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EXECUTIVE SUMMARY 

Expansive soils cause in excess of $10 billion damages annually in the 

United States. Half these damages occur to our nation's highways and 

streets. These soils, in Texas, extend from the Red River to the Rio 

Grande and from El Paso to East Texas. Five projects in District 15's 

San Antonio area, using geomembranes, impervious fabrics, to control 

these expansive soils are studied. To date, these geomembranes are 

generally providing a smoother riding roadway than the ones without 

the fabrics over these destructive subgrades. 



HORIZONTAL 



PURPOSE 

Swelling soils cause $10 billion in damages in the United States. An 

estimated 50% of these damages occur to highways. The use of a rela- 

tively impervious fabric, geomembranes, was viewed as a possible way of 

reducing these damages. Geomembranes would hopefully reduce moisture 

variation in the subgrade underneath the pavement. This would lead to 

a reduction in the swell of the subgrade and reduce pavement distortion. 

These fabrics have been used on five projects in the San Antonio area of 

District 15, with work on two more projects scheduled to start shortly. 

Monitoring that began on the first project tests in 1979 is continuing 

and reported. 



PROCE D U E  S 

General McMullen Drive, an Urban Systems Project which began in 1976, 

represented the first use of a relatively impervious fabric, a 

geomembrane, in the San Antonio area to control the destructive move- 

ments of expansive clays. The fabric was used horizontally and 

unrolled on the subgrade (Figure 1). 

The fabric was a Typar 3353 with some 3153 used along an edge and pro- 

vided free of charge by the manufacturer, the DuPONT Company. Enough 

of the geomembrane was provided to cover the subgrade from crown to 

crown for a length of 600 feet. Adjacent 600 feet unprotected sections 

were used to provide control. A variety of tests were used to measure 

the effectiveness of the fabric. Dynaflect testing had taken place 

prior to construction as did determination of Atterburg Limits, as 

well as potential vertical rise. The fabric was placed over the 

subgrade in the area of the greatest potential rise (Figure 2). The 

contractor built this work half section at a time. The existing pave- 

ment was removed for the half section, and the subgrade was prepared. 

The fabric was unrolled by hand by maintenance personnnel since it 

was not part of the contract. Following completion of construction, 

the testing included profilometer, computer reduced to serviceability 

indeces, photologging and again this year, dynaflecting (1). - 

Placement procedures and other details have been presented in previous 

publications. To avoid duplication, this information would generally 

not be repeated. The reports that present the data in detail are 

included in the attached bibliography. 



I . H .  410,  i n  t h e  v i c i n i t y  of  t h e  V a l l e y  H i  Drive u n d e r c r o s s i n g ,  was 

t h e  f i r s t  s e c t i o n  i n  D i s t r i c t  15  where t h e  deep v e r t i c a l  f a b r i c  - 
mois tu re  b a r r i e r  was used ( 2 ) .  - I n  1978,  a  one-half  mi le  long s e c t i o n  

\ of  t h e  northbound l a n e  had t h e  f a b r i c  p laced  8  f t .  deep  a long  t h e  

i n s i d e  and o u t s i d e  s h o u l d e r s  ( F i g u r e  3 ) .  The e x i s t i n g  median d i t c h  

remained and t h e  a d j a c e n t  southbound l a n e ,  u n p r o t e c t e d  by t h e  f a b r i c ,  

was used a s  a  c o n t r o l  s e c t i o n .  The c o n t r a c t o r  excava ted  t h e  t r e n c h  

f o r  t h e  f a b r i c  u s i n g  a  backhoe. Some s l i d i n g  o c c u r r e d  i n i t i a l l y .  A 

s l i d i n g  s h o r i n g  was developed t h a t  he ld  t h e  r o l l  of t h e  Typar T-063 

m a t e r i a l  v e r t i c a l l y  a s  w e l l  a s  r e s t r a i n i n g  t h e  movement of  t h e  

subgrade from f i l l i n g  t h e  excava ted  t r e n c h  p r i o r  t o  t h e  placement of 

t h e  f a b r i c .  I n  t h i s  s e c t i o n ,  m o i s t u r e  s e n s o r s ,  p r o f i l o m e t e r  and photo- 

l o g  t e s t i n g  was conducted.  

I . H .  37 from S .  Hackberry S t r e e t  t o  Pecan V a l l e y  Dr ive ,  i n  s o u t h e a s t  

San Antonio,  was i n  a  2  m i l e  long c u t  s e c t i o n  ( F i g u r e  4 ) .  A minimum 

of $50,000 a  yea r  had been s p e n t  t o  l eve l -up  t h e  c o n c r e t e  pavement 

d i s t o r t e d  by t h e  expans ive  s o i l s  ( 3 ) .  On t h i s  r e h a b i l i t a t i o n  p r o j e c t ,  - - 
and which began i n  1980,  t h e  median d i t c h  was removed, p o s i t i v e  

d r a i n a g e  was e s t a b l i s h e d  a c r o s s  t h e  pavement, a  rubber  a s p h a l t  s e a l  

was a p p l i e d  t o  t h e  s u r f a c e  which was leveled-up,  a  deep v e r t i c a l  

f a b r i c  m o i s t u r e  b a r r i e r  was p laced  a long  t h e ' o u t s i d e  s h o u l d e r s  of both  

t h e  n o r t h  and southbound l a n e  and a  f i n a l  pavement f i n i s h  c o u r s e  was 

p laced  ( F i g u r e  5 ) .  On t h i s  c o n t r a c t ,  t h e  e x c a v a t i o n  f o r  t h e  placement 

of 8  f t .  d e p t h s  of  f a b r i c  was done w i t h  a  t r e n c h i n g  machine. T e s t i n g  

procedures  inc luded  m o i s t u r e  s e n s o r s ,  p r o f i l o m e t e r  and photologging.  . 



U.S. 281, the southbound lane, just south of I.H. 410 and underpassing 

the Airport Boulevard entrance connection, exhibited considerable 

pavement distortion. The subgrade was an expansive clay. In the 

rehabilitation contract, awarded in 1983, the deep vertical fabric 

moisture barrier was placed 8 ft. deep along the inside and outside 

shoulders (Figure 6 ) .  A gradall was used to excavate the trench for 

the fabric placement. A seal coat, level-up and a pavement finish 

course completed the rehabilitation work (4). - Testing to date involved 

the use of the profilometer and photologging. It is hoped that in the 

future, moisture sensors will be installed to determine the effec- 

tiveness of the fabric barrier reducing the moisture change in the 

subgrade. The adjacent northbound lane was used as a control. 

I.H. 10, between Pine and Amanda Street on San Antonio's eastside, was 

another rehabilitation project where the deep vertical fabric moisture 

barrier was used in an effort to control the distortion caused by the 

expansive soil subgrade. In this project, where work began in 

November 1983, positive drainage was established across the east and 

westbound lanes. The fabric was placed along the outside shoulders of 

the lanes (as in Figure 5 ) .  A trenching machine was used to excavate 

the material. Testing to date has included the use of a profilometer 

and photologging. It is planned to install moisture sensors on this 

project also. 

A contract was recently let on I.B. 10 from Ackerman Road to Cibolo 

Creek. Approximately 10 miles of vertical fabric will be placed on 

this project. Work has not begun. It is also planned to use a fabric 



on a  s e c t i o n  of F.M. 725 between I.H. 10 and F.M. 78 i n  Guadalupe 

County n e a r  Seguin.  

\ 
OBSERVATIONS 

GENEBAL McMULLEN DRIVE. S e r v i c e a b i l i t y  Indices were developed from 

t h e  p r o f i l o m e t e r  r u n s  on Genera l  McMullen Drive .  The indices r a t e  t h e  

smoothes t  r i d i n g  s u r f a c e  a s  a  5  w i t h  descend ing  v a l u e s  i n d i c a t i n g  

i n c r e a s i n g  roughness.  Usua l ly  t h e  f a b r i c  p r o t e c t e d  s e c t i o n ,  though i t  

was p laced  over  t h e  most a c t i v e  subgrade ,  provided t h e  smoother r i d i n g  

s u r f a c e  a s  i n d i c a t e d  by t h e  h i g h e r  s e r v i c e a b i l i t y  index .  With t h e  

e x c e p t i o n  of t h e  f i r s t  p r o f i l o m e t e r  r u n s  i n  ~ u l y  1981, when i n  ! o u t  

o f  6 o b s e r v a t i o n s  t h e  f a b r i c  p r o t e c t e d  s e c t i o n  had t h e  h i g h e s t  index  

r e a d i n g ,  t h e  u s u a l  p a t t e r n  h a s  been t h a t  i n  4 o u t  o f  t h e  6 c a s e s ,  t h e  

pavement s e c t i o n  above t h e  f a b r i c  p r o t e c t e d  subgrade  had t h e  h i g h e s t  

- s e r v i c e a b i l i t y  index (Tab le  1 ) .  Though t h e  u s u a l  p a t t e r n  of  

d e c r e a s i n g  s e r v i c e a b i l i t y  indices t a k e  p l a c e  w i t h  t h e  passage o f  t ime ,  

i n  s e v e r a l  c a s e s  r e c e n t  s e r v i c e a b i l i t y  indices were h i g h e r  t h a n  t h o s e  

recorded  i n i t i a l l y .  T h i s  h a s  t a k e n  p l a c e  i n  t h r e e  o f  t h e  March 1985 

r e a d i n g s  i n  t h e  northbound l a n e ,  s o u t h  c o n t r o l ,  on t h e  i n s i d e  l a n e ,  

on t h e  s o u t h  c o n t r o l  o f  t h e  o u t s i d e  l a n e ,  o n . t h e  f a b r i c  s e c t i o n  of  t h e  

southbound l a n e ' s  c e n t e r  l a n e  and on t h e  aouthbound l a n e s  i n s i d e  s o u t h  

c o n t r o l .  A v i s u a l  i n s p e c t i o n  i n  t h e  f i e l d  i n d i c a t e d  no r e p a i r  work 

had been done i n  t h e s e  s e c t i o n s .  T h i s  r a i s e s  t h e  q u e s t i o n  o f  how t h e  

passage  o f  f o u r  y e a r s  a l lows  f o r  i n d i c a t i o n s  of a  smoother r i d i n g  s u r -  

f a c e .  



However, t h e  bottom l i n e  i s  t h a t  i n  t h e  m a j o r i t y  o f  c a s e s ,  though t h e  

f a b r i c  was p laced  on t h e  more a c t i v e  subgrade ,  a c c o r d i n g  t o  p o t e n t i a l  

v e r t i c a l  r i s e  measurements,  f a b r i c  p r o t e c t e d  subgrade pavement has  t h e  

smoother r i d e  . 

D y n a f l e c t  t e s t i n g  was conducted i n  August 1973 p r i o r  t o  c o n s t r u c t i o n ,  

i n  J a n u a r y  1981, March 1982 and March 1985. A s t a t i c  t i r e  l o a d i n g  

t e s t  d e v i c e  i s  used.  F i v e  geophone r e a d i n g s  a r e  t aken  and a  curve  

p l o t t e d .  S t i f f n e s s  c o e f f i c i e n t s ,  s p r e a d a b i l i t y  and maximum d e f l e c t i o n  

a r e  c a l c u l a t e d .  The s t i f f n e s s  c o e f f i c i e n t  s e p a r a t e s  subgrade v a l u e s  

from t h e  pavement ' s  t o t a l  s e c t i o n .  The h i g h e r  t h e  number t h e  g r e a t e r  

t h e  s t r e n g t h .  The p r e c o n s t r u c t i o n  subgrade v a l u e s  show a  u n i f o r m i t y .  

I n  March 1982 t h e  c o a t e d  f a b r i c  p r o t e c t e d  s e c t i o n  subgrade v a l u e  was 

s l i g h t l y  lower t h a n  t h e  a d j a c e n t  ones .  Pavement v a l u e s  f o r  t h e  c o a t e d  

f a b r i c  p r o t e c t e d  s e c t i o n  a p p e a r s  t o  be s l i g h t l y  h i g h e r  (Tab le  2 ) .  

The J a n u a r y  1981 and March 1982 t e s t s  i n d i c a t e d  t h e  subgrade under t h e  

c o a t e d  f a b r i c  p r o t e c t e d  s e c t i o n  had g r e a t e r  d e f l e c t i o n  i n  f i v e  of  s i x  

c a s e s  and was p o s s i b l y  weaker (Tab le  3) .  T h i s  may be r e l a t e d  t o  i t s  

p o t e n t i a l  v e r t i c a l  r i s e  (PVR), i t s  g r e a t e r  expans ive  c a p a b i l i t i e s  o r  

t h e  h o l d i n g  o f  m o i s t u r e  under t h e  m a t e r i a l .  The 1985 t e s t  r e s u l t s  

have n o t  y e t  been r e c e i v e d .  

The h i g h e r  t h e  S p r e a d a b i l i t y  Value ,  t h e  s t i f f e r  t h e  pavement s t r u c -  

t u r e .  I n  t h e  J a n u a r y  1981 and March 1982 t e s t s ,  t h e  c o a t e d  f a b r i c  

s e c t i o n s  showed t h e  h i g h e r  i nd ices  (Tab le  4). The h i g h e r  average  

s t i f f n e s s  c o e f f i c i e n t s  on t h e  t o t a l  c o a t e d  f a b r i c  p r o t e c t e d  s e c t i o n ' s  

pavement s t r u c t u r e  and i t s  h i g h e r  s p r e a d a b i l i t y  i nd i ce s  a r e  s i g n i f i -  



c a n t  from i t s  placement on t h e  most a c t i v e  and weaker subgrade sec-  

t i o n .  Th i s  s u b s t a n t i a t e s  t h e  e f f e c t i v e n e s s  of  c o a t e d  f a b r i c s  a s  a  

s t r e n g t h e n e r  of t o t a l  pavement s t r u c t u r e  r e p o r t e d  i n  o t h e r  s t u d i e s  

t ( 5 , 6 , 7 ) .  - - -  

Photologging i n d i c a t e d  t h a t  t h e  f a b r i c  p r o t e c t e d  s e c t i o n  g e n e r a l l y  

showed l e s s  c r a c k i n g  t h a n  t h e  u n p r o t e c t e d  s e c t i o n e .  I n  t h e  f i r e t  

r e a d i n g s  o f  J a n u a r y  1981, t h e  f a b r i c  s e c t i o n s  had no c r a c k i n g  i n  f o u r  

of s i x  l a n e s  and i n  o n l y  one c a s e  d i d  i t  have more t h a n  t h e  f a b r i c  

f r e e  s e c t i o n .  I n  t h e  l a s t  r e p o r t e d  r e a d i n g s ,  t e s t e d  i n  1983, t h e  

f a b r i c  s e c t i o n s  had l e s s  c r a c k i n g  t h a n  t h o s e  wi thou t  i t  (Table  5 ) .  

I . H .  410. The S e r v i c e a b i l i t y  I n d i c e s  on t h i s  p r o j e c t  were f i r s t  t aken  

i n  June 1978. The southbound l a n e ,  wi thou t  t h e  deep v e r t i c a l  f a b r i c  

b a r r i e r  provided t h e  c o n t r o l  s e c t i o n ,  t h e  northbound l a n e  had t h e  

b a r r i e r s  (Tab le  6 ) .  I n  a l l  c a s e s ,  t h e  s e r v i c e a b i l i t y  i n d i c e s  

dec reased  w i t h  t h e  passage of  t ime d u r i n g  t h e  s i x  y e a r  p e r i o d .  In  

1981, a  r o t o m i l l i n g  and l eve l -up  was done on b o t h  t h e  n o r t h  and south-  

- 
bound l a n e s .  A t  t h a t  t ime ,  twice  a s  much a s p h a l t i c  c o n c r e t e  was used 

t o  l eve l -up  t h e  southbound l a n e  t h a n  t h e  northbound l a n e .  I n  a l l  

r e a d i n g s ,  t h e  northbound l a n e  wi th  t h e  deep v e r t i c a l  f a b r i c  mois tu re  

b a r r i e r  provided a  h i g h e r  s e r v i c e a b i l i t y  index  i n d i c a t i n g  a  smoother 

r i d e  t h a n  t h e  southbound l a n e  wi thou t  t h e  f a b r i c .  ~ x a k i n i n ~  t h e  d r o p  

i n  s e r v i c e a b i l i t y  i n d e x ,  t h e  southbound l a n e  had a  d e c r e a s e  o f  1.10 on 

t h e  o u t s i d e  l a n e  and 1.40 on t h e  i n s i d e  l a n e .  The d rop  i n  s e r v i c e a b i l i t y  

index on t h e  northbound f a b r i c  p r o t e c t e d  l a n e  was 0.51 and on t h e  i n s i d e  

* 
l a n e  0.50. I n d i c a t i o n s  o f  a  l o s s  of  s e r v i c e a b i l i t y  a r e  a  h a l f  t o  



t h i r d  on t h e  f a b r i c  p r o t e c t e d  l ane  than t h e  c o n t r o l  s e c t i o n  wi thout  

t h e  f a b r i c .  

Mois ture  Sensors  (MC 374) were p laced  i n s i d e  and o u t s i d e  t he  t e s t  sec-  

t i o n s  a t  dep ths  of 2  through 8  f e e t .  Readings r e p o r t e d  i n  d e t a i l  i n  an 

e a r l y  r e p o r t  ( 2 )  - i n i t i a l l y  i n d i c a t e d  g r e a t e r  changes i n  t h e  unpro tec ted  

southbound l a n e s  subgrade t han  under t h e  northbound l ane  (Table 7 ) .  

Drying, an i n c r e a s e  of r e s i s t i v i t y  i n  t h e  c e l l s ,  appeared o u t s i d e  t h e  

f a b r i c  a long  t h e  northbound l ane .  The i r r e g u l a r i t y  and non-response 

i n  many c e l l s  l e d  t o  abandonment of t h e  r e ad ings .  

Photologging began i n  August 1980. The northbound l ane s  had 0.07% and 

0.01% frames showing c r ack ing  whi le  t h e  sou thbound , lane  had 0.28% and 

0.21%. By 1983, c r ack ing  had i nc r ea sed  i n  t he  northbound f a b r i c  pro- 

t e c t e d  l ane  t o  0.19% and 0.37% whi le  t h e  southbound l a n e  i nc r ea sed  t o  

0.75% and 0.45% (Table 8).  No r e s u l t s  have been r ece ived  y e t  from t h e  

1985 photos .  R e s u l t s  of t h e  e a r l y  photologging i n d i c a t e  s i g n i f i c a n t l y  

l e s s  pavement c r ack ing  i n  t h e  f a b r i c  p r o t e c t e d  l ane s .  

I . H .  37. The S e r v i c e a b i l i t y  I nd i ce s  were ob t a ined  i n  November 1979, by 

p ro f i l ome te r  runs  made p r i o r  t o  t h e  r e h a b i l i t a t i o n  on 1.H 37 between 

S. Backberry and Pecan Val ley  Drive.  I n  each  case  t h e  c o n t r o l  sec-  

t i o n s  i n d i c a t e d  a  s e r v i c e a b i l i t y  index  h ighe r  than  t he  s e c t i o n s  t o  be 

r e h a b i l i t a t e d .  They were a l l  above 3.15 whi le  t h e  s e c t i o n s  t o  be 

r e c o n s t r u c t e d  v a r i e d  from 2.79 t o  2.92 (Table  9) .  Following t h e  reha- 

b i l i t a t i o n ,  t h e  f i r s t  p ro f i l ome te r  run  took p l ace  i n  December 1980. 

A t  t h a t  t ime t h e  f a b r i c  p r o t e c t e d  s e c t i o n s  provided t h e  smoother r i d e  

a s  i n d i c a t e d  by t h e  h ighe r  s e r v i c e a b i l i t y  i nd ices .  The i r  v a l u e s  were 



3.68 and 3.81 a s  compared t o  t h e  h i g h e s t  v a l u e  of 3.30 on t h e  n o r t h -  

bound l a n e s ,  s o u t h  c o n t r o l .  With t h e  passage of t ime t h e  s e r -  

v i c e a b i l i t y  i n d e c e s  tended t o  d e c r e a s e .  I n  August 1983, t h e  

b 

northbound l a n e s ,  n o r t h  c o n t r o l  had a s p h a l t  l eve l -up  work between t h a t  

t ime and March 1984. I t s  s e r v i c e a b i l i t y  i n d i c e s  i n c r e a s e d  from 3.05 

t o  4 .24,  h i g h e r  t h a n  t h e  f a b r i c  s e c t i o n s .  However, i n  t h e  southbound 

l a n e  f a b r i c  s e c t i o n ,  o v e r  t h e  pe r iod  from December 1980 t o  t h e  l a t e s t  

no ted  r e a d i n g ,  A p r i l  1985,  t h e r e  was a  d e c r e a s e  of  o n l y  .07 i n  t h e  

s e r v i c e a b i l i t y  index  and on t h e  northbound l a n e s  f a b r i c  s e c t i o n ,  a  

. d e c r e a s e  of 0.11.  T h i s  compares t o  a  d e c r e a s e  i n  a  f o u r  y e a r  p e r i o d ,  

from November 1979 t o  March 1984 of 0.26 i n  t h e  southbound l a n e ,  n o r t h  

c o n t r o l  and 0.97 i n  t h e  s o u t h  c o n t r o l .  A d e c r e a s e  o c c u r r e d  i n  t h e  

northbound l a n e s ,  n o r t h  c o n t r o l ,  p r i o r  t o  i t s  r e h a b i l i t a t i o n  work of 

0.10 and i n  t h e  s o u t h  c o n t r o l  a  d e c r e a s e  t o  A p r i l  1985 o f  0.64. 

S i n c e  a  new p r o f i l o m e t e r  was used i n  t h e  r e a d i n g s  from March 1984 

through t h e  p r e s e n t ,  t h e r e  does seem t o  be t h e  p o s s i b i l i t y  of  some 

d i s t o r t i o n  i n  t h e  r e a d i n g s .  However, one can  conclude t h a t  i n  com- 

p a r i n g  t h e  f a b r i c  p r o t e c t e d  s e c t i o n s  a g a i n s t  t h e  c o n t r o l  s e c t i o n s  

p r i o r  t o  t h e  r e h a b i l i t a t i o n  work, t h e  f a b r i c  s e c t i o n s  were s i g n i f i -  

c a n t l y  smoother.  

Photologging h a s  r e v e a l e d  l i t t l e  s u r f a c e  c r a c k i n g  (Tab le  10) .  I n  t h i s  

t e s t i n g ,  two 1750 f t .  s e c t i o n s  i n  b o t h  t h e  n o r t h  and southbound l a n e s  

were used  t o  r e p r e s e n t  t h e  b a r r i e r e d  l a n e s  compared t o  t h e  a d j a c e n t  

c o n t r o l s .  The i n i t i a l  photologging i n  June 1981 i n d i c a t e d  c r a c k i n g  

o n l y  i n  t h e  northbound l a n e  pavement w i t h  0.15% i n  t h e  f a b r i c  pro- 



t e c t e d  s e c t i o n  and 0.04% i n  t he  c o n t r o l .  A year  and a  ha l f  l a t e r ,  

only  t h e  northbound c o n t r o l  pavement had any c r ack ing  a t  a l l  and i t  

was a  minimal 0.07%. 

Moisture Sensors  used on I . H .  37 have proven s l i g h t l y  more r e l i a b l e  

than  those  on Loop 410. Reported f u l l y  i n  a  paper by P i c o r n e l l ,  

Ly t ton  and S t e inbe rg  (31, - t h e s e  thermal  block s enso r s  were model MCS 

6000 o f  Mois ture  Cont ro l  Systems, Incorpora ted .  Ten s enso r s  were 

i n s t a l l e d  a t  f ou r  l o c a t i o n s .  Two of  t h e  l o c a t i o n s  were i n s i d e  t h e  

f a b r i c  a r e a  and two o u t s i d e .  Pe r i od i c  r e ad ings  w i th in  a  90 week t ime 

per iod  i n d i c a t e d  h igh  mois tu re  l e v e l s  from the  time of  i n i t i a l  

measurement. Sensors  placed o u t s i d e  t h e  f a b r i c  showed s u b s t a n t i a l  

change i n  l a t e r  r e ad ings .  Sensors  i n s i d e  t h e  f a b r i c  showed a  uniform 

ma t r i x  p o t e n t i a l  over  a  two year  per iod .  Severa l  of t h e  s enso r s  have 

become non-operat ional .  The ones s t i l l  f unc t i on ing  i n d i c a t e d  t h a t  

i n s i d e  t h e  geomembrane, t h e  subgrade mois tu re  remained r e l a t i v e l y  uni-  

form whi le  t hose  o u t s i d e  showed more s i g n i f i c a n t  changes. 

U.S. 281, S e r v i c e a b i l i t y  Indices were ob ta ined  on t h e  southbound l ane  

which r ece ived  t h e  geomembrane f a b r i c  p r o t e c t i o n  wi th  t he  ad j acen t  

northbound a s  a  c o n t r o l  s e c t i o n .  P r i o r  t o  t h e  r e h a b i l i t a t i o n  work on 

t h e  southbound l a n e ,  i t s  s e r v i c e a b i l i t y  indices v a r i e d  from 2.42 i n  

i t s  o u t s i d e  l a n e  t o  1.31 on t h e  i n s i d e  l a n e ,  compared t o  t h e  nor th -  

bound l a n e s ,  2.90 and 2.72 (Table  11).  I n  t h e  f i r s t  r e ad ing  on t h e  

p ro f i l ome te r s  fo l lowing  t h e  r e h a b i l i t a t i o n  work, t h e  southbound l a n e s  

s e r v i c e a b i l i t y  indices ranged from 3.08 on t h e  o u t s i d e  l ane  t o  3.00 on 

t h e  i n s i d e  l a n e ,  compared t o  t h e  northbound l a n e s  2.84, 2.91 and 2.55 



from t h e  o u t s i d e  t o  t h e  i n s i d e .  Though some v a r i a t i o n  a g a i n  a p p e a r s  

where t h e  s e r v i c e a b i l i t y  ind ices  i n c r e a s e  on t h e  southbound l a n e ,  t h e  

A p r i l  1985 s e r v i c e a b i l i t y  r anged  f rom 3.18 t o  3.00. No s i g n s  of  a d d i -  

b 

t i o n  work on t h a t  pavement were v i s i b l e .  S e r v i c e a b i l i t y  i n d i c e s  

d e c r e a s e d  v e r y  l i t t l e  on  t h e  f a b r i c  p r o t e c t e d  l a n e s ,  r a n g i n g  from 0.04 

t o  0 .08  be tween March 1984 and A p r i l  1985. The no r thbound  c o n t r o l  

l a n e s  had d e c r e a s e s  r a n g i n g  f rom 0 .29  t o  0.10.  The southbound l a n e  

u n i f o r m l y  r ema ins  smoother  r i d i n g  t h a n  t h e  a d j a c e n t  no r thbound  l a n e .  

P r o f i l o m e t e r  r e a d i n g  t a k e n  i n  J u l y  1985 have  n o t  been  r e p o r t e d  a s  o f  

t h i s  d a t e .  



SUMMARY AND CONCLUSION 

In analyzing all the results it seems apparent that the fabric 

protected lanes will provide a smoother riding surface than non-fabric 

protected ones in expansive soil areas. 

Only further observation and testing will provide the answers to how 

long the fabric will hold up, how long the advantages will remain, and 

how long they will have to show significant changes to remain economi- 

cally feasible. 

An unresolved question is, how effective is the horizontal seal on the 

pavement in maintaining equal longevity. If this seal begins to per- 

mit the seepage of water through the surface, and if tests conducted 

by other researchers have indicated that considerable water does come 

through asphalt as well as Portland Cement concrete pavements, the 

question then becomes, if we are getting increased distortions, is it 

because of our inadequate surface seals? 

The geomembranes provide a significant improvement in riding surface 

over expansive soils. Monitoring should continue to observe its eco- 

nomic feasibility. 
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TABLE 1 

GENEBAL HcWULLEN SERVICEABILITY INDICES 

Northbound Lanes 

Outside Center 
Date - 

S.Contro1 Fabric N.Contro1 S.Contro1 fabric N.Contro1 

3ec. '81 1.73 3.62 2.81 3.54 3.72 3.68 
--. 

June '82 1.95 3.58 2.92 3.25 3.59 3.67 

Feb. '83 2.00 3.58 2.79 3.14 3.52 3.42 

Inside 

S.Contro1 Fabric N .Con: r .  

3.85 3.41 4.14 

4.11 3.30 3.88 

4.13 3.33 3.87 

4.02 3.26 3.65 

4.07 3.27 3.88 

4.06 3.36 3.12 

~ept.'84* 1.42 3.67 2.59 3.45 3.79 3.43 2.42 3.58 1.96 

Mar. '85* 1.90 3.77 2.93 3.46 3.55 3.40 4.05 3.31 3.31 

- July '81 2.32 

Dec. '81 1.95 

June '82 2.16 

Feb. '83 2.11 

Aug. '83 2.09 

Mar. '84* 1.85 

Sept. '84* 2.36 

Mar. '85* 2.75 

Southbound Lanes 

3.09 3.83 

3.01 3.81 

2.94 3.84 

2.87 , 3.81 

2.78 3.82 

2.70 3.88 

3.03 3.97 

2.72 4.10 

*New Profilometer 



Date: 

TABLE 2 

G E N .  McMULLEN - STIFFNESS COEFFICIENTS 

Subgrade Pavement 

Nor th  C o n t r o l  0.20 0.20 0.60 0.95 

F a b r i c  0.20 0.18 0.72 1.09 

South  C o n t r o l  0.21 0.20 0.65 0.98 

* P r i o r  t o  R e c o n s t r u c t i o n  

TABLE 3 

G E N .  McMULLEN - MAXIMUM DEFLECTIONS 

Date :  1-81 3-82 1-81 3-82 1-81 3-82 - - - - - -  

Southbound Lanes L M N 

C o n t r o l  .015 .023 .017 .017 .022 .016 

F a b r i c  ,018 .022 .015 .017 .023 .019 

C o n t r o l  .012 ,016 .013 .014 .016 .013 

Northbound Lanes T S R 

C o n t r o l  .013 .015 .015 .015 .018 .020 

F a b r i c  .019 .021 .019 .020 .025 .026 

C o n t r o l  .017 .017 .015 ,017 .020 .023 



TABLE 4 

Northbound Lanes - 
Control 

Horizontal Fabric 

Control 

Southbound Lanes 

Control 

Horizontal Fabric 

Control 

GENERAL McMULLEN - SPREADABILITY INDICES 



TABLE 5 

GENERAL McMULLEN - PHOTOLOGGING TESTS PERCENT AREA CRACKED 

DATE SECTION L M N T S R Average 

1-81 Cont ro l  1.08 0.97 0.51 0 0 0.98 .59 

F a b r i c  1.07 0 0 0 0 0.36 .24 

C o n t r o l  0 1.05 0.69 0 0 0.54 .38 

6-81 Control  1.26 1.6 0 0 0 1 .4  .71 

F a b r i c  1.42 0 0 0 0 0.5 .32 

Cont ro l  0 1 . 8  0.1 0 0 0.7 .43 

1-82 Cont ro l  0.62 1.25 0 0 0 1.64 .59 

F a b r i c  0.73 0.03 0 0 0 0.52 .21 

Cont ro l  0 1.43 0 0 0 0.16 .27 

8-82 C o n t r o l  1.09 1.65 0 0 0 3.93 1.11 

F a b r i c  1.64 0 0 0 0 0.53 .36 

C o n t r o l  2.07 0 0 0 0 0.40 .41 



TABLE 6 

LOOP 410 - SERVICEABILITY INDICES 

Date 

June '79 

Nov. '79 

Aug. '80 

Dec. '80 

Mar. '811 

July '812 

Dec. '81 

June '82 

Feb. '83 

Sept. '83 

Mar. '84* 

Sept. '84* 

April '85* 

Southbound Lane 
(Control Section) 

Outside 

4.13 

3.70 

3.39 

3.28 

3.38 

3.43 

3.57 

3.47 

3.28 

3.16 

3.12 

2.99 

3.03 

Inside 

4.02 

3.63 

3.30 

3.15 

3.17 

3.29 

3.56 

3.25 

2.99 

2.89 

2.87 

2.81 

2.62 

Northbound Lane 
(Deep Vertical Fabric) 

Outside 

4.16 

4.03 

3.83 

3.55 

3.72 

3.74 

3.76 

3.66 

3.57 

3.47 

3.49 

3.47 

3.65 

Inside 

4.11 

3.99 

3.83 

3.57 

3.76 

3.61 

3.66 

3.67 

3.55 

3.50 

3.59 

3.54 

3.61 

* New Profilometer 

1. Rotomilled southbound lane 3/30/81 - 4/2/81. 
Rotomilled northbound lane (isolated spots) 4/3/81 - 4/7/81. 

2. Project leveled up 8-81. 
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Inside 

Outside 

Inside 

TABLE 8 

I.H. 410 - PHOTOLOGGING 

NORTHBOUND LANES 

0.07 0.08 -0- 0.04 0 0.19 

0 .01  0.24 0.08 0.34 0.03 0.37 

SOUTHBOUND LANES 

0.28 0 .62  0.11 0.87 0.29 0.75 

0.24 1.01 0 .10  0.78 0.51 0.45 



Date - 

TABLE 9 

I H  37 - SERVICEABILITY INDICES 

Southbound Lane 

N .  Con t ro l  F a b r i c  Sec t ion  S. Cont ro l  

Nov. '79 3.22 2.79# 3.33 

Dec. '80  2.97 3.68 3.18 

J u l y  '81 2.79 3.72 3.20 

Dec. '81 2.99 3.67 3.22 

June ' 82  3.04 3.69 3.22 

Feb. ' 83  3.09 3.61 3.19 

Aug. ' 8 3  3.04 3.64 3.19 

March '84* 2.96# 3.75 2.36 

Sept  . '84* 4.05 3.68 2.29 

Apr i l  '85* 4.16 3.61 

- 
*New Pro f i l ome te r  

Northbound Lane 

N. Con t ro l  Fab r i c  S e c t i o n  S. Cont ro l  



TABLE 10 

I .H. 37  - PHOTOLOGGING 

Lane - Treatment 

L Control 
Trea t  #1 
Treat  #2 

M Control 
Treat  # l  
Treat  #2 

Control 
Treat  #I  
Treat  112 

Control 
Treat  111 
Treat  #2 

Control 
Treat  # l  
Treat  #2 

T Control 
Treat  #I  
Treat  12 

O f f  Ramp Treat  



TABLE 11 

U.S. 281 - SERVICEABILITY INDICES 

Southbound Lane Northbound Lane 
(Deep V e r t i c a l  f a b r i c )  ( c o n t r o l )  

Date  O u t s i d e  C e n t e r  I n s i d e  O u t s i d e  C e n t e r  I n s i d e  

J u l y  ' 838  2.42 2.35 1 .31  2.90 2.86 2.72 

March '84* 3 .08  3.07 3.00 2.84 2.91 2.55 

S e p t .  '84* 3.21 3 .18  2.92 2.74 2.78 2.45 

A p r i l  '85* 3.04 2.99 3 .18  2.55 2.77 2.45 

* New P r o f i l o m e t e r  
# B e f o r e  Leve l  up  
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POOLED ESTIMATE OF THE STANDARD DEVIATIOK 

STUDENT'S t-DISTRIBUTION TWO-TAILED TEST 

Are the two means significantly different (5% level)? 

Table 1 .  Northbound 

Outside Fabric vs. S. Control 

su-y = 1 3 3 ) 2  + ( . 1 3 3 ) 2  = 0.188 

For v = 1 4 ,  t0.05 = 2,145 

Since 9.73 > 2.145 

Therefore, the fabric performs significantly better than control. 



Table 1. Northbound 

Outside Fabric vs. N .  Control 

For v = 14, t0.05 = 2.145 

Since 9.59 > 2.145 

Therefore, the fabric performs significantly better than the control 
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Table 1 .  Northbound 

Center Fabric vs. S. Control 

For v = 14, t0.05 = 2.145 

Since 1.80 < 2.145. the fabric does not perform significantly dif- 

ferently than the control. 
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Table  I .  Northbound 

Center  F a b r i c  v s .  N. Cont ro l  

For v = 14, t 0 . 0 5  = 2.145 

Since  0 .59  < 2.145, t h e  f a b r i c  does n o t  perform s i g n i f i c a n t l y  d i f f e r -  

e n t l y  t h a n  t h e  c o n t r o l .  
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Tab le  1 .  Northbound 

I n s i d e  F a b r i c  v s .  S .  C o n t r o l  

For v  = 14, = 2.145 

S i n c e  2.16 > 2.145, t h e  c o n t r o l  pe r fo rms  s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  

f a b r i c .  

Page 5 



Table 1. Northbound 

Inside Fabric vs. N. Control 

For v = 14, t 0 . 0 ~  = 2 . 1 4 5  

Since .489 < 2.145, the fabric does not perform significantly 

differently than the control 
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Table 1 .  Southbound 

Outside Fabric vs. S. Control 

For v = 14, t0.05 = 2 . 1 4 5  

Since 3.30 > 2.145, the fabric performs significantly better than 

the control. 
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Table 1 .  Southbound 

Outside Fabric vs. 5 .  Control 

For v = 13, t 0 . 0 0 ~  = 2.179 

Since 0.71 < 2.179. the fabric does not perform significantly 

differently than the control. 
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Table 1. Southbound 

Center Fabric vs. S .  Control 

For v = 14, t 0 . 0 5  = 2 . 1 4 5  

S i n c e  14.6 > 2.145, the fabric performs significantly better t h a n  

the control 
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Table 1. Southbound 

Center Fabric vs. 5. Control 

For v = 14, t0.05 = 2.145 

Since 3.31 > 2.145, the fabric performs significantly better than 

the contro:. 
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Table 1 .  Southbound 

Inside Fabric vs. S. Control 

For v = 14, t 0 . 0 0 ~  = 2.145 

Since 8.81 > 2.145, the fabric performs significantly better than 

the control. 
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T a b l e  1 .  Southbound 

I n s i d e  F a b r i c  v s .  N .  C o n t r o l  

Fo r  v  = 14. t 0 . 0 5  = 2.145 

S i n c e  5.46 > 2.145, t h e  f a b r i c  pe r fo rms  s i g n i f i c a n t l y  b e t t e r  t h a n  

t h e  c o n t r o l  
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Table 6. Outside 

Control Fabric 

For v = 24, t0.05 = 2.064 

Since 2.99 > 2.064, the fabric performs significantly better 

than the control. 
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Table 6. Inside 

Control Fabric 

For v = 24, t0.05 = 2.064 

Since 4.02 > 2.064, the fabric performs significantly better than 

the control 
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Table 9. Southbound 

Fabric vs. N. Control 

For v = 16, t0.05 = 2.12 

Since 2.33 > 2.12, the fabric performs significantly better than 

the control 
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Table 9. Southbound 

Fabric v s .  S. Control 

For 1 7  = 17, t0.05 = 2.110 

S i n c e  4 . 9 7  > 2.110, the f a b r i c  pe r fo rms  significantly better 

than the control 
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Table 9. Northbound 

Fabric vs. N. Control 

For v = 16, t0.05 = 2.12 

Since 1.71 < 2.12, the fabric does not perform significantly 

differently than the control 
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Table 9. Northbound 

Fabric vs. S. Control 

t =  .I50 = 4.80 

For v = 17, t0.05 = 2.110 

Since 4.80 > 2.11, the fabric performs significantly better than 

the control. 
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Table 11. Outside 

Fabric vs. Control 

For v = 6, t0.05 = 2.45 

Since 0.81 < 2.45, the fabric does not perform significantly 

differently than the control 

% 
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Table 11. Center 

Fabric vs. Control 

For v = 6, t0.05 = 2.45 

Since 0.32 < 2.45, the fabric does not perform significantly 

differently than the control. 
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Table 11. Inside 

Fabric v s .  Control 

For v = 6, t0.05 = 2.45 

Since 0.12 < 2.45, the fabric does not perform significantly 

differently than the control. 
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