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The construction damage of flexible geogrids under 5 different backfill materials
Les dommages de construction de geogrids flexible au-dessous de 5 différents remblayent des 

matériaux

Chiwan Hsieh, J.H.Wu, & C.K.Lin -  Department ot Civil Engineering, National Pingtung University of Science and Technology, Pingtung,
Taiwan

A B ST RA C T : A  com preh en sive on -si t e fu l l - scale const ruct ion  dam age test  o f  f l exib le geogr ids from  a sin gle m anufactu re w as 

per form ed. Th e reduct ion  rates o f  geogr id  tensi le st rength p laced  w it h in  clayey so i l , san dy soi l , clayey gr avel , poor graded  si l t y gravel , 

and w el l -graded  crushed  stone gravel  are 1%  to 17% , 4%  to 15% , 5%  to 16 % , 12%  to 34% , and 12%  to 42% . Th e retained st rength o f  

ju n ct ion  ( GRI - GG2)  for  f lex ib le geogr id  is ranging from  7 1%  to 10 0 %  for  var ious t ypes back f i l l  m at er ials. A d d i t ion al l y, 2%  o f  the 
m axim um  load is recom m ended as the preload  for  sin gle r ib t en si le st rength test  ( G RI - G G 1) . Th e w ide w idt h  t en si le st rength ( A ST M  

D 4595)  o f  the test  geogr id s gen eral l y is about  5%  to 15%  low er  than those obtained from  sin gle r ib t en si le tests ( G RI - G G 1) . Th e 
d i f feren ce o f  t en si le st rength obtained from  these t wo test  m ethods increases as the const ruct ion  dam age effect  increases.

RÉSU M É: Un essai  com plet  sur  p lace com plet  de dom m ages de const ruct ion  des geogr ids f l exib les d 'une fabr icat ion  sim ple a été 
réal isé. Les caden ces de réduct ion  de la résistan ce à la t ract ion de geogr id  p lacée dans le sol  argi l eu x, le sol  arén acé, le gr av ier  

argi leu x, le gr av ier  si l t y évalué pauvre, et  le gravier  en Pierre écr asé b ien -évalué sont  de 1%  à 17% , 4%  à 15% , 5%  à 16 % , 12%  à 

34% , et 12%  à 42% . L a force m ain tenue de la jon ct i on  ( GRI - GG2)  pour  le geogr id  f lexib le s'ét end de 7 1%  à 10 0 %  pour d i f féren ts 

t ypes rem blayen t  des m at ér iaux. Supp lém ent ai re, 2%  du chargem ent  m axim um  est  recom m andé com m e ch arge in i t iale pour  l 'essai  

sim ple de résist an ce à la t ract ion de n ervu re ( G RI - G G 1) . L a résist ance à la t ract ion large de largeur  (A ST M  D 459 5)  des geogr ids 

d 'essai  est  gén éralem en t  en vi ron  5%  à 15%  in fér ieurs à ceu x obtenus à par t i r  des essais de tension  de nervure sim ple ( G RI - G G 1) . L a 
d i f fér en ce de la résist an ce à la t ract ion obtenue à par t i r  de ces augm en tat ions de m ét hodes de deux essais à m esure que l 'ef fet  de 
dom m ages de const ruct ion  augm ente.

1 IN T RO D U CT I O N

Geogr i ds are cu rren t ly being used  in a num ber o f  d i f feren t  soi l  

rein forcem en t  app l icat ion s, such as retain ing w al l s, steep soi l  

slope st ab i l i zat ion , and im prove bear ing capaci t y o f  foundat ion  

soi ls. A l l  o f  t hese app l icat ion s requ i re design  procedures that are 
based on the t en si le st rength  o f  geogr id . Th e al low able st rength 

can be related to one anot her  on a si t e-speci f i c basis as fo l l ow s 

(K oern er  1998) :

Tallow = Tulrl----------------------- !- ----------------------  ( I )

v x  x  RFcd x  RFm J

W here ; aMow =  al low abl e w id e w idt h  t ensi le st rength for  use in 

design ; T ult =  u l t im ate w id e w idt h tensi le st rength on the as- 
received  m at er ial ; RFm =  reduct ion  factor  for  inst al lat ion  

dam age; RF(V(=  reduct ion  factor  for  creep deform at ion ; RFrD = 

reduct ion fact or  against  ch em ical  degradat ion ; RFBD= reduct ion 

fact or  against  b iological  degradat ion.

U p to n ow , a num ber o f  studies related to the su rvivab i l i t y o f  

geot ext i les and r igid geogr ids has been per form ed (Koern er  and 
Koerner  1998, Koern er  et  al . 19 9 3, Rich ardson  1998, Troost  and 

Ploeg 1990) . Recen t  w ork  by FH W A  and I FA I  has led d evelop ­

ment  o f  reduct ion  factor  for  instal lat ion  dam age o f  Geosyn t het ic 

used in rein forcem en t  app l icat ions (Su i t s, 1996) . Th us, the 

ob ject ive o f  the study is to f i l l  the gap o f  the current  database 

and to provide the test  data o f  the instal lat ion  dam age o f  f lexib le 

geogr ids.

2 FI EL D  SU R V I V A B I L I T Y  T EST  PRO GRA M

Th e f ield  su rv i vab i l i t y  study w as per form ed dur ing the devel ­

opm ent  o f  an indust ry park  near Sh in -Ch un , Taiw an  in the m id ­

dle o f  Sept em ber 1999. PV C-coat ed  PET  geogr ids produced by a 

local  m an ufact ure are used in the study. Th e m an ufacture design  

st rength o f  the test  geogr i ds are 60 kN/ m , 100  kN/ m , 150  kN/ m, 

and 200 kN/ m . Th e m an ufactu re rol l  w idt h  is 3.8 m eters. A  num ­

ber  o f  124  w arp r ibs are counted for  the raw  sam ples (equ ivalen t  
32 warp r ibs per  m eter). Th e r ib open ing is about  2 cm  by 2 cm , 

and the open ing area is about  47% . Th e size o f  test  sam ple is 

1.9  m w id e and 2.9  m lon g. In order  to evaluat e the ef fect  o f  
com pact ion  rol ler  t ravel in g d i rect ion  on the st rength o f  geogr id, 

the w arp r ibs o f  test  sam ple w ere placed paral lel  (M D C test ) and 
perpend icular  ( X M C test ) to the rol ler  t r avel in g d irect ion  for  

these four  t ypes o f  geogr ids. T ot al l y 8 p ieces o f  test  sam ples 

w ere placed w i th in each test  pit . Th us, the m in im um  size o f  test  

pi t  is 8 m eters by 11 meters.

3 T EST  D A T A  A N D  RESU L T S

U pon exh um ing the inst al led geogr ids, a visual  dam age su rvey 
w as m ade. Th e num ber o f  r ibs broken per square m eter was 

reported. Th e exhum ed geogr id  sam ples w ere then labeled and 
sh ipped back  to laborat ory for  t est ing. Th e st rength beh avior  o f  

the geogr ids before instal lat ion  and after  exh um in g w as evalu ­

ated accord in g to the Geosyn t het ic Research  Inst it ute test  stan ­
dards G G 1, GG2, and A ST M  standard D 459 5. For  each geogr id 

sam ple, 20 specim ens w ere tested for  G G 1 and GG2 test  m et h ­

ods, and 5 specim ens w ere used for  w id e w idt h  tensi le tests. For  

sim pl ici t y, sin gle r ib t ensi le st rength test  ( G RI - G G 1)  w as used as 

the pr im ary test  m ethod to evaluat e the instal lat ion  su r vi vab i l i t y 
o f  the test  sam ples. In addi t ion, elongat ion  at  fai lure and jun ct ion  

st rength before and after  inst al lat ion  w as also analyzed. Th e d i f ­

ference between the test  resul ts obtained from  sin gle r ib tensi le 

tests and w id e width  tensi le tests is al so d iscussed  in the subse­
quent  sect ion  o f  the paper. Th e reduct ion factor  for  inst al lat ion 
dam age for  the f l exib le geogr id w as also evaluated.

3.1 Test Data for Pre-construction Samples

In order to understand the ef fect  o f  preload on t en si le st rength o f  

geogr id , a ser ies o f  sin gle r ib t ensi le tests w i th  var ious preloads 

w as per form ed for  these four  t ypes o f  geogr ids. Typ ical  test  

resul ts for  var ious preload con di t ions are sh ow n in Fi gu re 1. A s
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E lo n g a tio n  (% )

Figu re 1. T yp ical  sin gle r ib t en si le st rength  test  resul t s for  150 -  

kN/ m  geogr id under  var ious preload condi t ions.

T a b le  I T h e  r e s u l t s  o f  s t a t i s t i c  a n a l y s i s  o f  t y p ic a l  s in g l e  r i b  t e n s i l e  te s ts  

f o r  1 5 0 - k N / m  g e o g r id  u n d e r  v a r i o u s  p r e lo a d  c o n d i t i o n s .

P r e lo a d 0 % 1 % 2 % 5 %

T e n s i l e  

S t r e n g t h  ( k N )

5 . 9 3 7 5  9 4 5 5 . 9 9 1 6 0 5 2

S t a n d a r d  

D e v i a t i o n  ( k N )

0 . 1 2 0 7 4 3 0 . 1 4 3 1 5 9 0 . 1 4 2 4 7 4 0 . 1 7 3 1 9 2

M e a s u r e m e n t  

U n c e r t a i n t y  ( k N )

0 0 3 8 1 8 2 0 . 0 4 5 2 7 1 0 0 4 5 0 5 4 0 . 0 5 4 7 6 8

C o n f i d e n c e  

L e v e l  ( k N )

0 0 8 6 3 7 4 0  1 0 2 4 1 0 0  1 0 1 9 2 0 0 . 1 2 3 8 9 4

E l o n g a t io n  ( % ) 11 6 2 8 1 1 . 2 3 7 1 1 .3 6 1 11 4 7 6

5 % S t r a i n  

S t r e n g t h  ( k N )

2 . 0 3 4 2 . 3 1 4 2 . 3 0 5 2 . 3 1 5

sh ow n on the f igu re, the t en si le st rength versus elongat ion  cu rves 

for  1%  and 2%  preload  cond i t ions are qui te sim i lar . In addi t ion , 

the resul ts o f  stat ist ical  an alysi s for  the sin gle r ib t en si le tests o f  
150-kN / m  geogr id  under var i ous preload cond i t ions are shown  in 

T ab le 1. It is very clear  to us, the test  resul t s obtained from  2%  

preload  cond i t ion  con sist  the low est  m easurem ent  uncer t ain ty 

and 9 5%  con fiden ce in t erval . Th us, 2%  preload  w as used for  the 

rest  sin gle r ib t ensi le tests.

T a b l e  2 .  S u m m a r y  o f  t h e  t e s t  r e s u l t s  b e t w e e n  t h e  p r e - c o n s t r u c t io n  a n d  

i n s t a l l e d  s a m p le s  ( 1 5 0  k N / m )  p la c e d  u n d e r  t h e  p o o r  g r a d e d  s i l t y  g r a v e l  

f o r  v a r i o u s  t e s t  m e t h o d s  a n d  t e s t  c o n d i t i o n s

C o m p a c t o r

t y p e

C o v e r

T h i c k n e s s

T e n s i l e

S t r e n g t h

R e t a in

P e r c e n t a g e

E l o n g a t io n

R e t a i n

P e r c e n t a g e

5 %  S t r a i n  

S t r e n g t h  

R e t a i n  

P e r c e n t a g e

J u n c t io n

S t r e n g t h

R e t a i n

P e r c e n ta g e

M D C
1 5 c m 8 1  3 8 6 8 8  0 5 0 8 0 . 3 0 4 9 1 . 9 2 6

3 0 c m 8 4  9 5 8 8 9  9 6 9 8 3 . 5 8 7 7 5 . 1 1 6

X M C

1 5 c m 8 3 . 4 0 2 8 9  9 7 9 7 9  8 4 0 7 6 . 0 8 6

3 0 c m 8 5 . 9 6 0 9 0 .0 3 1 8 4 . 9 5 7 8 7 . 3 5 5

3.2 Tensile Strength o f the Geogrid Placed in the Poor Graded 

Silty Gravel

A s m ent ioned ear l ier , 20 test  specim en s w ere used for  the rib 

t en si le tests o f  each test  condi t ion . Th e resu lt s o f  150-kN / m  

geogr id  sam ples p laced  under the poor graded si l t y gravel  for  
d i f feren t  cover  th ick n ess and com pact ion  ro l ler  t r avel in g d i rec­

t ions are sum m arized in the T ab le 2. Th e average retained per ­

cen t ages for  the u l t im at e and 5%  st rain  t en si le st rength for  X M C 

test  condi t ion  w i th  30  cm  cover  t h ick n ess are 86 .0% and 85.0%, 

respect i vel y. Th e average o f  elongat ion  at  fai lu re is about  90 .0% 
o f  pre-const ruct ion  sam ple. In addi t ion , as sh ow n  on the table, 

the com pact ion  di rect ion  has no sign i f i can t  in f luen ce on r ib 

ten si le st rength. H ow ever , the percen t ages o f  retained st rength 
associat ed  w i t h  15-cm  l i f t  t h ick n ess are sl igh t l y less than those 

associat ed  w i th  30-cm  l i f t  t h ickness. Th e percen t ages o f  retained 

st rength are ranging from  8 1.4 %  to 86 .0% for  var i ous cond i t ions.

3.3 Comparison o f  Tensile Strength for Five Different Backfill 

Materials

In order  to provide com plete dat abase for  the inst al lat ion  su r v i v ­

ab i l i t y o f  f lex ib le geogr ids, the average test  valu es and percent ­

ages st rength retained for  the 150-kN / m  w oven  geogr id s p laced  

w i t h in  the test  so i ls for  X M C and M D C test  cond i t ion s are sum ­

m ar ized  in the T ab le 3. Sin ce the effect  o f  soi l  cover  th ick n ess 

on r ib t en si le st rength is not  ver y sign i f i can t  for  the tested con ­

d i t ion s, the data sh ow n in the t able are the average valu es for  
cond i t ions associated  w i th  both 15-cm  and 30-cm  cover  t h ick ­

ness. Th e data sh own  in the t able w ere obt ained  base upon the 

resul t s an alyzed  from  the sin gle r ib t en si le test s and jun ct ion  
st rength tests. In con clusion , the percent ages st rength retained 

for  the 150-kN / m  geogr id  are about  79 %  to 8 1%  for  w el l  graded 

gr avel s, 88%  to 9 1%  for  cl ayey gr avel s, and 79 %  to 80%  for 
poor graded  si l t y gr avels. D ue to l im i t ed space, the test  values 

and percen t ages st rength retained for  60-kN / m , 100-k N / m , and 

200-k N / m  geogr id s instal led w i t h in  the test  so i ls are not  sh own 
in the paper. It  w as found that  those test  geogr i d s con sist ed  sim i ­

lar  instal lat ion  dam age behavior .

T a b le  3  T h e  t e s t  r e s u l t s  a n d  r e t a in e d  p e r c e n ta g e s  o f  t h e  15 0 - k N / m  g e o g r id  u n d e r  f i v e  d i f f e r e n t  b a c k f i l l  m a t e r ia l s  f o r  X M C  a n d  M D C  t e s t  c o n d i t i o n s .  

( S i n g l e  r i b  t e n s i l e  t e s t s )

S o i l  t y p e

T e s t

c o n d i t i o n

T e n s i l e  S t r e n g t h E lo n g a t io n 5 %  S t r a i n  S t r e n g t h J u n c t io n  S t r e n g t h

T e s t  V a l u e  

( k N )

R e t a in e d  

P e r c e n t a g e  ( % )

T e s t  V a l u e

( % )

R e t a in e d

P e r c e n t a g e ( % )

T e s t  V a lu e  

( k N )

R e t a in e d

P e r c e n t a g e ( % )

T e s t  V a l u e  

( N )

R e t a in e d

P e r c e n t a g e ( % )

C L

X M C 5  5 6 9 9 2 . 9 8 1 0 .9 2 9 6 . 1 4 1 . 9 8 5 8 6 . 3 2 5 8 8 . 3 5 8 4 . 8 0

M D C 5 . 8 5 9 9 7 8 1 11 7 1 1 0 3 . 0 6 2 . 0 5 5 8 9  3 6 5 9 9 . 5 5 8 6 . 4 2

S P

X M C 5 . 4 1 2 9 0 . 3 5 1 0 .6 3 9 3 .6 1 1 . 9 8 4 8 6 2 6 5 5 5 . 4 8 8 0 . 0 6

M D C 5 . 5 1 6 9 2 . 0 9 1 1 .0 4 9 7  1 8 1 9 2 8 8 3 .8 1 5 8 6 0 6 8 4 . 4 7

G W

X M C 4 6 6 7 7 7 . 9 1 9 6 4 8 4  8 9 1 8 9 9 8 2 . 5 4 5 5 5 . 1 4 8 0 .0 1

M D C 4  9 1 0 8 1  9 7 9 9 9 8 7 . 9 4 1 9 2 3 8 3 . 6 0 5 6 6 . 7 6 8 1 . 6 9

G C

X M C 5 . 2 0 8 8 6 . 9 4 1 0  4 4 9 1  9 3 1 .9 1 7 8 3  3 4 5 8 9 . 1 9 8 4  9 2

M D C 5  2 9 0 8 8  3 2 1 0  9 2 9 6 . 1 0 1 .7 9 1 7 7  8 9 5 9 2 . 0 8 8 5 . 3 4

G P - G M

X M C 5 . 0 7 3 8 4 . 6 8 1 0 .2 2 9 0 . 0 0 1 8 9 5 8 2 . 4 0 5 6 6 . 9 7 8 1 . 7 2

M D C 4 . 9 8 2 8 3 . 1 7 1 0 .1 1 8 9 .0 1 1 . 8 8 5 8 1 . 9 5 5 7 9 . 4 6 8 3 . 5 2
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3.4  Tensile Strength at 5% Strain

T h e var iat ion  o f  the t en si l e st rength  at  5%  st rain  fo r  the 

150-k N / m  geogr i d  in st al led  in t he test  so i ls fo r  X M C  and M D C 

test  con d i t ion s are sh ow n  in T ab les 3. A s sh ow n  in the t ab le, the 

ef fect  o f  inst al lat ion  p rocess on t he t en si le st rength  at  5%  st rain  

is relat ively  less than that  on u l t im at e r ib t en si le st rength . T y p i ­

cal ly , the percen t  o f  st rength  retain ed  var i es fr om  78 %  t o 89%  

for  the con d i t ion s test ed . B y  evalu at i n g the en t i re data, the 

effect  o f  in st al lat ion  p rocess on t en si l e st rength  at  5%  st rain  is 

relat i vely  m ore sign i f i can t  fo r  the geogr i d s w i t h  h igh er  t en si l e 
st rength.

3.5 Elongation at Failure

Com p at i b i l i t y  is an im por tan t  p r i n cip le in the geogr i d  rein for ce­

m ent  app l icat i on . T h er efor e, th e r ib elon gat ion  and t en si l e 

st rength at  d esi r e st rain  are t he im port ant  m ech an ical  p roper t ies 

o f  geogr id . T h e elon gat i on s at  fai lu re o f  the 150-k N / m  geogr id  

sam p les in st al led  in the f i v e d i f feren t  t est  so i ls are al so sh ow n  

in T ab le 3. Based  upon th e test  resu l t s, the inst al lat ion  process 

w ou ld  reduce t he elon gat ion  o f  the t est  sam p le at  fai l u r e. B y  

fur th er  an alyzed  the dat a, i t  i s foun d  that  the com pact ion  ro l ler  

t r avel i n g d i rect ion  h as no sign i f i can t  ef fect  on the sin gle r ib 

elon gat ion  at  fai lu re.

4 JU N CT I O N  ST REN G T H

Com m on ly, the op en in g area o f  geogr id  is also an im por t an t  

p h ysical  p roper t y that  con t rols the in t er lock in g beh avior  o f  soi l /  

geogr i d  syst em . In add i t ion  to p rovid e su r face fr i ct ion , geogr id  

ju n ct ion  st rength  is an ot h er  m ech an ism  that  w i l l  t ran sfer  the 

pu l lou t  resist an ce o f  geogr i d  fr om  soi l  to geogr id . Th erefor e, 

ju n ct ion  st rength  is an ot her im por tan t  m ech an ical  p roper t y for  

geogr id . T h e aver age retain ed  per cen t age ju n ct ion  st rength  for  

the 150-k N / m  t est  geogr i d  sam p les is ran gin g fr om  80 %  to 8 5%  

sh ow n  in T ab le 3. In addi t ion , the beh avio r  o f  ju n ct ion  st rength  

fo r  X M C  and  M D C test  con d i t ion s w as found  to be qui te 

si m i l ar  t o each  ot her . A n d  the ju n ct ion  st rength  b eh avior  for  

ot hers t ype o f  geogr i d  sam p les is qu i te sim i l ar  to that  associat ed  

w i t h  the 150  k N / m  geogr id  sam ples.

5 W I D E W ID TH  T E N SI L E  T EST S

Sin ce geogr id s com m on ly con si st  o f  h igh  t en si le st rength , a pai r  

o f  ro l l er  gr ip  is requ i red  per for m  the w id e w idt h  t en si l e test . 

T yp i cal l y , a pai r  o f  ro l l er  gr ip  is w eigh t ed  over  60 k i logr am s.

40 

35

I  30

i 25
c  _ _ 
g 20 

C/)

M 15
CO

r“  10
H

5 

0  
0 2 4 6 8 10 12 14

El o n gat i o n  ( % )

Figure 3. T en s ile  strength  versu s e lon ga tion  cu rves  (1 5 0 -k N /m ) o f  the 

p re-construction  and exh u m ed  sam p les  under w ell-gra d ed  gravel for  

d ifferen t test con d ition s

Table 4 . C om parison  on the average ten sile  strength retained  

p ercen tages for sin g le  rib and w id e  w idth  ten sile  tests o f  150 -k N /m  

geogr id  sam ples p laced  under five  d ifferen t b ack fill m aterials for 

d ifferen t con d ition s

S oil type

T en sile  Strength  

R etained  

P ercen tage (% )

E lon gation  

R etained  

P ercen tage (% )

5%  Strain Strength  

R etained  

P ercen tage (% )

W id e

W idth

T est

S in g le

Rib

T est

W ide

W idth

T est

S in g le

Rib

T est

W id e

W idth

T est

S in g le

Rib

T est

CL 92.11 9 5 .3 8 9 7 .5 8 9 9 .5 9 7 1 .3 0 87 .6 5

SP 9 0 .4 8 9 3 .9 7 9 5 .3 0 9 7 .9 3 70.51 8 7 .2 6

GW 89 .3 5 9 2 .5 9 9 2 .9 3 9 6 .5 7 72.81 85.11

GC 8 9 .0 4 92.11 9 1 .7 0 9 4 .9 6 7 4 .7 4 8 8 .2 4

G P -G M 88 .5 5 9 1 .1 2 9 1 .3 4 94 .71 7 4 .6 8 8 5 .1 8

Th erefor e, to per form  a w id e w idt h  t en si le test  is m ore com p lex 

and t im e con sum e in com par in g w i t h  p er fo rm in g sin gle r ib 

t en si l e test . In order  to evalu at e the d i f feren ce bet w een  t hese 

t w o test  m et hods, a ser ies o f  w id e w id t h  t en si le test s o f  60- 

kN / m  and 150-k N / m  pre-con st r uct i on  and exh um ed geogr i d  

sam p les is per form ed. Fi gu r e 2 sh ow s t he t yp i cal  test  resu l t s o f  

sin gle r ib and w id e w id t h  t en si l e test s fo r  150-k N / m  pr e­

con st ruct ion  sam p les. Fo r  t he test  geogr i d , the w id e w idt h  

t en si l e t est  specim en  con sist s o f  7 r ibs, the G RI - G G l d at a 

sh ow n  on the f igu r e equ ivalen t  the sin gle r ib t en si l e t est  data 

m u l t ip l ied  by 7. A s sh ow n  on th e f i gu r e, the t en si l e st rength  

versu s elon gat ion  cu r ves is qu i te sim i l ar  to each  ot her . T yp ical  

t en si le st rength  ver su s elon gat ion  cu r ves bet w een  t he pre­

con st ruct ion  and exh um ed sam p les ( X M C  con d i t ion )  under  

w el l -gr ad ed  gr avel  fo r  150-k N / m  t est  sam p les are sh ow n  in 

Fi gu re 3. A s sh ow n  in t he f i gu r e, the u l t im at e st rength  and 

elon gat ion  fo r  the exh um ed sam p les are sign i f i can t l y  l ess t hose 

for  the pre-con st ruct ion  sam p les. T h e com par i son  o f  t he t en si le 

st rength retain ed  percen t ages fo r  the 150-k N / m  t est  sam p les 

p laced  under t he t est  so i ls fo r  sin gle r ib and w id e w id t h  t en si le 

test s are sh ow n  on T ab le 4. A s sh ow n  on the t ab les, the retained  

per cen t ages o f  w id e w id t h  t en si le st rengt h , elon gat ion  at  fai lu re, 

and t he t en si le st rength  at  5%  st rain  are abou t  5%  to 15%  less 

than the valu es fo r  sin gle r ib  tests.

6 CO N CL U SI O N S A N D  SU G G EST I O N S

T h e resul t s o f  the st udy h ave in d icat ed  that  in st al lat ion  dam age 

o f  a f l ex i b l e geogr i d  is a fun ct ion  o f  grain  size d ist r ibu t ion  and 

an gu lar i t y o f  b ack f i l l  m at er ial , com pact ive effo r t  and l i f t  t h ick -

4 6 8

El o n g at i o n  ( % )

Figure 2. C om parison  o f  s in g le  rib and w id e  w id th  ten s ile  test results  

for pre-con stru ction  geogr id  sam p les (1 5 0  kN /m )
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T a b le  5  T y p i c a l  r e c o m m e n d e d  r e d u c t i o n  f a c t o r s  f o r  c o n s t r u c t io n  

d a m a g e  o f  f l e x i b l e  g e o g r i d s

S o i l  T y p e

T e n s i l e  S t r e n g t h J u n c t i o n  S t r e n g t h

R a n g e  o f  

P a r t i a l  F a c t o r  

o f  S a f e t y

A v e r a g e  

P a r t i a l  F a c t o r  

o f  S a f e t y

R a n g e  o f  

F a c t o r  o f  

S a f e t y

A v e r a g e  

P a r t i a l  F a c t o r  

o f  S a f e t y

C L i  .o  i  a  i .20 1 . 1 0 1 . 0 0 0 1 . 2 1 1 1 1

S P 1 . 0 4 0 1 . 1 8 1 1 1 1 . 0 0 0 1 . 3 1 1 .1 6

G W 1 . 1 4 0 1 . 7 4 1 .4 4 1 . 0 0 0 1 . 4 1 1.21

G C 1 . 0 5 0 1 . 1 9 1 1 2 1 . 0 0 0 1 . 2 5 1 .12

G P - G M 1 . 1 3 0 1 . 5 2 1 .3 3 1 . 0 0 0 1 . 4 0 1 . 2 0

n ess, and t ype and w eigh t  o f  com pact i on  equipm en t s. It  is also 

clear  that  geogr i d  p laced  w i t h in  the an gu lar  crushed stone 

gr avel  sh ow n  gr eat er  d am age than ot her  b ack f i l l  m at er ials. 

Geogr id  p laced  w i t h in  b ack f i l l  m at er ials con t ain in g m ore 

great er  than N o. 4 si eve m at er ials sh ow n  great er  con st ruct ion  

dam age. A s t he con st ruct i on  d am age o f  geogr i d  test  sam p le 

in cr eases, the elon gat ion  at  fai l u r e o f  the test  sam p le w ou ld  

reduce.

A  2%  o f  the m axim um  load is recom m en d ed as the preload  

for  sin gle r ib t en si le test . I f  w id e w idt h  ro l l er  gr ip  is not  

avai l ab le, sin gle r ib t en si le test  w i t h  m ore than 10 specim en s 

can be used  to evalu at e the t en si le st rength o f  geogr id  also.

In addi t ion  to p rov id e t he in st al lat ion  d am age dat abase for  

t h is t ype o f  f l ex i b l e geogr id s, the ot her  goal  o f  the st udy w as to 

quan t i fy a reduct ion  fact or  fo r  geogr i d  inst al lat ion  su r vi vab i l i t y . 

Based  upon the resu l t s o f  t he st udy, the recom m en d ed t yp i cal  

and aver age reduct ion  fact ors fo r  f l ex i b l e geogr i d s p laced  

w i t h in  var i ou s t ypes o f  so i l s are l i sted  in Tab le 5. A s sh ow n  on 

the t ab le, geogr i d  p laced  in w el l - gr ad ed  crush ed  st one gr avel s 

sh ow ed  m ore sever e d am age than gr avel  w i t h  som e f in e grain  

soi ls. T h e t yp ical  reduct ion  fact ors o f  sin gle r ib t en si l e st rength  

for  c l ayey  so i l , san dy so i l , c l ayey  gr avel s, poor -grad ed  si l t y 

gr avels, and w el l -gr ad ed  crush ed  stone gr avel s are abou t  1.01 to 

1.20 , 1.0 4  to 1.18 , 1.0 5 to 1.19 , 1.13  to 1.52 , and  1.14  t o 1.74 . 

In addi t ion , the aver age reduct ion  fact ors o f  ju n ct ion  st rength 

for  c l ayey  so i l , san d y so i l , c l ayey  gr avel s, poor -grad ed  si l t y  

gr avel s, and w el l -gr ad ed  crush ed  st on e gr avel s are 1. 11, 1.16 , 

1.12 ,  1.20 , and 1.2 1,  respect i vel y. T h e recom m en ded valu es 

appear  to agree w i t h  t hose valu es recom m en ded by FH W A .

In gen eral , w id e w id t h  t en si le st ren gth  o f  f lex i b l e geogr i d  is 

abou t  5%  to 15%  low er  than that  obt ain ed fr om  sin gle r ib 

t en si le test . T h e d i f fer en ce o f  t en si le st rength  obt ained  from  

w id e w id t h  t en si l e test  and sin gle r ib t en si l e t est  in cr eases as the 

con st ruct ion  dam age o f  the geogr id  sam p les in creases.
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