eigenvalues and eigenvectors.

The lead-rubber bearing isolation system designed based on the procedure developed

by Dynamic Isolation Systems (1983) consists of 22 lead-rubber bearings (see Fig. 3.6(b)). A

site specific response spectrum is used in the design of the structure/isolation system. The

average isolation yield level Qd is set to 0.045W, where W is the total weight of the structure

= 25143 kN. The rigid body isolation period Tb (see Eq. 3.1) is 1.65 sec. The dynamic response

is computed for a artificial accelerogram of 20 sec duration. The artificial accelerogram is

realized from the site specific response spectrum. For more details about the isolation system

parameters and the artificial accelerogram refer to Nagarajaiah et al. (1991b). The 3D

BASIS-TABS input and output files, for option 2 are given in APPENDIX D, and for option

3 in APPENDIX E.

To verify the response the structural stiffness properties are condensed to six degrees

of freedom (one per floor in the Y direction) and used for a two dimensional analysis using

DRAlN-2D (Kannan and Powell 1975). The properties of the isolation system are lumped

with F Y= 1328 kN, Y = 0.00525 meters, a = 0.148, and Q d = 0.045W in a single isolation

element, resulting in Tb =1.6 sec. The artificial accelerogram used in 3D-BASIS-TABS analysis

is used as the excitation. The base displacement response (Y direction) is shown in Fig. 3.7.

The comparison between the results of 3D-BASIS-TABS and DRAIN-2D, shown in Fig. 3.7.
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indicates good agreement. Also, the results of 3D-BASIS-TABS (see APPENDIX D and E)

and the results of 3D-BASIS (refer to section 8 and APPENDIX B of NCEER 91-0005;

Nagarajaiah et al. 1991b) are identical.

3.4 SIX STORY STRUCTURE WITH LEAD-RUBBER BEARINGS AND

SUPPLEMENTAL NONLINEAR DAMPERS

The analysis of the six-stories base isolated structure presented previously in Section 3.3

is considered again with addition of nonlinear viscous dampers at the base to limit the max

imum base movement. The plan of the building and its characteristics are described in

Section 3.3.

The base isolation is complemented in this example by the addition of four pairs of

dampers placed at the bearings S18-9-4.0 positions along the north and south lines at the

intersection with the first interior column lines (see Fig. 3.6). Each pair of dampers has

rectangularly arranged dampers co-linear with the column lines. Each nonlinear damper has

a linear range at low velocities (Col = 877kN-sec/m, p = 1, F01-= 70kN), a nonlinear range

starting at 10 em/sec (Co2 = 182.6kN-sec/m, p = 0.5, F02 = 100kN) and is limited to deliver a

maximum force of 200 kN for velocities larger than 35 cm/sec. The design was obtained

aiming to add approximately 10% of critical damping to the damping delivered by the lead

rubber bearings.

The structure was reanalyzed with the same artificial accelerogram obtained from the

site specific response spectrum. The 3D-BASIS-TABS input-output files are presented in

Appendix G.

The response of the isolation base without supplemental damping and with the additional

dampers, with linear characteristics only, is presented in Fig. 3.8(a). The response of the same

structure with the supplemental nonlinear dampers is shown in Fig. 3.8(b). The effect of the

nonlinear dampers is particularly strong in reducing the peak base movement from 8 to 5.2

em. Although the forces in the superstructure may increase somewhat, this increase is not

substaT'tial to require a change in the design.
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SECTION 4

CONCLUDING REMARKS

3D-BASIS-TABS Version 2.0 has been described in this report. 3D-BASIS-TABS

integrates the special features of ETABS, such as the efficient modeling approach for the

3D-superstructure, and the special features of 3D-BASIS, such as the modeling approach for

sliding isolation systems in plane motion and accurate solution algorithm; this enhanced

program will help engineers to analyze and design base isolated structures with accuracy and

efficiency.

Addition of new isolation elements for modeling nonlinear dampers has been

descrihed. Addition of frictional bearings (FPS) with variable pressure resu Iting from vertical

earthquake components and from overturning has been described. The verification of 3D

BASIS-TABS has also been described by means of several useful examples (the input and

output files of which are included in the APPENDICES). Microcomputer PC version, and

main frame VAX and SUN versions oDD-BASIS-TABS have been developed. The versatility

of 3D-BASTS-TABS stems from the fact that it can analyze base isolated structures, like sliding

isolated structures, with great accuracy and yet complete the analysis in a reasonable CPU

time on a microcomputer.

Extensions to 3D-BASTS-TABS to incorporate hybrid control capabilities are envis

aged. Hyhrid control involves augmentation of the passive isolation system with active

hydraulic devices (Reinhorn et a1. 1993, Yang et a1. 1992, Feng et a1. 1993, Nagarajaiah et al.

1993d;1993e, Riley et a1. 1993, Subramaniam et al. 1993).
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APPENDIX A

3D·BASIS·TABS PROGRAM

USER'S MANUAL

A.I INPUT FORMAT

The program 3D-BASIS-TABS prompts for the input file name, the output file name

and the earthquake excitation file names; the choice of file names (e.g., EXAMPLl.DAT,

EXAMPL1.0UT, WAVEX.OAT, WAVEYDAT and WAVEZ.DAT) rests with the user.

Instructions of use of the program, input information and short cuts for various operating

systems (DOS, VAX, UNIX) are included in the distribution computer diskettes. In the

program dynamic arrays are used; also, double precision is used for accuracy. Common block

size has been set to 100,000 and should be changed if the need arises.

A free format is used to read all input data. Hence, conventional delimiters (commas,

blanks) may be used to separate data items. Standard FORTRAN variable format is used to

distinguish integers and floating point numbers. Input data must therefore, conform to the

specified variable type. All values are to be input unless mentioned otherwise. No blank lines

are to be specified.

Note: Provision is made for a line of user defined descriptive text between each set of data

items (refer to variable USER TXT in sections A.2 to A.9 and to the example data files- .

accompanying this manual).

A.2 PROBLEM TITLE

TITLE

A.3 UNITS

UNITS

TITLE upto 80 characters.

UNITS upto 80 characters.
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A.4 CONTROL PARAMETERS

A.4.1 General Control Information

USER TEXT Reference information: upto 80 characters of text.

ISEV,NST,NFQ,NP,LOR, G, IEXE

(1)*

(1)

(1)

(2)

(3)

ISEV = 1 for option 1 - Data for 3D-shear building (story

shear stiffnesses to be specified in the input file).

ISEV = 2 for option 2 - Data for full 3D-building

(member properties for beams, columns etc. to be

specified in the input file).

ISEV = 3 for option 3 - Data for 3D-building

(Eigenvalues/Eigenvectors to be specified

in the input file).

NST = Number of stories in the complete building

excluding the base (If NST< 1 then NST set = 1)

NFQ = Number of eigenvectors/eigenvalues to be retained

in the analysis (If NFQ <3 then NFQ set = 3)

NP = Number of isolators such as bearings, dampers etc.

(if NP<4 then NP set = 4)

LOR = Length of earthquake records (number of data points;

the X, Y, and Z direction records must have the same length).

G = Gravitational acceleration

IEXE = Flag (integer) for data check

= 1 for data check only

= 0 data check and complete execution of analysis.
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*Notes: 1. For explanation of the option 1, option 2 and option 3 refer to section 3.2 (of NCEER
93-0011). If option 1 or 3 are used then member forces are not needed as output.

2. Number of eigenvectors/eigenvalues retained in the analysis should be in groups of

three - the minimum being one set of three modes.

3. Number of bearings refers to the total number of bearings which could be a combination

of linear elastic elements, viscous elements, elastomeric bearings, steel dampers, and

sliding bearings.

A.4.2 Superstructure Control Information (for ISEV =2 only; skip this section and go to

Section A.4.3 if ISEV = 1 OR 3)

USER TXT

NDF,NTF,NLD

(1)*

(1)

(2)

Reference information; upto 80 characters of text.

NDF = Number of frames with different properties

or different vertical loading

NTF = Total number of frame or shear wall elements

in the structure

NLD = Total number of load conditions

*Notes: 1. Input data for frames with identical properties and vertical loading are given only
once - see also section A5.1.3 on Frame Location.

2. Load conditions are defined as combinations of the four load cases - see section A8 on

Load Case Definition.
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A.4.3 Integration Control Parameters

USER TXT Reference information; upto 80 characters of text.

TSI,TOL,FMNORM,MAXMI,KVSTEP

(1)*

(2)

(3)

(4)

TSI = Time step of integration.

(If TSI >TSR then TSI set = TSR;

refer to A.4.5 for details about TSR)

TOL = Tolerance for the nonlinear force

vector computation.

FMNORM = Reference moment at

the center of mass of the base

used for computing convergence.

MAXMI = Maximum number of iterations within

a time step.

KVSTEP = Index for time step variation.

KVSTEP = 1 for constant time step.

KVSTEP = 2 for variable time step.

"'Note: 1. The time step of integration cannot exceed the time step of earthquake record given
in A.4.5.

2. Tolerance for force computation may be 0.001.

3. The reference moment at the center of mass of the base can be calculated approximately

by multiplying the base shear by one half the maximum dimension at the base.

4. If MAXMI is exceeded the program is terminated with an error message.



A.4.4 Newmark's Method Control Parameters

USER TXT

GAM,BET

Reference information; upto 80 characters of text.

GAM = Parameter which produces numerical

damping within a time step.

(if GAM = 0.0 tqen GAM set = 0.5)

BET = Parameter which controls the

variation of acceleration within a

time step.

(if GAM = 0.0 then GAM set = 0.25)

A.4.5 Earthquake Control Parameters

USER TXT Reference information; upto 80 characters of text.

INDGACC,TSR,XTH,ULF

(l)a"

(l)b

(l)c

(l)d

(2)

INDGACC = 1 for a single lateral earthquake record

at an angle of incidence XTH.

INDGACC = 2 for two independent lateral earthquake

records along the X and Y axes.

INDGACC = 3 for tw~ independent lateral earthquake records

along the X and Z axes.

INDGACC = 4 for three independent lateral earthquake

records along the X, Y, and Z axes.

TSR = Time step of the earthquake

record(s).
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(3)

XTH = Angle of incidence of the earthquake

with respect to the X axis in anticlockwise

direction in degrees (for INDGACC = 1).

ULF = Load factor.

*Notes: 1. Two options are available for the earthquake reGord input:

a) INDGACC = 1 refers to a single earthquake record input at any angle of incidence

XTH with respect to the X axis. Input only one earthquake record (read through a single

file e.g., WAVEX.DAT). Refer to A.9.1 for wave input information.

b) INDGACC = 2 refers to two independent earthquake records input in the X and Y

directions, e.g., EI Centro N-S along the X direction and El Centro E-W along the Y

direction. Input two independent earthquake records in the X and Y directions (read

through two files e.g., WAVEXP1.DAT and WAVEYP1.DAT). Refer to A.9.1 and A.9.2

for wave input information.

c) INDGACC = 3 refers to two independent earthquake records in X and Z directions.

Refer to A.9.1 and A.9.3 for wave input information.

d) INDGACC = 4 refers to three independent earthquake records in X, Y, and Z direc

tions. Refer to A.9.3. for wave input information.

2. The time step of earthquake record and the length of earthquake record has to be the

same in X, Y and Z directions for INDGACC = 1, 2, 3 and 4.

3. Load factor is applied to the earthquake records in X,Y and Z directions.

A.S SUPERSTRUCTURE DATA

Go to A.5.1 for ISEV = 2 (refer to A.4.1) and specify beam, column, panel and bracing

properties for full three dimensional representation of the superstructure.

Go to A.5.2 for ISEV = 1 (refer to A.4.1) and specify story stiffness for three dimensional

shear building representation of the superstructure.
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Go to A.5.3 for ISEV = 3 (refer to A.4.1) and specify eigenvalues and eigenvectors for

three dimensional representation of the superstructure.

A.5.1 THREE DIMENSIONAL BUILDING (for ISEV = 2 only; Skip this section if ISEV =
lOR 3)

USR TXT Reference information; upto 80 characters of text

Note: The sections A.5.1.1 to A.5.1.3 are based on the input requirements of ETABS.

A.5.l.I Story Data

USR TXT Reference information; upto 80 ch£..rar~~-,"s of text.

[(SD(N,I),I =2,6), N = 1,NST]

SD(N,2) "' .ory height [distance from the floor (or roof)

level to the floor (or base) level below].

SD(N,3) = Translational mass.

SD(N,4) = Rotational mass moment of inertia about a

vertical axis through the center of mass.

(1)

(1)

SD(N,5) = X-distance to the center of mass measured from

the STRUCTURE REFERENCE AXIS.

SD(N,6) = Y-distance to the center of mass measured from

the STRUCTURE REFERENCE AXIS.

Note: Input one set per story from the top story to the bottom story of the superstructure.

(1) The GLOBAL STRUCTURE REFERENCE AXIS has to be a yertical axis at the

center of mass of the base.
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A.5.1.2 Frame Data

Repeat the following block of data for each different frame (upto the total number of

different frames = NDF).

USR TXT Reference information; upto 80 characters of text.

A.5.1.2.1 Frame Control Parameters

USR TXT Reference information; upto 80 characters of text.

M,NS,NC,NB,NCP,NBP,NFEF,NPAN,NTRU

(1)*

(2)

(3)

(4)

(5)

(6)

(7)

(8)

M = Frame identification number.

NS = Number of story levels above the base.

NC = Number of vertical column lines in the frame.

NB = Number of bays in the frame.

NCP = Number of sets of different column properties.

NBP = Number of sets of different beam properties.

NFEF = Number of sets of different fixed end moments

and shears to be applied as vertical loads to beams

NPAN = Number of infill shear panels in the frame.

NTRU = Number of bracing elements in the frame.

*Note: One set of data must be entered for each different frame. Frames with different
locations but identical properties and vertical loading need be entered only once (see also

section A.5.1.3 on Frame location cards).
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1. Frame identification numbers must be entered in numerical sequence beginning with

number one (1). This frame may be located (repeated) at different positions in the

structure.

2. If a frame does not extend the full height of the building, then only those story levels

actually existing in the frame are to be input.

3. An isolated shear wall is a single column line frame. For this case all data pertaining to

beams is meaningless and must be omitted in the data input section to follow.

4. Column properties may be referenced to any number of columns in the frame. The

number of column property sets control A.5.1.2.3.

5. The number of beam property sets control the number sets of data to be read in section

A,5.1.2.4.

6. If no vertical static loads act on the structure, then input zero, and skip section A.5 .1.2.5.

7. Ifno panel elements are included in this frame, then input zero, and skip section A.5.1.2.8.

8. If no bracing elements are included in this frame, then input zero, and skip section

A.5.1.2.9.

A.5.1.2.2 Vertical Column Line Coordinates

USR TXT Reference information; upto 80 characters of text.

(M,(CLN(J,I),I =1,2),J =1,NC)

(1) *

(2)

M = Column line identification number

CLN(J,l) =X-distance to Jth column line from frame reference point.

CLN(J,2) = Y-distance to Jth column line from frame reference point.
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*Note: 1. One set of vertical column line coordinates have to be input for each column line
in the frame. For frames with a single column line a second column should be specified

to define the major axis for column properties entered in section A.5.1.2.7.

2. Coordinates of column lines are measured from the frame (local) axis.

A.5.1.2.3 Column Property

USR TXT Reference information; upto 80 characters of text.

(M,(CP(J,I),J =1,9),1 =1,NCP)

~ = Identification nUJ'!lber for this column property set

CP(1,1) = Modulus of Elasticity, E.

CP(2,1) = Axial Area A.

(2)

(2)

(3)

(4)

CP(3,I) = Shear area associated with shear forces

in major axis direction.

CP(4,1) = Shear area associated with shear forces

in minor axis direction.

CP(5,1) = Torsional inertia.

CP(6,1) = Flexural inertia for bending in the major axis direction.

CP(7,1) = Flexural inertia for bending in the minor axis direction.

CP(8,1) = Rigid zone depth at the top of column (for both axis). DT.

CP(9,1) = Rigid zone depth at the bottom of column. DB.
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*Note: One set of data must be supplied for each different column in this frame.

1. Property set identification numbers mustbe in increasing numerical sequence beginning

with one (1).

2. Shearing deformations are ignored if shear areas are zero.

3. The rigid zone depth is used to reduce the effective length of the column about both

axIS.

4. Usually zero unless beam extends above the floor level.

/
~jor.· ../
CX1S ,/ - I......

. ,. ~ column
./

.,/

I
I ..__ j ~r-ror. r2=lS
.

Fig. A-I - Typical Column Model.
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A.5.1.2.4 Beam Property

USR TXT Reference information; upto 80 characters of text.

(M,(BP(J,I),J =1,9),1 =1,NBP)

(1)*

(2)

(3 )

M = Identification number for this beam property set

BP(1,1) = Modulus of Elasticity, E.

BP(2,1) = Shear Area A.

BP(3,I) = Torsional inertia.

BP(4,1) = Flexural inertia, I.

BP(5,1) = Kn - stiffness factor (e.g., 4)

BP(6,1) = KJJ - stiffness factor (e.g., 4)

BP(?,I) = KTJ - stiffness factor (e.g., 2)

BP(R,l) = Rigid zone length at end I of the beam.

BP(9,1) = Rigid zone length at end J of the beam.

"'Note: One set of data must be supplied for each different beam in the frame; skip this input
if the frame has only one column line.

1. Property set identification numbers muSt be input in increasing numerical sequence

beginning with one (1).

2. Shearing deformations are ignored if shear areas are zero.

3. The beam rigid zone lengths are used to reduce the effective length of the beam.
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Fig. A·2 • Typical Notation of Beam Stiffness Coefficients

A.5.1.2.5 Fixed-End Beam Loads

(if NFEF = 0 in section A.5.1.2.1 skip this section)

USR TXT Reference information; upto 80 characters of text.

(M,IFEF(I),(FEF(J,I),J =1,5),1 =1,NFEF)

(1)* M = Identification number for this vertical loading set

IFEF(I) = Index:

EQ. 0; Fixed-end forces are applied at the column faces

EQ. 1; Fixed-end forces are applied at the column centerlines
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(2)

(3)

FEF(l,l) = Fixed-end reaction, M1

FEF(2,I) = Fixed-end reaction, VI

FEF(3,1) = Fixed-end reaction, M2

FEF(4,1) = Fixed-end reaction, V2

FEF(5,1) = Uniform force per unit length, w, acting

downward to be added to fixed-end reactions

*Note: One set of data must be supplied for each different type of vertical beam loading; omit
this data set if this is a single column line frame

1. Load set numbers must be input in sequence.

2. Reactions act on the beam ends and are positive as shown in the Fig. A-3.

3. Additional fixed-end forces due to the uniform load, w, are calculated using:

M = w*12/12; V = w*lj2

and are added to any specified fixed-end reactions. The forces due to uniform load, w, are

exact only for prismatic beams.

Fig. A-3 - Typical Beam Loading
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A.S.l.2.6 Beam Location, Properties and Loads

USR TXT Reference information; upto 80 characters of text.

[ { I,(LB(N,M,L),L= 1,3),K,(LDB(N,M,L),L= 1,3) },N = I,NS ],M = I,NB

I = Bay identification number for this beam.

(1)*

(2)

(3)

(4)

LB(N,M,I) = Column line number at end I.

LB(N,M,2) = Column line number at end J.

LB(N,M,3) = Beam property set identification number for this beam.

K = Number of beams in sequence below to be generated

having the same properties and vertical loading as this beam.

LDB(N,M,I) = Vertical loading set identification number

for vertical load case I.

LDB(N,M,2) = Vertical loading set identification number

for vertical load case II.

LDB(N,M,3) = Vertical loading set identification number

for vertical load case III.

*Note: One set of data must be input from top to bottom and from bay to bay in the frame
(unless the data generation option is used)

1. Position of I and J ends defines local coordinate .axis with local "y" positive from I to J

and local "z" positive vertically upwards. A right hand screw rule sign convention applies.

2. Beams with zero stiffness (missing beams) may be input as having a property set number

of zero; if the beam has finite stiffness, the set number must reference an existing property

set defined previously is section A.5.1.2.4.
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3. The generation option can only be used to define girders within the current bay; a new

bay must be started with a new beam card.

4. The vertical loading sets defined in section A.5.1.2.5, are applied to the beams defined

herein. Three independent vertical load distributions (1,11,111) are allowed, and these

distributions are combined to form load cases for the complete building; see section A.B.

A.5.1.2.7 Column Location and properties

USR TXT Reference information; upto 80 characters of text.

[ { KK,(LC(N,M,I),I =1,2),K } ,N =I,NS l,M =I,NC

KK = Column line identification number for this column.

(1)*

(2)

(3)

LC(N,M,I) = Column property set identification number.

LC(N,M,2) = Column line number defining direction of major axis.

K = Number of columns in sequence below to be generated

having the same properties as this column member.

·Note: One card per column must be input from top to bottom and from column line to column
line of the frame (unless the data generation option is used).

1. Missing columns may be input as having a property set number of zero (0); if the column

has finite stiffness, then the set number referenced must correspond to one of the property

sets defined previously in section A.5.1.2.3.

2. Defines direction on local "y" axis; local "z" axis is in the vertical plane .with positive

upwards. A right hand screw rule convention applies.

3. Generation is allowed only within the current column line; begin a new column line

with a new column card.
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A.5.1.2.8 Panel Properties

USR TXT Reference information; upto 80 characters of text.

(LP(1,I),LP(2,I),LP(3,I),(PP(J,I),J =1,5),1 = I,NPAN)

LP(l,l) =Level identification number at the top of this panel.

LP(2,1) = Column line number at the I side of this panel.

LP(3,1) = Column line number at the J side of this panel.

PP(l,l) = Modulus of elasticity, E.

PP(2,1) = Gross sectional area, A.

(2) PP(3,1) = Moment of inertia, I.

PP(4,1) = Effective shear area, Ay

PP(5,1) = Shear modulus, G.

*Note: Input one set of data per panel in any order; no generation is allowed.

1. Base is defined as level zero, and the roof level number is equal to the total number of

stories in the building.

2. A zero (0) value for the moment of inertia selects the pure shear deformation panel

model. The pure shear panel uses the gross sectional area, not the effective area, tocal

culate stiffness and stress values.
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A.S.l.2.9 Bracing Properties

USR TXT Reference information; upto 80 characters of text.

(LT(1,I),LT(2,I),LT(3,I),TP(1,I),TP(2,I),I =1,NTRU)

LT(l,I) = Level identification number at the top of this brace.

LT(2,I) = Column line number at the upper end of this brace.

LT(3,I) = Column line number at the lower end of this brace.

TP(l,I) = Modulus of elasticity, E.

TP(2,I) = Cross sectional area, A.

*Note: Input one set of data per brace in any order; no generation is allowed.

A.S.l.3 Frame location cards

USR TXT Reference information; upto 80 characters of text.

IF,IFC,Xl,Yl,ANG

(1)*

(2)

(3)

IF = Frame identification number

IFC = Force calculation code;

EO. 0; Frame forces will be calculated and printed.

EO. I; Frame forces will not be calculated.

Xl = Distance, Xl'

Y1 = Distance, Yl'
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(4) ANG = Angle between the frame x axis and the structure

(global) X axis (anti-clockwise from X to x).

*Note: One set of data must be entered in this section for each frame (or single column) in
the building; the total number of frame locations to be read is controlled by the entry in

section AA.2.

1. Frame identification numbers may be repeated, but location data set must be input in

frame identification number sequence.

2. A frame force calculation code of one (1) will suppress output of member forces.

3. Distance from Structure (Global) axis to the origin of the frame (Local) axis. Structure

reference axis has to be at the center of mass of the base.

4. Angle is input in degrees and decimal fractions e.g., 15°30' input as 15.5.

y

XI --411~
frame re ferene I

pcint

&- 001------X
S't'n.Icture rite rlne'

point

Fig. A-4 - Typical Coordinate Systems.
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A.5.2 Shear Stiffness Data for Three Dimensional Shear Building

(for ISEV =1 only; skip this section if ISEV =2 or 3)

USR TXT Reference information; upto 80 char<:l.-cters of text

A.5.2.! Shear Stiffness· X, Y and Torsional Stiffness in 0 Direction

USR TXT

SX(I),I =1,NF

SY(I),I =1,NF

ST(I),I =1,NF

Reference information; upto 80 characters of text.

SX(I) = Shear stiffness of story I

in the X direction.

SY(I) = Shear stiffness of story I

in the Y direction.

ST(I) = Torsional stiffness of story I

in the adirection about

the center of mass of the floor.

Note: Input shear stiffness in the X and Y direction and torsional stiffness in the adirection

of each individual story starting from the top story to the first story.

A.5.2.2 Eccentricity Data· X and Y Direction'

USR TXT

EX(I),I =1,NF

EY(I),! =1,NF

Reference information; upto 80 characters of text.

EX(I) = Eccentricity of center of resistance

from the center of mass of the floor l.

EY(I) = Eccentricity of center of resistance

from the center of mass of the floor I.

Note: Input eccentricity at each individual story in the X and Y direction starting from the

top story to the first story. If both the eccentricities are zero, a default value of 0.0001 is

used to facilitate eigensolution.
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A.5.3 Eigenvalues and Eigenvectors for Three Dimensional Building

(for ISEV = 3 only; skip this section if ISEV = 1 or 2)

USR TXT

A.5.3.! Eigenvalues

USR TXT

W(I),I =1,NFQ

Reference information; upto 80 characters of text

Reference information; llpto 80 characters of text.

W(I) = Eigenvalue of mode I

Note: Input from the first mode to the NFQ Il'l;ode given in section A.4.1.

A.5.3.2 Eigenvectors

USR TXT Reference information; upto 80 characters of text.

E(3*NF,I),l =1,NFQ

E(3 *NF,I) = Eigenvector of mode I.

Note: Input from the first mode to the NFQ mode given in section AA.1.

A.5,4 Superstructure Translational Mass and Rotational Mass moment ofInertia (Skip this

section if ISEV =2)

USR TXT Reference information; upto 80 characters of text.

CMX(I),I = 1,NF CMX(I) = Translational mass at floor 1.

CMR(I).I =l.NF CMR(I) = Mass moment of inertia offloor I ahout the center of mass.

Note: Input from the top floor to the first floor.
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A.5.5 Superstructure Damping

USR TXT

DR(I),I =1,NE

Reference information; upto 80 characters of text.

DR(I) = Damping ratio corresponding to mode 1.

Note: Input from the first mode to the NE mode.

A.5.6 Eccentricities of center of mass

USR TXT Reference information; upto 80 characters of text.

XN(I),YN(I),I =1,NF

XN (1) = Distance of the center of mass of

the floor I from the center of mass of

the base in the X direction.

YN(1) = Distance of the center of mass of

the floor I from the center of mass of

the base in the Y direction.

(If ISEV = 1 then XN(I) and YN(1) set = a)

Note: Input from the top floor to the first floor.

A.5.7 Height of Difl'erent Floors and the Base

USR TXT

H(I),I =1,NF+ 1

Reference information; upto 80 characters of text.

H(I) = Height from the ground to the floor 1.

Note: Input heights from the top floor to the base.
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A.6 ISOLATION SYSTEM DATA

USR TXT Reference information; upto 80 characters of text.

A.6.1 Stiffness Data for Linear Elastic Isolation System

t

USR TXT Reference information; upto 80 characters of text.

SXE,SYE,STE,EXE,EYE

SXE = Resultant stiffness of

the linear elastic isolation system

ill the X direction.

SYE = Resultant stiffness of

the linear elastic isolation system

in the Y direction.

STE = Resultant torsional stiffness of

the linear elastic isolation system

in the adirection

about the center of mass of the base.

EXE = Eccentricity of the center

of resistance of the linear elastic

isolation system in the X direction from

the center or Illass ur the baSt:.

A-23



EYE = Eccentricity of the center

of resistance of the linear elastic

isolation system in the Y direction from

the center of mass of the base.

Note: Data for linear elastic elements can also be input individually (refer to A,6.4.1).

A.6.2 Mass Data of the Base

USR TXT

CMXB,CMTB

Reference information; upto 80 characters of text.

CMXB = Mass of the base in the

translational direction.

CMTB = Mass moment of Inertia of the base

about the center of mass of the base.

A.6.3 Global Damping Data of the Base

USR TXT Reference information; upto 80 characters of text.

CBX,CBY,CBT,ECX,ECY

CBX = Resultant global damping coefficient

in the X direction.

CBY = Resultant global damping coefficient

in the Y direction.

CBT = Resultant global damping coefficient

in the adirection about the

center of mass of the base.
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ECX = Eccentricity of the center of

global·damping of the isolation

system in the X direction from the

center of mass of the base.

ECY = Eccentricity of the center of

global damping of the isolation

system in the Y direction from the

center of mass of the base.

Note: 1. Data for viscous elements can also be input individually (refer to A.6.4.2).

A.6.4 Isolation Element Data

USR TXT Reference information; upto 80 characters of text.

Notes for sections A.6.4.1 to A.6.4.4:

(i). K= 1,NP •• Data for NP isolation elements to be given using the elements in A.6.4.1,

A6.4.2, A.6.4.3, A.6.4.4, A.6.4.5, A.6.4.6, A.6.4.7, and A.6.4.8.

(ii). The indices INELEM(NP,2) are used in the subsequent sections A.6.4.1 to A.6.4.8 to

identify the element types in the isolation system. Index INELEM(NP,2) is defined as

follows:

INELEM(K,1:2) = Indices for the isolation element K

indicating its type and whether it is a

uniaxial or biaxial element.

INELEM(K,l) = 1 for a uniaxial element

in the X direction, (or A direction)

INELEM(K,1) = 2 for a uniaxial element

in the Y direction, (or B'direction)

INELEM(K, 1) = 3 for a biaxial element
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INELEM(K,2) = 1 for linear elastic element.

INELEM(K,2) = 2 for linear viscous element.

INELEM(K,2) = 3 for hysteretic element

for elastomeric bearing steel damper.

INELEM(K,2) = 4 for element for flat sliding bearing

(friction force and fmax independent of instant changes in

!,lormal force)

INELEM(K,2) = 5 for hysteretic element for flat sliding

bearing (friction force and fmax depend on instant change

in normal force)

INELEM(K,2) = 6 for FPS bearing element

INELEM(K,2) = 7 for hysteretic nonlinear stiffening element

(not available in the current Version)

INELEM(K,2) = 8 for nonlinear viscous element

A.6.4.1 Linear Elastic Element

INELEM(K,1:2) INELEM(K,l) can be either 1,2 or 3

INELEM(K,2) = 1

(Refer to A.6.4 for further details).

PS(K, 1),PS(K,2)

PS(K,1) = Shear stiffness in the X

direction for biaxial element or uniaxial

element in the X direction

(leave blank if the uniaxial element

is in the Y direction only).

PS(K,2) = Shear stiffness in the Y

direction for biaxial element or uniaxial

element in the Y direction

(leave blank if the uniaxial element

is in the X direction only).
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Note: Biaxial element means elastic stiffness in both X and Y directions (no interaction

between forces in the X and Y direction).

A.6.4.2 Linear Viscous Elements

Fig. AS • Position of Viscous Elements Cluster

INELEM(K,1:2) INELEM(K,l) can be either 1,2 or 3

INELEM(K,2) = 2

(Refer to A.6.4 for further details).

CA, CB, THETAA, THETAB

CA = C(K,3) = Damping coefficient in the A direction for

biaxial element or uniaxial element in the A direction

(leave blank if the unia,xial element is in the B direction

only).

CB = PC(K,6) = Damping coefficient in the B direction for

biaxial element or uniaxial element in the B direction

(leave blank if the uniaxial element is in the A direction

only).
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THETAA = PC(K,13) = Orientation angle e for damper A with X

axis in degrees (-18CF ~ e ~ 180=') (leave blank if the uniaxial element

is in the B direction only)

THETAB = PC(K,14) = Orientation angle e for damper B with X

axis in degrees (-18CF ~ e ~ 180=') (leave blank if the uniaxial element

is in the A direction only)

Note: Biaxial element means damping in both A and B directions (no interaction between

forces in two directions).

A.6.4.3 Hysteretic Element for Elastomeric Bearings/Steel Dampers

INELEM(K,1:2) INELEM(K,I) can be either 1,2 or 3

INELEM(K,2) = 3

(Refer to A,6.4 for further details).

ALP(K,I),YF(K,I),YD(K,I),I =1,2

ALP(K,l) = Post-to-preyielding stiffness ratio;

YF(K,l) = Yield force;

YD(K,l) = Yield displacement;

in the X direction for biaxial element or uniaxial

element in the X direction

(leave blank if the uniaxial element

is in the Y direction only).

ALP(K,2) = Post-to-preyielding stiffness ratio;

YF(K,2) = Yield force;

YD(K,2) = Yield displacement;

in the Y direction for biaxial element or uniaxial

element in the Y direction

(leave blank if the uniaxial element

is in the X direction only).
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A.6.4.4 Biaxial Element for Sliding Bearings with (Friction Independent of

Instantaneous Change of Normal Load)

INELEM(K,1:2) INELEM(K,1) can be either 1,2 or 3

INELEM(K,2) = 4 (Refer to C.6 for further details).

(FMAX(K,I),FMIN(K,I),PA(K,I),YD(K,1),1 =1,2),FN(K)

FMAX(K, 1) = Maximum coefficient of sliding friction (leave

blank if the uniaxial element is in the Y direction only);

FMAX(K,2) = Maximum coefficient of sliding friction (leave

blank if the uniaxial element is in the X direction only);

FMIN(K, 1) = Minimum coefficient of sliding friction (leave

blank if the uniaxial element is in the Y direction only);

FMIN(K,2) = Minimum coefficient of sliding friction (leave

blank if the uniaxial element is in the X direction only);

PA(K, 1) = Constant which controls the transition of

coefficient of sliding friction from maximum to minimum

value (leave blank if the uniaxial element is in the Y

direction only);

PA(K,2) = Constant which controls the transition of

coefficient of sliding friction from maximum to minimum

value (leave blank if the uniaxial element is in the X

direction only);

YD(K,1) = Yield displacement; in the X direction for

biaxial element or uniaxial element in the X direction

(leave blank if the uniaxial element is in the Y direction

only);
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YD(K,2) = Yield displacement; in the Y direction for

biaxial element or uniaxial element in the Y direction

(leave blank if the uniaxial element is in the X direction

only);

FN(K) = Initial normal force at the sliding interface.

A.6.4.5 Biaxial Element for Sliding Bearings (with Friction Dependent on

Instantaneous Change of Normal Load)

INELEM(K,1:2 INELEM(K,l) can be either 1,2, or 3

INELEM(K,2) = 5 (Refer to C.6 for further details).

(FMAX(K,I),FMIN(K,I),PA(K,I),YD(K,I),I =1,2),FN(K)

FMAX(K,l) = Maximum coefficient of sliding friction at

almost zero pressure (fmaxO in Equation 2.24) (leave blank

if the uniaxial element is in the Y direction only);

FMAX(K,2) = Maximum coefficient of sliding friction at

almost zero pressure fmaxO in Equation 2.24) (leave blank

if the uniaxial element is in the X direction only);

FMIN(K,l) = Minimum coefficient of sliding friction

(independent of pressure) (leave blank if the uniaxial

element is in the Y direction only);

FMIN(K,2) = Minimum coefficient of sliding friction

(independent of pressure) (leave blank if the uniaxial

element is in the X direction only);

PA(K,1) =Constant which controls the transition of

coefficient of sliding friction from maximum (fmax) to

minimum (fmin) value (leave blank if the uniaxial element

is in the Y direction only);
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PA(K,2) =Constant which controls the transition of

coefficient of sliding friction from maximum (fmax) to

minimum (fmin) value (leave blank if the uniaxial element

is in the X direction only);

YD(K,l) = Yield displacement; in the X direction for

biaxial element or uniaxial element in the X direction

(leave blank if the uniaxial element is in the Y direction

only);

YD(K,2) = Yield displacement; in the Y direction for

biaxial element or uniaxial element in the Y direction

(leave blank if the uniaxial element is in the X direction

only);

FN(K) = Initial normal force at the sliding interface.

A.6.4.6 Element for Friction Pendulum Bearings (FPS)

INELEM(K,1:2) INELEM(K,l) can be either 1,2 or 3

INELEM(K,2) = 6 (Refer to C.6 for further details).

ALP(K3),(FMAX(K,I),FMIN(K,I),PA(K,I),YD(K,I),I = 1,2),FN(K)

ALP(K,3) =Radius of curvature of the concave surface of

the bearing.

FMAX(K,l) = Maximum coefficient of sliding friction at

almost zero pressure (fmaxO in Equation 2.24) (leave blank

if the uniaxial element is in the Y direction only);

FMAX(K,2) = Maximum coefficient of sliding friction at

almost zero pressure fmaxO in Equation 2.24) (leave blank

if the uniaxial element is in the X direction only);
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FMIN(K, 1) = Minimum coefficient of sliding friction

(independent of pressure) (leave blank if the uniaxial

. element is in the Y direction only);

FMIN(K,2) = Minimum coefficient of sliding friction

(independent of pressure) (leave blank if the uniaxial

element is in the X direction only);

PA(K, 1) =Constantwhich controls the transition of

coefficient of sliding friction from maximum (fmax> to

minimum (fmin) value (leave blank if the uniaxial element

is in the Y direction only);

PA(K,2) =Constant which controls the transition of

coefficient of sliding fr~ction from maximum (fmax) to

minimum (fmin) value (leave blank if the uniaxial element

is in the X direction only);

YD(K,l) = Yield displacement; in the X direction for

biaxial element or uniaxial element in the X direction

(leave blank if the uniaxial element is in the Y direction

only);

YD(K,2) = Yield displacement; in the Y direction for

biaxial element or uniaxial element in the Y direction

(leave blank if the uniaxial element is in the X direction

only);

FN(K) = Initial normal force at the sliding interface.

A.6.4.7 Hysteretic Nonlinear Stiffening Elements (Not available in this version)

A.6.4.8 Nonlinear Viscous Element·

(see Fig. AS for positioning definition)

INELEM(K,1:2) INELEM (K,1) can be either 1,2 or 3

INELEM(K,2) = 8 (Refer to A.6.4 for further details).
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(PC(K,I), 1= 1,14)

PC(K,l) =Force offset for dampersAorBin range 1 (Fol in Eq. (2.9».

(To be determined from operation data of damper. Leave blank: if the

uniaxial element is in the B direction only);

PC(K,2) =Force offset for dampersAorB in range 2 (Fo2 in Eq. (2.9».

(To be determined from operation data of damper. Leave blank if

the uniaxial element is in the A direction only);

PC(K,3) = Nonlinear viscous constant for damper A in range 1 (ClA

in Eq. (2.9». (Leave blank: if the uniaxial element is in the B direction

only);

PC(K,4) = Nonlinear viscous constant for damper A in rallge 2 (C2A

in Eq. (2.9». (Leave blank if the uniaxial element is in the B direction

only);

PC(K,5) = Limit velocity for transition from range 1 to 2 in A direction

(V 12)A- (Leave blank ifthe uniaxial element is in the B direction only);

PC(K,6) = Nonlinear viscous constant for damper B in range 1 (ClB

in (Eq. 2.9». (Leave blank if the uniaxial element is in the A direction

only);

PC(K,7) = Nonlinear viscous constant for damper B in range 2 (C2B

in (Eq. 2.9». (Leave blank if the uniaxial element is in the A direction

only);

PC(K,S) =Limit velocity for transition from range 1 to 2 in B direction

(V12)B' (Leave blank if the uniaxial element is in the A direction only);

PC(K,9) = Power (integer or fractional) for the velocity in range 1

for either dampers A or B (PI in Eq. (2.9»);

PC(K,10) = Power (integer or fractional) for the velocity in range 2

for either dampers A or B (P2 in Eq. (2.9»;
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PC(K,ll) = Maximum damper force (operational limitation) for

either one of dampers A or B (Fdmax in Eq. (2.9».

PC(K,12) = Displacement limit for damper operation start at low

velocities and displacements for either A or B.

PC(K,13) = Orientation angle 8 for damper A with x axis in degrees

(-180° ~ 8 ~ 180°)

PC(K,14) = Orientation angle 8 for damper B with x axis in degrees

(-180° ~ e ~ 180°)

*Note: This model is suitable for a cluster of two (horizontal) dampers A and B oriented

at an arbitrary angle to each other and to the building. The dampers have different nonlinear

properties, but same maximum and same offset constants).

A.6.5 Coordinates of Isolation Elements

USR TXT Reference information; upto 80 characters of text.

XP(I),YP(I),I =1,NP

XP(I) = X Coordinate of isolation

element I from the center of mass

of the base.

YP(I) = Y Coordinate of isolation

element I from the center of mass

of the base.
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A.7 OUTPUT INFORMATION DATA

A.7.1 Output Parameters

USR TXT Reference information; upto 80 characters of text.

LTMH,KPD,IP1,IP2,IP3,IP4,

LTMH = afor both the time history and peak

response output.

LTMH = 1 for only peak response output.

KPD = No. of time steps before the next

response quantity is output.

IP1,IP2, IP3, IP4 = Bearing numbers of four

bearings at which the peak response values

and the force - displacement time history

response is desired.

A.7.2 Interstory drift output

USR TXT Reference information; upto 80 characters of text.

CORDX(K), CORDY(K),K= 1,6

CORDX(K) = X coordinate of the column line

K at which the interstory drift is desired.

CORDY(K) = Y coordinate of the column line

K at which the interstory drift is desired.

Note: 1. The coordinates of the column lines are with respect to the reference axis at the

center of mass of the base. Six column lines can be specified.
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A.S LOAD CASE DEFINITION:

USR TXT Reference information; upto 80 characters of text.

[XM(1,L),XM(2,L),XM(3,L),XM(4,L), L= 1,NLD]

XM(l,L) = Multiplier for vertical load case I

XM(2,L) = Multiplier for vertical load case II

XM(3,L) = Multiplier for vertical load case III

XM(4,L) = Multiplier for earthquake resporise

Note: Load cases for the complete building are defined as a combination of vertical load

conditions (1,11,111), and earthquake loading. One card must be entered in this section for

each different building load case; the total number of building load cases is controlled by

the control information in section A.4.2.

A.9 EARTHQUAKE DATA

This information has to be specified in additional tiles outside the main input data tile

(e.g., WAVEXPl.DAT and WAVEVPl.DAT).

A.9.1 Unidirectional or Bidirectional Earthquake Record

Note: the following data has to be specified in the file which the user defined at the start

of the user manual in section Al e.g., in the file WAVEX.DAT

XCI),! = 1,LOR X(I) = Unidirectional acceleration component.

Note: l.If INDGACC as specified in A.4.5 is 1, then the input will be assumed at an angle

XTH specified in A4.5. If INDGACC as ~pecified in A4.5 is 2,3, or 4 then X(LOR) is

considered to be the X component of the bidirectional or tridirectional earthquake.
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A.9.2 Earthquake Record in the Y Direction f«;lr the Bidirectional

Earthquake (Input only if INDGACC = 2 or 4)

Note: the following data has to be specified in the file which the user defined at the start

of the user manual in section Al e.g., in the file WAVEY.DAT

Y(1,1),1 =I,LOR Y(1,1) = Acceleration component in the Y direction.

A.9.3 Earthquake Record in the Z Direction for the Bidirectional or tridirectional Earthquake

(Input only if INDGACC=3 or 4)

Note: The following data has to be specified in the file which the user defined at the start

of the user manual in section A.I e.g., in the file

WAVEZ.DAT

Y(I,2), 1= I,LOR Y(I,2) = Acceleration component in the Z direction.

A.tO Execution Instructions

Check the README file in the distribution disk for details on execution of program.
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