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Laboratory and field tests for the evaluation of installation damage of 
geosynthetics in reinforced earth structures

Essais de laboratoire et in situ pour l'évaluation de l'endommegement suite à la mise en oeuvre des 

géosynthetiques dans structures renforcés

D.Cazzuffi — Enel.Hydro, Milano, Italy 
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A BST RA CT : The paper presents the results o f  an experimental act ivit y to assess the effects o f  installat ion damage on mechanical 
propert ies o f  geosynthet ics to be used in reinforced earth structures. Installat ion damage was per formed both in laboratory and on site. 
Tr ials were undertaken using f ive different  types o f  geosynthet ics. Two coarse grained soi ls were used. Laboratory damage procedure 
was carr ied out in accordance to EN V  ISO  10722-1 standard using both types o f  coarse soi ls. A lso field tests were performed with the 
same soi l used in the second series o f  laboratory installat ion damage tests. The changes in m echanical  propert ies o f  geosynthet ics 
were determined from  rapid loading tensile tests (according to EN  ISO  10319 )  using both damaged and undamaged specimens. 
Final ly, com parisons were made wi th the results obtained from laboratory and field tests.

RÉSU M É: L ’art icle présente les résultats de l ’act ivité experimentale développée pour l ’ évaluat ion de l ’endommegement suite à la 
m ise en oeuvre des géosynthet iques dans st ructures renforcés. L ’endommegement suite à la m ise en oeuvre a été étudié, soi t  en 
laboratoire, soi t  en situ, en ut i l isant  cinq types de géosynthet iques et deux types de sols. Les essais de laboratoire ont prévu l ’ut isat ion 
de la norme EN V  ISO  10722-1 avec les deux type de sols; un seul type de sol a été ut i l isé dans les essais en situ. La var iat ion des 
propriétés méchaniques des géosynthet iques a été étudiée sur la base des essais de t ract ion (suivant  la norme EN  ISO  10 319 )  sur les 
échant i l lons soi t  vierges soit  endommegés. Des intéressantes corrélat ions entre les essais en laboratoire et en situ sont  aussi 
présentées.

1 IN TRO D U CTIO N

Geosynthet ics used in reinforced earth st ructures are subjected to 
damage during installat ion. The installat ion damage depends on 
a large number o f  factors.
In order to understand this problem, several installat ion t r ials 
were made in the last  ten years (Troost  and Ploeg, 1990; Watts 
and Brady, 1990, 1994; Koem er et al ., 1993; Rainey and 
Barksdale, 1993; Sandri  et al ., 1993; Aust in, 1997; Elvidge and 
Raym ond, 1999; Sprague et al., 1999).
Installat ion damage depends on two main factors: the materials 
used and the const ruct ion act ivit ies. M aterials include both 
geosynthet ics and soi ls, whi le the const ruct ion act ivit ies are 
main ly related to two crucial aspects: the installat ion o f  
geosynthet ics and the com pact ion o f  soi ls. In Table 1 a 
schemat ic approach is reported.

Field installat ion tests al low  the designers to calculate 
installat ion damage safety factor in close relat ion with the local 
condi t ions (part icular materials used, construct ion equipment  
and procedure...) . H owever, com parison between different  tests 
is d if ficul t  and a general approach is not possible.

The EN V  ISO  10722-1 (1998)  was proposed as exper imental  
standard reference procedure to evaluate the installat ion damage 
due to coarse grained soi ls.

The experim ental act ivi t y here presented was carried out to 
assess the effects o f  instal lat ion damage on mechanical 
propert ies o f  geosynthet ics both in f ield condit ions and in 
laboratory simulat ions.

2 T EST  PRO GRA M

Laboratory tests were performed at the Geosynthet ics and 
Special M ater ials Laboratory o f  Enel.H ydro in M ilano, while 
f ield tests were carr ied out at the Geotechnical Laboratory o f  
Province o f  Trento.

Tests were undertaken using f i ve types o f  geosynthet ics: one 
nonwoven geotext i le, one woven geotext i le, two woven geogrids 
and one extruded geogrid. A l l  geosynthet ics were in 
polypropylene, except  one polyester  (PVC coated) woven 
geogrid (symbol GGW 1) . M oreover, al l  geosynthet ics were 
selected to have common values o f  undamaged tensile strength,
i.e. between 30 and 40 kN/ m (in longitudinal direct ion).

T a b l e  1 . I n s t a l l a t i o n  d a m a g e :  f a c t o r s  o f  i n f l u e n c e

M A T E R I A L S

G e o s y n t h e t i c s S o i l s

-T y p e

- D im en sio n  and shap e o f  fibre

- M anufacturing tech n o lo g y

- M ass per unit area

- P o lym er

- M ech anica l properties

- T yp e

- Grain s iz e  d istribution

- A ngu larity

- S hape

- H ardness

- M ech an ica l properties

C O N S T R U C T I O N  A C T I V I T I E S

I n s t a l l a t i o n  P r o c e d u r e C o m p a c t i o n

-  L e v e l  o f  c o m p a c t i o n  o f  b a s e  

l a y e r

-  P la c e m e n t  p r o c e d u r e  o f  g e o s y n 

t h e t i c s

-  S p r e a d i n g  p r o c e d u r e  o f  t h e  s e 

c o n d  l a y e r

-  T y p e  a n d  w e i g h t  o f  e q u i p m e n t  

u s e d  i n  s p r e a d in g  t h e  s o i l

-  L a y e r  t h i c k n e s s

-  T y p e  a n d  w e i g h t  o f  

e q u i p m e n t  u s e d  i n  

c o m p a c t i o n

-  T o t a l  c o m p a c t i o n  e n e r g y

-  L e v e l  o f  c o m p a c t i o n  o f  

s e c o n d  l a y e r
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Table 2. The five types of geosynthetics tested in this study and their main physical properties measured in laboratory

T R A D E  N A M E S Y M B O L M A N U F A C T U R E R  

( a n d  c o u n t r y )

M E L T I N G  P O I N T  

( a n d  p o l y m e r )

M A S S  P E R  U N I T  A R E A  

( g / m 2)

N O M I N A L  T H I C K N E S S  

( m m )

G e o d r e n  P P / S G T N E d i l f l o o r  ( I ) 1 7 0  ° C  ( P P ) 5 0 4 5 .1

M a c - T e x  W P  2 0 0 G T W O f f i c i n e  M a c c a f e m  ( I ) 1 6 7  ° C  ( P P ) 1 9 1 0 . 7

T e l e g r i d  3 5 / 2 5 G G W 1 T e l e  T e x t i l e s  A S  ( N ) 2 4 6  ° C  ( P E T ) 2 2 1 0 . 8

F o m i t  4 0 / 4 0 G G W 2 H u e s k e r  S y n t h e t i c  ( D ) 1 7 0  ° C  ( P P ) 4 2 3 1 .6

L B O  3 3 0  S A M P G G E T e n a x  ( I ) 1 6 6  ° C  ( P P ) 4 2 6 2 . 6

G T N :  n o n w o v e n  g e o t e x t i l e ;  

P P :  p o l y p r o p y l e n e ;

G T W :  w o v e n  g e o l e x t i l e ;  

P E T :  p o l y e s t e r .

G G W :  w o v e n  g e o g r i d ; G G E :  e x t r u d e d  g e o g r i d ;

In Table 2 the f ive t ypes o f  geosynthet ics are l isted wi th the 
main physical  propert ies measured in laboratory.

Tw o different  coarse grained soi ls were used for damaging 
geosynthet ics: a sintered aluminium oxide (corindon) art i ficial 
aggregate (as required by EN V  ISO  10722-1)  and a crushed 
porphyr it ic quarry soi l (used also for  f ield tests). The main 
character ist ics o f  these soi ls were accurately measured, to 
describe the condit ions in which the geosynthet ics are subjected 
to installat ion damage.

In Figure 1 the grain size dist ribut ions o f  the two soi ls are 
reported. The corindon aggregate has a very uniform distribut ion 
o f  the par t icles, between 8 mm and 5 mm, and could be defined 
as a poor graded medium gravel . The porphyri t ic soi l is a wel l - 
graded gravel  whit  si l t y sand.

A lso in Figure 2 the measures o f  the angulari ty o f  the grains 
are i l lust rated. The corindon aggregate par t icles are angular to 
very angular, whi le the porphyry grains are angular.

Laboratory damage procedure was carr ied out in accordance 
to EN V  ISO  10722-1 standard. A s granular damaging material in 
laboratory tests, both the cor indon art i f icial  aggregate and the 
crushed porphyrit ic quarry soi l were used. Field tests were 
per formed on ly with the porphyri t ic soil.

The changes in mechanical propert ies o f  geosynthet ics were 
determined from  rapid loading tensile tests (according to EN  ISO  
10319 )  by com par ison o f  results on both damaged and 
undamaged specimens.

3 L A BO RA T O RY T EST S

The laboratory dam aging tests were per formed both with the 
cor indon, as required by EN V  ISO  10 722-1, and with the 
porphyri t ic quarry soi l (porphyry).

A  250 mm x 350 mm geosynthet ic specimen was placed 
between two layers o f  soi l in a rigid steel box, measuring 350 
mm x 350 mm x 155 mm. The thickness o f  each soi l layer  was 
75 mm, and the first  one was loaded wi th a stat ic pressure o f  200 
kPa, for  60 s, wi th a flat  r igid plate cover ing the whole area o f  
the test container (see Figure 3).

The system  was then subjected to a dynamic loading using a 
steel loading plate, placed over  the second layer , measuring 200 
m x 100 m x 30 mm. A  sinusoidal cycle loading has been 
appl ied through a sem i-dynam ic actuator  and the applied loads 
were measured and cont rolled by a load cel l  inside the piston. A  
quasi-sinusoidal  cycl ic loading was obtained at a frequency o f  
0.2 H z, while the load was ranging from  30 to 900 kPa for  200 
loading cycles. The geosynthet ic specim en was rem oved from 
the test apparatus, exam ined for  any visual damage and then 
subjected to rapid loading tensile test, to measure the change in 
i ts or iginal propert ies, according to EN  ISO  10 319 , as i l lust rated 
for exam ple by Cazzuff i  et al. (1986).

Six specim ens were taken for  each tested geosynthet ic. To 
m inim ise the effects o f  the var iabi l i t y in the products, in the 
samples suppl ied, every dam aged specim en was taken adjacent  
to the undamaged one.

0.001 0.01 0.1 1 10 100

Diam eter [mm]

Figure 1. Grain size distribution of the two soils used in the damage installation tests

F i g u r e  2 .  A n g u l a r i t y  o f  t h e  g r a i n s  o f  t h e  t w o  s o i l s  

u s e d  i n  t h e  d a m a g e  i n s t a l l a t i o n  t e s t s
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350 mm

F i g u r e  3 .  S c h e m e  o f  t h e  l a b o r a t o r y  t e s t  a p p a r a t u s  ( E N V  I S O  1 0 7 2 2 - 1 ) .  

T o p :  c r o s s  s e c t i o n  v i e w ,  b e l o w :  p l a n  v i e w .

4 FU LL  SCA L E FI ELD  T EST S

The field tests were real ised in an area o f  2 m x 12 m. The 
size o f  each installed geosynthet ic sample was equal to 2 m x 2 
m (see Figure 4). The com pact ion plant  used for  the tests was a 
Dynapac CC21 smooth tandem vibratory rol ler , wi th total mass 
o f  6760 kg and mean m ass per unit width, for  each rol ler , o f  
2330 kg/ m. The vibrat ion system  applies a 71 kN centri fuge 
force wi th a frequency o f  48 H z and a 0.7 mm vibrat ion 
amplitude.

The layers were placed wi th a small  wheeled front loader, 
with four 0.25 m width wheels, o f  total mass o f  2200 kg and the 
thickness o f  the layers were checked at every step o f  
construct ion. Traff i ck ing o f  the uncompacted layers was 
permit ted on ly when the final  uncompacted thickness o f  the 
layers were achieved.

Compact ion was carr ied out  with eight  passes o f  the tandem 
rol ler ( 16  passes o f  one roller ) and the average level  o f  
compact ion achieved was 102% o f  the standard Proctor 
maximum  dry densi ty. The soi l was placed at its natural moisture 
content o f  4+5 per cent , whi le its opt imum was about  10 per 
cent. The average final th ickness o f  the fi rst  layer was 110  mm, 
while the one o f  the second layer  was 125 mm.

The geosynthet ics extract ion was carr ied out with the aid o f  a 
small t racked excavator , o f  total m ass o f  approxim ately 1800 kg, 
to rem ove the fi rst  crust  o f  the compacted soi l and then using 
hand shovels, broom s and pick  axes. Care was used to prevent  
further damage to the geosynthet ics and any addit ional damage 
was marked and excluded to the successive evaluat ion.

5 RESU L T S AN D  CO M PA RISO N S

This experim ental act ivi t y was designed to al low a 
comparison between the result s o f  the different  tests.

An  average residual st rength rat io for  a geosynthet ic 
subjected to installat ion dam age could be defined as:

R = To/Tu (1)

were: Tu = average st rength o f  the undamaged material (kN/ m) 
Td  = average st rength o f  the damaged material (kN/ m).

The standard deviat ion crR o f  the var iable R m ay be defined in 
function o f  the standard deviat ions o f  the var iables TD and Tu as 
fol lows:

Ok2 = (*D2 + R2cjJ ) /T v2 (2)

were: cry = standard deviat ion o f  var iable Tu 

aD = standard deviat ion o f  var iable TD

In Table 3 the average residual st rength rat ios and the 
standard deviat ions o f  the f ive geosynthet ics tested are reported.

A lso in Figure 5 a com par ison o f  the different  tests results is 
il lust rated.

Fi rst ly, it  should be appreciated the most  severe damage in 
the laboratory tests results using the corindon as damaging 
mater ial, i f  compared to the resul ts obtained using the porphyry. 
This is m ainly related to the uniform grain-size dist ribut ion and 
to the ext rem ely high angulari ty o f  cor indon grains.

The same laboratory procedure, performed with the 
porphyrit ic quarry soi l, cause less damage than the damage 
caused by corindon. M oreover, the laboratory-porphyry results 
seem to be not correlated with the laboratory-corindon ones. 
Therefore tests undertaken wi th different  soi ls have different  
effects on each different  geosynthet ic. In fact , a different  soi l 
im pl ies a different  geom etr ical configurat ion o f  the contacts 
between the par t icles and therefore a very different  mechanical 
response o f  the system to the external forces.

On the contrary, the results o f  the laboratory and field tests

Porphyry
Compaction

Containing
system

Compacted 

site soil
Figure 4. Cross section of the full scale field test
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Table 3. Results o f  the installation damage tests expressed in terms o f residual strength ratio R ( see Equation 1 )

G T N G T W G G W 1 G G W 2 G G E

L a b o r a t o r y  -  c o r i n d o n 0 , 8 7  ± 0 , 1 2 0 , 2 4  ±  0 , 0 3 0 , 4 3  ±  0 , 0 5 0 , 9 2  ±  0 , 0 6 1 ,0 1  ± 0 , 0 5

L a b o r a t o r y  -  p o r p h y r y 0 , 9 7  ±  0 , 0 9 0 , 7 5  ±  0 , 0 4 0 , 7 0  ±  0 , 0 7 0 , 9 8  ±  0 , 0 6 0 , 9 8  ±  0 , 0 6

S i t e  -  p o r p h y r y 0 , 9 2  ±  0 , 0 9 0 , 6 2  ±  0 , 0 5 0 , 7 1  ± 0 , 0 8 0 , 9 8  ±  0 , 0 4 1 ,0 1  ± 0 , 0 6

per formed wi th the same porphyrit ic quarry soi l seems much 

more close (see Fig. 3).

Only a different  visual  damage was observed: in fact , in 
geosynthet ics subjected to the site damage tests, a certain 
amount  o f  punctures, cuts and abrasions was registered.

A s ment ioned, installat ion damage st rongly depends 
respect ively on geosynthet ics and soi ls propert ies, and on 
installat ion procedure and com pact ion. This fact  clear ly appears 
in the results o f  the present  study.

The structure o f  the geosynthet ic was found very important: 
in par t icular, the thicker is the geosynthet ic, the lower is the 
damage observed, using the same soil.

M oreover, the in fluence o f  the soi l is also related to the 
part icles size dist ribut ion and to the angulari ty o f  grains. A  soi l 
with uni form  dist ribut ion o f  the par t icles (i .e. cor indon) is 
causing more dam aging than a wel l graded soi l (i .e. porphyry). 
A lso, the effect  o f  the angulari ty o f  the grains seems to be very 
important for  the evaluat ion o f  installat ion damage safety factor.

It was observed that a high resistance to damage to the EN V  
ISO  10722-1 test im plies a high resistance in site condit ions, but 
the cont rary is not true. Th is means that, i f  a great  loss in tensile 
strength was registered in the EN V  ISO  10722-1 test, nothing 
should be stated to the installat ion damage in real condit ions.

For  this reason, the EN V  ISO  10722-1 test seems to be 
adequate for the ident ificat ion o f  the geosynthet ics that have an 
excellent  resistance to installat ion damage, because it is a very 
severe test. Therefore, the use o f  the EN V  ISO  10722-1 test (in 
its present  form ), to calculate the installat ion damage safety 
factor for earth reinforced st ructures design, seems to be not 
total ly appropr iate because it gives higher reduction factors than 
might  be real ly experienced.

For  the t ime being, f ield tests remain the best  approach for  a 
correct  evaluat ion o f  the instal lat ion damage safety factor. 
H owever, the laboratory tests (in an im proved version o f  the 
present ly avai lable experim ental procedure) should also be able

to give useful data on instal lat ion damage, having the advantage 
to be easi ly standardised and less expensive.
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B a l k e m a ,  R o t t e r d a m ,  N e t h e r l a n d s ,  p p .  6 0 3 - 6 0 7  

W a t t s  G . R . A . ,  B r a d y  K . C . ,  1 9 9 4 ,  G e o s y n t h e t i c s :  I n s t a l l a t i o n  D a m a g e  

a n d  t h e  M e a s u r e m e n t  o f  T e n s i l e  S t r e n g t h ,  5 th  In t. C on f. on  

G eo le x tile s , G e o m e m b ra n e s  a n d  R e la te d  P r o d u c ts , S i n g a p o r e ,  p p .  

1 1 5 9 - 1 1 6

G Laboratory - corindon 

■ Laboratory - porphyry 

ESite - porphyry 
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