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USE OF LONGITUDINAL SUBDRAINS IN THE 3R PROGRAM

INTRODUCTION AND PROBLEM STATEMENT

Construction of the inte:state highway system began in
1956. This U.S. nétwofk of highways consists of more than
41,000 miles with 790 miles in Iowa. There have been many
-benefits of the controlled access roadway, but probably the
most significant is the improved safety for the motorist.

In Iowa, we have always endeavored to utilize qﬁélity
locally available materials in our construction using the
most economical or cost effective methods. Obvioﬁsly Qﬁen
the effort is to build a cost effective systeﬁ, théte'will
be some portiéns of the network that will not perform aé
well as expected; In the deéign of our interstate, the
main éonsideration fof base construction under thé pévement
was structural capacity. The material was dense graded with
the aim of supporting the pavémen% and distributing the léad
as it.is transfefreé to the underlyving grade. The drainage'
characteristic of the base was'aéparently not given adeguate
considexation. On jéint@d portland cement concreté‘(pcc}
pavement,-thé water that.is trapped immediately beneath
" the pavement causés severe problems. The traffic causes

rapid movement of the water resulting in the hydraulic



pressures or "pumping" (movement and redeposit of base fine
material) resulting in faulting between individual slabs.
Recognizing the need for maintaining this large national
highway network, the Federal Highway Administration has iniQ‘
tiated a fun&ing program for resurfacing, restoration and
rehaﬁiiitation (3R). Many mileés of the system are more than
20 years old and in need of major maintenancé. This new 3R
Program necessitated ‘a complété inventory of the Iowa inter-
state system to establish ptioriti@s and to identify ﬁbosé‘

sections in need of immediate remedial treatments.

PROJECT LOCATION

One section of highway thét waé identifie& byrtﬁé 3R
inspection team was I-80 in Poweshiek County fﬁom-lowalléﬁ
to'the Brooklyﬂ Iﬁterchang@ (13.6 miles). Thislpavement is
a 10 inch thick.mesh reinforced pcc with doweléd transversé
joiﬁts at a 76.5 foot spacing. The pavéﬁent was placed on a
telatively dense graded 4 inch crushed limestone “grénular
subbase®. The iﬁspection team noted that many Eranéverée
joints wefe faulted. Edge pumping was evident along most of
this section with damage to the shouiders; Tﬁe shdﬁlders.had
settled % to 1 iﬁch below ﬁhe edge of pa%em@ﬁt. fﬁe paﬁémenﬁ

was constructed in 1964 and has a traffic volume of about

14,000 vehicles per day with about 4,000 of these being trucks.

Many full depth patches were placed and pressure relief joints

cut in the fall of 1977.



OBJECTIVE
The objective of this evaluation is to determine if longi-
tudinal subdrains are effective in preventing or reducing

pumping, faulting and related deterioration.

~ SUBDRAIN DESIGN

The subdrain design utilized 6" diaﬁeter commercially
avaiigble slotted polyethyléne corrugated agricultufe tubing
complyihg wifh ASTM P-405. It was placed continuously aajécent
to the outside.edge of pavement for the entire 14 milés of the
project. Subdrain waé placed adjacenf to the inside edge of
-pévemgnt 500; either direction from the low point of vertical
curves. Thé detailed design is given in Aépendix Al., The

gradation ¢f the porous backfill to provide bedding and covér

fbr the tubing was:

Sieve Size % Passing
3/4% 100
i/2n 95 - 100
3/8" 50 -~ 100
44 15 - 50
#8 0 - 5

A new detailed design (Appendix AZ) has recently been

developed with modifications to alleviate initial problems.

CONTRACT
The project was let on June 20, 1978, with a starting

date of August 14, 1978. The successful low bidder was



Manatt's Incorporated of Brooklyn, Iowa. The total bid
(Appendix BRY was $1,213,872. which included 159,347 lineai
feet of subdrain at $5.03 per lineal foot. The work period

was set at 100 days.

CONSTRUCTION

For construction, the interstate traffic wéé:rQStriéted
to éne lane with apﬁfopriate gigning and tfaffic QOntfoi.
Installation of the subdrain‘began on Septemberlli, 1978.

: Thércontractor‘establishe& a very efficient equipment train
to accoﬁplish the subdrain installation. The contractor's
goal was to place 3000 lineal feet of subdraih per.day. This
was a new operation for‘the'contractor and as with all new |
operations, there is a learning period. The first day only
240 feet were placed with ébout 700 feet the second day. On
Septembér 25, the contractor reached his goal of 3000 feet in
one day.

The first bperation utilized a Vermeer T-600C (Figure 1)
trencher to cut the cne foot wide, 2 foot'deep trench. Ini=-
tially, this trencher was eqguipped with a disc cutter wheel
(Figure 2) to aid in maintaining proper alignment. Later,
this was of guestionable benefit. The trencher cut very neat
side walls and alleviated some initial concern that CEﬁnks

might be torn from the asphalt concrete shouiderlsurfaéing.

was, however, relatively severe to the trencher'é‘cutting teeth.
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Figure 2: Disc Cutter Wheel to Aid in Alignment




A side elevator of the trencher deposited the material directly

into trucks (Figure 3).

Figﬁre_B; Loading Excavated Material

Pdlyethylene tubing deteriQraﬁéé_if exposéd to sunlight
and therefore, a note on the plans réQuired protected storage
even though the producer claimed that an additive would pro-
tect the tubing for up to six months. The tubing was placed

in the trench manually (Figure 4).



Figure 4: Hand Placement of the Tubing

The next operation in the train was the proper placement
of the porous backfill material usigg a Blawknox RW-38 road
widener (Figure 5) with a spécial béx attachment; This
operation caused the most problems and.required special
attention. With préper modifications, the tubing was threaded
through a guide in the special attachm@nt ahd the 3" bedding
beneath the pipe was achieved. A vibrating éan unit (Figure 6)
was attached to the special box for compaction of the porous

backfill.



Figure 6:

Vibrating Pan Compaction of Porous Backfill
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The pavement was then broomed prior to placement of the

6" thick 3/4" type B asphalt concrete surface. The asphalt

P was placed with a second Blawknox RW-38 road widener (Figure 7).
|- The asphalt concrete was compacted with a small 30" vibratory

b roller. The filled trench was very neat (Figure 8) even before

the 1/2" cover. aggregate placement over the full width of the

shoulder.

)
i
|
i

Figure 7: Placing Asphalt Concrete with Blawknox RW-38



Figure 8: Finished Trench Prior to Cover Aggregate Placement

Preformed polyethylene T's (Figure 9) were used at outlet
locations (at 1000° intervals). The porous backfill at the
outlet was manually placed. ZEarth fill was tamped around the

RF~-22 subdrain outlets (Figure 10).

During construction, water would flow into the open trench:

and partially fill the new pipe'overnight. Following a rain,
outlets of completed sections would flow from a trickle to a
depth of one to two inches. This was an early indication of

their capability to drain water from beneath the pavement.
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Figure 9: Preformed T for Outlet

Figure 10: Tamping Earth Fill Around'ﬁhé RF~22 Outlets
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The reinforced concrete pipe median drains causéé some pro=-
blem during construction. Some were not deep enough to allow a
two foot deep trench. Others had cavities that would allow the
loss of porous backfill resulting in subsequent early settlement.
Without special treatment, these gituations could also lead to
future piping along the median drain. The remedy for the problem
on this project was to excavate over the median pipé and tack
coat the pipe with asphalt cement.--Two layers of filter fabric
were then placed on.thé.tack.coat followed by capping with
asphalt éonqxeﬁe ﬁot-ﬁix._.

Construction.was.not completed during 1978. BAnother problem
was recognized in the early spring of 1979. The RF-22 outlets

froze shut during the winter period. Early spring flow from the

subdrains eroded the earth f£ill around the RF-22 outlet (Figure 11l}.

This problem was solved by carrying the porous backfill the total

length of the RFFZZ outlet.

Figure 1ll: Erosion Around the RF-22 Outlet
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SUBGRADE PERCOLATION TESTING

The 4" thick granular subbase material on the Poweshiek

project was a crushed limestone with a typical grading as

follows:
Sieve Size % Passing
1 1/2¢ 100
i ' 97
3/4" 93
3/8" 80
#4 74
#10 60
+H4.0 ‘ 37
H#200 23

There was some guestion as to the percolation characteristic

of this material. A somewhat crude test was used as a measure
of thié characteristic. A 4%" diameter core hole was drilled
through the concrete slab taking care to stop drilling guickly
after breaking through the slab to avoid disturbance of the
granular subbase. The core hole was immediately filled with
water. The subsidence was measured at 5 minuteg (A). The

core hole was refilled and the subsidence measured at 10 minutes
(B). In some cases, the core hole was refilled and the subsi-~
dence measured at 15 minutes (C). This test was conducted at

three locations with the results as follows:

Reading
A B C
Poweshiek Sta. 434+70 EB 1-1/2" 1-1/4"
Sta. 544+20 EB 5-1/2" 44 3-9/16"
Sta. 323+96 WB 7-7/16" 6" 6"
Jasper Sta. 1793+25 WB 5/8" 1/4"

13



The Jasper granular subbase was a blend of sand-gravel and
limestone and is included for comparison. A typical gradatiocn
of the blended granular subbase material used in Jasper County

g

Sieve 8Size % Pagsing
" 100
3/4" 94
3/8" 87
#4 83
#8 78
#10 _ 76
$#40 39
$60 21
#100 , 12
$#200 8.2

The Poweshiek subbase material has better percolation
characteristics than the Jasper subbase. Better drainage

characteristics are definitely desirable on both projects.

N

SUBDRATN EVALUATION

Periodic monitoring of the flow from the subdrain outlets is
continuing. Rainfall during the 1980-1981 period was below
normal. There were very few periods with rainfall sufficient for
comparison of flow from selected outlets in relationship to the
amount of rainfall. A summary of the results of the periodic flow

checks is provided in Table I.
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It is evident from the data that the greater outflows
(1/8" or 1/4" stream) are dependent on heavy rainfall. Egually
impressive is the number of outlets that exhibit a trace or
small stream after periods with very limited rainfall.

The Present Serviceability Index (PSI) is a pavement con-
dition rating scale with "0" being bad and "5° being excellent.
The PSI is determined by combining a riding quality value such
as the Longitudinal Profile value (LPV}) with a deduction for
cracking and paﬁching (C&P) deterioration. The PSI was determineé 
when the project was initiated (9-22-78) and was determined

annually thereafter.

PAVEMENT CONDITION
Adjacent To

Subdrain Project The Project
Date LPV C&pP PST LPV C&P PEL
9-22-78 3.71 0.74 2.97 3.80 0.66 3.14
6-25-79 3.68 0.78 2.90 3.76 0.70 3.006
8-01-80 3.52 0.78 2.74 3.65 g.71 2.%4
10-19~81 3.53 0.78 2.75 3.68 0.71 2.97

The graphical plot of PSI in figure 12 indicates no significant
change in the rate of pavement deterioration when compared tc an
adjacent section of pavement without longitudinal subdrain
installation.

Joint faulting was determined initially {October,.1978)

and annually thereafter.

JOINT FAULTING
Adjacent To-

Subdrain Project The Project

Date {avg. of 62} {avg. of 6)
October, 1978 0.18" g.12"
December, 1979 p.21" 0.18"
Oqtober, 1880 g.20" p.18"

16
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Figure 12 PAVEMENT DETERIORATION
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Again, a graphical plot (Figure 13) does not indicate
significant difference between the pavement within the subdrain
project and the adjacent pavement without subdrains. The data
seem to be quite variable which could be due to weather or
temperature variations.

Visual evaluation of the roadway has been made periodically.
One general conclusion of the review panel is that the shoulders
have been stabilized. There has been no evidence of faulting

between the pavement slab and the shoulder. In addition, there

has been no settlement of the subdrain trench area. The Resident

Maintenance Engineer has supported this improved shouldexr
stability with the fact that reguired maintenance has decreased.
There is.less distortion and damage from heavy vehicle use of
the shouiders.

The chip seal wearing surface on the shoulder has proven
inadequate ag it has been abraded away in areas used by heavy
vehicles.

Three areas were excavated on July 16, 1980 (2 years after
installation) to physically examine both the plastic tubing and
porous backfill material. Two of the excavated areas were selec-
ted to coincide with patches that were pumping. The patches were
placed after the edge drain installation. The first excavation
at station 313+25 EB was at an outlet. There was a change in
grade 1n this general area which coupled with the ocutlet would
reduce the velocity of the water. The longitudinal plastic pipe
was nearly plugged with a silt sized material for about 157 Jjust
downgrade from the outlet. This silty material appeared to have

been pumped from beneath the patch.

18
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Inspeétion of the plastic pipe in the second excavation near
a pumping patch revealed clean flowing water with no material
deposit. There was, however, a cementing of the poroﬁs backfill
material by the fine pumped material. The subdrain was function-
ing properliy.

The third excavation was made near a pavement break-up or
puﬁch~out. Ingpection of the plastic pipe révealed a flow of
clear water as the sYstém was functioning as designed.

Through the l4-mile project, there are approximately ten
patches that are pumping very badly. Patches that weré placed

near pressure relief joints generally exhibit failure.

DISCUSSION OF RESULTS

Based upon the continual flow of water from outlets during
extended dry periods‘and the relatively high flow immediately
following perioas Of'rainféll, it appears that the subdrains are
effective in allowing the water to draih from beneath the slab.
Improved shoulder stability has been noted since subdrain instal-
lation. Considering these two aspects, the evaluation panel
members unaﬁimously agree that longitudinal subdrains are beneficial.

There has been no significant change in the rate of pavement
condition deteriératicn nor has there been a significant reduction
in the rate of pavement fam},ting_° There are a number of factoxrs
which may. contribute to the lack of effectiveness. This was the
first of our longitudinal subdrain projects and the depth of the
trench was 2'0". A minimum of 3" of porous backfiil bedding was
required‘beneath the 6" diameter corrugated plastic pipe. The

existing pavement was 10" thick with 4" of subbase. This left

20



the top of the pipe 5" below ﬁﬁe bo##om Qf the $lab whiéEAm§§"
have been a minimqm to provi@e adequate_d;ginage and_drawdown,
At the time_of‘this project,‘full depth‘patching of pce pavement
on the interstate was 16" thick. The bottom of the patch slab
was only 5" above the bottom of the subdrain pipe. The patch
also presenﬁs a transverse barrier to wate: ﬁlow_bepeath the
original 10" pavement. In the opinion of the evaluation team,
this resqlfs in an indreased amount of wate;'at the patch result-
ing in severe pumping of the fine material beneath_the patch.

In some cases, this fine material is carried into the plastic
pipe and-déposiﬁed thus plugging the subdrainfi

Anothex,factor that may cpqtr;bute to:iﬁe continggd @eterm
ioration is tﬁe relative lack of permeability of.theﬂqrushed'
stone base.. The percolation testing révealed héw slowly water
could drain into the subbase material. During a field review
15 minutes after a relatively heavj period of rain, water was
observed spurting approximately three inches above the paﬁement
surface when a truck crossed a patch about 10 feet loﬁgitudinal1y
from a subdrain outlet. From this testing and observations, it
is evident that water flows very slole in the subbase.

The fact that the Jjoints were badiy'faulted {average of 0.18")
and the lower portion of the slab had crumbled at many joints may
have prevented a reduction in the rate of deterioration. This
pavement may have been too badly deteriorated to demonstrate a
significant &ifference.in'the pavemeht‘condition.  Véry simply,
the subdrain treatment may have been installed too late to sig-

nificantly reduce deterioration. -

21



- CONCLUSIONS

It is evident from this experimental project that:

1.

The subdrains were beneficial'by'rem6Vihg water from

beneath the pavementhand'prOviding improved shoulder
stability.

‘The subdra1n$ were not effectlve in reducmng the

rate of deterloratlon on this project.

The subbaée"material on this’project does not have

adequate pefmeability télalqu"for'rapid removal of

water.

The lohgitudinal subdrains on this project were not

placed deep enough

‘Patching pxocedures at the time of this progect resulted
'1n pumplng of flne materlal and in some cases resulted

Cin plugglng of the subdraln plpe.‘ '

- RECOMMENDATIONS

: 13

Longltudlnal subdralns should be de@p@r than the

design used on this pr03@ct.

. - Longitudinal subdrains should be considered on all

-projeéts and especially those with‘evidence'df water

or drainage problems.

- Crushed stone bases or subbases should have a permea-

- bility sufficient to allow water to drain relatively

rapidly.

'Poroﬁs_bedding over a layer of filter fabric should be

?l&ced beneath pavement patches.
Standards and specifications to improve patching pro-—

cedures should continue to be developed.
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Appendix B

CosT (ENTER LOLIAOD CBJECT A78

cnn e IR=87~5t 89) LB -~12- 7% rounty POWESHIEK

< vn JOTNTBETERS T3 5 Ononncss HARSHALLTOUN, TOUA
RETTNG DAY ‘!L.HF.E EU‘ 13728 LIQUIDATID DAMAGTS 3280.90
SPECIAL ROV N7 7% gPR-YOTIT/TI/ V8 BASH. G/25/ 7 #7288

LO/LL/?7F 85U LLFA/T? EBIT. L/2D/ 7B #83L
DAYE §YARIED, . FIELD CONe ‘7"' 3‘?? CERT COMP X"/a ‘”W
' 45E U4 P-v¢
FORM 630070 380 M3AYH . CQNTRACT NO. LELcCY

rerr of woux PAYEMENT REPAIR

pasecrno. IR=80-5{89) L 3--2p-79

gy JHeOBy COST CENTER GOLDOD GBJECT &i8
‘ PONESHIEK

_ oN 1-80 FROM L MILE EAST SF TOUA YUL INTE RHANGE TAST
APRROX T I RILES T8 BROSELYN TNTERCHANGE
N N i0A DEPARTNENT OF TRANSPORTATLON
T AR R PR R EREN e FOHALD € GARDNER. ALLAN THOHSS

W P HCGRATH, BARBARA FUNN & TV STANLEY JCHOETERAAN

P FARTY OF THE FIRST PART, ANO
MANATTS. IN{Y "OF TBROTKL YN, ToWA G
FEWTY F THE 5 CaMb FARE
ALTHESSE Lo THAY THE PARYY OF Thi slfenn MR: FOR ANG I CONYIDERRTION OF ;__m,,,_t"ll ELQM PAYASLE A5 $E T FORTH I8 THE PECIFICA-
TIONS LANS 117U NG A PART OF THIS CONY HERTBY AGRELS 10 COMSTAUCT YARIOUS ITERS OF WORK &NO OR, YO SUPPLY WARIGUS MATEMIALS OR SUPPLIES M
ACIONZANCE WITH THE PLAHS AND S"EC'"CM’!HNS THERLFOR ANG IN THE LDCAT!D‘H DESIGNATED IN YHE NOYICE 10 BIODUIS IS FOLLOWS -
fow EM AT QUARTITY UNIT UNEY PRIGE ANOUHT
1 PATCHES . FULL DEPTH 2+000 Sd. YDS. A2« 50 Lb 5« 800- 00
@ PATCHES. PARTIAL DEPTH 3325 Sde YD5. 72.00 23-400.00
3 PATCHES ASPHALT CEHENT CONCRETs
SURF &CE ' L40 TONS 5G.00 700014
4 SUBDRAINs AS PLR PLAN 159347 EIN- FTe 5.03 E0Le 51543
5 SURDRAIN OQUTLET. RF-22 Lk ONLY . 37479 25.08%. 34
L PRAIN+ TRENCH B28 LINe FTe 25.00 20.700.00
Ta INPER HITUMEN. FUMNIIH o APPLY R
{R3-2 10524y GALS. « 72 ?5477 580 b
8A AGGREGATEs COVERs ON ROAD L/2 INe Be2h& TONS 18.23 35+ 400.0b

CGRAND TOTAL 41.233.872-4%9

FARYY OF *NE StCeNn PARY LERTIAIES BY 1S S\ckﬁ'\me cn THIY CORTRATT. UNDER PAIK DF PENALYHES FUR 7AL5E CERTIFCATION. THAT HE HAS CONPLIER
WITH IR b OL T LS SODE OF 10WL A5 MMENDED T APPLICA
.

1DE
) SI‘ED“HCA‘HGNS ARD PLANS ARE HEREBY MADE A W\RY OF ANO THE DASHS OF 0I5 AGREEMENT, AND A YAUL COPY OF SMD FLANS ARD SPECIFICATIONS I} HOW D%

FILT 4% Tl O3 FICE OF THf PRAT #OF THE TARYY ARRT UNDIR DATE OF JHUNE 15+ 1978

THAE AN CONMOE RRTHOR OF THE FORLGAMS THE FARTY OF Il FIRYT PARY WER{OY AGREES TO PAY THE PARTY OF THE SICOND PART.  PROMFTLY AND ACCORDING
Te ‘TN( BUQAR{UENTY OF THE SRECIFAnfa0ng THE AMOUNTS 3ET FOATH SUAILCT TO YHE CONDITIONS AS ST T FONTH 1N THE SPE CiRGATIONS

IHE PATHEL nIATYG AGALE HAT TRk HDTICE AND INSTRUCTIONS TO SIDDERS, THE PAOROLAL FILZD NEREIN ¥ME GENEAAL $Ptciricnﬂom OF THE 1OWA DEFARTRERT OF
YRENGIOR T 1w $P8 3377 ener THER WITH SPIGHSL FROVISIONS ATTACHED TOGE THER MITH THE CEHERAL AND OLTAILEO PLANS, IF AKY TOR $AID PROJECT
IR ~87- 4 237 TF--1279

TOCEL THER WTH SECMQ PAR“’ § PERFORMANGE SOXD ARL MADE APART H€ﬂt0’ AHD TOGETHER WiTk THid
w

PG TRUMERT CONSTITYTE YRE COMTRACT BETREER 1if FARYIES HEAT

THAT 1T 35 FUATHER URDEASTOOD AND AGREED B¥ YHE PARTIES OF Twis COM'IIUC'! THAY THE ABDVE WORK SHALL DE COMMENCED DR COWPLETED 1W ACCOADANGE WTH

A?"Rox OR SPECIFIEG STARTING DATE ér’tcmtn LOMPEETION QATE

HAGER OF WORKING DAYS NUMBER OF wlArNG DAYS
THE FOLLOWNG SCHEDYLE

APPROY AUGs LU4.1LH78 100 BORKING DAYS

THAT TiwE LTt £SLENCE OF 1Y (OMIAALY AkcD THAT SAIQ CORTAADT CONYAINS ALL OF THI TCHMS ANG CONDITIONS AGREED UPGN BY THE PARYIES HERE 1D,
tHOWITHESS RHEREQF g PaRYLy «{AL 70 KAVE 351 SHER HANDY KDR T4E FUAPGTT HERT(N EXPAESIED YO THIS AND TMARE DYHLR TOENTICAL INSTRUMEN TS A3 OF
THE DaY OF, 1%

Iowa DEPARTHENT OF TRANSPORTATION J1jR & 1574

BY

PENTY OF THE FIRSY AT

MANATTS y INCa OF BROOKLYN. LOUWA

FARYY BF THE SECONG PARY

R
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