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Creep Characteristics and Stress-Strain Behavior of a Geotextile-Reinforced Sand 

La fluage et le comportement contrainte-dlHormation de sable renforce par des geotextiles 

Laboratory investigations eva1uated the ereep behavior 
of woven and nonwoven geotexti1e-reinforeed triaxial 
test samp1es. Short-term tests were performed on sam
p1es reinforced with even1y spaeed horizontal circu1ar 
disks of three eommon geotexti1es to obtain stress
strain re1ationships. Lang-term creep tests were eon
ducted on simi1ar speeimens subjected to a constant load 
of 90% of the corresponding short-term u1timate 
strength. It was found that the ine1usion of fabrie re
inforcement marked1y increased both the maximum princi
pa1 stress differenee and the initial deformation modu-
1us. Speeimens reinforeed with nonwoven geotexti1es 
exhibit ereep behavior simi1ar to speeimens reinforced 
with woven geotexti1es. 

INTRODUCTION 

The app1ieation of geotexti1es to permanent eon
struction requires that fabric properties be suffic
ient1y stab1e to permit acceptab1e performance of the 
structure throughout its design 1ife. However, there 
are many uncertainties concerning the lang-term re1ia
bi1ity of geotexti1es, particu1ar1y their resistance to 
sustained 10ading. Know1edge of the 10ng-term behavior 
of geotexti1es is essential for the safe and economic 
design of fabric-reinforced retaining structures and 
embankments as we11 as fabric containment systems. 

There is 1itt1e pub1ished information on the creep 
characteristics of geotexti1es in typical geotechnica1 
environments. Studies have been conducted to determine 
the creep properties of both fibers (1) and fabrics (2, 
3), but they have not inc1uded the effects of soi1-
reinforeement interaction. It is recognized that geo
textiles tested in isolation may exhibit different be
havior than geotextiles tested in soils (4). Koerner 
et a1. (5) proposed a tentative des ign procedure to COIl
sider the creep of fabric-reinforced cohesive soi1s . 

The objective of this study was to examine the 
response of woven and nonwoven geotexti1es eonfined in 
dense sand when subjected to short-term and lang-term 
10adings. A eOllventiona1 triaxial test configuration 
was chosen for simp1icity. Therefore, the tests pro
vide on1y a qualitative indicator of in-situ geotexti1e 
stress-strain-time behavior. 

Des essais de 1aboratoire ont ete effeetues pour 
eva1uer 1a reponse au f1uage de sab1e renforces par 
des geotexti1es. Des echanti110ns de sab1e dense ren
forces par des disques horizontaux, ega1ement separes, 
et faits de geotexti1es communs, tisses et nontisses, 
ont ete soumi 5 a 1 a eompress i on dans l' apparei 1 tri
axial. Des echanti110ns similaires ont ete soumis a 
des essais de fluage sous une charge egale a 90% de la 
resistance maximale immediate. L' insertion de 1 'arma
ture de renforcement a accru singu1i~rement 1 'eeart 
maximum entre les eontraintes prineipales et le module 
initial de deformation. Les eehantillons avec armature 
nontissee ant montre une response au fluage similaire 
a ce 11 e des eehant i 11 ons renforces a vee une armature 
tissee . 

TEST PROCEDURES 

Laboratory investigations were eonducted in two 
phases. An initial series of short-term triaxial tests 
was fo110wed by a seeond series of lang-term or creep 
tes ts. Samp1es were typically 36 mm in diameter and 
73 mm in hei ght. They \~ere composed of a dry sand com
pacted to approximately 90~; relative density (D r ) by 
tamping. Unreinforced contro1 samp1es were used in 
both test series. 

The rei nforced specilnens were constructed wi th 
circu1ar fabrie disks p1aced horizonta11y at the upper 
and 10wer third points and on the top and bottom p1a
tens. The di alneter of the di sks was tile same as the 
triaxial samp1es. Simi1ar tests have been eonducted 
by Broms (6) and Seh 1 osser and Long (7). 

Sand 

The soi1 was an oven dried, fine to medium, 
poorly-graded, angular sand with a traee of fines. 
This material is locally known as Lafayette Concrete 
Sand and is c1assified SP. Typica1 properties are 
shown in Tab1e I. 

Table 1. Properties 
010 
Cu 
Ps 
emax 
emin 
<Ptriax 

of Lafayette Concrete Sand 
o. 25 Inm 
2.36 
2.70 Hg/m3 
0.70 
0.37 
460 at Dr = 90% 

805 

. 1" ~ . ' 
L- _ 



Session 7C: Properties and Tests 111 

Geotexti1es 

Three common geotexti 1es, one ~/Oven and two non
wovens, were selected for testing. A comparison of fab
ric properties is shown in Table 11. 

Table 11. Properties of Geotextiles Tested* 
Item Supac 5-P Mirafi 140S Mirafi 500X 

Manufacturer 
Composition 
Fiber Type 

Process Type 

Unit Weight 
(g/m2 ) ASTM 
0-1910 
Thi ckness (mrn) 
ASTM 0-1777 
Grab Tensi1e 
Strength (N) 
ASTM 0-1682 
Grab Tensile 
E 1 ongati on (%) 
ASTM 0-1682 

Phillips 
Nonwoven 
Po1ypro-
py1ene 

Need1e-
punched, 
heat fused 

180 

1.3 

667 

80 

Celanese 
Nonwoven 
Polypro-
pylene, Poly-
ethylene 
Melt Bonded 

140 

0.8 

556 

65 

*Source: Manufacturer's Literature 

Short Term Tests 

Celanese 
Woven 
Polypropylene 

Slit film 

136 

0.6 

890 

24 

These tes ts \~ere conducted to determi ne the short 
term stress-strain relationships and the strengths to be 
used for the sUbsequent creep tests. All tests were 
consolidated-drained (CD) on dry sampIes using air as 
the cell fluid. Confining pressures of 35 kPa, 69 kPa, 
and 276 kPa were chosen to simulate 10adings in sma11 to 
moderate embankments and walls. 

A conventional loading press with proving ring was 
used to apply the axial stress at a constant rate of 
strain. Failure was defined as the maximum principa1 
stre~s difference. Since volumetrie strain of the dry 
speclmens cou1d not be measured, the principal stress 
difference was ca1cu1ated using the initial specimen 
cross sectional area. 

Long Term Tests 

The long-term tri axial tests were conducted to de
termine the creep behavior of various geotexti1e-rein
forced sampIes. The long-term test sampIes were con
structed in the same manner as the short-term test sam
ples. 

A sustained, axial compressive stress was applied 
by a hangar and weight system on a 10ading frame. Con
fining pressures of 35 kPa and 69 kPa were maintained 
by air pressure regu lators arranged in parallel. The 
maximum capacity of the hangar system did not pennit 
creep tests to be conducted at higher confining pres
sures . The magnitude of the applied principal stress 
difference was 90% of the maximum principal stress di f
ference determi ned from correspondi n9 short-term tests. 
After creep 1 oadi n9 of abou t 35 days. the samp 1 es ~Iere 
loaded rapidly to failure. 

RESULTS 

Short Term Tests 

The reinforcing effect of inclusions on the short
term behavior of sands has been we11 documented (6,7,8, 

806 

Second International Conference on Geotextiles, 
Las Vegas , U.S.A. 

9). The introduction of extensible inc1usions (geotex
tl1es) lnto a geotechnical environment will inhibit the 
development of soil tensile strains, thus producing a 
composite material of greater strength and modu1us than 
an unreinforced soil at the same deformation. 

The results of the short-term testing program are 
shown in Table 111. The stress-strain relationships 
for fabric-reinforced and unreinforced specimens are 
shown by Figs. 1, 2, and 3. It can be seen that the 
geotextile inclusions markedly increased the maximum 
principal stress difference and the initial deformation 
modu1us (Ei). However, at higher confining pressures 
the initial tangent modulus was found to decrease. The 
average increase in maximum principa1 stress difference 
due to reinforcing also decreased with higher confining 
pressures (211 % increase at 35 kPa, 100% increase at 
69 kPa, and 63% increase at 276 kPa). In addition, the 
fabric-reinforced samples exhibited a 1arger axial 
strain at fai1ure (gf) than corresponding unreinforced 
sampIes. Consistent with the increase in maximum prin
cipal stress difference due to reinforcing, the Mohr
Coulomb re1ationships show a corresponding increase in 
the angle of interna1 friction ($) from 460 to 540, at 
a zero lntercept (c' 0). 

fable III . 

Reinforcement 

Summary of Short-Term Triaxial Test 
Resu1ts for Various Reinforcement 
Materials (Or = 90%) 

Type 

Axi.r$lrRinl%) 

gf 
(%) 

10 i2 

Ei 
(kPa) 

Figure 1. Stress-Strain Re1ationships for 
Various Reinforcement Materials 
(03 = 35 kPa, Or = 90%) 
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Figure 2. Stress-Strain Relationships for 
Various Reinforcement Materials 
(03 = 69 kPa, Dr = 90%) 

Long Term Tests 

The results of the long-term testing program are 
shown in Table IV and Figs. 4 and 5. Consistent with 
the short-term testing behavior, it was found that at 
high relative densities (e.g., Dr = 90%), differences 
in geotextile properties did not greatly affect creep 
beha vi or. 
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Figure 3. Stress-Strain Relationships for 
Various Reinforcement Materials 
(03 = 276 kPa, Dr = 90%) 

Table IV. Summary of Long-Term Triaxial Creep Test Results for 
Various Reinforcement Materials (Dr 90%) 

Reinforcement °3 (Ol-03 )f 
(kPa) (kPal 

Unreinforced 35 231 
Supac 5-P Nonwoven 35 580 
Unrei nforced 69 535 
Supac 5-P Nonwoven 69 958 
Mi rafi 1405 Nonwoven 69 >1000 
Mirafi 500X Woven 69 996 

When fabric-reinforced samples are subjected to 
sustained loading conditions, the strain response con
sists of an immediate or "elastic" strain followed by a 
time-dependent creep strain. Figs. 4 and 5 show the 
creep strain versus time for reinforced and unreinforced 
specimens at two different confining pressures. Approxi
mately 70% of the total creep strain occurred in less 
than three days of sustained loading. In all ca ses the 
observed creep response resulted in a nonlinear creep 
curve when plotted as a function of logarithmic time. 
Finnigan (1) and Van Leeuwen (2) reported a linear creep 
response when fabrics were tested in isolation. 

Although the geotextiles tested had different pro
perties, the stress-strain behavior (Figs. 1-3) for the 
majority of the specimens was very similar. In fact, 
it appears that at high relative densities (e.g., Dr = 
90%), fabric properties do not greatly influence the 
behavior of reinforced sands. McGown and Andrawes (10) 
reported that at low initial placement densities, the 
improvement derived from fabric inclusions was greater 
than observed at high densities. 

Ini ti al Creep Failure Creep Dura-
Strain (%) Strain (%) Strain (%) ti on (Da~s) 

0.7 0.1 1.1 35 
2.2 0.8 4. 9 35 
1.0 0.05 2.1 35 
1.9 0.8 7.2 35 
5.0 1.8 >10 42 
2.5 0.85 6. 7 32 

The effect of soil density influencing sample be
havior becomes further apparent when considering the 
mode of sample failure. Hausmann and Vagneron (11) 
stated that an increase in the angle of internal fric
tion, as a result of the addition of reinforcement to a 
sample, would indicate a failure controlled by slippage 
along the fabric surface. Conversely, failure control
led by rupture of the fabric material would result in 
an apparent cohesion (c'). Results of the short-term 
testing program indicate that failure of the reinforced 
samples was caused by particle slippage at the sand 
fabric interface. A slight bulging of the specimens 
occurred between reinforcing layers. Examination of 
the fabric disks after failure showed no evidence of 
ruptured filaments. It is believed that at high rela
tive densities, soil-fabric frictional properties have 
the greatest influence on reinforced soil systems. 
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Figure 4. Creep Strain Relationships for 
Fabric-Reinforced and Unreinforced 
Triaxial Specimens (cr3 35 kPa, 
Dr = 90%) 

The long-term test results showed no significant 
differences in creep behavior due to confining press ure 
or geotextile properties. As expected, the lighter 
weight nonwoven (Mirafi 140S) exhibited a somewhat 
greater creep response than the heavier nonwoven 
(Supac 5-P). However, the woven geotextile (Mirafi 
500X) showed a greater creep response than the heavi er 
nonwoven (Supac 5-P). This result verifies the impor
tance of soil-fabric frictional properties. It is pos
sible that quite different behavior would be observed 
for fabric-reinforced samples at lower relative densi
ties where fabric properties are likely to have a 
greater influence (8). 

At the conclusion of creep testing, the samples 
were rapidly loaded to failure to evaluate stress-strain 
characteristics after creep loading . It was observed 
that the long-term stress-strain behavior resulted in an 
increase in strength (about 30%) and tangent modulus 
when compared to corresponding short-term tests. Simi
lar results are reported by Haliburton, et al. (3). 
This behavior was exhibited by both unreinforced and 
reinforced samples. 

Consistent with the short-term tests, all of the 
samples tended to bu1ge slightly between reinforcing 
layers. After testing, the fabric disks were examined 
and no evidence of ruptured filaments was observed . 
However, the nonwoven fabrics appeared to be "dished" in 
the center area of the disks. No "dishing" was noted 
with any of the woven fabrics although some scratches 
and striations were evident. 

CONCLUS IONS 

1. The inc1usion of geotextile reinforcement increases 
the ultimate strength, deformation mOdu1us, and the 
angle of interna1 friction of t ri axial samples 
composed of den se , angular sand. 

2. The increase in short-term maximum principal stress 
difference for geotexti1e-reinforced triaxial test 
samples of a dense, angular sand decreases with in
creasing confining pressure. 

3. Geotextile-reinforced sands exhibit a larger axial 
strain at failure and more creep than corresponding 
unreinforced samp1es. 

4. Approximately 70% of the total creep strain occurs 
within 3 days of sustained 10ading. 
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Figure 5. Creep Strain Relationships for 
Fabric-Reinforced and Unreinforced 
Triaxial Specimens (03 = 69 kPa, 
Dr = 90);) 

5. At high relative densities (Or = 90%) geotextile 
properties do not appear to greatly influence the 
stress-strain or creep behavior of reinforced sam
ples . 

6. At confining pressures of 35 and 69 kPa, fai1ure 
for both long-term and short-term samples is ap
parently contro11ed by slippage alon9 the soi1-
geotextile interface. 
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