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Panel discussion: Use of geosynthetics and geotextiles in geotechnical engineering 

Débat de spécialistes: Utilisation des géosynthétiques et des géotextiles en géotechnique

Gerald P. Raymond-Queen's University, Kingston, Ont., Canada

IN T R O D U C T IO N

C o m m e n t p re s e n te d  h e re  w i l l  d e a l  w ith  th re e  to p ic s :

1. G e o s y n th e tic s  as  u se d  in  h ig h w a y  e d g e  d ra in a g e ;

2 . G e o te x ti le s  f o r  ra i lw a y  a p p l ic a tio n s ;

3 . G e o s y n th e tic s  u se d  in  e m b a n k m e n t c o n s tr u c tio n  o n  v e ry  s o f t 

s o i l  s u c h  a s  d e p o s its  in v o lv in g  p e a t.

G E O S Y N T H E T I C S  U S E D  IN  P A V E M E N T  D R A IN A G E

T h e  im p o rta n c e  o f  g o o d  h ig h w a y  d ra in a g e  h a s  b e e n  r e c o g n is e d  fo r  

m a n y  c e n tu r ie s . E x a m p le s  in c lu d e  th e  R o m a n  ro a d s  w ith  w e l l 

c o n c e iv e d  an d  c o n s tr u c te d  d ra in a g e  s y s te m s  th a t re m a in  to d a y  

( 1 9 9 7 ) ,  an d  th e  w o rk s  o f  th e  e a r ly  n in e te e n th  c e n tu ry  e n g in e e rs . 

D e s p ite  th is  h is to ry , re c e n t a g g re g a te  g rad in g  e m p h a s is  h as  b e e n  o n  

a g g r e g a te  d e n s ity  an d  s ta b i li ty  ra th e r th a n  p e rm e a b i l ity . So m e  

e x c e p tio n s  are  th e  w o rk  o f  C e d e r g re n  e t a l.  ( 1 9 7 3 ) ,  an d  o th e rs  b u t, 

u n f o rtu n a te ly , g o o d  d ra in a g e  d e s ig n  an d  c o n s tr u c tio n  are  n o t as  

s im p le  a s  g e n e ra lly  su g g e s te d , p artic u la rly  in  a  c o ld  c l im a te . W h ile  

g o o d  d ra in a g e  d e s ig n  in c lu d e s  p r o v is io n  f o r  s u r f a c e  d ra in a g e , 

g ro u n d  w a te r lo w e rin g  an d  in te rn a l d ra in a g e , th is  p an e l p re se n ta tio n  

f o c u s e s  o n ly  o n  o n e  a s p e c t o f  in te rn a l d ra in a g e , n a m e ly  e d g e  

d ra in a g e , a s  it r e la te s  to  c o ld  c l im a te  c o n d itio n s  e x p e rie n c e d  b y  

O n ta rio  h ig h w a y s . In te rn a l d ra in ag e  is  th e  c o l le c tio n  an d  d isc h a rg e  

o f  w a te r th a t m a y  e n te r th e  p a v e m e n t stru c tu re  th ro u g h  th e  w e a rin g  

c o u rs e  ( e .g .,  s u r f a c e  c r a c k s ) , g ra n u la r sh o u ld e rs  o r  f ro m  th e  

su b g ra d e , an d  is  f a c i li ta te d  b y  su b d ra in s , F re n c h  d ra in s , 

g e o c o m p o s ite  d ra in s  and / o r o p e n - g ra d e d  d ra in a g e  lay e rs  ( O G D L ) .

T h e  f re e z in g  in d e x  in  O n ta rio  ra n g e s  f ro m  5 0 0  ° C - d a y s  u p w ard s. 

A n  e x a m p le  o f  m e a su re d  B e n k e lm a n  b e a m  h ig h w a y  re b o u n d s  th at 

re su lte d  f ro m  th e s e  se v e re  w e a th e r c o n d itio n s  is  sh o w n  in  F ig u r e  1. 

T o  b a la n c e  p a v e m e n t su rv iv a l f ro m  s e v e r e  w e a th e r w ith  a c c e p ta b le  

c a p ita l  c o s ts , ty p ic a l O n ta r io  h ig h w a y  n e w  p a v e m e n t d e s ig n  to  a 

f re e w a y  s tan d ard  is  su m m a riz e d  in  F i g u r e  2 .  Su b g ra d e s  h a v e  a 

m in im u m  3 %  s lo p e  an d  a re  c o v e r e d  w ith  a  m in im u m  th ic k n e ss  o f  

1 0 0  m m  o f  d e n se ly  g rad e d  g ran u lar a g g re g a te  ( G ra n u lar 'A '  s im ilar  

to  A S T M  D - 2 9 4 0 ) . O G D L s  h av e  b e e n  p ro v id e d  d ire c tly  b e lo w  th e  

p a v e m e n t c o u rs e  f o r  m a n y  y e a rs  o n  f re e w a y  stan d ard  h ig h w a y s . 

T h e  O G D L  c o n s is ts  o f  c ru sh e d  ag g re g a te  g rad e d  f ro m  2 6  m m  d o w n  

to  8 m m  ( i .e . ,  26/ 8 m m ) . T h e s e  w e re  in itia l ly  d a y lig h te d  to  th e  

d itc h , b u t th is  h as  p ro v e d  to  b e  u n sa tis f a c to ry  ( H a je k , e t a l . ,  1 9 9 2 ) . 

D itc h  in v e rts  a re  5 0 0  m m  o r m o re  b e lo w  th e  lo w e st su b g ra d e  

e le v a tio n . T h e  p a v e m e n t w e a rin g  s u r f a c e  is  s lo p e d , o r  c e n tre  l in e  

c ro w n e d , e n d in g  w ith  a  2 %  o r  m o re  f a l l in g  s lo p e  a t th e  p a v e m e n t 

e d g e . T o d a y  ( 1 9 9 7 )  sh o u ld e rs  a re  3 m  w id e  w ith  a  0 .6  m  o r  m o re  

p o rtio n  p a rtia l ly  p a v e d  an d  in te g ra l  w ith  th e  p a v e m e n t. T h e  

u n p av e d  p o rtio n  h a s  a 6 %  o r  m o re  s lo p e  an d  is  c o n s tr u c te d  o f  

G r a n u la r  "A 1 to  th e  su b g ra d e  e le v a tio n . In itia l ly  m o st sh o u ld e rs  

w e re  u n p av e d , th e n  re tro f itte d  w ith  0 .6  m  o f  p a rtia l  p av in g .

In  m o st c a s e s  th e  d a y lig h te d  O G D L  w a s  r e tro f itte d  w ith  a 

g e o s y n th e tic  e d g e  d ra in  ( G E D ) .  F ig u r e  3  sh o w s  a ty p ic a l

in sta lla tio n . A s  s e e n  th e  G E D  w a s  p la c e d  a d ja c e n t to  th e  c o n c r e te  

p a v e m e n t e d g e  in  a  tre n c h  c u t w ith  a  v e rm e e r  c u tte r  an d  b o o t ( c u t 

tre n c h  an d  g u id e ) .
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F i g u r e  1 . P a v e m e n t 

B e n k le m a n  r e b o u n d s  

( R a y m o n d  e t a l . ,1 9 9 6 ) .
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DTTCH INVERT 5 0 0  m m  OR MORE !

F i g u r e  2 . O n ta r i o  h ig h w a y  la y e r  

d e s ig n  w ith  o u t- o f - d a te  e d g e  

d r a i n  ( R a y m o n d  e t a l . ,  1 9 9 6 ) .
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O b s e rv a tio n s  m ad e  

d u rin g  th e  w in te r 

s h o w e d  f r o s t h e a v e  

b e tw e e n  th e  lo ad e d  

p a v e m e n t an d  its 

u n lo a d e d  sh o u ld e r. In  

s o m e  c a s e s  th e  

g e o c o m p o s ite  ru b b e d  

a g a in s t th e  p a v e m e n t 

e d g e  e x p o s in g  th e  c u sp s  

o f  th e  g e o c o m p o s ite .

T h e  h e a v e  o b s e r v a tio n s  

a re  a n a lo g o u s  to  a 

lo ad e d  an d  u n lo ad e d  la b o ra to ry  te s t sa m p le . T h e  h e a v e  c a u se s  th e  

O G D L  d ra in a g e  p ath  to  b e  s e v e re d  as  illu s tra te d  in  F ig u r e  4 .

GRANULAR ’A’ . '  

lOOmm GRANULAR ’A’

............. . ...... . . . . . . . . .
><SELECT SU8GRADE MATERIAL; 500mm MINIMUM DEPTH?.
\  V x \  Vn  \  V \  \  V.x S  V.n \  \ \  \  V *  \  V »  \  V \  N V \ \ \ \ \  V  v \  W  \  '

F i g u r e  3 .  O u t- o f - d a te  e d g e  d r a in  

la y o u t ( R a y m o n d  e t a l . ,  1 9 9 6 ) .
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F i g u r e  4 . C o n c e p t  o f  o b s e r v e d  b e h a v io u r  

( R a y m o n d  e t aU , 1 9 9 6 ) .

W h ile  it w as  e v id e n t th at th e  tre n c h  f o r  th e  re tro f i t d ra in s  m u st b e  

p lac e d  as  c lo se  to  th e  p a v e m e n t e d g e  as  p o s s ib le  it is  n o w  ap p are n t 

th at th e  G E D  sh o u ld  n o t b e  p lac e d  a g a in st th e  f a c e  o f  th e  p av e m e n t. 

It w as  a ls o  e v id e n t f ro m  th e  o b s e rv a tio n s  th at th e  G E D  p e rf o rm a n c e  

is  c o n tra ry  to  th e  g e n e r a lly  a c c e p te d  g e o te x ti le  f i lte r  c o n c e p ts .
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T h e s e  c o n c e p ts  re q u ire  

th a t th e  p e rm e a b i l ity  o f  

th e  s o i l ,  o r  in  th is  c a s e  

th e  O G D L , b e  at le a s t an  

o rd e r o f  m a g n itu d e  le s s  

th a n  th e  p e rm e a b i li ty  o f  

th e  g e o te x ti le , e .g ., 

G iro u d  ( 1 9 8 2 ) .  A  

n e w  c o n c e p t w a s  n e e d e d  

i f  a  G E D  is  to  b e  u se d . 

T h e  O G D L  n e e d s  to  

d is c h a rg e  in to  a  tre n c h  

f i lle d  w ith  a  h ig h
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F i g u r e  5 . N e w  r e t r o f i t  g e o c o m p o s ite  

d e ta i ls  ( R a y m o n d  e t a l . ,  1 9 9 6 ) .

p e r m e a b il ity  b a c k f i l l  w ith  th e  G E D  o n  th e  sh o u ld e r s id e  o f  th e  

tre n c h . T h e  s u r f a c e  a re a  o f  th e  G E D  g e o te x ti le  r e c e iv in g  w a te r  

w o u ld  th e n  b e  c o n s id e r a b ly  la rg e r  th an  its  f o rm e r a re a  c o n ta c tin g  

th e  O G D L . U n d e r  p ro p e r c o n s tru c tio n , u n d e s irab le  v o id s  w o u ld  n o t 

d e v e lo p  b e tw e e n  th e  O G D L  an d  th e  b a c k f i l l .  U s in g  a su rro u n d in g  

san d , ra th e r th an  g ra v e l , an d  c a re  d u rin g  in sta lla tio n , a  lo w  m a s s  p e r 

u n it a re a  g e o te x ti le , a s  p re se n tly  u se d  b y  M T O , sh o u ld  b e  s u f f ic ie n t. 

Fig u re 5 sh o w s  th e  n e w ly  ad o p te d  la y o u t f o r  a  r e tr o f it d ra in  w ith  

th e  G E D  o n  th e  sh o u ld e r s id e . T h e  b a c k f i l l  c o n s is ts  o f  an  e x tra  

c le a n  san d , p re f e ra b le  m a n u f a c tu re d  an d  g rad e d  to  th a t o f  c o n c r e te  

sa n d  ( A S T M  C - 3 3 )  w ith  th e  ad d itio n a l  re q u ire m e n t o f  0 - 2 %  b y  

m a s s  a t th e  7 5  jim  s ie v e  s iz e . T h e  tre n c h  b a s e  s h o u ld  h a v e  a 

b e d d in g  la y e r  w h e re  p r a c tic a l . T h is  is  to  p r o te c t th e  c o n d u it f ro m  

in f i ltra tio n  o f  s u b g ra d e  f in e s .

A n  e d g e  d ra in  lo c a te d  

n e x t to  th e  p a v e m e n t 

e d g e  is  s ti l l  c a p a b le  o f  

d i f f e r e n tia l  f ro s t h e a v e  

in  re la tio n  to  th e  

p a v e m e n t. T o  p re v e n t 

d if fe re n tia l  f ro s t h e a v e  it 

is  n o w  O n ta r io  p ra c tic e  

to  lo c a te  n e w  h ig h w a y  

c o n s tru c tio n  e d g e  d ra in s  

b e lo w  th e  p a v e m e n t, o r 

p a rtia l ly  p a v e d  sh o u ld e r 

w h e re  th e  p a v e d  s h o u ld e r  p o rtio n  is  m a d e  in te g ra l  w ith  th e  

p a v e m e n t. Fig ure 6  sh o w s  ty p ic a l  d e ta ils  o f  a  n e w  c o n s tr u c tio n  

e d g e  d ra in  in s ta lla tio n .

In  a d d itio n , f o r  b o th  r e tro f i t an d  n e w  c o n s tr u c tio n , th e  o u tle t 

in v e rts  m u st b e  d ro p p ed  to  th e  in v e rt e le v a tio n  o f  th e  tre n c h  in  m u c h  

th e  sa m e  w ay  as  illu stra te d  in  Figure 7  and 8. Fu rth e r d e ta ils  h av e  

b e e n  p re s e n te d  b y  R a y m o n d  e t a l. ( 1 9 9 6 ) .

- ĜRANULAR ïK v ÎV ÎV J V .': i 00mm GRANUUUt 'I
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F i g u r e  6 . N e w  e d g e  d r a in  d e ta i l s  

( R a y m o n d  e t a l . ,  1 9 9 6 ) .

N o r th  A m e r ic a  s u c h  p o o r  d ra in a g e  a re a s  a re  a g g ra v a te d  b y  th e  

f re e z in g  w e ath e r, th e  u se  o f  f re ig h t c a rs  w ith  w h e e l  lo ad s  u p  to  1 8 0  

k N , an d  a n n u a l  f re ig h t th a t c a n  e x c e e d  5 3 0  G N  p e r tra c k .

Stu d ie s  b y  th e  w r ite r an d  c o - w o r k e r s  h a v e  sh o w n  th at c o r r e c t 

in s ta lla tio n  p ro c e d u re s  a re  e ss e n tia l . I f  g e o s y n th e tic s  a re  in s ta lle d  

c o r re c tly  th e  m a in  f u n c tio n s  o f  tra c k  r e h a b i l ita tio n  g e o te x ti le s  f o r  

N o r th  A m e r ic a n  c o n d itio n s  a re  a s  g iv e n  b e lo w :-

(a) D rain age:- th e  a b i li ty  to  d ra in  w a te r  a w ay  f ro m  th e  tra c k  

ro a d b e d , o n  a  lo n g  te rm  b a s is , b o th  la te ra lly  an d  b y  g ra v ity , a lo n g  

th e  p lan e  o f  th e  g e o te x tile  w ith o u t b u ild  u p  o f  e x c e s s iv e  h y d ro sta tic  

p re ssu re s .

(b ) Filtration :-  th e  a b il ity  to  f ilte r  o r  h o ld  b a c k  s o i l p a rtic le s  w h ile  

a l lo w in g  th e  p a s s a g e  o f  w a te r.

©  A brasion resistance:- th e  a b il ity  to  w ith s ta n d  th e  a b ra s iv e  

f o r c e s  o f  m o v in g  a g g re g a te  c a u se d  b y  th e  tam p in g / c o m p ac tin g  

p ro c e s s  d u rin g  c y c l ic  m a in te n a n c e , ta m p in g  d u rin g  in itia l 

c o m p a c tio n  an d  b y  th e  p a s sa g e  o f  tra in s  o n  a f re q u e n t b a s is .

(d ) S ep aratio n :-  th e  a b il ity  to  s e p a ra te  tw o  ty p e s  o f  s o i ls  o f  

d if f e re n t p a rtic le  s iz e s  an d  g ra d in g  th a t w o u ld  re a d ily  m ix  u n d e r th e  

in f lu e n c e  o f  re p e a te d  lo a d in g  an d  w ate r.

(e) Elo ngation :-  th e  a b i li ty  to  e lo n g a te  aro u n d  p ro tru d in g  la rg e  

g r a v e l - s iz e d  p a rtic le s  w h ile  r e s is tin g  ru p tu re , p u n c tu re  o r  c u ttin g .

(f) Reinforcem ent during th aw :-  s in c e  a  th aw  o c c u rs  m a in ly  f ro m  

th e  to p  f ro z e n  s u r f a c e  th e  g e o te x ti le  m u st p e rm it w a te r  to  d ra in  

u p w ard s  w h ile  p re v e n tin g  th e  p e n e tra tio n  o f  th e  b a l la s t in to  th e  

s o f te n e d  th a w in g  u n d e rly in g  s o i l.

T h e  im p o rta n c e  o f  p ro p e r g e o te x tile  in s ta lla tio n  an d  s p e c i f ic a tio n  

c a n  b e  b r ie f ly  i llu s tra te d  b y  m e a n s  o f  th e  f o l lo w in g  c o m m e n ts . In  

g e n e r a l  a  tr a c k  is  n o t r e m o v e d  d u rin g  b a l la s t re p la c e m e n t. R a th e r 

th e  b a l la s t is  u n d e rc u t w ith  e i th e r  a  c h a in  sa w  ty p e  b la d e  th a t 

e x te n d s  u n d e r th e  tra c k  f ro m  o n e  s id e  o n ly , o r  a  c h a in l ik e  b e lt 

f e e d in g  d o w n  u n d e r o n e  s id e  o f  th e  tra c k  an d  u p  th e  o th e r  s id e . 

Fig u re 9 s h o w s  th e  u n d e rc u t s u r f a c e  u p o n  w h ic h  th e  g e o te x ti le  is  

to  b e  p la c e d . In  a ll  c a s e s , w h e re  th e  tr a c k  is  n o t re m o v e d , th e  

s u r f a c e  p ro d u c e d  h a s  b a l la s t s iz e  p a r tic le s  p ro tru d in g  f ro m  th e  

s u r f a c e . T h e s e  p ro tru d in g  b a l la s t p a r tic le s  m u st b e  c o v e r  b y  th e  

g e o te x ti le  w ith o u t c a u s in g  th e  g e o te x ti le  to  b e  p u n c tu re d . 

G e o te x ti le  e lo n g a tio n  h as  b e e n  fo u n d  e sse n tia l. T h is  d ic ta te s  th e  u se  

o f  a  n o n - w o v e n  m a te ria l  w ith o u t r e in f o r c e m e n t w o v e n  f ib r e s . 

In c id e n tly , a b o u t 1 0 0  m m  b e lo w  th is  s u r f a c e  sh o w n  in  Figure 9  is 

a c le a n  f i lte r  san d  u se d  to  p re v e n t su b g ra d e  f o u lin g  o f  th e  b a lla s t. 

N o  s u b g ra d e  f o u l in g  e x is te d  a t th is  s ite .

GE0TEXTIU

,  GEOTEXTILE WRAPPED 
.AROUND PIPE AT .

OUTLET*-

S U B G R A D E 4 0 0 m m

F ig u r e  7 . L o n g i tu d i n a l  s e c t io n  

th r o u g h  n e w  o u tl e t  

( R a y m o n d  e t a l . ,  ( 1 9 9 6 ) .

F i g u r e  8 . L a te r a l  s e c t io n  

th r o u g h  n e w  o u tl e t  

( R a y m o n d  e t a l . ,  1 9 9 6 ) .

G EO T EX T IL ES  FO R  R A ILW A Y  A PPLIC A T IO N S

In  th e  1 9 7 0 ’s  g e o te x ti le s  w e re  in tro d u c e d  in to  N o r th  A m e r ic a n  

r a i lw a y  tra c k s  to  c o r r e c t s o m e  o f  th e ir tr a c k  su p p o rt p ro b le m s . 

E x a m in a tio n  o f  th e  s ite s  w h e re  g e o te x ti le s  w e re  in s ta lle d  sh o w e d  

th at th e  tr a c k  h ad  in ad e q u ate  in te rn a l tra c k  d ra in a g e , w h e th e r 

b e c a u se  o f  to p o g rap h y  o r  b e c a u se  o f  c re a te d  d ra in ag e  p ro b le m s . In

F ig u r e  9 . S to n e  p a r t ic l e s  l e f t  a f t e r  u n d e r c u tt in g  w i l l  

e v e n tu a l ly  p i e r c e  a  l ig h tw e ig h t  g e o te x t i le .

F i g u r e  10 sh o w s  h o w  th e  g e o te x ti le  is  in s ta l la tio n  b e lo w  th e  

tr a c k s . A t a ll  tim e s  th e  g e o te x ti le  sh o u ld  b e  h an d le d  an d  in s ta lle d  

w ith  c a re .

F ig u r e  11  sh o w s  th e  b a l la s t b a g  p ro te c tio n  u se d  to  p re v e n t tam p e r 

tin e  d a m a g e  to  th e  g e o te x ti le  d u rin g  b a l la s t c o m p a c tio n . A ls o

2 4 9 4



sh o w n  is th e  u n d e rc u tte r tre n c h  th at sh o u ld  b e  m a in ta in e d , o th e rw ise  

th e  fo u le d  sh o u ld e r b a l la s t m u st b e  re m o v e d . I f  th e  tre n c h  m e th o d  

is  u se d , th e  g e o te x ti le  sh o u ld  b e  tu rn e d  d o w n  to  l in e  th e  tre n c h  an d  

to  f a c i li ta te d  d ra in ag e . O n c e  th e  tre n c h  is  lin e d  w ith  th e  g e o te x ti le  

e d g e  it sh o u ld  b e  f i lle d  w ith  c le a n  b a l la s t an d  o u tle t p ip e s  u s e d  to  

e n s u re  tre n c h  d ra in a g e .

C o lo u r:-  M u s t n o t c a u se  " S n o w  B l in d n e s s "  d u rin g  in s ta lla tio n . 

Pack aging:-  M u s t b e  w e a th e rp ro o f e d  an d  c le a rly  id e n ti f ie d  a t b o th  

e n d s  s ta tin g  m an u fac tu re r, w id th , le n g th , ty p e  o f  g e o te x ti le , d ate  o f  

m a n u f a c tu re .

W rap p in g :-  8 m il b la c k  p o ly e th y le n e  o r  s im ila r .

A b rasion R esistance:- 1 0 5 0  g / m 2 g e o te x ti le  m u s t w ith s ta n d  2 0 0  

k P a  o n  1 0 2  m m  b u rst s am p le  a f te r  5 0 0 0  re v o lu tio n s  o f  H - 1 8  s to n e s  

e a c h  lo ad e d  w ith  1 0 0 0  g ra m s  o f  ro tary  p la tf o rm  d o u b le  h e ad  ab ra s o r 

(A STM  D - 3 8 8 4 ) .

W idth and length w ithout seam ing:-  T o  b e  s p e c i f ie d  b y  c l ie n t. 

Fib re bonding by resin treatm ent o r sim ilar:-  n o t le s s  th a n  5 %  

n o r  m o re  th an  2 0 %  b y  w e ig h t o f  lo w  m o d u lu s  a c r y l ic  re s in  o r  o th e r 

su ita b le  n o n  w a te r  s o lu b le  re s in  th a t le a v e s  th e  g e o te x ti le  p l ia b le . 

M ass:- 1 0 5 0  g / m 2 o r  g re a te r  f o r  tra c k  re h a b i lita tio n  w ith o u t th e  u se  

o f  c a p p in g  san d .

F ig u r e  10. G e o te x ti l e  in s ta l l a ti o n  b e lo w  tr a c k s .  A t a l l  tim e s ,  

g e o te x t i le  s h o u ld  b e  h a n d le d  a n d  in s ta l le d  w ith  c a r e .

Fig ure 11. T he installation crew  has drap ped geotextile into 

cut trench  to allow the geotextile to facilitate d rainage.

Figure 12 sh o w s  th e  b a l la s t c a r  f i l l in g  th e  u n d e rc u tte r  tre n c h . 

T h is  is  b e in g  f i l le d  f irs t to  g iv e  s o m e  te n s io n  to  th e  g e o te x ti le  in  

c a s e  th a w  s o f te n in g  o c c u r s  d u rin g  s p rin g  b r e a k  u p .

R a y m o n d  ( 1 9 8 4 )  o u tl in e d  a  s p e c i f ic a tio n  f o r  u se  b y  C a n a d ian  

R a i lw a y s . G e o te x ti le s  m e e tin g  th is  s p e c if ic a tio n  h a v e  b e e n  in sta lle d  

a t th e  ra te  o f  m o re  th an  5 0  in s ta lla tio n s  p e r y e a r  o v e r  th e  last s ix te e n  

y e a rs . A l l  th e s e  in s ta lla tio n s  c o n tin u e  to  g iv e  s a tis f a c to r y  

p e r f o r m a n c e . R a y m o n d  ( 1 9 9 4 )  re c o rd s  th a t th e  d u ra b i li tie s  o f  th e  

g e o te x ti le s  h a v e  b e e n  e x c e l le n t. In  a d d itio n  th e  in s ta lla tio n s  h a v e  

tu rn e d  o u t to  b e  v e ry  c o s t  e f f e c tiv e . T h e  m a in  d e ta ils  o f  th e  

R a y m o n d  ( 1 9 8 4 )  s p e c i f ic a tio n  is  a s  f o llo w s :

T y p e:-  N e e d le p u n c h e d  n o n - w o v e n  w ith  8 0  p e n e tra tio n s  p e r  c m 2 

( 8 0  p / cm 2)  o r  g re a te r .

Fib re Size:- 0 .7  te x  o r  le s s .

Fib re strength: 4 0  m ic ro  n e u to n s  p e r te x  (n N / te x )  o r  g re a te r . 

Fib re polym er: P o ly e s te r.

Y arn  length: 1 0 0  m m  o r  g re a te r .

Filtration  O pening Size:- 7 5  m ic r o m e tr e s  ( jim )  o r  le ss .

In -p lane coefficient o f  perm eab ility :-  5 0  m ic ro m e tr e s  p e r  s e c  

(| im / s) o r  g re a te r .

Elongation :-  S ix ty  p e rc e n t o r  m o re  to  A S T M  D - 4 6 3 2 .

S eam s:-  N o  lo n g itu d in a l  s e a m s  p e rm itte d .

EM BA N K M EN T  C O N S T RU C T IO N  O N  V ER Y  S O FT  S O IL  

U SIN G  G EO S Y N T H ET IC S

P r o b le m s  in v o lv in g  th e  

c o n s tr u c tio n  o f  e a rth  f i l ls  

an d  e m b a n k m e n ts  o v e r  v e ry  

s o f t  s o i l  s u c h  a s  p e a t o r  s o f t 

c la y  a re  id e a l  c a n d id a te s  f o r  

g ro u n d  re in f o r c e m e n t an d  

b e rm  lo a d in g  ( R a y m o n d ,

1 9 6 9 ) .  T h e  re in f o rc e m e n t 

w a s  f o rm a lly  d o n e  b y  lo g s  

b u t to d a y  is  e ith e r  

s u p p l e m e n t e d  w i th  

g e o s y n th e tic s  o r  d o n e  s o le ly  

w ith  g e o s y n th e tic s . Figure  

13 s h o w s  th e  ty p ic a l  

s e q u e n c e  o f  c o n s tr u c tio n  

d e s c r ib e d  b y  R a y m o n d  

( 1 9 6 9 ) .  Fig ure 14 is  a  Figure 13. Sequence o f  

p h o to g ra p h  ta k e n  f ro m  an  construction on soft soil 

in - p la c e  b e rm  w ith  tre e  (R aym ond , 1969).

lo g g in g  re in f o r c e m e n t re ad y  f o r  p la c e m e n t w ith in  th e  c e n tra l  lo ad  

b e a r in g  a re a  o f  an  e m b a n k m e n t b e in g  c o n s tr u c te d  to  su p p o rt a 

h ig h w a y  p a v e m e n t.

Figure 15 is  a  p h o to g ra p h  ta k e n  d u rin g  c o n s tr u c tio n  o f  a  c e n tra l  

f i l l  b e in g  c o m p a c te d . A n  im m e n se ly  im p o rtan t p o in t is  th e  f a c t th at 

th e  “ g rad e  s ta c k s ”  a re  b e in g  u se d  as  “ th ic k n e s s  s ta k e s .”  T h is  is  

b e c a u se  th e  s e ttle m e n ts  o c c u rr in g  d u rin g  c o n s tr u c tio n  are  la rg e . I f  

th e  “ g ra d e  s ta k e s ”  a re  u se d  d u rin g  f i l l  p la c e m e n t, e x c e s s iv e

Fig ure 12. T rench  should be filled first to result in 

tensioning. Ballast filled side trenches p rom ote drainage as 

long as outlet pipes are installed.
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F i g u r e  1 7 . E m b a n k m e n t  c o n s tr u c t i o n  s e ttl e m e n ts . N o te  

h e a v e  a f t e r  b e r m  p l a c e m e n t ( R a y m o n d ,  1 9 6 9 ) .

JU LY OCTOBER I

SAWDUST +  1.2m FILL

AUGUST SEPTEM BER

F i g u r e  1 4 . N o te  in - p la c e  b e r m  in  f o r e g r o u n d  w ith  tr e e  

lo g g in g  r e in f o r c e m e n t  r e a d y  f o r  p la c e m e n t w i th i n  th e  c e n tr a l  

lo a d  b e a r i n g  a r e a .

F i g u r e  1 5 . C o n s tr u c t io n  to  th i c k n e s s . 

N o te  g r a d e  s ta k e s  s e t tl e  w ith  c o n s tr u c ti o n .

F i g u r e  1 8 . O n  h a u l  r o a d s  r u tt in g  o c c u r s  u n le s s  g r a n u la r  

th i c k n e s s  r e d u c e s  s u b g r a d e  s tr e s s  to  f o u r  tim e s  c l a y  s u r f a c e  

s h e a r in g  s tr e n g th  ( 4 x c u, i .e .,  0 .6 7 x C B R ) .

ru ttin g  is  o c c u rr in g  d u rin g  c o n s tr u c tio n  an d  c le a r ly  i llu s tra te s  th e  

p ro b le m s  th at w i ll  o c c u r  w h e n  f i ll  d e p th s  are  in s u f f ic ie n t. B a s e d  o n  

d ata  b y  Ste w a rd  e t a l.  ( 1 9 7 7 )  th e  d e p th  o f  a  f i l l  sh o u ld  b e  d e e p  

e n o u g h  to  re d u c e  th e  v e r tic a l  s tre ss  a t su b g ra d e  le v e l  to  4 c u.

F i g u r e  1 6 . L a r g e  d i f f e r e n t ia l  s e ttl e m e n ts  o c c u r  a t  s m a ll  

c h a n g e s  in  lo a d in g .

se ttle m e n t o c c u r s , o f te n  re s u ltin g  in  g ro u n d  fa ilu re .

F i g u r e  1 6  s h o w s  an  in stru m e n t b o x  h o u s in g  o n  th e  le f t o f  th e  

p h o to g ra p h . O r ig in a l ly  th e  to p  o f  th e  b o x  w a s  le v e l . T h e  s lo p e d  

c o n d itio n  i llu s tra te s  th e  la rg e  d i f f e re n tia l  s e ttle m e n ts  th a t o c c u r  

b e tw e e n  th e  a re a  o f  h ig h  lo ad in g  ( c e n tra l  f i l l )  an d  lo w  lo ad in g  (b e rm  

f i l ls ) .

F i g u r e  1 7  sh o w s  s o m e  o f  th e  s e ttle m e n ts  re c o rd e d  d u rin g  

c o n s tru c tio n . N o te  th e  h e a v e  th a t o c c u rre d  d u rin g  b e rm  p la c e m e n t. 

T h is  w i l l  re d u c e  c e n tra l f i l l  s e ttle m e n t th a t is  la rg e . W h e re  

c o n s tr u c tio n  is  to  g rad e  ra th e r th a n  th ic k n e ss  th e  c e n tra l  s e ttle m e n t 

re su lts  in  an  u n a c c e p ta b le  la rg e  a m o u n t o f  c e n tra l  f i l l  lo a d in g .

F i g u r e  1 8  sh o w s  a g e o s y n th e tic  c o m b in e d  w ith  tre e  lo g s  as  

r e in f o r c e m e n t. In  th e  b a c k g ro u n d  ru ttin g  is  c le a r ly  e v id e n t. T h is
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