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Underdrain Installation PURDUE
Construction Methods of Underdrains

Although a relatively simple operation, the proper installation of
underdrains plays an important role in determining the life of any
type of pavement.

The following presentation contains “Points of Emphasis” for
construction of underdrains. It is recommended viewing for any
INDOT or consultant team involved in a contract that includes this
type of work. It is further recommended that, prior to construction,
the presentation be viewed jointly by the inspection team and any
contractor personnel that will be specifically responsible for
constructing underdrains on their project.



Trenching Machine PURDUE
Underdrain Installaton T

L, oty T =5

Whether a trencher is used or the
material is hand-dug, loose material,
including clumps, at the bottom of the
trench should either be removed or
compacted in order to keep drainage

from being compromised.




Trenching Machine PURDUE
Underdrain Installaton T

Periodic depth checks
should be made to ensure
appropriate depth below
subgrade is achieved.

Check plans for trench Typicslly .
dimensions specified, which 14 v ANt
are frequently found in the ;

“miscellaneous detail” section
of the plans.



Typical Cross Section PURDUE

Underdrain Installation

Underdrains prevent water
from accumulating under
the pavement and causing

premature subgrade failure.

PIFE, TYPE 4, 5" 12"

Open-graded material
placed directly above the
underdrain helps move

asphalt layers.

= }@ p/ water out from between

~ Depth:

24”

mm&@t\i widih
SCALE 1°=2’ 14




Underdrain Tables
Underdrain Installation

For bituminous pavement, the
drainage layer is an open graded
HMA mix. This mix also covers
the underdrain subgrade.

| 110"
SHLDR.

PAVED SHOULDER

LIMITS 20"

FULL DEPTH HMA

COMPACTED AGGREGATE NO, 53, BASE

~—— (SEE TYPICAL SECTIONS)

/ | A /
sUBGRADE __ AGGREGATE FOR UNDERDRAINS /4 £1% f SUBGRADE —
TREATMENT - GEGTEXTILES FOR UNDERDRAINS,— / The Coarse

WHERE REQUIRED /

For concrete pavement, Coarse
Aggregate #8 is used for the
drainage layer and the
underdrain aggregate.

COMPACTED AGGREGATE NO. 53, BASE

TREATMENT

PIPE, TYPE 4, CIRCULAR, &' —

Aggregate #8
combines with
the Compacted
Aggregate #53 to
form the
subbase.

RE A HMA BASE 25,0MM COURSE IS USED, THE GEOTEXTILE FABRIC SHALL
ND UNDER THE COURSE,

AN INSTALLATION SHOWN, QUTSIDE INSTALLATION REVERSED AS APPLICABLE.
FSS NOTED OTHERWISE ON CROSS SECTIONS OR SUPERELEVATION DIAGRAMS,

UNDERDRAIN DETAIL FOR HM.A. MAINLINE

SUBGRADE JZA;GREGATE FOR UNDERDRAIT/i |
GEOTEXTILES FOR UNDERDRAINS, /
WHERE REQUIRED y |

PIPE, TYPE 4, CIRCULAR, 6"—’(__ D+¢ 14”

COARSE AGGREGATE NO. 8

COMPACTED AGGREGATE NO. 53, BASE

SUBGRADE
TREATMENT

UNDERDRAIN DETAIL FOR PCCP MAINLINE




Underdrain Tables
Underdrain Installation

3" COMPACTED #53 STONE-

45° (TYP.)- . /6;% \—TOP OF SUBGRADE
| I~ GEOTEXTILES FOR UNDERDRAINS,
Pax WHERE REQUIRED
SUBGRADE e ——
TREATMENT .
AGGREGATE FOR UNDERDRAINS / D+8"
PIPE, TYPE 4, CIRCULAR, 6"

UNDERDRAIN DETAIL FOR CURB AND GUTTER

PURDUE

~500 Ib/sys QC-QA HMA INTERMEDIATE OG 19.0 MM
i

/ 165 Ib/sys HMA SURFACE 9.5 MM

/2?5 Ib/sys HMA INTERMEDIATE 19.0 MM

: 4300 Ib/sys QC-QA HMA INTERMEDIATE OG 19.0 MM
"~ _~330 Ib/sys HMA BASE 19.0 MM

Note the location of
the open graded
material within the
layers of a typical HMA
mix.




Underdrain Tables PURDUE

Underdrain Installation UNIVERSITY
Outlet

Stations

Outlet elevation essentially Outlet

determines the offset. Once Elevations
) . UNDERDRAIN TABLE
the outlet elevation is staked, _ I\ W T OUTLET PROTECTORS
ey o . . 2 1 5 | £ 5 |5 E 5 |
a i T o B £} k] E] B o
be sure it is in a location that is NP R A R AP
B i |2 e H 3 08 |3 2 H
; T i |z 2| 3|3 |78 32| £ E:=| = & E 5
practical. \ IR L IR R R
8 | Ef T i|:|:/|58¢5 5 =8 £/ 5 = §)§ & %
5 LI LFT (syd) (cys) (Tons) % =5 (YIN) 35 3 R = % L3 13553 85 & (o) | tom| & 3 3 | 2 2 3 Remarks
LINE “A-SWET 22 oo il
i::;: " won e e ?;ii i H | sl | TR0 | T3 7 [
— | | | | — | = | | | | | | | | | | | | [ |
3045000 il e e we T3 | ¥ 2 a0 | ss0d | el | T300 FT] 1 3
e ——— e ———— i p—— e ———
MW Ty ¥ 2 20 MH-200 TH00 73566 20 1 x
TR :!,l ! 14 ! 04 B | ELIET l N l l l l l l l I l l l l | |
4041477 nsm Y 2 52 a0 T84.00 T84 an 1 X
UNE “ASR AT | ] I I | I I I I I I I I | I I I I I |
264518 L 1808 181 s 7.1 1 L] 1 1 1 1 1 1 1 1 1 1 1 1 1
0368 545 ¥ 2 T T Tt EH [l X
I I I | I I I I I I I I I I I I I I |
D156 " 1884 LT “e B + N + + + + + il il } 1 1 1 1 1
2T kS ¥ z W | senoq | T TEEAT 3 i X
— [ [ [ | — [ = [ [ [ [ [ [ [ | [ [ [ [ I |
T " aot - n e v I | |z 18| 4358 | TBA00 | TE | | | | 32| 1 | | x|
- - - - [ [ [ [ [ [ [ [ | [ [ [ [ I |
s=| Underdrain table provides | | | i s — e ——
0440000 . . Ex | v I I | 0| eaec0o0 | TS0 | T | | | | 3 | 1 [ x | T e Varty éu-awﬁs
i useful information . ——— — - I —— — e
BI+2.00 | | | | | | | I | | | | ‘ I Fieid Verly Elsvakas
W48 00 . . ] ¥ FEH TANO0 1 13 S0p+ET00 | Te1a X Connect i Exstng
S rega rdi ngm ateria I I I I I I I E — — I I I ———
% u a ntities |Ocatio n S a n d " : s : : : ; y;u ls‘;<c7.-3c THE : 75000 : : : : ) : 1 : : : X I"’:Jfﬁféi,ﬁlw
T+45.00 q ’ ’ 5 ¥ 1 40 S+T200 Ts838 78830 EL] 1 X Remcve 37 Ex. & Connect
I Fieid Vel Elevaseas
H H I I I I I I I I | I I I I I |
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——| check planned outlet —— | | ——— — E———TT
800,00 & ¥ 1 3| a0 | T8 7850 % Connezt & Exstng
B36+00.00 . . . Field Verily Elsvaions
m locations to determine if f=——= ' ' e e — P — ———rr
BI1425.00 Figid Varly Elayvakoas
= they make sense 2 e s e e .-t 2 et e e -2 e e e
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Underdrain Tables PURDUE

Underdrain Installation

Field conditions must be checked to make sure of the following:

e Qutlets must be placed at the sags of vertical curves

e Two outlet pipes must be placed at the sags of vertical curves to
accommodate water draining from two different directions

e Appropriateness of locations on the slope (offset)

2 Pipes per
outlet at bottom

of sag vertical oo
et
h’e curve WN
\
%
NG

Wa

le, /:/o

%

No outlet pipes

°o 1 Pipe per at crest of
outlet on curve —no
slope drainage will

occur here




Underdrain Tables

Underdrain Installation

Note that the geotextile
material is to extend a
specified horizontal distance

outside the trench.

COMPACTED AGGREGATE NO, 53, BASE

110"

SHLDR.
100"

PAVED SHOULDER

j\é;REGATE FOR UNDERDRAINS
GEOTEXTILES FOR UNDERDRAINS,
WHERE REQUIRED

Id
PIPE, TYPE 4, CIRCULAR, &"—

SUBGRADE _/

RADE
NT TREATMENT

COMPACTED AGGREGATE NO. 53, BASE -

TREATMENT

SUBGRADE JZA;GREGATE FOR UNDERDRAI?

2%

GEOTEXTILES FOR UMDERDRAINS,
WHERE REQUIRED

PIPE, TYPE 4, CIRCULAR, 6"— |

147

UNDERDRAIN DETAIL FOR PCCP MAINLINE

PURDUE

FULL DEPTH HMA

~~
* 11" ~—— (SEE TYPICAL SECTIONS)
S VA — —?

EDGE OF TRAVEL Lﬁ]NE OR AUX. LANE

=

= SUBBASE

COARSE AGGREGATE NO. B

COMPACTED AGGREGATE NO. 53, BASE

SUBGRADE
TREATMENT



Typical Cross Section PURDUE
Underdrain Installation

Geotextile material will be
specified by the plans to line
the trench.

0 x e I I
o 1'=6" MiN.
AGGREGATE FOR |
UNDERDRAINS
GEOTEXTILES rm/m.JmJ._
UNDERDRAINS
PIFE, TYPE 4, 6 -z -1
SCALE 1"=2'

Geotextile material is used to
prevent “fines” from the
surrounding soil from
contaminating the aggregate
backfill and hindering
drainage.




Typical Cross Section IM
Underdrain Installation - Crvree

Make sure the correct | Check pipe diameter:
material has been delivered ="

to the job site. Ll Often 67, but check plans

j| Check pipe for erforatio:
| Drains will be ineffective
without perforation. 7_




Geotextile Material
Underdrain Installation

PURDUE

| am |

See 718.04 for additional information
regardmg geotextile materlal

e Uq iy

distance geotextlles should

Check plan sheets for the

Proper placement and
verification of geotextiles
provides additional insurance
that “fine” material will not
contaminate the aggregate
envelope.




PURDUE

Geotextile Material
Underdrain Installation

The upstream roll should
overlap the downstream roll
when placing a subsequent
roll of material within a long
run. This overlap should be a
minimum of 1 foot, as per
718.04.

Fabric Pin ;

shown here to keep
the fabric in place




Aggregate Fill PURDU

Underdrain Installation UNIVERSITY

et - -

Aggregate should
easily fall to both
sides of the pipe.




Aggregate Fill PURDUE

Underdrain Installation o :

‘ -i‘.-}

See section 718.02 for 3
appropriate aggregate sizes . =

Although close to one side of
the trench, the pipe does not
appear to be hindering the
aggregate from reaching the
bottom of the trench.




Aggregate Fill PURDUE

Underdrain Install_gtion

Aggregate should be removed
from the fabric after placement

o
-~ v L ¢ ‘.» ~
= 2D
3 ey S
= e
- -‘:.--' ‘E. L%}
. g W S
£ % Ay £
5 5 % MPs TR
S il




Pipe Outlets

Underdram Installatlon

PURDUE

UNIVERSITY

Recurring Plan Detail 718-R-639d
contains important information
about the various aspects of out-
letting an underdrain.

Or will outlet onto a slope.

Pipe will either connect directly
into a storm inlet

A hole may have to be
cored into the side of the E
inlet for underdrain pipe.




Pipe Outlets

Underdrain Installation

PURDUE

£J0€E PEE9-UBTL 3

{ “—F" Underdrain Outlet Plpe (1)
(}R’JI’JEI‘IL Screan

Structure Backflll Limits -

Shoulder Break—,

Limlts of Sultable Structure Backflll Limlts
Materlal Backil| |

T=——~Refer to Ditch Qutlet Detall

Outlet pipes shall be
backfilled as shown here

OUTSIDE SHOULDER INSTALLATION

Limilts of Sultable Materlal Backflll
Sultable Materlal Cap

10—

g
'\_]-_) 6

I~ [Match HMA Shoulder Depth)

N

Underdraln Qutlet F'Ips!—/ ] |
Redent Sr_'rr_‘an& /"

Refar to Ditch Outlet Detall

MEDIAN SHOULDER INSTALLATION

HMA for Underdralns
{Match Exlsting Shoulder Depth)_\._

Exlsting HMA Shu.JIdur—-\ to Typlcal Cross Sectlon
L l

/—New HM#& Shoulder, Refer
J
F

6" Underdralr Qutlet

Structure Backflll—
Flpe or Plpes

RETROFIT UNDERDRAIN QUTLET DETAIL (UNDER PAVED SHOULDER)

Rodent Scraen

-
€

DITCH QUTLET DETAIL

Inilet, Cateh Basln or
Slmllar Structure Wall
~Dralnage Structure o, W]
{ Outlet Plpe LT
f Riodent: o I's

NOTE:

lﬁj If wnderdraln outlet plpe elevations are not shown on Underdraln
Tanle, the minimum outlet pipe slope shall be 0,3%. The minlmum
freeboand betwean the outlet pipe outfall and the ditch lIne shal| b=
10" for median ditches and 240" for slde ditches,

Type 4 Plpe or
6" Qutlet Plpe

S

DRAINAGE STRUCTURE QUTLET DETAIL

| S—PYC Connaction

INDIANA DEPARTMENT OF TRANSPORTATION

UNDERDRAIN DETAILS

91-10-/0 121y 40 uQ sbujna Joj "43




Pipe Outlets: Slope Outlet PURDUE

Underdrain Installation UNIVERSITY

When out-letting to a slope, outlet
protectors are used.

It is a good idea to run the pipe as far down
the slope as possible in order to avoid
situations like this.




Pipe Outlets: Slope Outlet PURDUE

Underdrilnstallation -

R

In many cases, it is not a matter of
“if” the slope below the protector
will wash out, but “when”.

Although 718-R-639d indicates P
the placement of sod immediately |
below the protector, erosion will
typically occur just below the
limits of the sod.

It is not uncommon to place a
strip of sod on either side of the
protector to prevent erosion
alongside the protector. However,
unless good sod notches are cut,
the slope will erode between the
sod and the seeded area.




Pipe Outlets: Slope Outlet PURDUE

Underdrain Installation UNIVERSITY

Riprap is a common fix to the
area eroded out between the
protector and ditch or toe of
slope. Thisis a common
punch list item once the job is
ly complete.
B "R 1

L.

To prevent fine material under
the riprap from washing out,
geotextile material should be

placed under the riprap from the
outlet protector to the ditch.




Pipe Outlets: Slope Outlet PURDUE

Underdrain Installation ___ AR Y

Rt : W IR
it S

To avoid spending money on
riprap or even remobilizing a
contractor’s crew, consider
extending the outlet pipe
further down the slope and
constructing the protector
closer to the ditch line. A
small amount of riprap can
then be placed as a matter of
course between the
protector and the ditch line.
Although pipe cost will
increase, the cost to repair
any eroded area by the
contractor or by an INDOT
maintenance crew is avoided
in the future. See 718-R-
639d (3 of 7, Note 1) for
parameters regarding
protector placement.




Pipe Outlets: Slope Outlet PURDUE

Underdrain Installation UNIVERSITY

Here, the outlet protector was
constructed close to the bottom of
the slope. Any future repair of
erosion below the protector can be
performed easily and without heavy
equipment.




Pipe Outlets: Rodent Screen

PURDUE

UNIVERSITY

Underdrain Installation

— Proper

Installation

Pipe End Cut to Match Slope

QOutlet Protector

Open End of Rodent Screen

- 6" Outlet Pipe 8

\Closed End of Rodent Screen



Pipe Outlets: Rodent Screen PURDUE
Underdrain Installation UNIVERSITY

Incorrect
Installation

. |

Mesh Slze = 3 Openings per 1" —__
Wire @ = 0.072" ““HE,HH
—_
“"'““ﬁ-q_,__h
e T Rodent Screen
-H-""‘-.

Cut LI 6" ]
utLines [ [ [/ [/ / / / -
L 7 7 (1L
x s TH

fo - & T
B o = TF
© 11
| W W W W W W 1\ i F
- ] ]
hep - - - -
N\, \ AN \ NN NN -

16"




Pipe Outlets: Rodent Screen PURDUE
Underdrain Installation

Rodent screens
must also be placed
at inlet structures

Inlet, Catch Basin or
SImilar Structure Wall

T{‘v i Drainage Structure
-2k Outlet Pipe X

Rodent
Screen

Type 4 Pipe or
6" Qutlet Pipe

o
| SR

"“
S |
P-.- — 13
[ Je- = Do ] N—pVC Connection
P..%» =h. s
s s N T N T T
S . [T P . » st

& & "‘ “’.' & & & - “’.' -

o ot

DRAINAGE STRUCTURE OUTLET DETAIL

See 718-R-639d (3 and 7
of 7) for more information
on rodent screens.

Rodent screens must be
placed on all outlet pipes




Pipe Outlets: Maintenance PURDUE
Underdrain Installation S

e

Blockages can occur,
even during
construction




Pipe Outlets: Maintenance PURDUE
Underdrain Installation

Outlets should be checked occasionally during construction to ensure no blockages have
developed. Mulch from seeding operations or recently placed sod that has moved due to
heavy rains could lead to outlet blockages. Water back-up from these blockages could have a
relatively immediate impact on the life of the highway if not removed in a timely manner.

In addition to checking outlets during the course of the project, all outlets should be checked
again at the pre-final inspection. If significant time has elapsed between the pre-final and final
inspections, they should be checked again.



Pipe Outlet Protectors

Underdrain Installation

50
[ T

L340 PEESU-BILI

(@) e o4 in the upsiope lug may be feld aut to
-mmmmwuempewwum 2 404 ars I e peige g
iy be maved o sccormmaate e cutiek pipe or pi

INDIANA DEPARTMENT OF TRANSPORTATION

OQUTLET PROTECTOR, TYPE 1

[ IEIEEN s

I
raypy—1 !:Muts'd

Lec

L£40S PEES-Y-BTLI
]
5
=
<
2

e
ar. .- .
Sod » 4 ar
5 cas A b -
F 1-n5 | i &
TYPICAL SECTION
404 X 1-8"

NOTE:
(@) The o4 upsiope lug may be field aut t

S o s o Ao o T4 B P
iy be moved to socommodate the cutit pipe or ppes.

INDIANA DEPARTMENT OF TRANSPORTATION

QUTLET PROTECTQR, TYPE 2

PURDUE

There are 3 different types of
outlet protectors. The type for
any specific location is shown in
the underdrain table. Be sure
the type shown makes sense.

£J09 PSES-Y-BILA

NOTE:

(@) The &4 trensverse bars in the upalope lug mey be Neid Ct t
The 4

may be maved to accommeocats the outtet ipe or pipes.

[y
403 x 3-10"

e jﬁ%

404 x 1-8"

Sbum=1 Joj

INDIANA DEPARTMENT OF TRANSPORTATION

QUTLET PROTECTOR, TYPE 3

T-T0-/0 2y 10 Ui




Pipe Outlet Protectors
Underdrain Installation

PURDUE

L0t PEE9-Y-BTL 3

|—--C

g

6 {Typ) —,
1 1
| N 101 (Dzaax e
| |
| - |
| lm0d (1404 — |
P
I Cj _____________ :__ N _/—Du'.let Plpe or Plpes
| il S S R—
L 140 (1a—_ I
i | |
| e Pt B |
et |
1=401
| |
I - I -
" “~—Sod St
g 3" (Typa) od Strlp
50" L'— c
PLAN VIEW

Proper construction of the
lug is critical to keep the
outlet protector in place on
the slope.

soi—~_] NOTE:
A1 Iﬁ} The #4 transverse bars In the upslope lug may be fleld cut to
=] accommadate the outlet plps or plpes, The 404 bars In the upslope lug
':l; 34__‘;; : may be moved fo accommodate the outlet plpe or plpes,
|

S
] #— 3" (Typ.)

SECTION C-C

g-0"

—_—

‘}fﬂ.
1"R
(Tvp)

401 X 9'-4"

INDIANA DEPARTMENT OF TRANSPORTATION

OUTLET PROTECTOR, TYPE 1

91-10-/0 Joy JO UQ Shuma7] Joj 13
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