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C o n tr ib u tio n  to  d isc u s s io n : In tro d u c tio n  to  d is c u s s io n  

on  so il re in fo rc e m e n t 

C o n tr ib u tio n  a  la  d is c u s s io n : In tro d u c tio n  a  la  

d is c u s s io n  s u r le re n fo rc e m e n t d e s  so ls

J. P .G IR O U D , C h a irm a n  T e c h n ic a l C o m m it te e  T C  9  'G e o te x t i le s  & 

G e o s y n th e t ic s ’ o f  IS S M F E , G e o S e rv ic e s  In c . C o n s u ltin g  E n g in e e rs , 

F la ., U S A

SYNOPSI S:  Thi s  i s t he f i r st  of  a ser i es  of  f i ve paper s  

sponsor ed by t he Techni cal  Commi t t ee TC9 " Geot ext i l es  

and Geosynt het i cs "  of  t he I SSMFE and pr epar ed f or  t he 

di scuss i on sess i on on Rei nf or ced Soi l  Sl opes and Wal l s  

of  t he 12t h I CSMFE ( Ri o de Janei r o,  1989) .

1 I NTRODUCTI ON

The Tec hn i c a l  Commi t t ee  TC9 " Geo t ex t i l es  and 
Geosynt het i cs"  of  t he I SSMFE has been put  i n char ge of  
t he di scussi on sessi on on Rei nf or ced Soi l  Sl opes and 

Wal l s of  t he 12t h I CSMFE ( Ri o de Janei r o,  1969) .  The 

Techni cal  Commi t t ee TC9 r ecogni zes t he i mpor t ance of  
met al  f or  soi l  r ei nf or cement ,  and or al  di scussi ons 

r el at ed t o t hi s t echni que ar e most  wel come.  However ,  
consi der i ng t hat  many  conf er ences and st at e- of - t he- ar t  
paper s  have been devot ed i n t he past  t o met al  

r ei nf or cement ,  and because of  t he i ncr easi ng use of  
geot ext i l es and ot her  geosynt het i cs i n soi l  r ei nf or cement  
appl i cat i ons,  t he Techni cal  Commi t t ee TC9 has deci ded 
t hat  t he paper s pr epar ed f or  t he di scussi on sessi on wi l l  

be devot ed t o geosynt het i c r ei nf or cement .
Thr ee t opi cs wer e sel ect ed by t he Techni cal  Commi t t ee 

TC9 f or  t he di scuss i on sessi on:  dur abi l i t y  of  

r ei nf or cement  mat er i al s,  soi 1- r ei nf or cement  i nt er act i on,  
and i nst r ument at i on and moni t or i ng.  Thr ee paper s on 

t hese t opi cs ar e pr esent ed her eaf t er .  They ar e pr eceded 
by a st at e- of - t he- ar t  paper  on r ei nf or ced soi l  sl opes and 

wal l s.  The seni or  aut hor s of  t he st at e- of - t he- ar t  paper  
and t he t hr ee di scuss i on paper s wer e sel ect ed by t he 
Techni cal  Commi t t ee TC9.

Si nce t he st at e- of - t he- ar t  paper  and t he di scussi on 
sessi on at  t he conf er ence ar e f ocused on r ei nf or ced soi l  
sl opes and wal l s,  i t  i s appr opr i at e i n t hi s i nt r oduct or y 
paper  t o put  t hese t wo t ypes of  st r uct ur es i n t he br oader  

per spect i ve of  soi l  r ei nf or cement .

2 SOI L REI NFORCEMENT

Soi l  r ei nf or cement  I s one of  t he soi l  i mpr ovement  

t echni ques,  whi ch al so i ncl ude:  soi l  st abi l i zat i on usi ng 
admi xt ur es such as cement ,  l i me,  and ot her  chemi cal s;  

gr out i ng and i nj ect i on;  st at i c and dynami c compact i on;  
st r engt heni ng of  soi l  by ver t i cal  el ement s such as st one 
col umns and r oot  pi l es;  et c.  Soi l  r ei nf or cement  consi st s 

of  pl aci ng,  i nt o t he soi l ,  el ement s ( of t en cal l ed 
i ncl usi ons or  r ei nf or ci ng el ement s)  whi ch have t ensi l e 

st r engt h ( and,  somet i mes,  bendi ng r esi st ance)  and car r y 

st r esses t r ansf er r ed f r om t he soi l  t o t hem by pur el y 
mechani cal  I nt er act i on,  i . e. ,  f r i ct i on,  i nt er l ocki ng,  

passi ve r esi st ance,  or  conf i nement .
Ther e ar e t wo ways t o pl ace i ncl usi ons i n t he soi l .  I n 

t he case of  soi l  nai l i ng ( whi ch i s not  consi der ed i n t he 
f our  f ol l owi ng paper s) ,  r ods ar e dr i ven i nt o an exi st i ng 

soi l  mass.  I n ot her  cases,  t he r ei nf or ci ng el ement s ar e 
i ncl uded i n t he soi l  mass as i t  i s const r uct ed.  I n t hose

cases,  t wo t ypes of  r ei nf or cement  can be consi der ed:  
mi cr o- r ei nf or cement  and macr o- r ei nf or cement .

Mi cr o- r ei nf or cement  i s achi eved by mi xi ng wi t h t he soi l  

smal l  r ei nf or c i ng el ement s  such as shor t  f i ber s,  
f i l ament s,  yar ns,  and mi ni gr i ds,  whi ch can be pl aced i n 

al l  di r ect i ons or  l ai d hor i zont al l y.  Thi s t echni que i s 
t ypi cal l y used wi t h sands.  I ndi vi dual  mi cr o- r ei nf or ci ng 

el ement s I nf l uence a vol ume of  soi l  t hat  i s on t he or der  
of  onl y a f ew t i mes t he soi l  par t i c l e si ze.  Ther ef or e,  
mi cr o- r ei nf or ci ng el ement s must  be cl osel y spaced.  As a 
r esul t ,  t hey ar e i n cont act  wi t h a l ar ge f r act i on of  t he 
soi l  par t i cl es.  Thi s i s anal agous t o soi l  st abi l i zat i on 
wi t h admi xt ur es wher e,  i deal l y,  ever y soi l  par t i cl e i s i n 
cont act  wi t h t he st abi l i zi ng agent .  However ,  t her e i s a 

di f f er ence r egar di ng t he mechani sm of  i mpr ovement :  soi l  
s t r engt heni ng associ at ed wi t h admi xt ur es I s due t o 

chemi cal  r eact i ons,  wher eas t he ef f ect  of  mi cr o-  
r ei nf or cement  i s based on mechani cal  i nt er act i on.

Macr o- r ei nf or cement  i s achi eved by pl aci ng I nt o t he 

soi l  el ement s t hat  ar e l ar ge compar ed t o t he soi l  

par t i c l e si ze,  such as st r i ps,  gr i ds ( geogr i ds)  and 
f abr i cs ( geot ext i l es) ,  whi ch ar e usual l y  pl aced i n 

hor i zont al  l ayer s.  I ndi vi dual  macr o- r ei nf or ci ng el ement s 
i nf l uence a vol ume of  soi l  t hat  i s l ar ge compar ed t o soi l  
par t i c l e si ze.  Ther ef or e,  spaci ngs i n t he 0. 3m -  1. 5m 

r ange ar e t ypi cal  bet ween macr o- r ei nf or ci ng el ement s.
Two cases can be consi der ed,  dependi ng on t he l ocat i on 

of  t he r ei nf or ci ng el ement s:  di st r i but ed and l ocal i zed 
r ei nf or cement ,  as shown i n Tabl e 1.  I n t he case of  
di st r i but ed r ei nf or cement ,  t he r ei nf or ci ng el ement s ar e 
l ocat ed t hr oughout  t he soi l  mass;  t hi s i s al ways t he case 
wi t h mi cr o- r ei nf or cement  and i t  i s t he case wi t h macr o­

r ei nf or cement  when t her e ar e many r ei nf or cement  l ayer s.  

I n t he case of  l ocal i zed r ei nf or cement  ( whi ch exi st s onl y 
f or  macr o- r ei nf or cement ) ,  no mor e t han t wo or  t hr ee 

l ayer s of  r ei nf or cement  ar e used,  and t ypi cal l y onl y one 
l ayer  I s used,  of t en l ocat ed at  t he i nt er f ace bet ween t he 
consi der ed soi l  mass and t he f oundat i on soi l .

Local i zed r ei nf or cement  I mpr oves t he st r uct ur e,  wher eas 

di st r i but ed r ei nf or cement  i mpr oves t he soi l  ( whi ch,  i n 
t ur n,  i mpr oves t he st r uct ur e) .  I n t he case of
di st r i but ed r ei nf or cement ,  one may t her ef or e speak of  a 

" r ei nf or ced soi l  mat er i al "  pr ovi ded a vol ume of  soi l  
i ncl udi ng many r ei nf or ci ng el ement s i s consi der ed.  The 

r ei nf or ced soi l  mat er i al  i s hi ghl y ani sot r opi c i n t he 

case of  mac r o- r ei nf or cement  and I s i sot r opi c  or  
ani sot r opi c i n t he case of  mi cr o- r ei nf or cement ,  dependi ng 

on t he mode of  pl acement  of  t he r ei nf or ci ng el ement s.
The c l ass i f i cat i on of  r ei nf or ced soi l  st r uct ur es 

pr esent ed i n Tabl e 1 shows t hat  st r uct ur es const r uct ed 
wi t h di s t r i but ed macr o- r ei nf or cement  can al so be 

const r uct ed wi t h mi cr o- r e i nf or cement . The scope of  t he 
f our  subsequent  paper s i s r est r i ct ed t o macr o- r ei nf or ced 
soi l  sl opes and wal l s,  whi ch ar e t ypi cal  exampl es of  
st r uct ur es wi t h di st r i but ed r ei nf or cement .

3 DI SCUSSI ON

The st at e- of - t he- ar t  paper  by McGown,  Mur r ay and Jewel l  
shows t hat  a consi der abl e amount  of  knowl edge has been 

accumul at ed on soi l  r ei nf or cement  wi t h geosynt het i cs.  I t  
al so shows t hat  speci al  at t ent i on of  t he desi gn engi neer  
and f ur t her  devel opment s t hr ough r esear ch ar e r equi r ed 
f or  many desi gn aspect s.  Among t hem,  t he f ol l owi ng ar e 
suggest ed as di scussi on t opi cs:  t he def i ni t i on of  t he 

f act or  of  saf et y,  whi ch i s di f f i cul t  because of  t he 

composi t e nat ur e of  t he r ei nf or ced- soi l  mat er i al ;  t he 
i nf l uence of  t i me,  because geosynt het i c pr oper t i es ar e 
t i me- dependent ;  and t he i mpor t ance of  t aki ng i nt o account  

t he const r uct i on met hod i n t he desi gn.
I n addi t i on t o t he above,  t hr ee t opi cs ar e addr essed i n 

t he t hr ee di scussi on paper s f ol l owi ng t he st at e- of - t he-  
ar t  paper :  dur abi l i t y,  soi l - r ei nf or cement  i nt er act i on,  
and i nst r ument at i on and moni t or i ng.  Dur abi l i t y i s a ver y 
i mpor t ant  mat t er  at  a t i me wher e quest i ons ar e bei ng
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Tabl e 1.  Cl ass i f i cat i on of  r ei nf or ced soi l  s t r uc t ur es  -  adapt ed f r om Bonapar t e,  Hol t z  and Gi r oud ( 1907)

REI NFORCEMENT 

LOCATI ON AND TYPE

TYPE OF 

STRUCTURE TYPI CAL APPLI CATI ONS LOADI NG

Di st r i but ed

( macr o-  or  mi cr o-  
r ei nf or cement )

Wal l s

Ret ai ni ng wal I s 

Br i dge abut ment s 

I nt er change st r uct ur es 

Embankment s wi t h ver t i cal  si des 

Bar r i er  wal l s ( f or  noi se,  boul der s . . . )  

Bl ast  wal l s and mi l i t ar y shel t er s 

Dams,  di kes and l evees
Ear t h

St r uct ur es

( essent i al l y 

di st r i but ed 

l oads,  usual l y 
most l y gr avi t y

Sl opes

Embankment s wi t h st eep sl opes 

Landsl i de r epai r s 

Excavat i ons 

Mi l i t ar y shel t er s 
Dams,  di kes and l evees

Sl oped Soi l  Layer s Cl ay l i ner s and ear t h cover s on sl opes

Embankment s on 

Weak Foundat i ons

Embankment s f or  r oads,  r ai l r oads,  et c.  
Dams,  di kes and l evees

Soi l  Layer s 

on

Non- un1f or m
Foundat i ons

Cl ay l i ner s on non- uni f or m soi l s 

Landf i l l  cl ay cover s over  wast e

Road st r uct ur es on non- uni f or m soi l s

Local  1 zed

( essent i al l y 

macr o­

r ei nf or cement )

Load- suppor t i ng

Pads

Const r uct i on equi pment  pads 

Heavy vehi cl e access 

Fabr i cat i on yar ds and st agi ng ar eas 

Cont ai ner i zed f r ei ght  t r ansf er  ar eas Load- suppor t i ng
St r uct ur es

( essent i al l y 
concent r at ed 

l oads,  usual l y 
l i ve l oads)

Fl exi bl e Pavement  

Syst ems

Paved r oads and r unways 

I ndust r i al  st or age yar ds 

Par ki ng l ot s
Low vol ume hi gh per f or mance unpaved r oads

Bal l ast Rai l r oad t r ack st r uct ur es

Unpaved Roads 
on Weak 

Foundat i ons

Access r oads 

Haul  r oads
Fi r st  l ayer  of  ear t hwor k const r uct i on

r ai sed r egar di ng t he dur abi l i t y  of  s t eel  r ei nf or cement ,  

and an obj ec t i v e ev al uat i on of  al l  t ypes  of  r ei nf or c i ng 

mat er i al s  shoul d be made,  r egar dl es s  of  c ommer c i al  

i nt er es t s ;  t he di s c us s i on paper  by Schnei der  pr ov i des  

i nf or mat i on on t he c hange wi t h t i me of  geos y nt het i c  

pr oper t i es ,  whi c h shoul d be usef ul  f or  t he di s cuss i on.  

Soi l - r ei nf or c ement  i nt er ac t i on f i el d c ondi t i ons  ar e 

di f f i c ul t  t o s i mul at e,  ac c or di ng t o Gour c  and Beech,  

whi c h c auses  s c at t er i ng of  t es t  r esul t s ;  al so,  whi l e 

spec i f i c  t es t s  s houl d be c onduc t ed f or  l ar ge pr oj ec t s ,  

i ndex  t es t s  s houl d be dev el oped f or  or di nar y  pr oj ec t s :  

bu t ,  i s  t h i s  p o s s i b l e  wi t h o u t  mi s l e a d i n g  

ov er s i mpl i f i c at i on? Regar di ng I ns t r ument at i on,  as

i ndi cat ed by Del mas ,  t her e ar e uns ol v ed pr ac t i c al  

pr obl ems  wi t h t he meas ur ement  of  s t r ai ns  i n r ei nf or c i ng 

el ement s ,  and i t  i s di f f i c ul t  t o meas ur e wi t h pr ec i s i on 

t he r e i nf or ced- soi l  s t r uc t ur e def or mat i ons,  because t hey 

ar e ver y  smal l  as  a r esul t  of  l ar ge unk nown saf et y  

f ac t or s  bui l t  i n t he usual  des i gn met hods ,  as ex pl ai ned 

i n t he s t at e- of - t he- ar t  paper  by Mc Gown,  Mur r ay  and 

Jewel l ;  t hi s  i s c ons i s t ent  wi t h moni t or i ng dat a whi c h 

i ndi cat e t hat ,  i n many  cases,  r ei nf or c ement  s t r ai ns  

essent i al l y  r esul t  f r om t he cons t r uc t i on st age.

The f our  paper s  pr es ent ed her eaf t er  ar e es s ent i al l y  

meant  t o f os t er  di s cuss i on.  Due t o space l i mi t at i ons ,  

t hey  ar e not  as c ompl et e as t hei r  k nowl edgeabl e aut hor s  

wi shed.  Ex panded v er s i ons  of  t hese paper s  wi l l  be 

publ i shed i n " Geot ex t i l es  and Geomembr anes" .

REFERENCE

Bonapar t e,  R. , Hol t z ,  R. D. ,  and Gi r oud,  J . P. ,  " Soi l  

Rei nf or c ement  Des i gn Us i ng Geot ex t i l es  and Geogr i ds " ,  

Geot ex t l l e Tes t i ng and t he Des i gn Engi neer , J. E.  Fl uet ,  

J r . , Edi t or ,  ASTM STP 952,  1987,  ( Sympos i um hel d i n Los 

Angel es,  June 1995) ,  pp.  69- 116.
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C o n tr ib u tio n  to  d is c u s s io n : D u ra b ility  o f re in fo rc e m e n t 

m a te r ia ls  

C o n tr ib u tio n  & la  d is c u s s io n : D u ra b ility  d e s  m a te ria u x  

d e  re n fo rc e m e n t

H . S C H N E ID E R , M e m b e r  o f  T e c h n ic a l C o m m it te e  T C  9  ‘G e o te x ti le s  

&  G e o s y n th e t ic s  o f  IS S M E ’, P o ly fe l t G e s .m .b .  H „  A u s tr ia

SYNOPSI S:  For  t he dur abi l i t y  of  Geosynt het i c  Rei nf or ced 

St r uc t ur e t her e ar e r esul t s  f r om about  14 year s.  Over  

30 year s  exper i ence i s avai l abl e on t he agei ng of  pol ymer s.  

Thi s  paper  summar i ses  t he ex i s t i ng exper i ence on t hi s f i el d 

and wi l l  gi ve t he bas i s  f or  f ur t her  di scuss i ons.

1 I NTRODUCTI ON

' ■ ' al l ow < ^ u l t

wher e ( T  ul t  = ul t i mat e st r engt h ( as det er mi ned 
i n a shor t  t er m l abor at or y  t est )
Thi s  val ue can be modi f i ed t o an al l owabl e val ue

<T = CT 
al l ow ul t

f s i d  x  f s c r  x  f s c d  x  f s b d

C^ Ho w = al l owabl e t ens i l e s t r engt h

= ul t i mat e t ens i l e s t r engt h

FSj p = f act or  of  saf et y  f or  i ns t al l at i on da ­
mage

FSc r  = f ac t or  of  saf et y  f or  c r eep

FSc d  = f ac t or  of  saf et y  f or  UV and chemi cal  
degr adat i on

FS
BD

= f act or  of  saf et y  f or  bi ol ogi cal  degr a ­
dat i on

Si mi l ar  r el at i ons can al so be dr awn up f or  ot her  
pr oper t i es  whi ch mus t  be cons i der ed i n t he c al ­
cul at i on,  e. g.  f l ow r at e.

Al l  bui l di ng mat er i al s  used f or  r ei nf or cement ,  
such as st eel ,  concr et e,  wood,  al umi ni um,  nat u ­
r al  f i br es or  pl as t i c  mat er i al s  ar e i n t i me 
subj ect  t o a cer t ai n change.  Al l  geosynt het i cs  
used i n r ei nf or ced const r uc t i ons  ar e manuf ac ­
t ur ed out  of  pol ymer s.

Over  30 year s'  exper i ence i s avai l abl e on t he 
agei ng of  t hese pol ymer s,  t he agei ng mechani sm 
as wel l  as t he l ong t er m behav i our  of  f i ni shed 
pr oduct s  and t hei r  f unct i onal  pr oper t i es  ( Ver du
1986) .  Exper i ence wi t h const r uc t i ons  r ei nf or ced 
wi t h geosynt het i cs  dat es back  over  14 year s  
( Bel l  1977) ,  ( Schnei der  1981) ,  ( Pui g 1977) ,  
( Br oms 1977) .  Thi s  exper i ence has pr ov i ded much 
i nf or mat i on but  mor e exper i ence can be expect ed 
t o be gai ned i n t he f ut ur e.

The devel opment  of  t he mechani cal  pr oper t i es  
of  pol ymer s  i n t i me can be expr essed i n pr i n ­
c i pl e by  t he equat i on ( Ver du 1986)

Ser v i ce

wher e

l i f e / At  = -  
K

J_Mc

Mc -  cr i t i cal  mol ecul ar  wei ght

M -  i ni t i al  mol ecul ar  wei ght
o

Tens i l e s t r engt h pl ays a speci al  r ol e i n r ei n ­
f or ced const r uct i ons.  I n most  engi neer i ng s i t ua­
t i ons t he s t r engt h r equi r ement  can be put  i nt o 
t he f or m of  a s t andar d saf et y  f act or  f or mat  as 
shown bel ow ( Koer ner  1987)

FS - <^ al l ow /  ^ r eq ' d

wher e FS = f act or  of  saf et y  ( whi ch var i es  i n 
accor dance wi t h t he cr i t i cal  poi nt  of  t he syst em 
and,  of  cour se,  wi t h t he des i gn concept s  i nvol ­
ved)

^ r ea' d = r e, 3u i r ed st r engt h ( whi ch r esul t s  f r om 
"  f r om an appr opr i at e des i gn met hodol ogy

f or  t he pr obl em bei ng sol ved)

^ al l ow = aH° wabl e s t r engt h ( t ensi l e st r engt h,  
punc t ur e r esi st ance,  i mpact  st r engt h)  

Fur t her mor e C  al l ow i s r el at ed t o t he ul t i mat e 
s t r engt h of  t he geosynt het i c  mat er i al  as a 
f unct i on of  a r el at i ve number  of  shor t  or  l ong 
t er m appl i cat i on.

2 ANALYSI S OF STRESS- TYPES ON DURABI LI TY

Thr ee phases of  st r ess must  be t aken i nt o 
account  wi t h r egar d t o t he l ong t er m behav i our  
of  geot ext i l es.

St r ess dur i ng s t or age 
St r ess  dur i ng i ns t al l at i on 
St r ess i n t he st r uct ur e 

The s t r esses dur i ng s t or age and dur i ng 
i ns t al l at i on ar e most l y  shor t  t er m st r esses but  
can however  cons i der abl y  i nf l uence l ong t er m 
behavi our .

2. 1 St r ess dur i ng st or age

Dur i ng st or age,  whi ch can somet i mes cover  l onger  
per i ods  of  t i me ( year s) , st r ess can appear  due 
t o phot oox i dat i ve and hydr ol y t i c  degr adat i on.  
Bot h r eact i on mechani sms r un accor di ng t o t he 
equat i on of  Ar r heni us

- E / RT
Kp = A . e
( const ant  r eact i on speed)

wher e
A = a const ant  
E = t he ac t i vat i on ener gy 
R = t he gas const ant  
T = t he absol ut e t emper at ur e

Due t o t he i nsul at i ng ef f ec t  of  t he l ower  l ayer s 
of  t he r ol l s  over heat i ng of  t he upper  l ayer s can 
occur  ( Schnei der  1988) .  The i nt ens i t y  of  t he 
r adi at i on at  a di s t ance x f r om t he sur f ace i s 
det er mi ned by  t he f ol l owi ng equat i on:

Ex = Eo
-  £ x

wher e
E = t he r adi at i on ent er i ng at  t he sur f ace ( W/ cm)  
£ = l i near  absor pt i on coef f i c i ent  ( cm- 1)

Temper at ur es  of  over  100*  C have been measur ed 
( Schnei der  1987) .  At  t hese t emper at ur es conden­
sat i on wat er  can cause hydr ol y t i c  degr adat i on.  
Under  pr oper  s t or age condi t i ons such pr obl ems do 
not  appear  ( Schnei der  1981) .
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2. 2 St r ess dur i ng i nst al l at i on

Geosynt het i cs  can be damaged dur i ng i nst al l at i on 
by cons t r uc t i on equi pment ,  s t one penet r at i on,  
acc i dent s  and ot her  undet er mi ned f act or s.

St r ess can al so be caused by UV r adi at i on 
because of  i nt er r upt i ons i n cons t r uct i on 
( Schnei der  1982)

2. 3 St r ess i n t he s t r uct ur e
2. 3. 1 Mechani cal  st r esses

The act ual  cons i der ed br eak i ng st r ess i n r ei n ­
f or ced st r uct ur es i s much hi gher  t han t he cal ­
cul at ed br eak i ng st r ess as model  t est s have 
shown ( Wer ner  1986) ,  ( Resl  1988) .  Measur ement s  
showed t hat  t he st r ess was i n t he or der  of  
magni t ude of  10% of  t he r el at i ve r upt ur e 
s t r engt h of  t he geosynt het i cs  used ( Wer ner
1986) ,  ( Resl  1988) ,  ( Wr i gl ey 1987) ,  ( Wehr
1987) .  I n some cases t he s t r esses wer e even 1% 
t o 2% l ower .  For  t hese r easons no s i gni f i cant  
change i n t he mechani cal  pr oper t i es  coul d be 
det er mi ned i n const r uct i ons or  l ar ge scal e mo ­
del s  dur i ng t he r el at i vel y  shor t  obser vat i on 
per i od ( 10 t o 15 y ear s ) . Exper i ence of  t he f r ac ­
t ur e behav i our  of  pl as t i c  mat er i al s  under  env i ­
r onment al  st r ess has been gat her ed over  appr ox.  
40 year s  ( Howar d 1959) .

The pol ymer s  devel oped as a r esul t  ar e sui t ed 
t o wi t hs t and such st r esses.

Cr eep pr ocesses f i r st  begi n t o be r ecogni sabl e 
under  a st r ess of  over  10% of  br eak i ng st r ess.

I t  has been shown t hat  t her e ar e cons i der abl e 
di f f er ences bet ween t he behav i our  of  geot ex t i l es  
whi ch ar e unconf i ned i n i sol at i on and t hose 
whi ch ar e conf i ned i n soi l  ( Me Gown,  Fock  1897,  
Wer ner  1986) .

2. 3. 2 Hydr aul i c  st r esses

The i mpor t ance of  t he per meabi l i t y  of  geosynt he­
t i cs i n r ei nf or ced ear t h- suppor t i ng st r uct ur es 
has been emphasi sed many t i mes ( Tat suoka 1986,  
Wer ner  1986) .

The per meabi l i t y  of  geot ex t i l es  or  geosynt he­
t i cs measur ed i n t he l abor at or y  met hods can be 
used as t he s t ar t i ng poi nt .  The l ong t er m per ­
meabi l i t y  can be i mpai r ed by var i ous phenomena.

2. 4 I nf l uence of  cons t r uct i on mat er i al s,  cont a­
mi nat i on,  wast e mat er i al s

Har deni ng concr et e,  l i me,  or  agr ess i ve l eachat es 
f r om wast e cont ai nment s  can af f ect  t he dur abi l i ­
t y  of  geot ext i l es.

Regar di ng t he i nf l uence of  t he pH of  t he wat er  
on geot ext i l es,  i t  i s wel l  known t hat  l ow pH 
val ues can af f ect  pol yami ds whi l e hi gh pH val ues 
can af f ec t  pol yest er s.  Pol ypr opy l ene and pol y ­
et hy l ene ar e qui t e st abl e t o a wi de r ange of  pH 
val ues.  The act i on of  wat er ,  t emper at ur e al ka-  
l i nes and ac i ds on geot ext i l es  pr oduces di f f ­
er ent  r esul t s  because each t ype of  pol ymer  has 
var y i ng composi t i ons and st r uct ur es.  The
chemi cal  degr adat i on i s i n t he most  cases a 
hydr ol ys i s  pr ovoced by wat er  vapour ,  al kal i nes 
or  aci ds.  The r eact i on r at e depends l ar gel y  on 
t emper at ur e and t he l aw gover ni ng t hi s t ype of  
r eact i on i s

I n K = A + Ea/ RT

Thi s r eact i on i s 10 t i mes f ast er  t han a t her mal

decompos i t i on and 5 t i mes f ast er  t han an ox i da ­
t i ve degr adat i on ( Schnei der  1987) .

The pr esence of  0 or  oxygen can i ni t i at e 
ox i dat i ve r eac t i ons . Ozone degr adat i on i s avoi ded 
by soi l  cover .  Thi s  i s t he key f or  any t ype of  
geosynt het i c .  I t  must  be cover ed wi t h soi l  as 
soon as possi bl e.

2. 5 Bi ol ogi cal  degr adat i on

The bi ol ogi cal  i nf l uence i n r ei nf or ced ear t h ­
wor ks i s compl ex.  For  t hi s  r eason st at ement s  
and/ or  eval uat i on f r equent l y  ar e f ound t o c on ­
t r ar y.

No poss i bl e bi ol ogi cal  mechani sm of  degr ada­
t i on coul d be f ound.  Ther e i s t he poss i bi l i t y  t o 
i ncor por at e bi oc i des i n t he pol ymer e or  i n t he 
geot ex t i l es  st r uct ur e.  Ther e i s a cons i der abl e 
l ack of  i nf or mat i on i n t he bi ol ogi cal  degr ada­
t i on of  geot ex t i l es  and r el at ed mat er i al s.

2. 6 Cummul at i ve Ef f ect s

I n gener al  geot ex t i l es  ar e subj ect ed t o combi ned 
s t r esses and i n pr act i cal  t es t i ng t he r at i o of  
one or  t he ot her  of  t he k i nd of  s t r esses i s 
di f f i cul t  t o def i ne.  I n t he end i t s al ways t he 
sum of  s t r esses whi ch ar e ef f ect i ve and whi ch i s 
deces i ve f or  t he dur abi l i t y  -  and f or  t he c i vi l  
engi neer .

3 CONCLUSI ONS

Ther e ar e many  appl i cat i ons wher e geot ex t i l es  
and r el at ed mat er i al s  ar e used f or  r ei nf or ced 
ear t h st r uct ur es.  Ther e i s a l ar ge number  of  
r esul t s  on t he dur abi l i t y  of  t hese mat er i al s.

However  onl y  i n a f ew cases has t hi s eval u ­
at i on been sc i ent i f i cal l y  exami ned on t he basi s  
of  t he phys i cal  and chemi cal  l aws t hat  gover n 
t he l ong t er m behav i our  of  pol ymer  pr oduct s.  I t  
i s poss i bl e t o f i nd a sc i ent i f i c  i nt er pr et at i on 
f or  t he pr edi c t i on of  t he l ong t er m behav i our  
and t he l i f e span of  geosynt het i cs  when cons i de­
r i ng t hese l aws.

REFERENCE

Wi l l  be publ i shed i n t he Jour nal  " Geot ext i l es  
and Geomembr anes on a l ar ger  paper  wi t h t he 
same subj ect .

3006



C o n tr ib u tio n  to  d is c u s s io n : S o il- re in fo rc e m e n t 

in te ra c tio n  

C o n tr ib u tio n  & la  d isc u s s io n : In te ra c tio n  

s o l- re n fo rc e m e n t

J .P .G O U R C , IR IG M , U n iv e rs i ty  J o s e p h  F o u r ie r , G re n o b le , F ra n c e  

J .F . B E E C H , G e o S e rv ic e s  In c . C o n s u ltin g  E n g in e e rs , A tla n ta , U S A

SYNOPSI S:  Thi s  paper  i dent i f i es  f our  modes  of  r ei nf or cement  

i nt er ac t i on and summar i zes  l abor at or y  pr ocedur es  commonl y  

used i n t hei r  eval uat i on.

I NTRODUCTI ON

The i mpor t ance of  soi l - r ei nf or cement  i nt er act i on i s 
demonst r at ed by t he l ar ge number  of  publ i cat i ons devot ed 

t o i t .  Thi s i mpor t ance st ems f r om t he f act  t hat  soi l  
r ei nf or cement  t echnol ogy i s f r equent l y used i n t he desi gn 
and const r uct i on of  wal l s and st eepened sl opes,  and 

because of  t he compl exi t y of  i t s behavi or .  So i 1 - 
r ei nf or cement  i nt er act i on i s compl ex because of  t he 

var i ous modes of  i nt er act i on.  The i nt er act i on modes 

consi der ed her e and depi ct ed i n Fi gur e 1 ar e:  ( i )  bi axi al  
compr essi on ( A) ;  ( i i )  combi ned shear  and bendi ng of  t he 

r ei nf or cement  ( B) ;  ( i i i )  soi l - r ei nf or cement  i nt er f ace 

f r i ct i on ( C) ;  and ( i v)  pul l out  ( D) .  The mechani cal  

behavi or  of  r ei nf or ced soi l  can be under st ood by st udyi ng 
each of  t hese i nt er act i on modes.  Thi s paper  pr esent s a 

st at e- of - t he- ar t  summar y of  pr ocedur es used t o eval uat e 
soi l - r ei nf or cement  i nt er act i on.  A compl et e ver si on,  

cont ai ni ng al l  ci t ed r ef er ences,  can be f ound i n ( 1) .

Fi gur e 1.  Rei nf or ced soi l  f ai l ur e modes.

BI AXI AL COMPRESSI ON OF THE COMPOSI TE MATERI AL

Bi axi al  compr essi on ( Mode A i n Fi gur e 1)  t r eat s t he 

r ei nf or ced soi l  as a homogeneous mat er i al ,  si mi l ar l y t o 
what  i s done f or  a t r i - phase ( i . e. ,  ai r ,  wat er ,  sol i ds)  

mat er i al  such as soi l .  I n many st udi es,  f i r st  f or  

Rei nf or ced Ear t h and l at er  f or  geot ext i l es [ Long,  1972,  

1983;  Br oms,  1977;  Bl i vet ,  1979;  I ngol d,  1979] ,  t he 
concept  of  axi symmet r i c compr essi on was used.  I n whi ch 
case,  r egul ar l y spaced l ayer s of  r ei nf or cement  ar e pl aced 
i n t he di r ect i on of  maxi mum ext ensi on,  t 3 [ Basset t ,  1978] ,  

Qual i t at i vel y,  by doi ng so,  " ext ensi bl e"  i ncl usi ons can 
change a " st r ai n sof t eni ng"  soi l  t o one t hat  i s " st r ai n 
har deni ng" .

Bi axi al  Compr essi on t est s have been per f or med usi ng 

cohesi onl ess soi l s,  cohesi ve soi l s,  and sampl es composed 

of  sever al  l ayer s of  di f f er ent  soi l s [ Saxena,  1982;  Lun,  
1986] .  Test s have been per f or med under  dr ai ned or  

undr ai ned condi t i ons [ Fabi an,  1986]  and var i ous l oadi ng 
condi t i ons ar e consi der ed,  such as cr eep [ Hol t z,  1982]  or  

cycl i c l oadi ng [ Madani ,  1979] .  A l i mi t at i on of  bi axi al  
compr essi on t est s i s t hat  t he speci men hei ght  usual l y does 
not  exceed 200 mm,  whi ch i s l ess t han t he t ypi cal  spaci ng 

bet ween r ei nf or cement  l ayer s of  f ul l - scal e st r uct ur es.  
Ther ef or e,  i t  i s di f f i cul t  t o r espect  si mi l i t ude cr i t er i a 

and most  t est s speci mens have an excessi ve densi t y of  

r ei nf or cement ,  whi ch over est i mat es t he benef i ci al  ef f ect s 

of  r ei nf or cement .  Onl y Fukushi ma [ 1988] ,  usi ng 2. 4 m hi gh 

speci mens,  has obt ai ned what  appear s t o be r easonabl e 
r esul t s.  Al so,  pl ane- st r ai n condi t i ons exi st  i n t he f i el d.  
The axi symmet r y and non- homogenei t y of  r adi al  st r esses of  
t he t r i axi al  t est  makes i t  di f f i cul t  t o r el at e t he r esul t s 
t o pl ane st r ai n condi t i ons.  I n addi t i on,  i t  i s not  

possi bl e t o var y t he or i ent at i on of  t he r ei nf or cement .  
Onl y McGown [ 1977]  has per f or med pl ane st r ai n bi axi al  
compr essi on t est s.

COMBI NED SHEAR AND BENDI NG OF REI NFORCEMENT

Combi ned shear  and bendi ng of  r ei nf or cement  occur s when 

t he sl i p sur f ace i nt er sect s t he r ei nf or cement  l ayer s ( Mode 
B i n Fi gur e 1) .  Thi s i nt er act i on mode can be qual i t at i vel y 
model ed i n t he di r ect  shear  box by pl aci ng t he 

r ei nf or cement  at  some or i ent at i on t o t he di r ect i on of  
l oadi ng.  However ,  t he r el at i vel y smal l  si ze of  t he box 
and t he f act  i t  i s di f f i cul t  t o appl y compl ex boundar y 
condi t i ons ( such as t ensi on at  end of  r ei nf or cement  t o 

si mul at e anchor age)  makes i t  i mpossi bl e t o obt ai n 
quant i t at i ve r esul t s.  Radi ogr aphi c and pol ar i zat i on 

t echni ques have been used t o show t he l ocal i zed change i n 

st r ai n f i el d [ Jewel l ,  1980]  and change i n st r ess f i el d 

[ Dyer ,  1984]  caused by t he or i ent at i on and f l exur al  

st i f f ness of  t he r ei nf or cement .  I n addi t i on t o t he di r ect  

shear  box,  ot her  appar at us have been used t o model  
combi ned shear  and bendi ng of  r ei nf or cement ,  i ncl udi ng:

( i )  oct agonal  box [ Smi t h,  1979] ;  ( i i )  si mpl e shear  box 

[ Hayeski ,  1988] ;  and ( i i i )  hal f - box wi t h membr ane ef f ect  

[ Gour c,  1986] .

SOI L- REI NFORCEMENT I NTERFACE FRI CTI ON

Model i ng t he soi l - r ei nf or cement  i nt er f ace f r i ct i on i s 
f undament al  because i t  makes i t  possi bl e t o si mul at e 

sl i di ng of  t he soi l  al ong t he r ei nf or cement  ( mode C i n 
Fi gur e 1)  and pr ovi des val uabl e i nsi ght  i nt o t he pul l out  

behavi or  ( Mode D of  Fi gur e 1) .  The r esul t s of  soi l -  
r ei nf or cement  i nt er f ace f r i ct i on t est s can be used i n a 

l i mi t  equi l i br i um anal ysi s of  a r ei nf or ced soi l  mass 

[ Beech,  1987] ,  and f or  det er mi ni ng t he i nt er f ace 

par amet er s f or  i nt er f ace el ement s used i n f i ni t e el ement  
anal yses [ Kut aka,  1986;  Luker ,  1987] .  Even t hough t he 

di r ect  shear  box i s si mpl i st i c,  i t  i s appr opr i at e t o model  
soi l - r ei nf or cement  i nt er f ace f r i ct i on.  The soi l -  
r ei nf or cement  i nt er f ace behavi or  i s a f unct i on of  t he 

di spl acement  of  t he r ei nf or cement  r el at i ve t o t he soi l .  
I ni t i al l y t her e i s a zone of  hi gh shear  st r ai ns adj acent  
t o t he r ei nf or cement ,  on t he or der  of  10 t o 20 d50 t hi ck 

f or  a sand [ Desr ues,  1984] ,  As di spl acement  of  t ne soi l  

r el at i ve t o t he r ei nf or cement  cont i nues,  f ai l ur e pl anes i n 
t he zone of  hi gh shear  st r ai ns devel op.  These pl anes 

ul t i mat el y r esul t  i n a di scont i nui t y at  or  near  t he soi l -  
r ei nf or cement  i nt er f ace.  I f  t he i nt er f ace i s r ough,  t hen 

t he di scont i nui t y wi l l  most  l i kel y occur  i n t he soi l ,  
whi l e i f  i t  i s smoot h,  t he di scont i nui t y can f or m by t he 

soi l  par t i cl es sl i di ng on t he r ei nf or cement .

The val i di t y of  t he soi l - r ei nf or cement  i nt er f ace 
r el at i onshi p measur ed depends on t he t ype of  di r ect  shear  
appar at us.  A number  of  di f f er ent  appar at uses exi st ,  
however ,  t he r ecommended char act er i st i cs ar e a box i n

/ ^ P O T E N T I A L  S L I P  S U R F A C E
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whi ch t he cover  soi l  ( l engt h,  L)  sl i des on t he 

geosynt het i c ( l onger  t han L)  i n such a way t hat  t he 

cont act  l engt h L i s i ndependent  of  t he shear  di spl acement ,  

u.  I n t hi s way,  t he r el at i onshi p t  = f ( u)  f or  a gi ven 
nor mal  st r ess a can be det er mi ned.  Fact or s t o be 

consi der ed i n i nt er f ace t est s ar e di scussed bel ow.

Suppor t .  A var i et y of  suppor t  t ypes exi st ,  i ncl udi ng 

adher i ng t he r ei nf or cement  t o a f l at ,  r i gi d suppor t .  I n 
t he case of  geogr i ds,  a gr anul ar  suppor t  i s r ecommended,  

because of  t he i mpor t ance of  soi l  par t i cl e penet r at i on 

t hr ough t he geogr i d aper t ur es on t he i nt er f ace f r i ct i on. I n 

gener al  i t  i s best  i f  t he suppor t  si mul at es t he condi t i ons 
ant i ci pat ed i n t he f i el d.

Box Di mensi ons.  I n gener al ,  boxes used f or  i nt er f ace 

t est i ng shoul d meet  t he same r equi r ement s as t r adi t i onal  

shear  boxes used f or  soi l .

Compr essi ve st r ess,  a.  The magni t ude and di st r i but i on of  

t he compr essi ve st r ess t r ansf er r ed t o t he r ei nf or cement  
wi l l  depend upon whet her  or  not  t he l oadi ng pl at e i s 

al l owed t o r ot at e [ Wei ni k,  1979]  and t he per cent age of  

t he compr essi ve st r ess l ost  as f r i ct i on al ong t he si des of  
t he upper  hal f  of  t he box.  Gour c [ 1989]  pr oposed t hat  t he 

compr essi ve st r ess,  a,  be appl i ed usi ng an i nf l at ed 
membr ane and be measur ed i n t he cent r al  ar ea.

Shear  vel oci t y u.  For  gr anul ar  medi a,  a smal l  var i at i on 

of  u wi l l  not  i nf l uence t he shear  st r engt h.  I n cont r ast ,  u 

wi l l  have an i nf l uence on t est s per f or med wi t h cl ay,  
because dr ai nage i s an i mpor t ant  consi der at i on f or  

cohesi ve soi l s.  I n gener al ,  t est s shoul d be per f or med 

sl ow enough t o guar ant ee dr ai ned condi t i ons.  The dr ai nage 
boundar i es f or  a nonwoven geot ext i l e i s mor e compl i cat ed 

because t he t r ansmi ssi vi t y of  t he geot ext i l e of t en al l ows 
i t  t o act  as a dr ai n [ Fabi an,  1987] .

Cover  soi l .  Most  t est  r esul t s r epor t ed i n t he l i t er at ur e 
wer e per f or med usi ng uni f or ml y gr aded sands ( Buzzar d,  
Ot t awa,  Font ai nebl eau) .  I t  shoul d be not ed t hat  i n al most  

al l  cases t he f r i ct i on i ndex n = t an( L/ t an0 ( wher e:  <t>q = 
i nt er f ace f r i ct i on angl e;  0 -  soi l  f r i ct i on angl e)  was 

gr eat er  t han 2/ 3.  I n addi t i on,  syst emat i c st udi es on t he 

compat i bi l i t y bet ween soi l  aver age par t i cl e si ze ( d50) and 
geosynt het i c openi ng si ze ( 095) have shown t hat  n i s 

maxi mum f or  Og5/ d50 « 3 [ Jewel l ,  1984;  Sar sby,  1985] .  I n 

cont r ast ,  t her e ar e onl y a f ew t est s on cl ay,  and even 

l ess on sand- cl ay mi xt ur es.  However ,  st udi es have shown 
t hat  i nt er f ace st r engt h 1s dependent  upon cl ay cont ent .

Rei nf or cement  Type.  The mobi l i zed i nt er f ace st r engt h wi l l  
depend upon t he r ei nf or cement  t ype.  The f ol l owi ng gener al  

obser vat i ons can be made:  ( i )  t he st r engt h mobi l i zed by 
nonwoven geot ext i l es i s gener al l y gr eat er  t han t hat  

mobi l i zed by woven geot ext i l es;  and ( i i )  f or  geogr i ds t he 
r el at i ve di spl acement  of  t he r ei nf or cement  t o t he soi l  

gener at es a passi ve r esi st ance st r ess bul b i n f r ont  of  t he 
r i bs,  whi ch pr ovi des gr eat er  r esi st ance t han t hat  

gener at ed by f r i ct i on on l ongi t udi nal  bar s [ I ngol d,  1983] .  

The pul  l out  t est  i s bet t er  sui t ed t o st udy t he devel opment  
of  t he passi ve r esi st ance of  t he r i bs [ Mi l l i gan,  1987] ,

PULLOUT

I f  t ensi on i s appl i ed wi t hi n t he pl ane of  a r ei nf or ci ng 

el ement  ( of  l engt h,  L ) ,  t hen t hi s t ensi on i s t r ansf er r ed 
t o t he adj acent  soi l  by f r i ct i on act i ng al ong t he sur f ace 

of  t he r ei nf or cement  ( Mode D,  Fi gur e 1) .  Thi s i nt er act i on 
mode can be model ed t hr ough pul l out  t est i ng,  whi ch 

account s f or  bot h t he t ensi on i n t he r ei nf or cement  and t he 
shear  st r esses al ong t he soi  1- r ei nf or cement  i nt er f ace.  
The i mpact  of  conf i ni ng st r ess on r ei nf or cement  t ensi l e 

pr oper t i es and mobi l i zat i on of  r ei nf or cement  anchor age ar e 
di scussed bel ow.

Tensi on under  conf i nement .  Conf i nement  by a gr anul ar  soi l  
i ncr eases t he t ensi l e modul us of  nonwoven geot ext i l es 

whi l e decr easi ng t he amount  of  cr eep [ McGown,  1981] .  
Per f or mi ng t ensi on t est s under  conf i nement  can be 

r el at i vel y compl ex.  Sever al  aut hor s have pr oposed a 
si mpl er  pr ocedur e whi ch consi st s of  f i xi ng one end of  a 

geot ext i l e pl aced i n a shear  box bet ween t wo l ayer s of  
soi l  and t hen pul l i ng on t he f r ee end [ El  Fer naovi ,  1982;  

Leschi nsky,  1987;  Si el ,  1987] ,  The hol l ow cyl i nder  has 

al so been used t o st udy t he ef f ect s of  conf i nement  on 
r ei nf or cement  t ensi l e and cr eep pr oper t i es [ Shen,  1988] ,

Pul l out  Mechani sm.  Gour c,  et  al . [ 1988]  has conf i r med 

anal yt i cal l y,  t he exper i ment al  r esul t s of  Ochi ai  et  al . 
[ 1988]  and Jar r et t  and Bat hur st  [ 1987] ,  These t est s show 

t hat  t he l engt h and ext ensi bi l i t y of  t he r ei nf or cement  can 
i nf l uence t he t r ansf er  of  t he st r esses f r om t he 

r ei nf or cement  t o t he soi l .  Theor et i cal l y,  t he ent i r e 

r ei nf or ci ng el ement  i s subj ect ed t o t ensi l e st r esses.  

However ,  i n r eal i t y,  t he ent i r e l engt h of  t he geot ext i l e 

does not  di spl ace enough t o mobi l i ze t he f ul l  i nt er f ace 

shear  r esi st ance.  At  t he pr esent  t i me,  a compl et e 

under st andi ng of  pul l out  mechani sm does not  exi st ,  as 

evi denced by di scr epanci es bet ween r esul t s f r om smal l  

scal e t est s,  f ul l  scal e t est s,  and t heor et i cal  model s 
[ I ngol d,  1983;  Gar dner ,  1984;  Fi nl ay,  1988] .

I n or der  t o i nt er pr et  pul l out  t est  dat a,  t he f ol l owi ng 

i s r equi r ed:  ( i )  obser vat i on of  di spl acement s at  var i ous 

l ocat i ons on t he r ei nf or ci ng el ement  [ Hol t z,  1977;  
Bour deau,  1989] ;  ( i i )  t he compr essi ve st r ess,  a,  must  be 

uni f or ml y di st r i but ed over  t he ent i r e r ei nf or ci ng el ement ;  
and ( i i i )  t he ext r emi t y of  t he r ei nf or ci ng el ement  whi ch 

i s subj ect ed t o t ensi on must  be f ar  f r om t he f ace 

[ Romst ad,  1985;  Gour c,  1982]  unl ess t he f ace i s el i mi nat ed 

[ Chang,  et  al . ,  1984] .  Test s i n a shear  box must  be 

excl uded f or  t he r easons gi ven above.  Fi nal l y,  r ecent  
wor k by Kut ar a [ 1988]  r eveal s t hat  t he r esul t  of  pul l out  

t est s i n sand ar e not  t he same wi t h const ant  r at e of  
di spl acement ,  and const ant  r at e of  pul l out  f or ce 
appl i cat i on.  Ther ef or e,  i nt er f ace cr eep i s an ar ea of  

f ut ur e i nvest i gat i on.
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C o n tr ib u tio n  d  la  d isc u s s io n : In s tru m e n ta tio n  e t 

E va lu a tion  d e s  o u v ra g e s  en  te rre  re n fo rc 6 e  

PH. D ELM AS, Labora to ire  C entra l des  Ponts et C hauss6es, Paris, 

F rance

SYNOPSI S:  Thi s  i s t he f i f t h of  a ser i es  of  f i ve paper s  

sponsor ed by t he Techni cal  Commi t t ee TC9 " Geot ex t i l es  

and Geosynt het i cs "  of  t he I SSMFE and pr epar ed f or  t he 

di scuss i on sess i on on Rei nf or ced Soi l  Sl opes  and Wal l s  

of  t he 12t h I CSMFE ( Ri o de Janei r o,  1989) .  Al l  t he 

r ef er ences ar e i nc l uded i n t he expanded ver s i on of  t hi s 

paper  whi ch wi l l  be publ i shed i n " Geot ext i l es  and Geo-  

membr anes"  .

1.  I NTRODUCTI ON

The eval uat i on of  publ i c  wor k  st r uct ur es usi ng 
a cal cul at i on met hod pr esupposes t hat  t he me ­
t hod has been val i dat ed ei t her  by t he exper i en­
ce whi ch i s i ncor por at ed i n t he ar t  of  t he en­
gi neer  or ,  f or  new t echni ques,  t hanks t o expe­
r i ment at i ons on i nst r ument ed st r uct ur es.

Embank ment  s t r uc t ur es  r ei nf or c ed wi t h s t eel  
r ei nf or cement s  ( Ter r e Ar mee,  et c. )  have been 
cur r ent l y  used f or  over  t went y  year s and have 
f or med t he subj ect  of  numer ous i ns t r ument at i ons 
maki ng i t  poss i bl e t o val i dat e t he cor r espon­
di ng desi gn met hods.

The most  r ecent  t echni que of  excavat i on nai ­
l i ng,  al t hough al r eady  i nc or por at ed i n many  
pr oj ect s,  i s f ar  f r om bei ng so advanced as c on ­
cer ns t he val i dat i on of  t hese desi gn met hods.  
The ex per i ment al  appr oac hes  used by Gudehus  
( 1981)  or  wi t hi n t he f r amewor k of  t he Pr oj et  
nat i onal  Cl out er r e ( Fr ance)  have unquest i onabl y  
enabl ed pr ogr ess i n knowl edge on t hi s t ype of  
st r uct ur e.  However ,  desi gn appr oaches cur r ent l y  
used ( l i mi t  desi gn met hods)  r emai n hi ghl y  unsa­
t i s f ac t or y  t o t he ext ent  t hat  t hey do not  t ake 
pr oj ect  phasi ng i nt o account .  Such an appr oach 
i nvol v i ng a di spl acement  met hod al l owi ng f or  
pr oj ect  phasi ng i s of  gr eat  i nt er est  and shoul d 
be i nvest i gat ed f ur t her .  However ,  t o be val i da ­
t ed,  i t  wi l l  r equi r e t he i mpl ement at i on of  sui ­
t abl e i n- s i t u i nst r ument at i on.  As t hi s exper i ­
ment al  appr oach i s st i l l  young,  l i t t l e dat a i s 
cur r ent l y  avai l abl e on t he i nst r ument at i on of  
" nai l ed"  st r uct ur es,  and i n par t i cul ar  on t he 
subj ect  of  phasi ng.

The geosynt het i c  r ei nf or cement  t echni que st i l l  
does not  have a r ecogni zed desi gn met hod and 
t hough r el at i vel y  r ecent  has al r eady f or med t he 
subj ect  of  many i ns t r ument ed exper i ment s.  I t  i s 
f or  t hi s r eason t hat  t he essent i al  par t  of  t hi s 
ar t i c l e wi l l  be devot ed t o t he i ns t r ument at i on 
of  s l opes and c r oss- s l opes r ei nf or ced by geo ­
synt het i c  mat er i al s.

Wi t h r egar d t o t he st udy of  t he per f or mance of  
st r uct ur es,  we shal l  l ook i nt o t he i ns t r ument a­
t i on used f or  eval uat i ng t he over al l  behav i our  
of  t he s t r uct ur e as wel l  as per f or mance on t he 
r ei nf or cement  l evel .

2 MEASUREMENT PRI NCI PLES

I t  i s poss i bl e t o di s t i ngui sh measur ement s  ai ­
med at  char ac t er i z i ng t he over al l  behav i our  of  
a s t r uct ur e and t hose concer ned wi t h t he l ocal  
i nt er act i on bet ween t he soi l  and r ei nf or cement  
and wi t h t he geosynt het i c  mat er i al .  
I ns t r ument at i on cover i ng t he ent i r e st r uct ur e 
i s based upon met hods cur r ent l y  used i n soi l  
mec hani c s  f or  ev al uat i ng ear t h s t r uc t ur es .  
Ment i on may be made f or  exampl e of  t opogr aphi ­
cal ,  ver t i cal  and hor i zont al  i nc l i nomet er  and 
s et t l ement - met er  meas ur ement s  f or  eval uat i ng 
t he movement s  of  t he r ei nf or ced mass.
We shal l  be concer ned her e mor e par t i cul ar l y  
wi t h l ocal  measur ement s,  whi ch make i t  possi bl e 
t o bet t er  di s t i ngui sh t he behav i our  of  r ei nf or ­
cement s and of  t he soi l  near  t hem.

2. 1 Measur ement s  on t he r ei nf or cement

Tens i ons measur ement s:  t hese ar e possi bl e di ­
r ect l y  onl y wi t h pr oduct s i n t he f or m of  st r i ps 
( Geost r i p)  and bar s ( Geogr i ds) ,  whi ch may be 
r epl aced l ocal l y  by met al l i c  subst i t ut i on bar s 
on whi ch st r ai n gauges ar e gl ued ( Doden et  a l . , 
1978;  Hol l i nghur s t  et  Mur r ay,  1986) .  Wi t h t hi s 
t ype of  meas ur ement  may  be as s oc i at ed t hose 
car r i ed out  at  t he i nt er f ace bet ween t he r ei n ­
f or cement  and t he f aci ng when t he l at t er  i s r i ­
gi d ( John,  1906) .  These measur ement s  do not  
cal l  f or  any par t i cul ar  comment  and have t he 
pr ec i s i on of  st r ai n measur ement s  on met al l i c  
r ei nf or cement s .
St r ai n measur ement s:  t hese ar e t he most  f r e­
quent  but  st i l l  i nvol ve maj or  pr obl ems of  r e­
pr esent at i veness.  One may di s t i ngui sh measur e­
ment s conduct ed ei t her  by means of  ex t ensome-  
t er s over  a di s t ance gener al l y  gr eat er  t han or  
equal  t o 10 cm,  or  by means of  gauges adher i ng 
t o t he r ei nf or cement .
I n t he f i r st  case t he measur ement  may be car ­
r i ed out  ei t her  by  means  of  a di s pl ac ement  
t r ansducer ,  by cabl es,  by v i br at i ng- chor d ex-  
t ensomet er s,  or  by magnet i c  det ect or .  Whi l e 
t hi s measur ement  does not  r ai se any par t i cul ar  
pr obl em wi t h r espect  t o i mpl ement at i on,  even i f  
i t  has t he dr awback of  l acki ng accur acy due t o 
possi bl e war pi ng of  t he geosynt het i c  mat er i al  
t hat  cannot  be measur ed by t hi s pr ocess,  and an 
over al l  measur ement  t hat  does not  t ake i nt o ac ­
count  t he r eal  def or mat i ons of  t he pol ymer ,  i t  
i s never t hel ess a r el i abl e t echni que used by 
many aut hor s ( John,  1986;  Del mas et  al . ,  1988;  
Bat hur st  et  al . ,  1988) .
St r ai n gauges  gl ued on t he pr oduc t  ar e much 
mor e del i cat e t o use.  The choi ce of  a gl ue i s 
of t en ver y di f f i cul t  owi ng t o t he cont r adi c t or y  
r equi r ement s  t hat  must  be compl i ed wi t h by t he 
i nt er f ace bet ween t he geosynt het i c  and t he gau ­
ge:  l ow modul us so as not  t o modi f y  l ocal l y  t he 
behav i our  of  t he r ei nf or cement ,  hi gh modul us t o 
pr event  any cr eep and t r ansmi t  ent i r el y  t he de­
f or mat i ons f r om t he pr oduct  t o t he gauge.  To 
t hi s i s added t he pr obl em of  chemi cal  compat i ­
b i l i t y  bet ween t he gl ue and t he pol ymer ,  as 
wel l  as t he s i gni f i cant  i nf l uence of  t emper at u­
r e on t he measur ement s.  The use of  t hi s t ech­
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ni que i s not  t o be r ecommended unl ess a t ho ­
r ough pr i or  st udy i n t he l abor at or y has made i t  
possi bl e t o cor r el at e t he def or mat i ons of  t he 
pr oduc t  wi t h t he r es pons e of  t he gauge.  I f  
such i s t he case,  one obt ai ns r el i abl e r esul t s  
and good accur acy,  as shown by t he f i ndi ngs of  
Ki cht er  L.  et  al .  ( 1986) .
Cer t ai n aut hor s  have at t empt ed t o c or r el at e 
over al l  and l ocal  def or mat i on measur ement s  on 
geosynt het i cs  ( Bl i vet  et  al . ,  1988) ;  Yako and 
Chr i s t opher ,  1988;  Uat hur s t  et  al  . , 1988) .  
These st udi es show how del i cat e t he t r ansi t i on 
f r om over al l  behav i our  t o l ocal  behav i our  i s.  
Fi nal l y,  r i any aut hor s speci f y  nei t her  t he t ype 
of  i nst r ument at i on used nor  t he accur acy of  t he 
neasur ement s,  t hus maki ng i t  pr act i cal l y  i mpos ­
s i bl e t o val i dat e t he measur ement s  i n spi t e of  
t he r eal i s t i c  or der s of  magni t ude of  t he measu­
r ement s obt ai ned.
Por e pr essur e measur ement s:  al t hough del i cat e 
because of t en car r i ed out  under  nonsat ur at ed 
condi t i ons,  t hese measur ement s  ar e compar abl e 
t o measur ement s  i n t he soi l s.

2. 2 Measur ement s  i n t he soi l

As r egar ds l ocal  measur ement s  i n t he soi l ,  t he 
use of  cur r ent  s t r ai n,  def or mat i on and por e 
pr essur e measur ement  t echni ques do not  cal l  f or  
any r emar ks speci f i c t o r ei nf or ced st r uct ur es.

3 I NTERPRETATI ON OF MEASUREMENTS

The pur pose of  measur ement s  on st r uct ur es i s 
mai nl y  t he v al i dat i on of  des i gn appr oac hes  
whi ch hi t her t o cons i s t ed of  met hods usi ng t he 
l i mi t  desi gn appr oach.  Thi s means t hat  i nves ­
t i gat i ons must  ei t her  based upon f ai l ed s t r uc ­
t ur es,  or  at  l east  t hat  measur ement  dat a ar e 
avai l abl e on hi ghl y def or med st r uct ur es.
Fr om t hi s vi ewpoi nt ,  st udi es on r educed model s 
ar e ver y val uabl e because t hey make i t  poss i bl e 
t o push t he st r uct ur e t o t hese l i mi t s whi l e al ­
l owi ng good cont r ol  of  par amet er s.  However ,  
t hey have t he dr awback of  not  checki ng al l  t he 
s i mi l i t udes ( whi ch makes t he i nt er pr et at i on of  
measur ement s  di f f i cul t )  and i n most  cases usi ng 
l oadi ng modes whi ch ar e not  hi ghl y r epr esent a­
t i ve of  r eal  condi t i ons ( l oadi ng by a f ounda­
t i on at  head i n par t i cul ar ) .  I t  wi l l  however  
be not ed t hat  t hese i nvest i gat i ons ar e of  pr i ­
mar y i mpor t ance f or  under s t andi ng t he gener al  
mechani sms of  t he behav i our  of  st r uct ur es al l o ­
wi ng t he eval uat i on of  di s t r i but i ons of  s t r es ­
ses i n t he s t r uc t ur e ( KcGown , 1986 ) or  of  
st r ai ns f or  maj or  di spl acement s  ( Mat i char d et  
al .  198e).
As concer ns appr oaches based on measur ement s  on 
r eal  st r uct ur es,  apar t  f r om t he pr obl ems r el a ­
t i ve t o t he t he measur ement s  t hemsel ves ( Par a­
gr aph 2) ,  i t  wi l l  be not ed t hat  f ew r eal  s t r uc ­
t ur es have r eached f ai l ur e or  even si gni f i cant  
def or mat i ons.  For  t hi s r eason t he concl us i ons 
obt a i ned by Yako and Chr i s t opher  ( 1988)  on 
about  40 i nst r ument ed pr oj ect s i n i n Nor t h Ame­
r i ca may be ex t ended t o most  of  t he pr oj ect s 
i nvent or i ed:  t he measur ement  of  l at er al  move­
ment s and set t l ement s of  an over al l  nat ur e ar e 
not  ver y si gni f i cant ,  as t he measur ed val ues 
of t en r emai n wi t hi n t he r ange of  pr ec i s i on of  
t he measur ement s.  Fur t her ,  t he measur ement  of  
r ei nf or cement  def or mat i ons,  t o whi ch t he same 
r emar ks appl y i n most  cases,  f ur ni sh r esul t s 
var y i ng wi t h t he st r uct ur es as a f unct i on of  
t he hi ghl y  var i ed condi t i ons of  t he i ns t r umen­

t ed st r uct ur es,  hence maki ng t hei r  use di f f i ­
cul t .

I n addi t i on,  t he i nt er pr et at i on of  r esul t s  i n 
t he f i el d i s made even mor e di f f i cul t  by t he 
ext ent  of  t he const r uct i on phase i n t he l oadi ng 
of  geosynt het i cs.  Let  us not e t he i nt er est i ng 
appr oaches used i n t hi s ar ea by Del mas et  al .  
( 1988)  or  Nakamur a et  al .  ( 1988) ,  i l l ust r at i ng 
t he mobi l i zat i on of  f or ces i n geosynt het i cs  du ­
r i ng cons t r uct i on as wel l  as t he i mpor t ance of  
t he const r uct i on mode.

Fi nal l y,  t he met hod used f or  l oadi ng t he s t r uc ­
t ur e under  r eal  si t e condi t i ons i s of t en qui t e 
di f f er ent  and mor e compl ex t han t hat  used i n 
t he exper i ment al  model s.  Some aut hor s have at ­
t empt ed t o appr oach r eal i s t i c  l oadi ng condi ­
t i ons as wel l  as possi bl e;  exampl es ar e t he i n­
t er est i ng appr oaches of  Tat suoka et  al .  ( 1988)  
or  Yamaoko et  al .  ( 1980)  who i nvest i gat ed t he 
behav i our  of  embankment s  under  r eal i s t i c  l oa­
di ng due t o r ai nf al l ,  t r af f i c  and even ear ­
t hquak es  -  Nak amur a et  al  . ( 1988) .  These 
st r essi ng modes do not  necessar i l y  make t he i n­
t er pr et at i on mor e di f f i cul t ,  but  ar e cer t ai nl y  
l i abl e t o be f r ui t f ul ,  pr ov i ded sui t abl e i ns ­
t r ument at i on i s used.

4 CONCLUSI ON

Concl udi ng,  whi l e al l  t he aut hor s unani mous i n 
acknowl edgi ng t he val ue of  t he i nst r ument at i on 
of  r et ai ni ng st r uct ur es r ei nf or ced by means of  
geosynt het i c  mat er i al s ,  i t  shoul d be poi nt ed 
out  t hat ,  owi ng t o t he par t i cul ar i t y  of  t hi s 
t ype of  r ei nf or cement ,  t he i ns t r ument at i on of  
t hese s t r uct ur es shoul d:
-  be ver y c l osel y  sui t ed t o t he neasur ement s  
( i n par t i cul ar ,  as r egar ds t he measur ement  of  
st r ai ns,  a l ocal  measur ement  devi ce speci f i c  t o 
geosynt het i cs  r emai ns t o be devel oped) ,
-  t ake i nt o account  al l  t he l oadi ng phases of  
t he st r uct ur e and i n par t i cul ar  t he appl i cat i on 
phas e,
-  al l ow r epet i t i on on a ver y l ar ge number  of  
s t r uct ur es wel l  document ed on t he condi t i ons of  
appl i cat i on and use,
-  al l ow ext ens i on t o some exper i ment al  s t r uc t u­
r es br ought  t o hi gh def or mat i on l evel s,  as wel l  
as t o some r educed model s i n or der  t o det ai l  
t he f ai l ur e mechani sms,  wi t h speci al  car e bei ng 
gi ven t o t he r epr esent at i veness  of  t he l oadi ng 
mode.
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t he  wa l l  f o r  r a i l wa y

A r e i n f o r c i n g  ae t hod  f or  ear t h  r e t a i n i n g  wa l l a  as 

i l l u s t r a t ed  i n Fi g.  1 has  been d e v e l o p e d  under  t he 

f o l l owi ng  r e q u i r emen t s :  ( 1)  I t  s hou l d  be a p p l i c a b l e  

t o nea r - v e r  t  i ca 1 s l opes .  ( 2)  I t  s hou l d  p e n i t  t he 

us age of  any  on - s i t e  s o i l s  i nc l ud i ng  c o h e s i v e  s o i l s  

as  t he bac k f i l l ,  wh i c h  ar e o f t en  a v a i l a b l e  f r oi  e x ­

c av a t i o n  wor k  i n i n l and a r eas  i n J apan.  I n t hi s  

cas e,  i t  wou l d  be a l ar ge c os t  s av i n g  t o us e s uc h 

c ohe s i v e  s o i l s  t o c ons t r u c t  a r e i n f o r c e d  s l ope  or  

wal l ,  wh i l e  t he us age of  c o h e s i o n l e s s  s oi l  wou l d  be 

■ uc h l or e ex pens i v e .  ( 3)  I t  s hou l d  be r e l a t i v e l y  

i n e x pens i v e  so t hat  i t  c ou l d  be us ed f or  r a i l way  

e i b a n k i e n t s  of  l ar ge l engt hs .

Bas ed on t he e x p e r i e n c e s  f r o i  t h r ee p r e v i o u s  c l ay  

t es t  e i b a n k i e n t s  ( Ta t s u o k a  et  al . ,  1986) ,  t he f o l ­

l owi ng t e c h n i q u e s  wer e  adop t e d  t o s a t i s f y  t he abov e 

r e q u I r e i e n t s : ( 1)  Pl anar  g e o t e x t i l e  s hee t s  ar e us ed 

t o i nc r eas e  t he c on t ac t  ar ea  wi t h  t he bac k f i l l ,  

t hus ,  t o r educ e  t he r equ i r e d  a n c h o r a g e  l engt h.  Fu r ­

t her ,  t he g e o t e x t i l e  c ou l d  f a c i l i t a t e  d r a i n a g e  when 

a c o h e s i v e  bac k f i l l  i s used.  ( 2)  Re l a t i v e l y  s hor t  

r e i n f o r c e i e n t  i s us ed.  Th i s  l e t hod  i s needed  p a r ­

t i c u l a r l y  f or  r e c on s t r u c t i o n  of  e i b a n k i e n t s  ( Fi g.  2) .  

Th i s  l eas u r e  a l s o  r educ e  t he c o n s t r u c t i o n  cos t .  ( 3)

A c o n t i n u o u s  r i g i d  f ac i ng  i s us ed t o i nc r eas e  t he 

s t a b i l i t y  of  t he wal l  and t o r educ e  t he s e t t l e me n t  

at  t he c r es t  of  t he bac k f i l l  and t he d e f o r i a t i o n  of  

t he wal l  f ac e.  Model  t es t s  i n t he l abo r a t o r y  ( Ta ­

t s uok a  et  al . ,  1989)  has  s hown t hat  s uc h a wal l  

hav i ng  a r i g i d  f ac i ng  i s v er y  s t ab l e  des p i t e  t he 

s i al l  l engt h of  t he g r i d - t y p e  r e i n f o r c e i e n t  used.

( 4)  A s t age  c o n s t r u c t i o n  t e c h n i q u e  i s us ed t o e l i m­

i nat e po t en t i a l  da i age  t o t he c o nn e c t i o n  of  t he 

r e i n f o r c e i e n t  wi t h  t he bac k  f ac e of  t he r i g i d  f a c ­

i ng due t o t hei r  r e l a t i v e  s e t t l emen t .  The wal l  i s 

c o n s t r u c t e d  wi t h  t he ai d of  gab i ons  p l ac ed  at  eac h 

c o n s t r u c t i o n  l i f t  ( Pl a t e  l a) .  Af t er  t he l a j o r  s et -  

t l e i en t  of  t he bac k f i l l  has  oc c ur r ed ,  a u n r e i n ­

f o r c ed  c o n c t r e t e  s l ab  i s p l ac ed  d i r e c t l y  on t he 

s l ope  f ac e wh i c h  was  wr a pped  a r ound  by  g e o t e x t i l e  

s h ee t s  so t hat  t he s l ab  wou l d  not  be s e p a r a t e d  f r oi  

t he s l ope  f ac e ( Pl a t e  l b) .

Two f u l l - s c a l e  t es t  e i b a n k i e n t s  wer e c o n s t r u c t e d  

f r oi  t he end of  1987 t h r ough  t he b e g i n n i n g  of  1988.  

The f i r s t  one us ed a s and bac k f i l l  hav i ng  a l ean 

d i a i e t e r  of  0. 2 ■■ and a f i nes  c on t en t  of  16 X and 

was  r e i n f o r c e d  wi t h a g r i d - t y p e  r e i n f o r c e i e n t . The 

s ec ond  one us ed a v o l c a n i c  ash c l ay  bac k f i l l  hav i ng  

a wat er  c on t en t  of  about  120 % and a d e g r ee  of  s at -  

u r a t on  of  about  90 %.  I n t he c l ay  e i bank en t ,  t wo 

t es t  s e g i e n t s  wer e  r e i n f o r c e d  wi t h a g r i d - t y p e  geo-

+  RAIL C EN TER

Fi g .  2 Re c o n s t r u c t i o n  

of  e mb a n k me n t

Pl a t e  1 L e f t :  Wal l  u n d e r  c o n s t r u c t i o n ,  Ri g h t :  Co mp ­

l e t e d  r i g i d  f a c i n g  of  c l a y  t e s t  e mb a n k me n t

Fi g .  3 De f o r ma t i o n  o f  t e s t  s a n d  s l o p e s  wi t h  a r i g i d  

f a c i n g  a n d  wi t h  a d i s c r e t e - p a n e  1 f a c i n g .

t ex t i l e  wi t h  gr av el  d r a i n a g e  l ay er s ,  t wo o t he r s  

wi t h a n on - wov en  g e o t e x t i l e  and t he o t her  t wo wi t h 

a c o mp o s i t e  of  non - wo v e n  g e o t e x t i l e  and wov en g e o ­

t ex t i l e .  Al ong  t he t we l v e  t es t  s eg i en t s ,  e l ev en  had 

c o n t i n u o u s  r i g i d  f ac i ngs  and one i n t he s and ei -  

bank i en t  had a d i s e r e t e - p a n e  I f ac i ng.

The behav i o r  of  t he s l opes  has  been l on i t o r e d
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Fi g.  4 De f o r i a t i o n  of  t eat  c l ay  s l op e s  wi t h  a 

c o mp o s i t e  r e i n f o r c e me n t

c o n t i n u o u s l y  wi t h d i s p l a c e me n t  t r ans duc e r s ,  por e 

wat er  p r e s s u r e  t ans duc er s ,  ear t h  p r e s s u r e  c e l l s  and 

s t r a i n  gages  i n r e I n f o r c e i en t  l ay er s  ( deno t ed  as  Dl ,  

Ul ,  PI ,  El  and s o on i n Fi gs .  3 and 4) .  Al l  t he 

t es t  s e g i e n t s  hav i ng  c o n t i n u o u s  r i g i d  f ac i ngs  e x h i ­

b i t ed  v er y  good p e r f o r ma n c e  wi t h  a s e t t l e me n t  on 

t he c r es t  of  on l y  about  I c m about  t wo y ear s  a f t er  

t he c o n s t r u c t i o n  ( Fi gs .  3 and 4) .  On t he o t her  hand,  

t he t es t  s egmen t  wi t h  a d i s e r e t e - p a n e  I f ac i ng  e x h i ­

b i t ed  a r e l a t i v e l y  l ar ge d e f o r ma t i o n  ( Fi g.  3) .

Thes e  r es u l t s  a r e  wel l  i n a c c o r d a n c e  wi t h  t he f i n d ­

i ng f r om t he mode l s  t es t s  i n t he l a bo r a t o r y  ( Ta t s u-  

oka,  et  al . ,  1989) .  I t  i s p a r t i c u l a r l y  i mpor t an t  

t hat  t he c l ay  t es t  e mb a n k me n t  has  been v er y  s t ab l e  

des p i t e  s ev er a l  t i mes  of  na t u r a l  heav y  r a i n f a l l s .  
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N o rw a y )

The Gener al  Repor t er  has ment i oned t he l ong- t er m per ­
f or mance of  geosynt het i cs and r ai sed i mpor t ant  concer ns 
r egar di ng st r ai n compat i bi l i t y and t he pot ent i al  f or  
cr eep.  St r ai n compat i bi l i t y r ef er s t o t he r el at i onshi p 
bet ween st r ai n i n t he soi l ,  st r ai n i n t he r ei nf or cement ,  
and t he r esul t ant  mobi l i zed f or ce i n t he r ei nf or cement .  
Cr eep i s t he cont i nued st r ai ni ng of  t he r ei nf or cement  at  
const ant  l oad.  They ar e t wo i mpor t ant  consi der at i ons i n 
desi gn whi ch f i el d measur ement s f r om t he i nst r ument ed 
sl ope ( Fanni n and Her mann,  1989)  speci f i cal l y addr ess.

Tensi l e st i f f ness of  t he r ei nf or cement  gover ns st r ai n 
compat i bi l i t y.  I ndependent  measur ement s of  st r ai n i n 
t he backf i l l  soi l  and st r ai n i n t he geogr i d r ei nf or ce­
ment  have shown good agr eement ,  wi t h si mi l ar  magni t udes 
of  st r ai n r ecor ded i n t he gr i d and adj acent  soi l .  The 
st r ai n whi ch i s necessar y t o mobi l i ze t he r equi r ed f or ce 
f or  equi l i br i um i s smal l :  i f  t he char act er i st i cs of  t he 
geosynt het i c ar e such t hat  st i f f ness i s not  si gni f i cant ­
l y compr omi sed by any cr eep st r ai ns,  t hen conf i dence i n 
t he l ong- t er m behavi our  of  t he st r uct ur e i s enhanced.

Cr eep of  geosynt het i cs i s wel l - r ecogni zed.  Fi el d 
moni t or i ng of  st r ai n i n t he gr i d r ei nf or cement  has 
cont i nued and dat a f or  t he per i od of  sur char ge l oadi ng 
have now been anal yzed t o June 1989,  near l y t wo year s 
af t er  compl et i on of  const r uct i on i n Jul y 1987.  Thr ough­
out  t he per i od of  per manent  sur char ge l oadi ng t he f or ce 
i n t he r ei nf or cement  has been st eady,  t hough not  con­
st ant .  Cor r espondi ng measur ement s of  st r ai n show a 
devel opment  of  mean st r ai n wi t h t i me whi ch i s r el at i vel y 
smal l  ( Fanni n,  1989) .  The f i el d dat a i ndi cat e cr eep i s 
t aki ng pl ace and t hat  t he magni t ude of  cr eep st r ai ns i s 
compat i bl e wi t h char act er i st i cs of  t he mat er i al  suppl i ed 
by t he manuf act ur er ,  as def i ned by i sochr onous st r ai n 
cur ves f r om l abor at or y cr eep t est s.  A cont r ol l i ng 
f act or  i n t hi s obser ved behavi our  i s t he l ow r at i o of  
mobi l i zed f or ce i n t he pol ymer i c r ei nf or cement  compar ed 
t o t he ul t i mat e t ensi l e st r engt h of  t he mat er i al .
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