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ABSTRACT: This paper presents the results of triaxial tests conducted for the investigation of the
influence of geotextiles on stress-strain and volumetric change behaviour of reinforced sandy soil.
Tests were carried out on loose sandy soil. The experimental program includes drained compression
tests on samples reinforced with different values of both geotextiles layers (/Vg) and confining pres-
sure (¢'c). Two methods of preparation were used: air pluviation (AP) and moist tamping (MT). Test
results show that the geotextiles induce a quasi-linear increase in the stress deviator (¢) and volume
contraction in the reinforced sand. Method of preparation significantly affects the shear strength;
samples prepared by the air pluviation method and mobilized deviator stresses are significantly
higher than those prepared by moist tamping method. Geotextiles restrict the dilation of reinforced
sandy soil and consequently the contraction increases. The mobilized friction angle increases with
increasing number of layers and decreases with increasing initial confining pressure. Samples
prepared by moist tamping present mobilized friction angles significantly lower than those prepared
by air pluviation method. For samples prepared by the air pluviation method, the secant modulus at
£=1% and 5% decreases with increasing geotextile layers; those prepared by the moist tamping
method, secant modulus at £,=1% and 5% increases with increasing number of geotextile layer sand
confining pressure. From 10% axial strain, secant modulus increases with increasing inclusions of

geotextile layers.
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0 INTRODUCTION

The region of Chlef is situated in the north of Algeria
about 210 km west of the capital Algiers. This region was
subjected to intense seismic activity; it’s constantly a very
instable zone. In the last century, it underwent destructive
earthquakes (Orléansville, ex El Asnam and now Chlef) in
1922, 1934, 1954 and 1980. These earthquakes which have
been described and reported well by McKenzie (1972), Theve-
nin (1955) and Rothé (1955), caused the deaths of a great
number of people (1 340 died in 1954) and a significant dam-
age to different infrastructures and civil engineering structures.
The earthquake of October 10, 1980 at 13:25 (local time) with
a magnitude of 7.3 according to Papastamatiou’s calculations
(1980), followed by two significant jolts of magnitude 6.1 and
6 within an interval of several hours and by numerous shocks
over the following months. The earthquake of Chlef (1980)
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caused the loss of numerous lives (about 2 800 deaths) and
caused the destruction of a great number of buildings, bridges
and public equipments. The seismic vibration also generated a
number of geodynamic phenomena within the surface of the
soil: movements of the ground and especially the liquefaction
of the sandy soils following a loss of resistance to shearing
(landslides, subsidence of the bunk...) are shown in Figs. la, 1b
and lc. According to Durville and Méneroud (1982), the phe-
nomenon of liquefaction appeared at a vast alluvial valley
crossed by the Chlef River and at the zone of confluence of this
river with the Rass and Fodda rivers (Fig. 1d).

Recently, the improvement of soils by the use of syn-
thetic materials is becoming popular in the field of civil engi-
neering, especially, in the soil stability (slope stability, em-
bankment, road, filter, drain). The advantageous effect of this
synthetic material is due to the shape in which it is used as
reinforcement.

We know that cohesive and noncohesive soils present lim-
its regarding the stability of their structure when they are sub-
jected to high loading condition. Several studies were con-
ducted in laboratories dealing with the reinforcement of granu-
lar and cohesive soils with geotextiles. The published literature
reported that the soil could be reinforced with synthetic layers,
fibers and geocells, etc..
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Figure 1. Photographs showing Geodynamic phenomena (a) subsidence banks due to liquefaction, (b) collapse of trees of Chlef River, (¢) sand boils, (d) sketch

map showing the valley of Chlef River and location of the sands boils due to liquefaction phenomenon.

Since 1970, several researchers have studied stress-strain
and the characteristics of the loading conditions in reinforced
soils using the triaxial device, shear box, and plane strain by
different tests. From 1977, an important experiment was real-
ized on reinforced sand with geotextiles.

Broms (1977) illustrated by performing triaxial tests on
sand samples reinforced with geotextile layers the reduction of
the lateral pressure of the soil. He observed that the shear
strength peak increased with the decrease of the geotextile
layers spacing. However, he noticed that the strength peak was
not influenced when the geotextile layers were placed at the
end of the sample. McGowan et al. (1978) carried out a series
of tests in a cell with plane strain on dry sand reinforced with
aluminium and non-woven geotextiles. They concluded that
the behaviour in terms of geotextiles relatively low in compari-
son with that of the aluminum.

Gray and Al-Rafeai (1986) conducted compression tests
on reinforced dry sand with different types of geotextiles. The
test results demonstrated that these inclusions increased the soil
strength, the axial deformation in the failure, and, in several
cases, lead to a reduction of the strength after the deviatoric
stress peak. Athanasopoulos (1993) reported that the effect of
the grain size on the mechanical behaviour of a sand strength-
ened by geotextile in the direct shear box device. The results
indicated that the dilative behaviour of the reinforced sand was
significantly influenced by the opening ratio (defined as being
the ratio of the geotextile opening to the average grain size of
the sand). They found that for the fine sand (high opening ratio
values), the reinforcement increased the expansion volume
compared with that of the unreinforced sand, whereas the
inverse behavior was recorded for the coarse sand (low open-
ing ratio values).

Krishnaswamy and Isaac (1994) presented the results of
cyclic triaxial tests on sand samples of diameters of 38 and 100
mm to estimate the liquefaction potential of sand reinforced
with geotextile. They have shown that the technique of rein-
forcement can be a promising solution for the decrease of the
liquefaction potential of the tested soil (sand).

To study the reinforcement effect by geotextiles on the
stress-strain and volume change response of the sand subjected
to monotonic and cyclic loading conditions, Ashmawy and
Bourdeau (1998) carried out drained triaxial tests on saturated
sand samples reinforced with woven and non-woven geotextile
layers. The results revealed that the presence of reinforcement
induced a significant increase of the monotonic shear strength
of the sand and a decrease of the cyclic shear strain.

Unnikrishnan et al. (2002) studied the behaviour of rein-
forced clay subjected to monotonic and cyclic loading condi-
tion. The effect of the reinforcement thickness, content and
type of reinforcement has been evaluated. The results obtained
indicated that the reinforcement used improved effectively the
stress-strain behaviour under monotonic and cyclic loading.
Other studies in the field have been reported by Haeri et al.
(2000), Houston et al. (2008), Ling and Tatsuoka (1993), Tang
et al. (2007), and Wang et al. (2007).

This paper presents a laboratory study to assess the rein-
forcement effect of the Chlef sand with one type of non-woven
(NW) under monotonic drained tests loading. The tests were
carried out on samples with an initial relative density /,=0.10
and 0.50 and an initial effective pressure ¢' =50, 100 and 200
kPa; for the purpose to better understand the influence of geo-
textiles on the stress-strain and volumetric change behaviour of
the reinforced soils. Tests were conducted on loose sand rein-
forced with different geotextile layers. Two preparation meth-
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ods were used, namely, air pluviation (AP) and moist tamping
(MP). Analyses of these results lead to interesting results con-
cerning the influence of the confining pressure and the number
of geotextiles layers on the enhancement of the soil behaviour.

1 MATERIALS

Laboratory tests were carried out on loose medium-
grained sand from the Chlef River in Algeria. The sand is
composed of rounded particles with a mean grain size
Ds5y=0.61 mm, D;;=0.225 mm and a uniformity coefficient
Dego/D1p=3.38. The granular distribution of the sand is illus-
trated in Fig. 2. Tests were conducted with a propylene non-
woven geotextile (BidimS72). The characteristics of the geo-
textile are summarized in Table 1. The tensile axial strength is
equal to 25 kN/m, while the axial strain at the maximum axial
tension is equal to 80%. The filtration opening size is equal to
85 um, which is equal to 13% of the mean grain size of the
Chlef sand used in the study. The physical and mechanical
properties of the geotextile are summarized in Table 1.

2 TESTING PROGRAM

To investigate the effect of varying soil parameters on the
mechanical behaviour of unreinforced and reinforced sandy
soil a total of 70 triaxial compression tests were performed.
Moreover, some experiments were repeated to determine the
accuracy of the result. The experimental program consisted of
performing triaxial compression tests on 70 mmx70 mm dry
sand. The sandy soil and geotextiles parameters that were
varied during the tests are: (1) method of preparation; (2)
number of geotextile layers (Fig. 3); (3) three different confin-
ing pressures (50, 100 and 200 kPa); (4) all tests were con-
ducted with a strain-controlled rate of 0.17% per minute.

the samples was evaluated by measuring the Skempton’s coef-
ficient B (B=Au/Ao).

4 RESULTS AND DISCUSSION
In this section, the results of the drained compression tri-
axial tests are presented, discussed and evaluated.

4.1 Drained Tests Conducted on Loose Sand
The results of stress strain curves for the drained com-
pression tests of the reinforced sandy soil reconstituted with air
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Figure 2. Granular distribution for the soils used in this study.

Table 1 Physical and mechanical properties of reinforcing materials

used in experiments.

3 PREPARATION OF SAMPLES Properties Type of reinforcement
The preparation of the soil sample is of great importance Geotextile BidimS72
for laboratory research. Two methods were used in our study Manufacturing process Non-woven
(air pluviation and moist tamping). The fabrication of the Resistance o traction Ty (kN/m) 25
sample was done in a mould of diameter 70 mmx70 mm. The Deformation in the tensile stress gy (%) SP 30
sample was prepared in equal layers. To fabricate the rein- Deformation in the tensile stress ey (%) ST 70
forced sample, many reinforced layers are needed (Fig. 3). The Dynamic perforation (mm) 15
sample is firstly swept by carbon dioxide CO, for 20 minutes, Permeability (m/s) 0.055
and then is passed demineralised water through the sample to Opening size (wm) 85
saturate it. The samples were isotropically consolidated to Surface mass (g/m?) 305
reach the value of effective confining stress prior to loading. Thickness in 2 kPa (mm) 27
The back pressure used for our tests was 400 kPa, the cell
pressure is 450, 500 and 600 kPa. The degree of saturation of
D D D D
+—> > —> >
3 m 3
H2
7
H H2
7
H2
H/A 3

Figure 3. Geotextile arrangements for triaxial tests.
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pluviation method are shown in Figs. 4, 5, 6. The curves of the
drained response provide evidence of an improvement in the
mechanical behaviour of sandy soil with the addition of geo-
textiles layers. We note that the stress-strain behaviour of
sandy soil improved shows an increase of the resistance with
increasing number of geotextiles (Figs. 4a, 5a and 6a). Figures
4b, 5b and 6b show the volume behaviour of the sandy soil
with the increasing of the number of geotextiles. It’s very
clear that the increasing in number of geotextiles leads to
increase of the contractancy of the sandy soil, where the
volumetric strain passes from 2.5% to 25%, consequently the
geotextiles reduce significantly the dilalatancy of sandy soil.
As reported by many researches (Duncan and Dunlop, 1968),
dilation occurs mainly in the center of specimen because the
cap and the base restrain lateral deformation and dilation. As
it’s shown in Fig. 7, the geotextiles effectively restrict the
dilation of the samples and consequently the contractancy
increases. Effect becomes more apparent when the number of
geotextile layers increases. The samples tested at 100 and 200
kPa confining pressure (Figs. 5 and 6) exhibit more contrac-
tion than sample tested at 50 kPa, dilation of sandy soil is also
reduced by increasing of geotextile layers. Figure 7 shows the
pattern of the sample deformation at failure. It can be ob-
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served that failure occurs par bulging between layers. This
result is similar to that obtained by Madhavi Latha and
Murthy (2007).

The stress-strain curves results for the drained compres-
sion tests of the sandy soil reconstituted with reinforced moist
tamping method are shown in Figs. 8, 9, 10. We note that the
stress-strain behaviour of improved sandy soil shows an in-
crease of the resistance with increasing number of geotextiles.
By comparing these results with those of the samples prepared
with dry pluviation; it can be seen that samples prepared with
moist tamping present a lower strength than those prepared
with dry pluviation method. These differences of behaviour
noted between the two methods of deposition can be explained
by the fact that the molecules of water contained in the struc-
tures prepared by wet deposition method constitute some
macropores easily compressible at the time of the shearing of
the sample, and at the same time prevent the grain-grain and
grain-geotextile adhesion. The volumetric behaviour of the
samples prepared with moist tamping exhibits more contrac-
tancy than those prepared with dry pluviation (Figs. 8b, 9b and
10b). The sandy soil dilation is also reduced by increasing
confining pressure (100 and 200 kPa). Figure 11 shows
clearly the influence of preparation method on the drained
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Figure 4. Drained compression tests conducted on reinforced sandy soil (¢':=50 kPa).
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Figure 5. Drained compression tests conducted on reinforced sandy soil (¢':=100 kPa).
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Figure 6. Drained compression tests conducted on reinforced sandy soil (¢'.=200 kPa).
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Figure 8. Drained compression tests conducted on reinforced sandy soil (¢'.=50 kPa).

shear strength response of reinforced sandy soil. The shear
strength decreases significantly and we note that the resistance
decreases significantly; and there has been a loss of strength of
36%, 34% and 24% for samples prepared with moist tamping
and sheared under initial effective stress ¢';=50, 100 and 200
kPa, respectively.

4.2 Influence of Preparation Method

Figure 12a shows the influence of geotextiles on the shear
strength. The test results reveal clearly that the samples pre-
pared by dry pluviation techniques exhibit higher shear stiff-
ness than those prepared by moist tamping. It can be seen that
the shear strength of the reinforced samples increases loga-
rithmically (R?=0.99 for all the curves) with increasing number
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of geotextiles according to the following expression (1), the (AP) and C:=0.96 (MT).
values of coefficient 4 and B are summarised in Table 2. The

. . . . 1 =AxNg+B 1
evolution of the coefficient 4 (slope) according to the initial 0g (4) g M
confining pressure is illustrated in Fig. 13, we notice that the where g is deviator stress at the end of shearing, Ng is number
evolution of these slopes follows an almost linear evolution for of geotextiles.

both methods of preparation and are almost parallel (C.=0.97
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Figure 9. Drained compression tests conducted on reinforced sandy soil (¢':=100 kPa).

- (a) I I [ 1 = ]

s [ Ng= I I [ ] O ——————1————1———-1— Ne =
g 400 | S kR IREENE
~ [ —— 0 I I I ] o~ SE®rr——— 1 ———1———— —o— 11
S | e 1 I |//\ ] s 2| 3
s K I I [ i ¢ o F AR —— 3
g 300 L _ | 2 ,,,I,,,/d,,,J,,,_ .E“ -10 3] 1
> A 1 E —
Z 200 " 1 3 L
-~ - — — A - = - —= E
;. ol R B - 1 e A U R EEE
8 | 7 —2 | b
8 R [ ] > I RN I 1
£ 100 e ‘ ] 2 ‘ ]
8 2 200 e L R R I ]
[ L _______J___aA~ 4

| ] -30 | Ny .

! . 1 | ]

0 AP BT BN 35 ] PP B P

0 5 10 15 20 25 30 0 5 10 15 20 25 30

Axial strain, &1 (%) Axial strain, &1 (%)

Figure 10. Drained compression tests conducted on reinforced sandy soil (6'.=200 kPa).
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Figure 11. Influence of methods of preparation on the shear strength.
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Figure 12b shows the influence of geotextiles on the vol-
ume behaviour at the end of shearing. We notice that the evolu-
tion of the volumetric strain versus to number of geotextiles
displays a linear regression according to the expression (2)
inducing influence of geotextiles and confining pressure in
increasing the soil contraction, the values of the coefficients C
and D are illustrated in Table 3.

e(%)=CxNg+D @)

where &,(%) is volumetric strain in percentage, Ng is number
of geotextiles.

Figure 13a shows the variation of coefficient A4 (expres-
sion 1) with initial effective pressure. It can be seen that the
coefficient 4 decreases linearly with increasing initial effective
pressure (R*=0.97 and 0.96 for DS and MT). Figure 13b shows
the evolution of coefficient C (expression 2) with initial con-
fining pressure; as illustrated by Fig. 13b the coefficient C
increases linearly with increasing effective pressure (R>= 0.91
and 0.87 for DS and MT).

Brahim Abdelkader, Arab Ahmed, Belkhatir Mostéfa and Shahrour Isam

The variation of the ratio of the stress deviator (gs) differ-
ence versus number of geotextiles (NVg) is illustrated in Fig. 14a.
As it can be seen, the normalised shear strength (g) increases
linearly with increasing number of geotextiles (R*=0.98, 0.99
and 1 for ¢':=50, 100 and 200 kPa, respectively), the increase
of the normalised shear strength is very pronounced for sam-
ples shearing under effective confining pressure equals at 50
kPa, then it tends to decrease in scale for the effective stress
equals at 100 and 200 kPa. We present in Fig. 14b the variation
of the ratio of the stress deviator excess to the number of geo-
textile layers (Rgq).

Rq=(q ss(AP) 4 M)/’ (3)

Rq=(q ss(AP) ¢ ss(MT))/ Ng 4

gssapy and ggur) denote the value of the stress deviator of
reinforced sand prepared with air pluviation and moist tamping
respectively.

Table 2 Values of coefficients 4 and B

Initial confining pressure ~ Method of preparation ~ Coefficient 4  Coefficient B R
(o'c: kPa)

50 Air pluviation (AP) 0.57 4.05 0.98
50 Moist tamping (MT) 0.49 3.07 0.99
100 Air pluviation (AP) 0.42 4.75 0.99
100 Moist tamping (MT) 0.36 4.40 0.99
200 Air pluviation (AP) 0.26 5.41 0.99
200 Moist tamping (MT) 0.23 5.19 0.99

Table 3 Values of coefficients C and D

Initial confining pressure ~ Method of preparation ~ Coefficient C ~ Coefficient D R?
(6’ kPa)

50 Air pluviation (AP) -7.56 -2.32 0.99
50 Moist tamping (MT) -3.53 -15.99 0.99
100 Air pluviation (AP) -4.90 -11.96 0.99
100 Moist tamping (MT) -1.77 -20.30 0.92
200 Air pluviation (AP) -3.08 -20.04 0.94
200 Moist tamping (MT) -0.84 -27.99 0.74
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Figure 12. Effect of number geotextiles on deviator stress (a) and volumic strain (b).
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Two zones can be distinguished: the first zone where the
ratio Rq increases linearly until Ng=1, the second zone where
the Rg decreases with increasing number of geotextiles (Fig.
13b).

Figure 15a shows the variation of normalised volumetric
strain versus number of geotextiles. As it can be seen the nor-
malised volumetric strain increases linearly with increasing
number of geotextiles Ng significantly for initial confining
pressure ¢'.=50 kPa (R2=O.997, 0.99 and 0.83 for ¢':=50, 100
and 200 kPa) according to the expression (5), the normalised
volumetric strain slope line is very pronounced for 50 kPa,
compared to 100 and 200 kPa.

Figure 15b illustrates the variation of Rv (ratio of volumic
strain) versus number of geotextiles. We notice that the volume
tric strain increases dramatically for Ng=1, then there is a
tendency to lower volumetric strains when the number of
geotextiles Ng from 2 to 3 for all initial confining pressure.

R =(e(%0)ary—6(%0)mm))/NE Q)

e%)p) and &%)t denote the value of the volumetric
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Coefficient A (slope)
=) =)
'S o

e
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strain in percentage of reinforced sand prepared with air pluvi-
ation and moist tamping respectively.

Figure 16a illustrates the evolution of the mobilized
friction (¢) angle versus number of geotextiles (Ng). We note
that the sample prepared by air pluviation mobilizes friction
angles higher than those prepared by the moist tamping method.
The evolution of the friction angle depending versus number of
geotextiles follow as linear progression (R’=0.99, 0.97 and
0.99 for 6'=50, 100 and 200 kPa (AP), and R*=0.99, 0.99 and
0.99 for ¢'.=50, 100 and 200 kPa (MT)). Figure 16b shows the
variation of mobilised frictional angle (¢) versus initial
confining pressure (¢'.). It was found that the internal friction
angle mobilized increases significantly with increasing number
of geotextiles and decreases with increasing confinement
logarithmically according to expression (5) (R>=0.92 and 0.99
for Ng=0 and Ng=1, 2 and 3 (AP), R*=1, 0.97, 1 and 0.99 for
Ng=0 and Ng=1, 2 and 3 (MT) respectively). Our results are in
good agreement with those found in the literature (Arab, 1998;
Al-Mahmoud, 1997; Kolymbas and Wu, 1990; Fukushima and
Tatsuoka, 1984).

0 L e LA B L B

Coefficient C (slope)

0 50 100 150 200
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250

Figure 13. variation of coefficient 4 and C versus initial confining pressure.
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Figure 14. Variation of shear stress ratio versus number of geotextiles.
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Figure 17. Variation of secant modulus versus number of geotextiles (samples prepared by AP).

Figures 17 and 18 illustrate the variation of the secant
modulus according to number of geotextiles at different axial
strain values for samples prepared by two methods of air
pluviation and moist tampping. As it can be seen in those
figures, method of preparation affects significantly the
evolution of secant modulus. We notice that for samples
prepared by air pluviation method the secant modulus

determined at 1% and 5% decreases with increasing number of
geotextiles in our opinion the contribution of geotextiles to soil
resistance is negligible for the weak and becomes significant
for large deformations. In contrast, samples prepared by the
moist tamping method, the secant modulus at 1% and 5%
deformation increases with increasing number of geotextiles
and confining pressure, from 10% axial strain secant modulus
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Figure 18. Variation of secant modulus versus number of geotextiles (samples prepared by MT).

increases with increase inclusions number of geotextiles.
Samples prepared by air pluviation secant modulus were
significantly higher than those prepared by the moist tamping.

5 CONCLUSIONS

This paper presents a series of drained triaxial tests on
reinforced soil to evaluate the performance of geotextiles in
improving the shear strength. Influences of geotextile layers,
initial confining stress and preparation method on the static
behaviour of reinforced soil are investigated. The main conclu-
sions from the present study are summarized as follows.

(1) Results show that the shear strength increases with in-
creasing number of geotextiles, for higher values of axial strain,
geotextiles induces a quasi-linear in the mobilised stress devia-
tor.

(2) Tests conducted on reinforced samples prepared with
moist tamping present a lower strength than those prepared
with dry pluviation method. These differences of behaviour
can be explained by the fact that the molecules of water con-
tained in the structures prepared by wet deposition method
constitute some macropores easily compressible at the time of
the shearing of the sample, and at the same time prevent the
grain to grain and grain-geotextile adhesion.

(3) Increasing the number of geotextiles and confining
pressure induces an increase of the sandy soil contractancy,
and consequently the geotextiles reduce and restricts signifi-
cantly the dilalation of reinforced sandy soil.

(4) Samples prepared with moist tamping method show
contractive behaviour in comparison to those prepared by air
pluviation.

(5) Results of tests show that the mobilised friction angle
increases with increasing number of geotextile layers and
decreases with increasing initial confining pressure. Samples
tamping,
significantly lower than those prepared by air pluviation
method.

(6) Normalised shear strength (Rg) increases linearly

prepared  bymoist mobilize friction angles

with increasing number of geotextiles for the initial confining
pressure under consideration. The normalised shear strength
slope line for 50 kPa is very marked in comparison with 100
and 200 kPa.

(7) Secant modulus determined at 1% and 5% for samples

prepared by air pluviation method, decreases with increasing
number of geotextiles; in contrast, the secant modulus for
samples prepared by the moist tamping method at 1% and 5%
deformation increases with increasing number of geotextiles
and confining pressure. Secant modulus beyond 10% increases
with increase of inclusions for the two samples preparation
methods. Secant modulus of samples prepared by air pluviation
has significantly higher values than those prepared by moist
tamping.
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