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Use of geosynthetics for reinforcing wet cohesive soils 
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ABSTRACT : The results of direct shear tests on wet silty cJay sampies reinforced with woven and 
nonwoven geotextiles are presented and analyzed in terms of the strength increase of reinforced soH and of 
the soil/reinforcement interface bond development. The analyses - which were based on total stresses -
indicated that the inclusion of nonwoven geotextiles resulted in a significant strength increase of the wet 
cohesive soil. The inclusion of woven geotextiles, however, did not offer any strength increase. This 
differentiation of behaviour was attributed to the nil water transmissivity of the woven geotextile. By further 
analyzing the test results it was found that the magnitude of the interface fond increased with the 
transmissivity of geotextile and varied with the normal interfacial stress. By utilizing a simple soil
reinforcement interaction model, values of interface friction angles were computed for different assumed 
values of adhesion efficiency between cohesive soil and geotextile. 

1 INTRODUCTION 

Reinforcement of earth masses in such civil 
engineering works as retaining walls, slopes and 
embankments constitutes a major field of application 
of geosynthetic materials. At the early stage of the 
earth-reinforcement technique the proposed backfill 
materials were granular especially in the case of 
metallic reinforcements. In the case of geosynthetics, 
however, several sucessive applications have 
demonstrated the potential of using cohesive soils as 
bacJefill materials (Delmas et al. , 1988; Delmas et 
al., 1992; Bergado et al., 1993; Wayne and 
Wilcosky, 1995). As a result of the growing interest 
in utilizing on-site cohesive solls in reinforced soH 
structures (associated with significant cost reduction) 
the research on the subject of the geosynthetic/ 
cohesive soil interface behaviour has been intesified 
during the last decade. This interface behaviour is 
described by a friction angle Ö and an adhesion Ca 

which are expressed as fractions of the corres
ponding shear strength parameters of the soil 
material, tP and c. The corresponding ratios are 
usually termed efficiencies i.e. the frictional 
efficiency = o/tP (or tan Man tP) and the adhesion 
efficiency = cjc (Ingold, 1994, Koemer, 1994). 

In this paper the results are presented of an 
experimental investigation of the interface behavior 
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between geotextiles and wet cohesive-frictional soH. 
The effects of several parameters such as the type of 
geotextile, its water transmissivity and the normal 
interfacial stress of the cohesive soil are discussed 
and conclusions are drawn regarding the practical 
applications of reinforced cohesive-soil structures. 

2 REVIEW OF PREVIOUS WORK 

The behaviour of clays reinforced with geotextiles 
was investigated at the beginning of '80s by triaxial 
tests, direct shear tests, pull-out tests and physical 
models (Ingold, 1981; Ingold, 1983; Ingold and 
Miller, 1983). Values of adhesion efficiency were 
very low in the pull-out mode (0.18) and relatively 
high (0.89) in the direct shear mode. The triaxial 
tests indicated that under undrained conditions the 
use of geotextiles with no capability of in-plane flow 
actually reduced the shear strength of cohesive soils 
especially when the degree of saturation was greater ' 
than 70% . Under drained conditions, however, the 
shear strength of reinforced clay was found to 
increase significantly. 

Subsequent investigations by direct shear and pull
out testing showed that the adhesion efficiency may 
range from 0.52 to 1.65 for nonwoven and 0.37 to 
1.08 for woven geotextiles (Fourie and Fabian, 
1987). Bouazza and Djafer-Khodja (1994) reported 



values of efficiencies equal to 1.23 for friction and 
0.68 for adhesion between a peat with water content 
equal to 250% and a nonwoven geotextile. Theyalso 
reported that the values of efficiencies were reduced 
with increasing values of normal interfacial stress. 
Values of adhesion efficiencies greater than 0.50 
were also reported by Nataraj et al. (1995) for 
clay/geotextile interfaces. The significant effect of 
moisture content of fiber reinforced cohesive soils 
on its shear strength was reported by Alwahab and 
Al-ouma (1995) who found that for water contents 
higher by 5 % or more than the optimum water 
content of the cohesive soil, there was no increase in 
shear strength. 

The interaction between geogrids and cohesive 
soils has also been investigated by direct shear and 
pull-out tests. Fourie and Fabian (1987) have 
reported values of adhesion efficiencies ranging from 
0.46 to 1.02, whereas Bergado et al. (1993) con
clude that the apertures of a geogrid help in 
developing shear resistance equal or greater of the 
cohesive soil resistance. Farrag and Griffin (1993) 
have also found that an increase of water content 
above the optimum value derived from compaction 
tests, results in a decrease in the pull-out resistance. 
Koemer (1994) has summarized the state of affairs 
regarding geosynthetic/soil interface behavior by 
stating that: "The data are so sensitive to the 
variables ..... that site-specific and material-specific 
tests should always be performed". 

3 EXPERIMENTAL PROCEDURE 

The direct shear tests described in this investigation 
were conducted in a square shear box measuring 
63mm x 63mm. The geotextile was placed 
perpendicular to the plane of shear as shown in Fig. 
1. This type of testing has been used by the author 
in the past for testing granular soils (Athanasopoulos 
and Bousias, 1988; Athanasopoulos et al. , 1990; 
Athanasopoulos, 1993). Bauer and Zhao (1993) also 
consider this type of testing as most appropriate to 

Fig. 1 Direct shear testing of soil sampie 
reinforced with a sheet of geotextile 
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represent the field conditions. There are situations, 
however, where the actual field conditions depict 
different test configurations (Murthy et al ., 1993). 

The soil tested is a silty clay (62.7% silt, 26.6% 
sand, 25.5% clay and 4.1 % gravel) having LL=25, 
PL = 16, w = 17% and G, = 2.68. This soi! was 
compacted in the shear box to obtain void ratio 
values e "" 0.50, and moist unit weight 'Yt = 
21 kN/m3

• The reinforcement sheets were cut from 
two nonwoven geotextiles (Terram 500, 1500, 4000 
and Amoco 4545) and from a woven geotextile 
(Nicolon 66448). Table 1 summarizes some 
mechanical and hydraulic properties of the 
geotextiles. It should be noted that the values 
contained in Table 1 were taken from manu
facturer' s brochures for the particular types of 
geosynthetics and should not be taken as the values 
pertaining to the pieces of reinforcement used in the 
tests. 

The rate of shear was 0.4 mm/min. This rate is in 
the range recommended in the literature (Smith and 
Criley, 1995; Ingold, 1994). For the cohesive soil 
used in the tests, this rate of shearing is taken to 
represent undrained loading conditions. All tests 
were run following immediately the placement and 
compaction of soi! in the shear box ; therefore the 
tests are considered unconsolidated-undrained and 
represent the short-term conditions developed in the 
corresponding field applications. The values of 
normal stress in the direct shear tests ranged from 
25 kPa to 600 kPa. 

4 TEST RESULTS AND DISCUSSION 

The results of direct shear tests are analyzed in this 
section in terms of strength-strain behaviour of 
renforced soi! and of the interface interaction 
between soil/reinforcement. 

4.1 Strength-strain behaviour 0/ reinforced soil 

The results of reference tests on unreinforced silty 
clay are shown in Fig. 2. The failure envelope (best 
fit straight line to the data points) indicates a 
frictional-cohesive behaviour with strength parame
ters in terms of total stresses: rJ> = 14.8° and c = 
43.2 kPa. The shear stress-shear displacement 
curves indicate that the shear displacement 
coreesponding to peak shear stress increases with 
normal stress whereas in terms of volumetric strain 
the unreinforced soil exhibits a contractant behaviour 
(except for the lowest value of normal stress, 50 
kPa). This contractant behaviour can be explained 
by the consolidation settlement of wet cohesive soil 
developing after the application of normal stress. 



Table 1. Geotextile Properties 

Q) Thickness 
Mass per Apparent 

Tensile Strength Hydraulic Properties '- Unit Area Opening ::s 
Geotextile 1:5 

2 
(jj 

(mm) (gr/m2
) 

Terram 500 NW 0.4 70 

Terram 1500 NW 0.8 190 

Terram 4000 NW 1.4 350 

Amoco 4545 NW 1.1 172 

Nicolon 66448 W 0.9 183 

The results of tests on soil reinforced with Terram 
4000 and Nicolon 66448 geotextiles are shown in 
Fig. 3 and Fig. 4, respectively. Note that the failure 
envelopes in these figures are represented by the 
best fit curves only. The results indicate that the 
nonwoven geotextile (Terram 4000) offered a 
substantial strength increase to the soil sampie. It is 
interesting to note that the Terram 4000 geotextile 
developed a bilinear failure envelope similar to that 
found for granular material under drained conditions 
(Athanasopoulos, 1993). This type of failure 
envelope indicates that for low values of normal 
stresses the reinforcement slips with regard to the 
soil (inclined branch of envelope). After exceeding 
a certain critical value of normal stress, however, 
the reinforcement is deformed in unison with the 
surrounding soil (envelope becomes parallel to the 
unreinforced soil envelope). Regarding the woven 
Nicolon 66448 geotextile the striking observation is 
that it did not offer any strength increase to soil 
sampies, Fig. 4. This differentiation of behaviour 
can be attributed to the different water 
transmissivities of nonwoven and woven geotextiles. 
The pore water pressures developed along the soil 
geotextile interface can be rapidly dissipated in the 
case of nonwoven geotextiles due to the high 
transmissivity of these fabries. Thus the loading 
conditions in this case can be characterized as 
drained. In the case of woven geotextile, however, 
its practically nil in-plane flow capability precludes 
any rapid dissipation of pore water pressures and 
thus the loading conditions remain undrained. Under 
such conditions and when the pore water pressures 
are high enough it becomes very difficult for any 
bond resistance to be developed along the 
soil/reinforcement interface. The above results are in 
agreement and corroborate the results of other 

Size 
Ultimate Elongation Permit- Transmis-

Load tivity sivity 

(mm) (kN/m) (%) (sec"1) (mm2/sec) 

0.35 3.5 20 1.50 0.240 

0.06 12.0 25 0.35 0.224 

0.03 23 30 0.25 0.490 

0.21 4.2 60 2.5 0.847 

1.25 42.6 31 High 0.000 

investigators mentioned in a previous section. 
Finally, regarding the shear stress-shear 
displacement and volumentric deformation-shear 
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Fig. 2 Results of direct shear tests on 
unreinforced sampie of silty clay 
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clay reinforced with Terram 4000 
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displacement behaviour of reinforced sampies, it is 
observed that it is similar to the behaviour of 
unreinforced sampies. 

4.2 Bond development at soil/geosynthetic interface 

The results of the direct shear tests were further 
analyzed by utilizing the simple model described by 
Athanasopoulos (1993) for granular soils. This 
model is strictly applicable only under drained 
loading conditions. As was mentioned in a previous 
section the sampie loading conditionss in this 
investigation were undrained, however, it may be 
assumed that along the soil/reinforcement interface 
the conditions become drained due to the in-plane 
flow capability of nonwoven geotextiles. Thus, the 
particular model could be used for obtaining at least 
approximate values of interface friction angle. Due 
to the cohesive character of the soil used in the tests, 
though, it became necessary to introduce into the 
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Fig. 4 Results of direct shear tests on silty 
day reinforced with Nicolon 66448 

model an adhesion-type component of the interface 
bond. If the adhesion developed between soil and 
reinforcement is denoted by c"', then the corre
sponding friction angle may be estimated by the 
relationship: 

ö =tan-1 [A I fJ.T-A, Co] 

A, K. ov 

(1) 

where: A' = sheared area of soil in the shear box 
A, = area of contact surface between soil 

and reinforcement 
ar = shear strength increase due to 

reinforcement 
u. = normal stress applied in the direct 

shear test 
Ko = coefficient of earth pressure at rest 
K.-u. = normal interfacial stress 

The derivation of Equ. 1 is based on the same 



assumptions mentioned in Athanasopoulos (1993). 
One additional assumption regarding the thickness of 
the shear zone was also made in this investigation: 
due to the very sm all mean particle diameter of the 
soil used in the tests, the thickness of the shear zone 
was assumed to be equal to zero. 

Equ. 1 was used to estimate values of friction 
angle, 0, for different values of normal interfacial 
stress and of the adhesion, Ca' Fig. 5 summarizes the 
results of calculations in graphical form for the 
nonwoven geotextiles (the woven geotextile did not 
offer any strength increase) and includes plots of the 
frictional efficiency (01 <p) versus the interfacial 
normal stress for three values of adhesion efficiency: 
cjc = 0.0, 0.5 and 1.0. According to these plots, 
the ratio 0/ <p increases with increasing normal stress 
for values up to 100 kPa. For higher values of 
normal stresses the ratio (O/rb) either decreases or 
increases, though not significantly. The Terram 4000 
geotextile developed the highest efficiency ratio 
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ranging from 2.90 to 2.07 for values of cjc ranging 
from 0.0 to 1.0. The corresponding friction angles 
are 0 = 43° to 30.6°. The interface frietion angles 
for the other two Terram and the Amoco geotextiles 
ranged from 1. 5 ° to 22 0. It is interesting to note 
that the values of friction angle 0 for the three 
Terram geotextiles increased with the thickness of 
geotextile, a fact that could be explained by the 
corresponding increase of transmissivity of the 
fabrie. It is also interesting to note that the Amoco 
geotextile, despite its low tensile strength, developed 
relative1y high friction angles whieh can be 
explained by its high water transmissivity. 

5 CONCLUSIONS 

The results of the direct shear tests reported herein 
indicate that wet cohesive soiis ean be effectively 
reinforced by geosynthetics that in addition to their 
relatively high tensile strength also posses the 
capability of in-plane flow of water. The failure 
envelope of geosynthetic-reinforced soil, in terms of 
total stresses, takes the bilinear form known from 
granular soi1s, indicating that the reinforcement may 
either slip or deform in unison with the surrounding 
soil. The reinforcing effect increases with the water 
transmissiveity of geosynthetic making the nonwoven 
fabries much more effective than the woven ones. 

The interaction at the soilfgeosynthetic interface, 
encompasses the development of frictional and 
adhesional shear restistance which depends on the 
geosynthetic properties. The frictional efficiency, in 
terms of total stress parameters, may take high 
values (greater than 2) and depends on the corres
ponding values of adhesional efficiency. The 
dependence of frictional efficiency on normal 
interfacial stress is difficult to be described by total 
stresses, since it is affected by the unknown values 
of pore water pressures developed during shearing. 

By using a simple model describing the interaction 
between cohesive soilfgeosynthetic it became 
possible to analyze the test results and estimate 
values of frictional efficiency of the nonwoven 
geosynthetics used in the investigation, as a function 
of total normal interfacial sress and an assumed 
value of adhesional efficiency. 

It is concluded that it is possible to utilize on-site 
wet cohesive soils as bacldill material in reinforced 
soil applications by appropriately selecting dual 
function (reinforcement + drainage) geosynthetics. 
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