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ABSTRACT :  In this study, creep behavior of an instrumented geotextile reinforced earth 
retaining wall was evaluated through a numerical analysis and in situ observations. The 
instrumented R. E .  wall was S-meter in height , 40-meter long and was constructed to 
resist a small scale landslide of a mudstone slope in S . W. Taiwan. The R . E .  wall 
consisted of 4 sections, each a combination either of geotextile, N-l (woven geotextile) 
or G-l ( composite of local product ) ,  embedded in either alluvium sandy sail or fly ash 
stabilized decomposed mudstone . In the numerical model, cable element were used to 
simulate the flexible member of geotextile , and the simple supports were set at the 
boundary element s .  The body of the numerical model was then constituted by the series 
parameters (density, cohesion, friction angle, shear modulus, etc . ) .  Through this 
analysis procedure, the in situ geotextile creep behavior could -be evaluated. 

1 INTRODUCTION 

In order to improve the stability 
problem of mudstone slopes , the 
authors ' s  systemat ic study aims at 
evaluating the feasibility and 
efficiency of using geotextile and fly 
ash to reinforce the site and stabilize 
the backfill mater ial, respectively. 
Based on the findings of previous 
laboratory studies by Chang, et. al . ( 
1987 , 1989, 1991 ) ,  this project 
instrumented a geotextile reinfq,rced 
test wall to evaluate its effectiveness 
in application . The test section is 
located at Provincial Highway No . 3  from 
358km+ 120 to 358km+ 1 6 0 .  The side slope 
of this section had sl ide due to toe 
failure of a concrete gravity type 
retaining wal l .  To replace the damaged 
w�ll, two tiered test wall was designed, 
wLth the lower and upper tiers, 3m and 
2m high, respect ively, and installed. 
Combination of two types of woven 
geotextiles (woven geotextile and 
compOsite of local product) and two 
types of fill materials ( al luvial sand and fly ash-cement treated weathered mudstone)were used and arranged into �our test. sections along the site.  aSed on the tensile behavior of geotextile and the frictional 
�haracteristics of backfill-geotextile Lnterface , the wall design was made by the Convent ional tieback wedge analysis method .  

st��*: � lope had been monitoreQ. and found 
. 

L I Lzed for a period of two years serLes of . . ' 
f monLtorlng data were collected rOm the installed instrumentation system Th . . . e numerlcal analys�s proposed 
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in this study was made to evaluate the 
field performance . 

2 BACKGROUND REVIEW 

The creep behavior of geotextile is 
known as the one of the most important 
latent factors to affect the performance 
of reinforced earth. Numerous of studies 
have been conducted to establish 
practical guidance for the design of 
earth reinforcement . 

From the previous studies (McGown, 
et.  al.  , 1984 ) ,  confining condition, 
temperature, fiber type , and fabric 
structure, were evaluated as the major 
factors to influence the creep behavior 
of geotextile. In general ,  it was 
qualitatively concluded that the creep 
strain increases as the temperature 
increases while creep strain decreases 
as confining pressure or strength of 
geofabrics increases .  However ,  the 
quantitative relationships between creep 
strain and above factors were still 
difficult to establ ish. Therefore, 
additional factor of safety had been 
used in practice for the design of 
reinforcement . 8ell et .al ( 1980) gave 
the limitations on the design tensile 
strength for various fiber materials; 
Keorner and welsh ( 19 8 1 )  suggested the 
use creep strain curves for soil and 
geotextile, but the designer ' s  judgement 
could produce considerable differences; 
Christopher and Holtz ( 1986)  provided 
the l imitations on the design strength 
« 25% of tensile strength) and creep 
strain « 5 % ) . 

The rapid growth of 
application in engineering 

geofabric 
practical 



necessitate a more accurate quantitative 
understanding of soil-geofabric 
behavior, the numerical study proposed 
herein take into consideration o f  the 
factors indicated by McGown, 
et . al .  ( 1 984 ) ,  and hope by using a more 
rational approach which may reduce the 
conservatism in design practice. 

3 PROPOSED STUDY PROGRAM 

The analysis program was developed as 
shown in F ig . l .  Since the numerical 
�nalysis program reported in this paper 
needs to employ the previous works for 
laboratory and field studies, a brief 
summary is presented in ' Table 1 ;  the 
R. E. wall was instrumented as shown in 
Fig . 2 . ; typical test results used in the 
analysis program are provided in Fig . 3  
to F ig . B .  

4 NUMERICAL MODELLING 

since the tensiometer and extensiometer 
only present _the " local behavior" ( shown 
in Fig . 2 ) ,  the numerical �odel needs to 
be preliminaryly st,udied for comparison 
purpose. Before processing to the 
numerical analysis, some assumptions 
based on the field condition were made : 

1 . The model is an equ i l ibrium system; 
2 . Water table is low and backfills 

materials are assumed to be 
homogeneous and unsaturated; 

3 .  The strain of wall is assumed t'o be 
small; 

4 . After compaction, backfill soils and 
geotextile are bonded together and 
displacements are equ a l ;  

5 .  The Mohr-Coulomb theory i s  
applicable for stress analysis. 

I 
ILaboratorY studiesl 

1. Physical , tensile  
and creep 
properties of 
�cotcxtiles. 

2 .•. lOar st.rength 
and other 
properties of 
backfi l l  soils. 

3. Inter-properties 
of soil-
gcotcxti Ie. 

StudY pror,ram I 1 Nu�"al 1 I Field studies I analYSIS 
pro!!'.rtlm , 

Computer "'QUom 
,
l lrien and iostal l l of FLAC 2.0 for the instrumented 

numerical analysis test wall 

Preparation of for field 
Irnitoring "noroml 

input parameter's 1 rorformance 

Ideal rt'IJdel -for 
stress-strain Measured bsured 
behavior of tensile tensile 
reinforced earth stress of strain of 

I gcotexti Ie eeotexti l e  

Anallsis thc results 1 I So"dfied model I of slillPle creep 
test 1 Field creep I ' strain behavior 

laboratory creep test to 
1 Thc relotiDnships frDm 

D
I 

field pcr'formanee 

Fi&. l Analysis Procram 
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Table 1. Surruna.ry o f  Previous Works for Labor'atory 
ami Field Studies 

1. Strcss-strain r'eiationships was 
Gcotexti I e  

obtained by wide width tensi I e  test (ASHI 4!)9!)-RG. 1987) , taneent modulus was also evaluated 
Only 2.Sirnslie (:r'eep tcst to obtain erccp strain-leads cur·vC$ 

[All t1ctai Is refer to the studies 
by amne ct. a l .  <HmO, W91)] 

1. Alluvial sand material and fly ash 
-cement tJ·cated weathered 

Laboratory Bal'.kfi I I  mudstone were used as Ixu:kfi lis. 
Studies Sci Is Only 2. Max . ..,-d,OK; from Miniature Harvard 

Corns18dion Test 
3,C, ¢ from soaked undrained direct shear tcsts 

[All clctai Is after Diang, 
et.ol (1987, 1000)] 

1.Strcss-strain curve and frh:tionaJ ancle of inter·face, ¢ SF, was 
Soi I - det.ermined by clir'ed shear method 

(ASHIl , tangent modulus was also 
Gcotextiic  obtained from (:urve. 
Inter'aetion [Al l dctai Is after Drane, 

ct. al.  (l8S9,1000)] 
1.Conventional wcUee analysis mctlrod 

was used for reinfon:ed earth 
earth wall clcsien. 

2. Pr'OI.Xltlur·e and spedfieation of 
l'.onstrm:tion were based on the 

Field Design and sUl'£,estion by Christopher and Holtz (1900), 
Studies Construction 3*.Six t.YI1CS of instr'umcntation were 

installed at tire test site. Only of Test Wall the mon i tOl'Cd rCsu I ts for tens i Ie stress and str·ain (eionr.ation) ate 
Lu 1m u:;uu ill Lhis sLudy, clata aro 
presented in Table 5. 

[AI I- detai Is after elmnc, 
ct.al. (lOOO, 199[)] 

*Loeation and arranr.emcnt for instrumentation Systems 
instal l ed at test site are shown in Fie.2. 
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According to the above assumptions th ' e computer program " FLAC" is used to do th " 
. e analysis. "FLAC" is developed USlng on the finite difference ( FD )  method for analyzing the static 50i1-structure interaction problems. The soil and

, structure are meshed into grids . The ��tl?n . eq�a�ion i s  solved by the 
t

. pll.cl.t Fl.nl.te Dif ference method . The 
v

l.�e-7tepped reactions, displacement and 
t
� OClty,  are obtained by trans forming e . s

.
tress of each element before the equlll.brium condition of the system i s  reached . . 

--
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(a) G-l GEOTEXTILE (b) N-l  GEOTEXTlLE 
Fie. fl Results of Gcotcxti les r..r'ccll Test 

I n  this study, 960 elements were used 
to simulate the cross section of test 
wall ( as Shown in Fig . 9 ) .  Simple support 
system was given for simulating the 
behavior of the boundary . For completing 
the model ,  three types of elements are 
used in the study, they are soil 
element, reinforcing element 
� geotext i le l , and interface .element . 

. .-- ,.- � 
..--c l'-

M l, 
Fi�.9 Elements of Numm'l:ial Mouel 

For soil and reinforcing element s ,  are 
used to simulate the theoritical stress­
strain behaviors of the reinforced earth 
mas s .  The addit.ional element, interface 
element, is engaged to simulate the 
inter-behaviors of above two elements .  
The combination o f  these element s ,  
therefore, is estabilished the 
numerically s imulated earth mas s .  Based 
0;0 the monitored stress data, the 
responsing strain behavior can be 
obtained through the numerical 
calculation procedur e .  And, the 
comparison can be made between the field 
monitored elongation and th"e calculated 
strain. It is believed that the 
di fference could be influenced by the 
creep ef fect in the field. 

The parameters used i n  this modelling 
analysis were obtained from the 
laboratory studies (refere to Table 
2 , Fig 3' to Fig 7 . ) ,  some adjustment as 
needed in order to fit the numerical 
models properl y .  They are briefiy 
described as follows: 



Tab le  2 Basil: Pr'opeitics of Bm:kfi l l  Soi l s  

Paiarneter Ticnteu Soi I Sanu 

Cohesion (N/rn�) 4. 37xlO,1 1. 9!ixl04 

Fiietion Am:le (de£iee) 42.3 44. 1 

Sheai Modu I us Wlm2) 3. lxl O" 8xlO? 

1 . Parameters of soil element - Except 
for soil unit weight, cohesion, and 
internal friction angle may readily 
obtained from test results, shear 
modulus and bulk modu lus also need to be 
considered. The shear modulus was 
determined by the s lope of stress-strain 
curve from the results of direct shear 
test . While in order to obtain the bulk 
modul u s ,  the suggested value by Cundall 
( 1987 ) was used . The typical data used 
in the FLAC proqram is shown in Table 3 .  

Table 3 PaiameteiS of Soi l  Element 

Paiametei Tiented So i I Sand 

Cohesion (N/m2) 2.9xl04 1. 3xl04 

Fiietion Angle (t!egiee) 29.4 30. 0 

Shear' Modu I us (N/m!::) 2. 0xlOIl 5. 2xl07 

Bulk Modu lus (N/m�l) 4. 4xl0'� 1. Oxl01l 

lInit Weicht (N/m3) 1440 1500 

2 .  Parameters of reinforcing elemGilt -
The required input parameter6 for 
reinforced element are reinforced area, 
yield strength, and Young ' s  modulu s .  For 
reinforcing e lement o f  geotextile in the 
test wal l ,  the parameters were 
respectively defined as the specimen 
size, tensile strength, and tangent 
modulus_ from the results of wide width 
strip tensile test (ASTM 4959 ) .  For the 
next two properties can be referred to 
Table 4 .  

'fable 4 PameteiS ot' Heinfon:ine Element 

Pur'ametei G-l N-l 

Y i e l d  Str'eneth (N/m) 4.9xl04 8. 3xl04 

Youm:. ' s  Modulus IN/m') 1 . l1xlOG 4. 5uxl06 

3 . Parameters of interface element 
bond stiffness and bond strength of 
grout are the major parameters to 
present the stress distribution 
behavior . In this study, the tangent 
modulus and peak stress of stress-strain 
curve of soil geotextile interface 
from direct shear test were used 
respectvely as the parameters_ concerned 
above ( as given in Fig 4 to Fig 7 ) . 
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since the Series stress - - strain curves 
were obtained under different c;:onfining 
pressure during direct shear test, the 
va:rious parameters . were propely 
determined for each reinforcing lift of 
test wa l l .  

5 RESULTS FROM NUMERICAL ANALYSIS AND 
MONITORING PERFORMANCE 

The measured loads and displacement from 
tensiometers and extensiometers, 
respectivel y ,  are provided in Table 5 .  
I n  order to numerically simulate the 
measured stress condition in the field, 
numerous trials with the varied input 
paramters have been conducted . Results 
indicated that the reduced pa�ameters of 
soil element ( as described ' previously) 
using one third of internal friction 
angle ( 1/ 3 (/» , matched well with the 
simulated stress condition. The value 
of 1/3 ¢ was also suggested by 
Christopher and Holtz ( 19 8 6 )  for the 
performance of field compacted back f i l l .  

Tabla 5 Monitoiim: Results 

Tostine Wall Tensiomotei Extcns i ODlCtOl" Man i tor i 118 Scx:tion Monitor-im: LOa<J(N) Displacement (nun) 

Scdion 2 
2IIIl0 2.37 

G-lffieated So i l  413fl 4.75 

0331 9. !iO 

1957 O.SO Seetion 3 
N-lffiCated Soil 3147 1 .35 

4fKi2 3.114 

Scetion 4 
WIl3 3.[{) 

N-liSand 0229 4.45 

9000 R25 

* TIle seetlOn 1 had been dlStoilCU by the iunoff of bcavy iainfall 

6 EVALUATING CREEP STRAIN OF FIELD 
PERFORMANCE 

The reading obtained by extensiometer 
represents the sum of elongations from 
elastic strain and creep deformation 
( t ime dependent strain under sustrained 
constant stress ) .  Therefore" the creep 
strain is obtained by subtracting the 
r��ult from the prClvioua anLllyo'io from 
field extensiometer reading, the results 
are summarized in Table 6 .  

Table 11 Numcdeal Analysis Deter'minod Field Creep Str'ain 

L�Us 
Elastil: Measured Cr'oep u'CCJl 

Gcctext i los Eloneation Eloneation Eloneation Str'ain 
IN) I",) i",l I",) 1%) 

1080 0. 107 0.80 O.ug 0.()[1fl 

2300.7 0. 129 1.8!i 1.72 0. 143 

N-l 4,108 O.W2 3.m 3.411 0.290 

&i9!i 0. 3GO 5.45 5.0g 0. 424 

9!i00 0. 472 9.25 8.79 0.732 

mG.7 0.119 2.37 2.25 0. 188 

G-l 3592 O. lr18 4.75 4.59 0. 383 

DrlM O. HXl 9. DO 9.40 0.784 



7 CORRELATION OF CREEP BEHAVIOR WITH 
LABORATORY AND FIELD PERFORMANCE 

Based on the previous study by Chang 
et . al .  ( 19 9 1 )  and Figure 8 , results from 
creep test are reproduced and plotted i n  
Figure 1 0 .  I n  addition, for comparison 
purpose ,  creep strain data presented i n  
Table 6 are also shown i n  Fiq . l O .  The 

N-l f:l!:.��_� Testing HH<tField /* 

.: .. / 
.. /,// 

/( / ,,' //� ." O �O���"�1�lonoT"noT"�2ko�, ,�, r"��1 '0T, ,�, ,��, ,;rl20 
LOADING ( KN ) 

Fic_10 Pcr-fomam:e of L<lh. with Ficld Cr'ooP Str'Din 

regression curves were plotted for G-l 
and N-l geotextiles of the laboratory 
and field behaviors, the equations for 
these curves can be expressed as 
following: 

tL ( G_1 ) , %= 0 . 116+7 . 0*10-4*F ( 1 )  

tL ( N- l )  , %=0. 00828+7 . 2 9 *  10-4*F - ( 2 )  

eF ( G_l ) , %=0 . 139+3 . 2 1*10-S*F ( 3 )  

GF ( N_ 1 ) , %=-0 . 00 7 9 1 + 6 . 0 2 * 10-S*F ( 4 )  

In which eL and tF are the cre�p 
strain ( % )  obtained from laboratory and 
field, respectivelYi F is the applied 
load, unit in N/M. Comparing the values 
of tL and f�F for two geotextiles,  the 

ratios of tL/tF ( =R ) were determined and 
regression curves are shown in Figure 
1 1 .  The curves may be expressed as 

-

n: 
o � o  
Z � l!l 

o 

X;I li I{ IElI l[ II J 
N-1  

G-1  

5 
LOADING ( KN ) 

1 .0  

Fie. l l  TIro Relationsldp of Lau. with Field Cr'c(!p Str'ain 
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R (G_1 ) =e ( -2 . SS * 10-S*F) * 7 . 5 ( 5 ) 

R ( N_1 ) =e ( -S . 2S * 10-6*F) * 1 6 . S ( 6 ) 

In which 

ratios of 

R (G-l ) and 

tL to tF , 

R ( N-1 ) 
for G- l  

are 

and 

the 

N-1 
geotextiles respectively; F is the 
applied load, in N / M .  

B y  the above equations, tF c a n  be 
obtained with the known R (by given 
F) and GL (by the s imple ceep test ) .  
According to the findings of this study, 
the relationships of the field creep 
behavior and laboratory performance may 
be given by equations ( S )  and ( 6 )  which 
are developed for geotexiles G-l and N-
1 . For more general application, the 
properies of various backfill soils and 
geotextiles are necessary to define the 
input parameters in the model .  

Since the influeneces o f  factors are 
complicated, the " property ratio" , such 
as stiffness ratio, modu lus ratio, etc. 
i s  under consideration in the ongoing 
study by the authors, in order to 
simplify the problem 

8 CONCLUSIONS 

Based on the numerical analysis 
program conducted and discussed herein, 
it may be concluded that: 

1. The related properties o f  soil­
geotextile interface which were 
determined from direct shear tests 
are compatible to the behaviors 
s imulated from the numerical model . 

2 .  Typical properties of geotextile 
obtained by wide width strip tensile 
test can be properly used to define 
the numerical mode l .  

3 . 0ne third o f  internal friction angle 
( determined by direct shear test ) ,  
is found to be compatible to the 
field behavior of reinforcing soi l .  

4 . The model for evaluating the field 
creep behavior of geotextile 
reinforced earth wall is establ ished 
in this study. Concerning the 
difference of soil type and kind of 
geotextile s ,  more general i zed model 
is required in the future study. 
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