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S YN O P S IS :  A la rge - s ca le  g e o g r id  r e in fo r c e d  s oil w a ll wa s  c o n s t r uc te d  a n d  th e n  s u r c h a r g e d  u n t il fa ilu r e  o c c u r r e d . T h e  w a ll wa s  3 m  h ig h  

a n d  2.4 m  w id e  a n d  r e t a in e d  a  v o lu m e  o f s o il in  exce s s  o f 50  m 3. T he  s t r u c t u r e  w a s  c o n s t r u c te d  w it h  r ig id  a r t ic u la t e d  fa c in g  pa n e ls  a n d  

a  w e ak  p o ly m e r  g r id  r e in fo r c e m e n t  w as  us e d t o  e ns ur e  r u p t u r e  o f t h e  g r id  laye rs  u n d e r  s u s ta in e d  u n ifo r m  s u r c h a r g in g . R u p t u r e  o f th e  

r e in fo r c e m e n t  a n d  c o lla ps e  o f t h e  w a ll o c c u r r e d  a t  a  s ur c ha r g e  pr e s s ur e  o f 70  k P a . Q u a lit a t iv e  fe a tur e s  o f t h e  b e h a v io u r  o f t h is  w a ll are  

p r e s e n te d  a n d  s o m e  im p o r t a n t  im p lic a t io n s  t o  th e  de s ig n  a n d  a n a ly s is  o f the s e  s t r u c tu r e s  a re  id e n t ifie d .

1 IN T R O D U C T IO N

T he  d e v e lo p m e n t  o f a d v a n c e d  p o ly m e r ic  m a t e r ia ls  ha s  le d t o  t h e ir  

us e  as  e x t e n s ib le  g e o s y n th e t ic  r e in fo r c e m e n t  in  s o il r e t a in in g  w a ll 

s t r uc tu r e s  a n d  s te e p  s lope s . Be tw e e n  1974 a n d  1987 it  is  e s t im a t e d  

t h a t  a b o u t  200 p o ly m e r ic a lly  r e in fo r c e d  s o il w a lls  a n d  s te e p  s lo pe s  

ha ve  be e n  c o n s t r u c t e d  in  N o r t h  A m e r ic a . A n  e x ce lle n t  s u m m a r y  

o f d o c u m e n t e d  p r o je c ts  in  N o r t h  A m e r ic a  is  g ive n  b y  Ya k o  a n d  

C h r is t o p h e r  (1 9 8 7 ). Ho w e ve r , as  th e ir  s u m m a r y  r e ve a ls , the r e  

is r e la t iv e ly  lit t le  d a t a  fr o m  in s t r u m e n t e d  s t r u c tu r e s  t h a t  c a n  

be  us e d  t o  o p t im iz e  c u r r e n t  de s ig n  m e t h o d s . M o s t  c o n v e n t io n a l 

m e t h o d s  o f de s ig n  a r e  b a s e d  o n  lim it in g  e q u ilib r iu m  a pp r o a c he s  

w he r e  fa c to r s  o f s a fe ty  a re  us e d  t o  r e la te  t h e  s t a b ilit y  o f the s e  

c o m p o s it e  s t r u c t u r e s  a t  fa ilu r e  t o  w o r k in g  lo a d  c o n d it io n s .  Ne ve r ­

the le s s , lit t le  ( if  a n y )  d a t a  fr o m  c los e ly  m o n it o r e d  p r o t o t y p e  s c ale  

w a lls  is  a v a ila b le  to  p r o p e r ly  r e la te  fa ilu r e  c o n d it io n s  t o  w o r k in g  

c o n d it io n s  in  the s e  s y s te m s . T h e  de fic ie nc ie s  in  c u r r e n t  m e t h o d s  

o f a n a ly s is  a n d  de s ig n  we re  illu s t r a t e d  d u r in g  a n  in t e r n a t io n a l 

p r e d ic t io n  e xe rc is e  h e ld  a t  t h e  Ro y a l M ilit a r y  Co lle g e  o f C a n a d a  

( R M C )  in  1987 . "C la s s  A ” p r e d ic t io n s  o f t h e  lo a d - de fo r m a t io n  

b e h a v io u r  o f tw o  t r ia l g e o g r id  r e in fo r c e d  s o il w a lls  we re  m a d e  by 

p a r t ic ip a n t s .  T h e  p r e d ic t io n s  va r ie d  w id e ly  b u t  g e n e r a lly  u n d e r ­

e s t im a t e d  t h e  s t iffne s s  o f the s e  c o m p o s it e  s t r u c tu r e s  ( Ja r r e t t  a n d  

M c G o w n  1 987 ).

T h is  p a p e r  is  fo c us e d  o n  a  d e s c r ip t io n  o f th e  R M C  R e t a in in g  

W a ll T e s t F a c ilit y  a n d  t h e  r e s u lt s  o f a  large - s ca le  te s t  o f a  ge-  

o g r id  r e in fo r c e d  s o il w a ll c o n s t r u c t e d  w it h  r ig id  in c r e m e n t a l p a n e l 

fa c ing s . T h e  te s t  is  p a r t  o f a  lo ng - t e r m  r e s e a r ch p r o je c t  w h ic h  

is b e in g  c a r r ie d  o u t  to  fu r t h e r  t h e  u n d e r s t a n d in g  o f t h e  m e c h a n ­

ics  o f r e in fo r c e d  s o il w a ll b e h a v io u r  a n d  to  p r o v id e  e x p e r im e n t a l 

d a t a  t h a t  c a n  be  us e d t o  e v a lu a te  de s ig n  m e th o d o lo g ie s . A t  th e  

t im e  o f  w r it in g  a  t o t a l o f 9 g e o s y n th e t ic  r e in fo r c e d  s o il w a lls  ha ve  

be e n c o n s t r u c t e d  in  t h e  R M C  te s t  fa c ility . T he s e  te s ts  ha ve  a ls o  

in c lu d e d  w a lls  c o n s t r u c te d  w it h  w r a p - a r o u n d  fa c ing s  a n d  r ig id  

p r o p p e d  fa c in g  pa n e ls  (B a t h u r s t  e t  a l.  1987 , 1 9 8 8 a ,b ).

2 R M C  R E T A IN IN G  W A L L  T E S T  F A C IL IT Y

T he  R M C  R e t a in in g  W a ll T e s t  F a c ilit y  was  c o n s t r u c t e d  to  p r o ­

v ide  a  g e ne r a l p u r p o s e  la rge - s ca le  a p p a r a t u s  t o  te s t  a  v a r ie ty  o f 

r e in fo r c e d  s oil w a ll s y s te m s  (F ig u r e  1). T h e  p r in c ip a l s t r u c t u r a l 

c o m p o n e n t s  o f t h e  fa c ilit y  a r e  s ix  r ig id  he a v ily  r e in fo r c e d  c o nc r e te  

c o u n te r fo r t  c a n t ile v e r  w a ll m o d u le s . T he s e  m o d u le s  a re  a r r a n g e d  

to  la te r a lly  c o n fin e  a  b lo c k  o f s o il u p  to  6 .0  m  lo n g  by  3 .6  m  

h ig h  by  a b o u t  2 .4  m  w id e . T e s t  w a lls  a r e  s u r c h a r g e d  by  in fla t ­

ing  a ir b a g s  t h a t  a re  c o n fin e d  be tw e e n  t h e  c o nc r e t e  m o d u le s  a n d  

s t r u c t u r a l s te e l s e c t io n s  a t  t h e  t o p  o f th e  fa c ility . T h e  c u r r e n t  s u r ­

c h a r g in g  a r r a n g e m e n t  a llo w s  a  v e r t ic a l p r e s s ur e  o f u p  t o  100 k P a  

to  be  a p p lie d  to  th e  u p p e r  s o il s ur fa c e . T he  in s id e  w a lls  o f the  

s t r u c t u r e  a r e  fa c e d  w it h  p ly w o o d / p le x ig la s / p o ly e t h y le n e  s he e t in g

HOLLOW STRUCTURAL 
SECTION

MODULE

NUMBER

FRONT EDGE 

OF TE ST 

FACILITY

F ig u r e  1 R M C  R e t a in in g  W a ll T e s t  F a c ility

w h ic h  a c t s  to  r e du c e  s id e w a ll fr ic t io n . S he a r  b o x  te s ts  s ho w e d  t h a t  

th e  s a n d / s id e w a ll in t e r fa c e  h a d  a  fu lly - m o b iliz e d  fr ic t io n  a n g le  o f 

15°. S t a b ilit y  c a lc u la t io n s  s h o w  t h a t  th e  fr ic t io n  r e d u c in g  s ide ­

w a ll c o n s t r u c t io n  is  e ffe c t ive  a n d  r e duce s  th e  c o n t r ib u t io n  o f the  

te s t  fa c ilit y  b o u n d a r ie s  t o  le s s  t h a n  1 5 % o f th e  t o t a l a c t ive  e a r th  

force  t h a t  w o u ld  be  r e s is te d  by  th e  fa c ing s  in  a  t r u e  p la n e - s t r a in  

c o n d it io n  (B a t h u r s t  a n d  B e n ja m in  1987).

3 T E S T  C O N F IG U R A T IO N

T he  large - s ca le  m o d e l r e in fo r c e d  w a ll wa s  3 m  h ig h  a n d  r e t a in e d  a  

s a n d  b a c k fill w it h  a  u n ifo r m  s u r c h a r g e . F ig u r e  2 s ho w s  th e  g e ne r a l 

a r r a n g e m e n t  fo r  t h e  te s t  w h ic h  c o m p r is e d  0 .7 5  m  h ig h  r ig id  a r t ic ­

u la t e d  fa c in g  p a n e ls . In  a n  e a r lie r  in c r e m e n t a l w a ll t e s t  r e p o r te d  

by  B a t h u r s t  e t  a l. (19 87 ) a  s im ila r  te s t  g e o m e tr y  wa s  us e d  to ­

g e t he r  w it h  a  T e ns a r  S R2  g e o g r id . T h is  te s t  r e p r e s e n te d  a  ty p ic a l 

w o r k in g  lo a d  c o n d it io n  r a t h e r  t h a n  a  fa ilu r e  c o n d it io n . A p r e lim ­

in a r y  te s t  r e p o r te d  by  B a t h u r s t  e t  a l. (1 9 88 a ) u s in g  a  w e a ke r  a n d  

m o r e  e x te n s ib le  g e o g r id  r e in fo r c e m e n t  fa ile d  u n d e r  a  s ur c h a r g e  o f 

a b o u t  50  k P a . T h is  e a r lie r  te s t  w as  n o t  he a v ily  in s t r u m e n t e d  a n d  

th e  te s t  r e p o r te d  he r e  is  e s s e n t ia lly  a  r e p e a t  te s t  t h a t  wa s  c a r ­

r ie d  o u t  t o  r e cove r  a  w id e  r a n g e  o f lo a d - d e fo r m a t io n  d a t a  fr o m  

th e  c o m p o s it e  s t r u c t u r e  d u r in g  c o n s t r u c t io n  a n d  s u r c h a r g in g  u p  

t o  fa ilu r e .
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SSI GEOGRID

STEEL HOLLOW SECTIONS

2.4 mSURCHARGE 

AIR BAGS

4 PANELS 

0.75m HIGH 

= 3.0m

TIMBER

JOISTS

CONCRETE LEVELLING PAD
-  PRESSURE CELL 

•  STRAIN GAUGE

F ig u r e  2 G e n e r a l a r r a n g e m e n t  fo r  in c r e m e n t a l p a n e l w a ll t e s t

Roll width . 
(Transverse)

3-9mm 11mm

3.1 Ge o g r id  Re in fo r c e m e n t

T h e  r e in fo r c e m e n t  us e d  in  t h e  c u r r e n t  in v e s t ig a t io n  w as  a  T e ns a r  

S S I Ge o g r id  w h ic h  is  a  b ia x ia lly - o r ie n te d  h ig h  d e n s it y  p o ly p r o p y ­

le ne  g e o g r id  w it h  a n  a p p r o x im a t e  m a s s  o f 2 00  g / m 3. T h e  r e in ­

fo r c e m e n t  w as  a t t a c h e d  t o  t h e  fa c in g  pa n e ls  w it h  t h e  lo n g it u d in a l 

(or  w e a k) d ir e c t io n  o f t h e  b ia x ia l g r id  in  t h e  p la n e - s t r a in  d ir e c t io n  

o f t h e  te s t  fa c ility . In  p r a c t ic e , t h is  p a r t ic u la r  g e o s y n th e t ic  is  n o t  

us e d  in  r e t a in in g  w a ll c o n s t r u c t io n  be c a us e  it  is  r e la t iv e ly  w e a k. 

It  ha s  b e e n  us e d  in  th e  m o s t  r e c e n t  te s t s  a t  R M C  in  o r d e r  t o  a m ­

p lify  s y s te m  d e fo r m a t io n s  a n d  t o  e n s ur e  t h a t  t h e  t r ia l w a lls  c a n  

be  s u r c h a r g e d  t o  fa ilu r e . T h e  d im e n s io n s  o f T e nBar  S S I Ge o g r id  

a re  s h o w n  in  F ig u r e  3 a n d  In d e x  m e c h a n ic a l p r o pe r t ie s  a re  g ive n 

in  T a b le  I. T h e  r e in fo r c e m e n t  e le va t io ns  in  t h e  c u r r e n t  te s t  we re  

ba s e d  o n  a  s t a n d a r d  750 m m  s p a c in g  t h a t  ha s  b e e n  us e d for  a ll 

te s ts  c a r r ie d  o u t  s o  fa r  in  t h e  R M C  te s t  fa c ility .

3 .2  G r a n u la r  F ill

T h e  b a c k fill m a t e r ia l c o m p r is e d  a  u n ifo r m ly  g r a d e d  w a s he d  s a n d  

w it h  s o m e  g r a ve l. T h e  a ve r a g e  b u lk  d e n s it y  fo r  t h e  s a n d  b a c k fill is  

1 .80  M g / m 3 w it h  a  m o is t u r e  c o n t e n t  o f 1 t o  3 % fo llo w in g  p la c e ­

m e n t  a n d  c o m p a c t io n . Re s u lt s  o f large - s ca le  d ir e c t  s he a r  b o x  te s t s  

g ave  a  p e a k  (s e c a n t )  f r ic t io n  a n g le  t h a t  v a r ie d  fr o m  <f> =  5 3 ° a t  a  

n o r m a l c o n fin in g  s tr e s s  o f 12 k P a  t o  <f> =  4 0 ° a t  a  n o r m a l c o n fin in g  

s tr e s s  o f a b o u t  120 k P a . T h e  h ig h  s t r e n g t h  o f t h is  g r a n u la r  m a ­

t e r ia l a t  low  c o n fin in g  s tr e s s e s  is  c o n s ide r e d  t o  be  a  c o ns e que nc e  

o f it s  h ig h  a n g u la r it y .

4 C O N S T R U C T IO N  A N D  S U R C H A R G IN G

T h e  r e in fo r c e d  w a ll w a s  c o n s t r u c t e d  w it h  a  c e n t r a l in s t r u m e n t e d  

s e c t io n  n o m in a lly  1 m  w id e  a n d  tw o  0 .7  m  w id e  e dge  s e c t io ns . 

T h is  c o n s t r u c t io n  w as  a d o p t e d  t o  r e d uc e  e dge - e ffe cts  o n  t h e  pe r ­

fo r m a n c e  o f t h e  m o n it o r e d  c e n t r a l r e in fo r c e m e n t  s t r ip  a n d  fa c in g  

u n it s .  A  fo a m  r u b b e r  v o id  fille r  w a s  p la c e d  a lo n g  a ll v e r t ic a l p a n e l 

e dge s  in  o r d e r  t o  p r e v e n t  th e  pa n e ls  fr o m  b in d in g  d u r in g  o u t w a r d  

m o v e m e n ts . In  a d d it io n ,  a  lay e r  o f fo a m  r u b b e r  w as  p la c e d  a t  

e a ch  h o r iz o n t a l p a n e l in t e r fa c e  t o  a s s is t  in  p a n e l le ve llin g  d u r in g  

c o n s t r u c t io n  o f t h e  w a ll a n d  t o  m in im iz e  a d d it io n a l r e in fo r c e m e n t  

lo a ds  n e a r  t h e  fa c in g s  d u e  t o  s o il s e t t le m e n t . T h e  b o t t o m  r o w  o f 

p a n e ls  wa s  r e s t r a in e d  in  th e  v e r t ic a l a n d  h o r iz o n t a l d ir e c t io n s  by

Roll
length

(Longitudinal)

F ig u r e  3 T y p ic a l d im e n s io n s  fo r  T e ns a r  S S I Ge o g r id  

( fr o m  N e t lo n  L t d .  1984)

T a b le  I

M e c h a n ic a l P r o p e r t ie s  o f T e n s a r  S S I Ge o g r id  Re in fo r c e m e n t *

S S I S t iffne s s  (k N / m ) P e a k  Lo a d S t r a in  Q  P e a k

O r ie n t a t io n (@ 2%  s t r a in ) (k N / m ) Lo a d  (%)

t r a ns ve r s e

(s t r o n g ) 330 20 13

lo n g it u d in a l

(we ak) 170 14 17

(* a fte r  Ye o  (1 9 8 5 ), fr o m  Inde x  In - is o la t io n  T e ns ile  te s t s  a t  2 % 

s t r a in / m in u t e  a n d  2 0 ° C )

a n  a r r a y  o f lo a d  ce lls  us e d  t o  m e a s ur e  to e  lo a ds  b u t  w e re  fr e e  t o  r o ­

t a t e  a b o u t  t h e ir  b o t t o m  e dg e . E a c h  r o w  o f pa n e ls  wa s  t e m p o r a r ily  

s u p p o r t e d  u n t il  t h e  s a n d  b a c k fill h a d  be e n  p la c e d  a n d  c o m p a c te d  

t o  th e  t o p  o f e a c h  r o w . T h e  p u r p o s e  o f t h is  fo r m  o f c o n s t r u c t io n  

wa s  to  p r o g r e s s ive ly  m o b iliz e  t h e  in h e r e n t  te n s ile  c a p a c it y  o f th e  

g e o g r id  r e in fo r c e m e n t  as  t h e  h e ig h t  o f th e  c o m p o s it e  s t r u c t u r e  was  

inc r e a s e d . F o llo w in g  c o n s t r u c t io n , th e  s ur fa c e  o f th e  s a n d  b a c k ­

f ill w as  u n ifo r m ly  s u r c h a r g e d . T he  s ur c h a r g e  w as  a p p lie d  in  t h e  

fo llo w in g  in c r e m e n t s :  12 , 2 0 , 3 0 , 4 0 , 5 0 , 6 0  a n d  70 k P a . E a c h  

s u r c h a r g e  in c r e m e n t  w a s  s u s t a in e d  fo r  a t  le a s t  100 h r s  in  o r d e r  to  

obs e rve  c r e e p in  t h e  c o m p o s it e  s t r u c t u r e .
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5 IN S T R U M E N T A T IO N

T he  p r in c ip a l p h y s ic a l m e a s u r e m e n ts  ta k e n  o ve r  t h e  c o ur s e  o f t h e  

te s t we re :

1] H o r iz o n t a l a n d  v e r t ic a l m o v e m e n ts  o f th e  fa c in g  pa n e ls .

2) H o r iz o n t a l r e in fo r c e m e n t  d is p la c e m e n t s  a n d  s t r a in s .

31 Ve r t ic a l e a r t h  pr e s s ur e s  a t  t h e  ba s e  o f t h e  s a n d  b a c k fill.

4) Ve r t ic a l e a r t h  pr e s s ure s  im m e d ia t e ly  a b o v e  a n d  be lo w  se ­

le c te d  g r id  laye rs .

5) Lo a d s  a t  th e  p a n e l/ g e o g r id  c o n n e c t io n s .

6) H o r iz o n t a l a n d  v e r t ic a l to e  lo a d s .

De t a ils  o f t h e  in s t r u m e n t a t io n  e m p lo y e d  a n d  in t e r p r e t a t io n  o f g r id  

s t r a in s  a r e  s im ila r  t o  t h a t  r e p o r te d  in  e a r lie r  te a ts  (B a t h u r s t  e t  a l. 

1987, 1 9 8 8 a ,b ).

6 S E L E C T E D  T E S T  R E S U L T S

F ig u r e  4 s ho w s  h o r iz o n t a l d is p la c e m e n t s  r e c o r de d  a lo n g  th e  le n g th  

o f g r id  la y e r  3 a n d  a t  t h e  f r o n t  o f t h e  c o r r e s p o n d in g  p a n e l. Ex te n-  

s o m e te r  lo c a t io n s  s h o w n  in  t h e  fig u r e  we re  a t  0 .1 6 , 0 .3 3 , 0 .6 0 , 1 .0,

2.1 a n d  3 .0  m  fr o m  t h e  fa c in g . De fo r m a t io n s  h a ve  be e n  p lo t t e d  

w it h  r e s pe c t  to  a  fix e d  d a t u m  ta k e n  a t  th e  t im e  o f g r id  3 in ­

s t a lla t io n . T h e  fig u r e  s ho w s  t h a t  r a p id  c ha n g e s  in  d is p la c e m e n t s  

c o r r e s po n de d  to  inc r e a s e d  s ur c h a r g e  lo a d in g . As  th e  m a g n it u d e  

o f lo a d in g  inc r e a s e d , t im e - d e p e n d e n t  d e fo r m a t io n  in  t h e  g r id  (i.e . 

c re e p) b e c a m e  m o r e  p r o n o u n c e d . Re la t iv e ly  la r g e  d e fo r m a t io n  

r a te s  we re  r e c o r de d  as  s o o n  as  t h e  70 k P a  s u r c h a r g e  w a s  a p p lie d  

le a d in g  t o  fa ilu r e  o f t h e  r e in fo r c e d  s o il m a s s  a b o u t  93 hr s  la t e r .  

T he  r e s u lt s  fr o m  in t e r n a l in s t r u m e n t a t io n  in  th is  te s t  a n d  d ir e c t  

o bs e r v a t io n  in  a  p r e v io us  s im ila r  te s t  le a d  us  t o  be lie ve  t h a t  a  

w e ll- de fine d s h e a r  p la n e  t h r o u g h  t h e  r e in fo r c e d  s o il m a s s  h a d  de ­

ve lo pe d  a t  t h is  s ta g e . T h e  c o m p o e it e  s y s te m  r e m a in e d  e s s e n t ia lly  

in t a c t  for  a  fu r t h e r  3 00  h r s  a t  w h ic h  p o in t  th e  g r id  in  lay e r  2 r u p ­

tu r e d  fo llo w e d  b y  im m e d ia t e  te a r in g  o f g r id  laye rs  3 a n d  4 a n d  

c o lla p s e  o f  t h e  c o m p o s it e  s y s te m . T he  d a t a  s ho w s  t h a t  in  lay e r  3 , 

th e  la r g e s t  m o v e m e n ts  we re  r e c o r de d  by  e x t e ns o m e t e r s  1 , 2 a n d  

3 in d ic a t in g  t h a t  s ig n if ic a n t  gr id- to- s oil lo a d  t r a n s fe r  is  r e s t r ic te d  

to  t h e  fir s t  1 m  o f g r id  b e h in d  t h e  fa c in g . S im ila r  q u a lit a t iv e  e f­

fe cts  w e re  r e c o r d e d  in  a ll fo u r  laye r s  a lt h o u g h  t h e  m a g n it u d e  o f 

d is p la c e m e n t s  w a s  r e la t iv e ly  s m a ll in  lay e r  1 d u e  t o  t h e  r e s t r a in e d  

to e  o f th e  w a ll.  T h e  m a x im u m  o ut- of- ve r t ica l a lig n m e n t  a t  t h e  

to p  o f t h e  w a ll w as  a b o u t  90  m m  w it h  r e s pe c t  to  t h e  to e  o f th e  

w a ll a t  c o lla p s e .

S t r a in  d a t a  fr o m  g r id  laye r s  h a s  be e n  s u m m a r iz e d  in  F ig u r e  5. 

T he  d is t r ib u t io n s  s h o w  t h a t  g r id  s t r a in s  a re  a b o u t  1% o r  less  

a t  t h e  e n d  o f c o n s t r u c t io n  a n d  le ss  t h a n  2% a t  a b o u t  h a lf  th e  

s ur c ha r g e  c a p a c it y  o f t h e  w a ll.  T he s e  s t r a in  le ve ls  a r e  w e ll w it h in  

th e  p e r fo r m a n c e  lim it  o f  t h e  m a t e r ia l (e .g . M c G o w n  e t  a l.  1984 ). 

J u s t  p r io r  t o  s o il fa ilu r e  t h e  p e a k  s t r a in s  in  laye rs  2 ,3  a n d  4 we re  

a b o u t  6 % . A t  g r id  r u p t u r e  t h e  p e a k  s t r a in s  we re  be tw e e n  8 a n d  

9 % . A t  te s t  c o m p le t io n ,  t h e  w a ll w as  c a r e fu lly  e x c a v a te d  a n d  a  

we ll- de fine d fa ilu r e  p la n e  w as  o bs e r ve d  t h a t  c los e ly  m a t c h e d  th e  

lo c a t io n s  o f p e a k  s t r a in  in  laye r s  2 a n d  3 a n d  t h e  e le va te d  s t r a in s  

a t  th e  1 m  lo c a t io n  in  th e  t o p m o s t  la ye r . A t  a ll s ta g e s  in  t h e  te s t  

p r o g r a m  s t r a in s  in  t h e  v ic in it y  o f t h e  c o n n e c t io n s  w e re  s ig n ific a n t  

d e s p ite  t h e  c o m pr e s s ib le  v o id  fille r  t h a t  wa s  p la c e d  be tw e e n  pa n e l 

e dge s .

7 C O N C L U S IO N S

Ba s e d  o n  t h e  r e s u lt s  o f th e  c u r r e n t  in v e s t ig a t io n  s e ve ra l g e n e r a l 

c o nc lu s io n s  c a n  be  m a d e  r e la te d  t o  q u a lit a t iv e  fe a tur e s  o f t h e  pe r ­

fo r m a nc e  o f a  he a v ily - s u r c ha r g e d  g e o g r id  r e in fo r c e d  s o il w a ll w it h  

a n  in c r e m e n t a l p a n e l c o n s t r u c t io n :

1) T w o  d is t in c t  fa ilu r e  m e c h a n is m s  we re  id e n t ifie d  d u r in g  th e  

70  k P a  s u r c h a r g in g  in c r e m e n t  o f t h e  t r ia l w a ll.  T h e  fir s t  

fa ilu r e  m e c h a n is m  wa s  a  s oil- to- s oil fa ilu r e  t h r o u g h  t h e  ¡e-  

in fo r c e d  s oil m a s s . T h is  w a s  fo llo w e d  by g r id  r u p t u r e  a b o u t  

300  h r s  la te r .  B o t h  fa ilu r e s  we re  p r e c e de d  by s ig n if ic a n t  le ve ls  

o f s t r a in  a n d  inc r e a s e d  s t r a in - r a te  (c re e p) in  t h e  r e in fo r c in g  

laye r s .

2) De s p it e  t h e  us e  o f a  c o m pr e s s ib le  v o id  fille r  be tw e e n  p a n e ls , 

c o n n e c t io n  lo a d s  we re  s ig n if ic a n t  a t  a ll s ta g e s  d u r in g  t h e  te a l.

F ig u r e  4 La y e r  3 p a n e l a n d  g r id  d is p la c e m e n t s

Me a s u r e d  c o n n e c t io n  lo a d s  we re  c o m p a r a b le  t o  tho a e  in t e r ­

p r e te d  fr o m  g r id  s t r a in s  a t  p e a k  lo c a t io n s .

3) Lo c a lize d  pe a k  s t r a in  lo c a t io n s  a lo n g  th e  le n g th  o f g r id s  2 ,3 

a n d  4 we re  c o in c id e n t  w it h  a  R a n k in e  fa ilu r e  p la n e  d r a w n  

fr o m  a b o u t  th e  lo c a t io n  o f t h e  g r id / p a n e l c o n n e c t io n  a t  laye r

1 a n d  u s in g  4> =  5 3 ° fo r  t h e  s oil.

4 ) G r id  le n g th s  o f 3 m  a p p e a r e d  t o  be  m o r e  t h a n  a d e q u a t e  for  

a n c ho r a g e  a n d  s t a b ilit y  o f t h e  c o m p o s it e  s t r u c t u r e  a t  w o r k ­

ing  lo a d  le ve ls  (s ay 40  k P a ) .  In  a d d it io n ,  t h e  p u llo u t  c a p a c it y  

o f th e  r e in fo r c e m e n t  laye r s  wa s  a d e q u a t e  s inc e  m e a s ur e a b le  

s t r a in s  we re  n o t  o bs e r ve d  t o  p r o p a g a t e  m o r e  t h a n  1,5 t o  2 m  

fr o m  t h e  fa c in g s  e ve n  a t  fa ilu r e . T h e  e x t e n t  o f s t r a in  p r o p ­

a g a t io n  in t o  t h e  s o il m a s s  w as  g r e a te s t  in  lay e r  4 w h ic h  wa s  

t h e  le a s t  c o n fin e d  lay e r  in  th e  c o m p o s it e  s t r u c t u r e .

5) T h e  m a g n it u d e  o f  g r id  s t r a in s  in  laye r s  2 ,3 a n d  4 a t  th e  lo ­

c a t io n  o f t h e  R a n k in e  fa ilu r e  p la n e  wa s  e s s e n t ia lly  c o n s t a n t  

a t  b o t h  s o il a n d  g r id  fa ilu r e . G r id  lay e r  1 d id  n o t  r e c o rd  s ig ­

n if ic a n t  s t r a in s  d u e  to  p r o x im it y  t o  t h e  b o t t o m  o f t h e  te s t  

fa c ility .

6) T h e  r e s u lt s  o f to e  force s  s ho w e d  t h a t  th e y  w e re  s ig n if ic a n t  

a t  a ll s ta g e s  in  t h e  te s t. A t  c o lla ps e  o f t h e  s t r u c t u r e  th e y  

we re  a b o u t  4 a n d  25  k N / m  in  t h e  h o r iz o n t a l a n d  ve r t ic a l 

d ir e c t io n s  r e s pe c tive ly .

8 C O N C L U D IN G  R E M A R K S

T h e  r e s u lt s  o f t h is  in v e s t ig a t io n  a n d  e a r lie r  te s t s  e m p h a s ize  t h e  im ­

p o r t a n t  in flu e n c e  t h a t  t h e  r e in fo r c e m e n t / fa c in g  c o nn e c t io n s  ha ve  

o n  t h e  d is t r ib u t io n  o f s t r a in s  w it h in  t h e  r e in fo r c in g  laye rs . De ­

s p ite  ve r t ic a l c o m p lia n c e  o f th e  fa c in g  u n it s  u s in g  c o m p r e s s ib le  

fo a m  b e t w e e n  pa n e ls  a n d  c a r e fu l fill p la c e m e n t  b e h in d  t h e  fa c ­

ing s  th e  c o n n e c t io n  lo a d s  we re  s ig n ific a n t . T he  m e m b r a n e  a c t io n  

t h a t  r e s u lt s  w h e n  b a c k fill s o il is  r e s t r a in e d  ve r t ic a lly  m a y  g e ne r a te  

th e  c r it ic a l r e in fo r c e m e n t  lo a d in g s  in  a c t u a l w a lls . T h is  e ffe ct  is 

e ve n  m o r e  p r o n o u n c e d  in  p r o p p e d  w a ll c o n s t r u c t io n  w he r e  the r e
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®  END OF CONSTRUCTI ON 

LAYER 4 ( g)  END 40k Po SURCHARGE

D W t t t i ©  S O IL  F AILU RE  7 0 k P a  

S U RCH ARGE  FOR 9 3 hr «

(D) G RID  RU P T U RE  7 0 k P a  

S U RC H ARGE  FOR 3 9 2  h r «

A C K N O W L E D G E M E N T S

T h e  a u t h o r s  w o u ld  like  t o  a c kn o w le d g e  t h e  c o n t r ib u t io n  o f J .  Be ll 

(Re s e a r c h  As s is t a n t )  w h o  a s s is te d  in  t h e  e x p e r im e n t a l p o r t io n  o f 

t h is  r e s e a r ch p r o g r a m  a n d  J .  D iP ie t r a n t o n io  w h o  d r a ft e d  t h e  fig ­

u r e s . T h e  a u t h o r s  a r e  a ls o  g r a t e fu l t o  T h e  T e ns a r  C o r p o r a t io n  

fo r  p r o v is io n  o f t h e  S S I r e in fo r c e m e n t . F in a n c ia l s u p p o r t  fo r  c o n ­

s t r u c t io n  o f t h e  te s t  fa c ilit y  a n d  r e in fo r c e d  s o il w a ll m o d e ls  waa  

p r o v id e d  t h r o u g h  t h e  A R P  p r o g r a m  a n d  t h e  C h ie f  o f C o n s t r u c t io n  

a n d  P r o p e r t ie s , D e p a r t m e n t  o f N a t io n a l De fe nc e  (C a n a d a ) .

LA YE R 2

LAYE R I

0 1 2  3

DI STANCE ( m)

F ig u r e  5 S u m m a r y  o f g r id  s t r a in s

is e s s e n t ia lly  n o  ve r t ic a l de gre e  o f fr e e d o m  in  fixe d c o nn e c t io n s  

(e .g . B a t h u r s t  e t  a l. 1987 , 1 9 8 8 a ). A p r e lim in a r y  r e c o m m e n d a ­

t io n  ba a e d  o n  th e  r e s u lt s  o f R M C  te s ts  is  t h a t  c o n n e c t io n  lo a ds  a t  

w a ll fa ilu r e  a r e  a t  le a s t  e q u iv a le n t  t o  p e a k  lo a d s  o c c u r r in g  in  th e  

r e in fo r c e m e n t  a t  th e  lo c a t io n  o f t h e  p o t e n t ia l w e dg e  t h r o u g h  th e  

r e in fo r c e d  s o il m a s s .

T he  d is t r ib u t io n s  o f s t r a in  in  t h e  r e in fo r c e m e n t  a t  a  s u r c h a r g e  lo a d  

e q u iv a le n t  t o  a b o u t  1/2  o f  t h e  u lt im a t e  c a p a c it y  o f th e  c o m p o s it e  

s t r u c t u r e  d o  n o t  g e n e r a lly  r e fle c t  t h e  t r e n d s  o bs e rve d a t  fa ilu r e . 

T h is  o b s e r v a t io n  h ig h lig h t a  t h e  d iffic u lt y  in  r e la t in g  m e c h a n is m s  

a t  fa ilu r e  t o  w a ll b e h a v io u r  a t  w o r k in g  lo a d  c o n d it io n s . I t  m a y  be  

c o n c lu d e d  t h a t  a  s im p le  fa c to r  o f s a fe ty  a p p r o a c h  t o  r e la te  fa ilu r e  

c o n d it io n s  t o  w o r k in g  lo a d  c o n d it io n s  is  n o t  a p p r o p r ia t e  for  th is  

ty p e  o f s t r u c t u r e .

T h e  d is t r ib u t io n  o f s t r a in s  a lo n g  t h e  r e in fo r c e m e n ts  s ho w e d  t h a t  

gr id- to- s o il lo a d  t r a n s fe r  o c c u r r e d  o ve r  a  s h o r t  g r id  le n g t h  e s t i ­

m a t e d  t o  be  le ss  t h a n  0 .5  m  b e y o n d  t h e  pe a k  s t r a in  lo c a t io n s  

a s s o c ia t e d  w it h  t h e  in t e r n a l s o il fa ilu r e  p la n e .

T he  d is t r ib u t io n  o f v e r t ic a l e a r t h  p r e s s ur e s  be lo w  th e  r e in fo r c e d  

s o il m a s s  waa  e s s e n t ia lly  u n ifo r m  e x c e p t  fo r  t h e  fir s t  0 .5  m  b e h in d  

th e  p a n e l fa c in g . A t  th is  lo c a t io n  th e r e  w a a  a b o u t  a  3 0 % r e d u c t io n  

in  e a r t h  p r e a s ur e  b a s e d  o n  s o il s e lf- we ight a n d  u n ifo r m  s ur c ha r g e  

pr e s s ur e . T h is  los s  a p p e a r s  t o  be  e q u iv a le n t  t o  t h e  ve r t ic a l force  

t r a n s m it t e d  t h r o u g h  t h e  to e  o f th e  fa c in g s . A n  im p lic a t io n  to  

th e  a n a ly s is  o f the s e  s t r u c t u r e s  is  t h a t  t h e  a s s u m p t io n  o f u n ifo r m  

p r e s s ur e  a lo n g  t h e  baa e  o f t h e  r e in fo r c e d  s o il m a s s  is  a p p r o p r ia t e  

if  t o e  force s  a r e  c o ns ide r e d .

S t a b ilit y  c a lc u la t io n s  we re  c a r r ie d  o u t  a t  s o il a n d  g r id  fa ilu r e  u s in g  

g r id  force s  ba s e d  o n  is o c hr o n o us  lo a d - s t r a in - t im e  d a t a  fo r  t h e  r e in ­

fo r c e m e n t  m a t e r ia l.  T h e  c a lc u la t io n s  s ho w e d  t h a t  if  a ll b o u n d a r y  

force s  a r e  c o na id e r e d  ( in c lu d in g  to e  force a  a n d  s id e w a ll fr ic t io n )  

th e n , h o r iz o n t a l a n d  v e r t ic a l e q u ilib r iu m  o f t h e  o bs e r ve d  fa ilu r e  

w e dg e  t h r o u g h  t h e  r e in fo r c e d  s o il m a s s  wa s  s a t is fie d  u s in g  a  s im p le  

t ie - bac k (C o u lo m b )  w e dg e  a p p r o a c h .
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Lo a d - S t r a in - T im e  B e h a v io u r  o f T e ns a r  Ge o g r ids . S y m p o s iu m  

o n  P o ly m e r  G r id  Re in fo r c e m e n t  in  C iv il E n g in e e r in g , P a p e r  

No . 1 .2 , L o n d o n

N e t lo n  L t d .  (1 9 84 ). T e s t  M e t h o d s  a n d  P h y s ic a l P r o p e r t ie s  o f 

T e n s a r  Ge o g r ids

Ya k o , M .A .  a n d  C h r ia t o p h e r ,  B .R .  (1 9 8 7 ). P o ly m e r ic a lly  Re in ­

fo r c e d  R e t a in in g  W a lls  a n d  S lo pe s  in  N o r t h  Am e r ic a . T h e  A p ­

p lic a t io n  o f P o ly m e r ic  Re in fo r c e m e n t  in  S o il R e t a in in g  S t r u c ­

tu r e s . N A T O  Ad v a n c e d  S t u d y  In s t it u t e  Se r ie s , K lu w e r  Ac a ­

d e m ic  P u b lia h e r s ,  239- 283, P .M . Ja r r e t t  a n d  A . M c G o w n  (e ds )

Ye o , K .C .  (1 9 8 5 ). T h e  B e h a v io u r  o f P o ly m e r ic  G r id s  us e d  fo r  S o il 

Re in fo r c e m e n t . P h .D  T he s is .  D e p a r t m e n t  o f C iv il E n g in e e r in g . 

U n iv e r s it y  o f S t r a t h c ly d e . Gla s g o w , S c o t la n d
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