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USE OF LONGITUDINAL SUBDRAINS I N  THE 3R PROGRAM 

INTRODUCTION AND PROBLEM STATEMENT 

Cons t ruc t i on  o f  t he  i n t e r s t a t e  highway system began i n  

1956- Th i s  U.S. network of  highways c o n s i s t s  of  more t h a n  

41,000 m i l e s  w i t h  790 m i l e s  i n  Iowa. There have been many 

b e n e f i t s  of  t h e  c o n t r o l l e d  acces s  roadway, b u t  p robably  t h e  

most s i g n i f i c a n t  is t h e  improved s a f e t y  f o r  t h e  m o t o r i s t .  

I n  Iowa, we have always endeavored t o  u t i l i z e  q u a l i t y  

l o c a l l y  a v a i l a b l e  m a t e r i a l s  i n  ou r  c o n s t r u c t i o n  u s i n g  t h e  

most economical o r  c o s t  e f f e c t i v e  methods. Obviously when 

t h e  e f f o r t  is t o  b u i l d  a c o s t  e f f e c t i v e  system, t h e r e  w i l l  

be some por t ionq  o f  t h e  network t h a t  w i l l  no t  perform a s  

w e l l  a s  expected.  I n  t h e  des ign  o f  our  i n t e r s t a t e ,  t h e  

main c o n s i d e r a t i o n  f o r  ba se  c o n s t r u c t i o n  under t h e  pavement 

was s t r u c t u r a l  c a p a c i t y .  The m a t e r i a l  was dense  graded w i t h  

t h e  aim of  suppor t i ng  t h e  pavement and d i s t r i b u t i n g  t h e  load 

a s  it is t r a n s f e r r e d  t o  t h e  unde r ly ing  grade ,  The d r a i n a g e  

c h a r a c t e r i s t i c  of  t h e  b a s e  was appa ren t ly  no t  g iven  adequate  

c o n s i d e r a t i o n .  On j o i n t e d  p o r t l a n d  cement c o n c r e t e  (pcc )  

pavement, th?  wate r  t h a t  i s  t rapped  immediately benea th  

t h e  pavement causes  s e v e r e  problems, The t r a f f i c  c a u s e s  

r a p i d  movement o f  t h e  wate r  r e s u l t i n g  i n  t h e  h y d r a u l i c  



p r e s s u r e s  o r  "pumping" (movement and r e d e p o s i t  of base  f i n e  

m a t e r i a l )  r e s u l t i n g  i n  f a u l t i n g  between i n d i v i d u a l  s l a b s .  

Recognizing t h e  need f o r  main ta in ing  t h i s  l a r g e  n a t i o n a l  

highway network, t h e  Federa 1 Highway Adminis t ra t ion  has  i n i -  

t i a t e d  a funding program f o r  r e s u r f a c i n g ,  r e s t o r a t i o n  and 

r e h a b i l i t a t i o n  (3R) .  Many m i l e s  of t h e  sys tem a r e  more t han  

20 yea r s  o l d  and i n  need o f  major maintenance. This  new 3R 

Program n e c e s s i t a t e d  a complete i nven to ry  o f  t h e  Iowa i n t e r -  

s t a t e  system t o  e s t a b l i s h  p r i o r i t i e s  and t o  i d e n t i f y  t hose  

s e c t i o n s  i n  need o f  immediate remedial  t r ea tmen t s .  

PROJECT MCATION 

One s e c t i o n  o f  highway t h a t  was i d e n t i f i e d  by t h e  3R 

i n s p e c t i o n  team was 1-80 i n  Poweshiek County from Iowa 146 

t o  t h e  Brooklyn In t e r change  (13.6 m i l e s ) .  T h i s  pavement is 

a 10 inch t h i c k  mesh r e i n f o r c e d  pcc w i t h  doweled t r a n s v e r s e  

j o i n t s  a t  a 76.5 f o o t  spac ing .  The pavement w a s  p laced  on a 

r e l a t i v e l y  dense  graded 4 inch  crushed l imes tone  " g r a n u l a r  

subbase" .  The i n s p e c t i o n  team noted t h a t  many t r a n s v e r s e  

j o i n t s  were f a u l t e d .  Edge pumping was e v i d e n t  along most o f  

t h i s  s e c t i o n  w i t h  damage t o  t h e  shou lde r s .  The shou lde r s  had 

s e t t l e d  % t o  1 inch below t h e  edge o f  pavement. The pavement 

was c o n s t r u c t e d  i n  1964 and has  a t r a f f i c  volume of  about  

14,000 v e h i c l e s  per  day  w i t h  about  4,000 o f  t h e s e  be ing  t r u c k s .  

Many f u l l  dep th  pa t ches  were placed and p r e s s u r e  r e l i e f  j o i n t s  

c u t  i n  t h e  f a l l  o f  1977 



OBJECTIVE 

The o b j e c t i v e  o f  t h i s  e v a l u a t i o n  is t o  determine i f  long i -  

t u d i n a l  s u b d r a i n s  a r e  e f f e c t i v e  i n  p r even t ing  o r  reducing 

pumping, f a u l t i n g  and r e l a t e d  d e t e r i o r a t i o n .  

SUBDRAIN DESIGN 

The s u b d r a i n  des ign  u t i l i z e d  6" d iamete r  commercial ly 

a v a i l a b l e  s l o t t e d  po lye thy lene  co r ruga t ed  a g r i c u l t u r e  t u b i n g  

complying w i t h  ASTM F-405. It was p laced  con t inuous ly  a d j a c e n t  : 

t o  t h e  o u t s i d e  edge of  pavement f o r  t h e  e n t i r e  14 mi l e s  o f  t h e  

p r o j e c t .  Subdrain  was p laced  a d j a c e n t  t o  t h e  i n s i d e  edge o f  

pavement 500 '  e i t h e r  d i r e c t i o n  from t h e  low p o i n t  of  v e r t i c a l  

cu rves .  The d e t a i l e d  des ign  i s  g iven  i n  Appendix A l .  The 

g r a d a t i o n  o f  t h e  porous b a c k f i l l  t o  p rov ide  bedding and cover  

f o r  t h e  t u b i n g  was: 

S i eve  S i z e  % P a s s i n q  

L O O  
95 - 100 
50 - 100 
15 - 50 

0 -  5 

A new d e t a i l e d  des ign  (Appendix A2) h a s  r e c e n t l y  been 

developed w i t h  m o d i f i c a t i o n s  t o  a l l e v i a t e  i n i t i a l  problems. 

CONTRACT 

The p r o j e c t  was l e t  on June  20, 1978, w i t h  a s t a r t i n g  

d a t e  of August 14 ,  1978. The s u c c e s s f u l  low b i d d e r  was 



i a a n a t t ' s  Incorpora ted  o f  Brooklyn, Iowa. The t o t a l  b i d  

(Appendix B) was $1,213,872.  which included 159,347 l i n e a l  

f e e t  of  subd ra in  a t  $5.03 per  l i n e a l  f o o t .  The work p e r i o d  

was s e t  a t  100 days .  

CONSTRUCTION 

For c o n s t r u c t i o n ,  t h e  i n t e r s t a t e  t r a f f  ic was r e s t r i c t e d  

t o  one l ane  w i t h  a p p r o p r i a t e  s i g n i n g  and t r a f f i c  c o n t r o l .  

I n s t a l l a t i o n  o f  t h e  subd ra in  began on September 11, 1978. 

The c o n t r a c t o r  e s t a b l i s h e d  a  very  e f f i c i e n t  equipment t r a i n  

t o  accomplish t h e  subdra in  i n s t a l l a t i o n .  The c o n t r a c t o r ' s  

g o a l  was t o  p l a c e  3000 l i n e a l  f e e t  of  subdra in  per  day. This  

was a  new o p e r a t i o n  f o r  t h e  c o n t r a c t o r  and a s  w i t h  a l l  new 

o p e r a t i o n s ,  t h e r e  i s  a  l e a r n i n g  per iod .  The f i r s t  day o n l y  

240 f e e t  were p laced  wi th  about 700 f e e t  t h e  second day. On 

September 25, t h e  c o n t r a c t o r  reached h i s  g o a l  of  3000 f e e t  i n  

one day.  

The f i r s t  o p e r a t i o n  u t i l i z e d  a  Vermeer T-600C (F igu re  1) 

t r e n c h e r  t o  c u t  t h e  one f o o t  wide,  2  f o o t  deep t r e n c h .  I n i -  

t i a l l y ,  t h i s  t r e n c h e r  was equipped wi th  a  d i s c  c u t t e r  wheel 

(F igu re  2 )  t o  a i d  i n  ma in t a in ing  proper  a l ignment .  L a t e r ,  

t h i s  was of  q u e s t i o n a b l e  b e n e f i t .  The t r e n c h e r  c u t  ve ry  n e a t  

s i d e  w a l l s  and a l l e v i a t e d  some i n i t i a l  concern t h a t  chunks I 

might be t o r n  from the  a s p h a l t  c o n c r e t e  shou lde r  s u r f a c i n g .  I t  1 
i 

was, however, r e l a t i v e l y  s e v e r e  t o  t h e  t r e n c h e r ' s  c u t t i n g  t e e t h .  
I 



F i g u r e  1: V e r m e e r  T-600C Trencher  

I -- w 

F i g u r e  2:  D i s c  C u t t e r  Wheel t o  Aid i n  Alignment 



A s i d e  e l e v a t o r  of  t h e  t r e n c h e r  d e p o s i t e d  t h e  m a t e r i a l  d i r e c t l y  

i n t o  t r u c k s  ( F i g u r e  3 ) .  

Figu re  3 : Loading Excavated M a t e r i a l  

Po lye thy lene  t u b i n g  d e t e r i o r a t e s  i f  exposed t o  s u n l i g h t  

and t h e r e f o r e ,  a  n o t e  on t h e  p lans  r e q u i r e d  p r o t e c t e d  s t o r a g e  

even though t h e  producer claimed t h a t  an a d d i t i v e  would pro- 

t e c t  t h e  t u b i n g  f o r  up t o  s i x  months. The t u b i n g  was p laced  

i n  t h e  t r e n c h  manually (F igu re  4 )  . 



Figu re  4: Hand Placement o f  t h e  Tubing 

The nex t  o p e r a t i o n  i n  t he  t r a i n  was t h e  proper  placement 

o f  t h e  porous b a c k f i l l  m a t e r i a l  u s i n g  a  Blawknox RW-38 road 

widener (F igu re  5 )  w i t h  a  s p e c i a l  box a t tachment .  Th i s  

ope ra t  i on  caused t h e  most problems and r e q u i r e d  s p e c i a l  

a t t e n t i o n .  With proper  mod i f i ca t i ons ,  t h e  t ub ing  was th readed  

through a  gu ide  i n  t h e  s p e c i a l  a t tachment  and t h e  3" bedding 

beneath  t h e  p i p e  was achieved.  A v i b r a t i n g  pan u n i t  (F igu re  6 )  

was a t t a c h e d  t o  t h e  s p e c i a l  box f o r  compaction o f  t h e  porous 

b a c k f i l l .  



F i g u r e  5: Blawknox RW-38 P l a c i n g  Porous B a c k f i l l  

F i g u r e  6: V i b r a t i n g  Pan Compaction o f  Porous B a c k f i l l  



The pavement was then broomed prior to placement of the 

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

was placed with a second Blawknox RW-38 road widener (Figure 7). 

The asphalt concrete was compacted with a small 30" vibratory 

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

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

shoulder. 

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 1 0 0 0 '  intervals). The porous backfill at the 

outlet was manually placed. Earth fill was tamped around the 

RF-22 subdrain outlets (Figure 1 0 ) .  

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. 



F i g u r e  9: Preformed T f o r  O u t l e t  

F i g u r e  10:  T a m p i n g  E a r t h  F i l l  Around t h e  RF-22 O u t l e t s  



The r e i n f o r c e d  c o n c r e t e  p i p e  median d r a i n s  caused some pro- I 

blem d u r i n g  c o n s t r u c t i o n .  Some were no t  deep enough t o  a l low a  1 
I 

two f o o t  deep t r ench .  O the r s  had c a v i t i e s  t h a t  would a l l o w  t h e  
I 

l o s s  of porous b a c k f i l l  r e s u l t i n g  i n  subsequent e a r l y  s e t t l e m e n t .  I 

Without s p e c i a l  t r e a t m e n t ,  t h e s e  s i t u a t i o n s  could  a l s o  l e a d  t o  I 
f u t u r e  p ip ing  a long  t h e  median d r a i n .  The remedy f o r  t h e  problem I 

I 
on t h i s  p r o j e c t  was t o  excava te  ove r  t h e  median p ipe  and t a c k  

c o a t  t h e  p ipe  w i th  a s p h a l t  cement. Two l a y e r s  o f  f i l t e r  f a b r i c  i 
I 

were  then  p laced  on t h e  t a c k  c o a t  fol lowed by  capping w i t h  I 

I 
I 

a s p h a l t  c o n c r e t e  h o t  mix. 

Cons t ruc t i on  was n o t  completed d u r i n g  1978. Another problem 

was recognized i n  t h e  e a r l y  s p r i n g  of  1979. The RF-22 o u t l e t s  I 
I 

f r o z e  s h u t  d u r i n g  t h e  w i n t e r  pe r iod .  E a r l y  s p r i n g  f low from t h e  

subd ra in s  eroded t h e  e a r t h  f i l l  around t h e  RF-22 o u t l e t  ( F i g u r e  11). 

T h i s  problem was so lved  by c a r r y i n g  t h e  porous b a c k f i l l  t h e  t o t a l  

l e n g t h  of t h e  RF-22 o u t l e t .  

F igu re  11: Eros ion  Around t h e  RF-22 O u t l e t  



SUBGRADE PERCOLATION TESTING 

The 4" t h i c k  g r a n u l a r  subbase  m a t e r i a l  on t h e  Poweshiek 

p r o j e c t  was a  crushed l imes tone  w i t h  a  t y p i c a l  g r ad ing  a s  

fo l l ows  : 

Sieve  S i z e  % Pass inq  

There  was some q u e s t i o n  a s  t o  t h e  p e r c o l a t i o n  c h a r a c t e r i s t i c  

o f  t h i s  m a t e r i a l .  A somewhat c rude  t e s t  was used a s  a  measure 

o f  t h i s  c h a r a c t e r i s t i c .  A 4%" d iamete r  c o r e  ho l e  was d r i l l e d  

through t h e  c o n c r e t e  s l a b  t a k i n g  c a r e  t o  s t o p  d r i l l i n g  q u i c k l y  

a f t e r  b r eak ing  through t h e  s l a b  t o  avoid  d i s t u r b a n c e  o f  t h e  

g r a n u l a r  subbase.  The c o r e  h o l e  was immediately f i l l e d  w i t h  

w a t e r .  The subsidence was measured a t  5 minutes ( A ) .  The 

c o r e  h o l e  was r e f i l l e d  and t h e  subs idence  measured a t  10 minutes 

( B ) .  I n  some c a s e s ,  t h e  c o r e  h0I.e was r e f i l l e d  and t h e  subs i -  

dence measured a t  15 minutes ( C ) .  Th i s  t e s t  was conducted a t  

t h r e e  l o c a t i o n s  w i th  t h e  r e s u l t s  a s  fo l lows:  

Reading 

Poweshiek S t a .  434170 EB 
S t a .  544120 EB 
S t a .  323+96 WB 

J a s p e r  S t a .  1793125 WB 



The Jasper granular subbase was a blend of sand-gravel and 

limestone and is included for comparison. A typical gradation 

of the blended granular subbase material used in Jasper County 

is: 

Sieve Size 

1" 

3/4" 

3/8" 

#4 

# 8 

#10 

#40 

#60 

#I00 

#200 

% Passing 

100 

9 4 

8 7 

8 3 

7 8 

7 6 

39 

2 1 

12 

8.2 

The Poweshiek subbase material has better percolation 

characteristics than the Jasper subbase. Better drainage 

charzcteristics are definitely desirable on both projects. 

SUBDRAIN 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. Equally 

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 patching (C&P) deterioration. The PSI was determined 

when the project was initiated (9-22-78) and was determined 

annually thereafter. 

Date 

PAVEMENT CONDITION 
Adjacent To 

Subdrain Project The Project 

LPV - C &P - PSI - LPV - C&P - PSI - 
3.71 0.74 2.97 3.80 0.66 3.14 
3.68 0,78 2.90 3.76 0.70 3.06 
3.52 0.78 2.74 3.65 0.71 2.94 
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 to an 

adjacent section of pavement without longitudinal subdrain 

installation. 

Joint faulting was determined initially (October, 1978) 

and annually thereafter. 

Date -. 

JOINT FAULTING 

Subdrain Project 
(avg. of 62) 

October, 1978 0.18" 
December, 1979 0.21" 
October, 1980 0.20" 

Adjacent To 
The Project 
(avq. of 6) 



Figure 12 PAVEMENT DETERIOFC+TION 

Legend 

With subdrains 0- 0 - Without subdrains Z----- - 

YEAR 

17  



Again, a graphical plot (Figure 13) does not indicate 1 
significant difference between the pavement within the subdrain 

project and the adjacent pavement without subdrains. The data 'i 
seem to be quite variable which could be due to weather or I 
temperature variations. 

1 

Visual evaluation of the roadway has been made periodicaliy. 1 
One general conclusion of the review panel is that the shoulders I 

have been stabilized. There has been no evidence of faulting I 
between the pavement slab and the shoulder. In addition, there 1 

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

Maintenance Engineer has supported this improved shoulder 1 
stability with the fact that required maintenance has decreased. I 

There is less distortion and damage from heavy vehicle use of 

the shoulders. 

The chip seal wearing surface on the shoulder has proven 

inadequate as 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 in this general area which coupled with the outlet would 

reduce the velocity of the water. The longitudinal plastic pipe 

was nearly plugged with a silt sized material for about 15' just 

downgrade from the outlet. This silty material appeared to have 

been pumped from beneath the patch. 



Figure  13 FAULTING SURVEY 

Legend 

With subdra ins  0-- - 0 - - Without Subdrains  c- - - - -  

YEAR 



inspection of the plastic pipe in the second excavation near 1 
J 

a pumping patch revealed clean flowing water with no material 
I 

deposit. There was, however, a cementing of the porous backfill 1 
material by the fine pumped material. The subdrain was function- i 
ing properly. 

The third excavation was made near a pavement break-up or I 
I 

punch-out. Inspection of the plastic pipe revealed a flow of 
\ 

clear water as the system was functioning as designed. 1 
Through the 14-mile project, there are approximately ten 

patches that are pumping very badly. Patches that were placed 
i 

near pressure relief joints generally exhibit failure. I 

DISCUSSION OF RESULTS 1 

i 
Based upon the continual flow of water from outlets during 

extended dry periods and the relatively high flow immediately 1 
following periods of rainfall, it appears that the subdrains are 

effective in allowing the water to drain from beneath the slab. i 
Improved shoulder stability has been noted since subdrain instal- l 
lation. Considering these two aspects, the evaluation panel 

members unanimously agree that longitudinal subdrains are beneficial. 1 
There has been no significant change in the rate of pavement 

condition deterioration nor has there been a significant reduction I 
in the rate of pavement faulting. There are a number of factors 

which may contribute to the lack of effectiveness. This was the 
i 

first of our longitudinal subdrain projects and the depth of the I 
trench was 2 ' 0 " .  A minimum of 3" of porous backfill bedding was 

required beneath the 6" diameter corrugated plastic pipe. The 1 I 
existing pavement was 10" thick with 4" of subbase. This lett 



the top of the pipe 5" below the bottom of the slab which may 
. .. 

have been a minimum to provide adequate drainage and drawdown. 
. .~ 

At the time of this project, full depth patching of gcc 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 presents a transverse barrier to water flow.beneath the 
. . ,  . . . . 

original 10" pavement. In the opinion of the evaluation team, 

this results in an increased amount of water 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- deposited thus plugging the subdrain. 

Another factor that may contribute to the continued deter- 
. . 

ioration is the relative lack of permeability of the crushed 

stone base. The percolation testing revealed how slowly water 
. . 

could drain into the subbase material. During a field review 

15 minutes after a relatively heavy period of rain, water was 

observed spurting approximately three inches above the pavement 

surface when a truck crossed a patch about 10 feet longitudinally 

from a subdrain outlet. From this testing and observations, it 

is evident that water flows very slowly in the subbase. 

The fact that the joints were badly 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 difference in the pavement condition. Very simply, 

the subdrain treatment may have been installed too late to sig- 

nificantly reduce deterioration. 



CONCLUSIONS 

It is evident from this experimental project that: 
I 

1. The subdrains were beneficial by removing water from i 
beneath the pavement and providing improved shoulder I 
stability. I 

2. The subdrain* were not effective in reducing the 

rate of deterioration on this project. 
I 

3. The subbase material on this project does not have 

adequate permeability to allow for rapid removal of 

I 
water. I 

4. The longitudinal subdrains on this project were not I 

placed deep enough. 
I 

5. Patching procedures at the time Q £  this project resulted 

in pumping of fine material and in some cases resulted 

I 
I 

in plugging of the subdrain pipe. 1 
I 
I 

RECOMMENDATIONS 1 

1. Longitudinal subdrains should be deeper than the 

design used on this project. 
i 

2. Longitudinal subdrains should be considered on all 1 
projects and especially those with evidence of water 

or drainage problems. I 
3. Crushed stone bases or subbases should have a permea- 

bility sufficient to allow water to drain relatively I 
rapidly. 

4. Porous bedding over a layer of filter fabric should be 
I 

placed beneath pavement pcitches. 

5 .  Standards and specifications to improve patching pro-- 

I 
I 
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