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Experimental study of cohesive soils reinforced with synthetic fibres

R. BAHAR, H. STITI & B. MELBOUCI, University of Tizi-Ouzou, Algeria

ABSTRACT: This paper presents and discusses the results of a laboratory investigation of the mechanical behaviour of two cohesive
soils, a clay and a marl, reinforced with synthetic fibres. The investigation was conducted using a conventional oedometer and a di-
rect shear apparatus. Two types of synthetic fibres were used, polyester and polypropylene. These fibres can be obtained in quantity
with specified, uniform diameters and relatively constant properties from several textile factories established in Kabylie region, lo-

cated in the north east of Algeria.

1 INTRODUCTION

Cohesive soils as marl are abundantly available in the Kabylie re-
gion, located in the north east of Algeria. The marly site area of the
region is estimated to about 470 km” These materials appears un-
der several aspects, varying from one site to another. The evolu-
tion of their mechanical parameters in time and in the presence of
water needs a reinforcement of these materials for their use in civil
engineering works as layers of pavements, fills, etc., and requires
knowledge of their behaviour. The ground improvement by geo-
synthetic is one of the most commonly used techniques for rein-
forcement of soft soil (Athanasopoulos 1996, Gballou 1991, Gourc
1982, Gray & Ohashi 1983, Hoare 1979, Lee & Manjunath 2000,
Ouattara, 1992).

Several textile factories specialised in clothing are established
in Kabylie region. They produce annually several thousand tons of
synthetic fibre wastes. The fibres can be obtained in quantity with
specified, uniform diameters and relatively constant properties.
The main purpose of this study, is to investigate experimentally the
feasibility of using these synthetic fibre wastes in conjunction with
a cohesive soil matrix to produce composite soil. The investigation
was conducted using a conventional oedometer and direct shear
apparatus. Two types of synthetic fibres were used, polyester
(PET) and polypropylene (PP). Two types of soils were used: a
clay and a marl.

2 EXPERIMENTAL INVESTIGATION

2.1 Soil samples

The soil samples used in this study are clay and marl, excavated at
about 2 m and 8 m depth respectively, at Tizi-Ouzou town. Some
physical properties of these soils are summarised in Table 1. Fig-
ure 1 shows the results obtained by carrying out the standard Proc-
tor Tests on samples of clay and marl. The clay has a maximum
dry specific density of 18,6 kN/m® and an optimum moisture con-
tent of 16.5%. For the marl, the optimum water content was 15.5%
ant its maximum dry specific density was found as 17,1 kN/m?®.

2.2 Fibres

Polyester and polypropylene fibres used in the clothing industry
(Figures 2 and 3) were used as reinforcement specimens in this

study. A summary of some properties of these synthetic fibres is
presented as follows (Characteristics of fibres for clothing and fur-
nishing, 1987):

Polyester (PET) : volumic mass 1.36-1.40 g/cm’, length 38
mm, tensile elongation 20 — 30 %, linear density 1.5 dtex, manu-
factured by ENADITEX textile fabric of Tizi-Ouzou, Algeria.

Polypropylene (PP): volumic mass 0.91-0.95 g/cm’, length 90
mm, tensile elongation failure 40 - 50%, linear density 1.7dtex,
manufactured by COTITEX textile Fabric of Bejaia, Algeria.

Clay Marl
Liquid limit w . (%) 46.3 435
Plastic limit (%) 17.5 22.0
Plasticity index (%) 28.8 21.5
Specific gravity (kN/m *) 27.2 26.8
Table 1. Some physical properties of the soils.
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Figure 1. Compaction curves.
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Figure 2. Polyester fibres.

Figure 3. Polypropylene fibres.

2.3 Optimum fibre content

In order to determine the optimum fibre content, representing a
minimal fibres content supporting a maximum load, samples: soil
without fibres, 0.1 to 0.6 % to soil mixtures have been prepared in
compaction moulds under the standard Proctor conditions at their
optimum water content. Adding more than 0.6% fibres weight, the
sample is almost fissured after its release from the mould because
of the high quantity of fibres. The mould was 10 cm in diameter
and 9.5 cm in height. Fibres are introduced by hand in the mass
following two different arrangements, vertical and horizontal, in
order to adopt a better disposition. The samples had been cured for
28 days after compacted by applying standard Proctor energy and
then subjected to a compression tests. Figure 4 shows the results of
compression strength versus polyester fibre content. Each point of
the obtained curves is the average of the results of three tested
samples. It can be noted that the strength does not increase beyond
the optimum value of 0.2 % of fibre content; this means that the
maximum strength was reached for that value. Thus, we retained,
for the testing program, this percentage (0.2 % in weight) repre-
senting an economic content of fibres and which brings the maxi-
mum reinforcement. This optimum value is also obtained for a
random distribution of fibres (Melbouci, 1999).

2.4 Testing program

The behaviour of the soils reinforced by synthetic fibres were stud-
ied by carrying out consolidation tests using conventional oedome-
ter and standard direct shear box. Five groups of samples for each
material mentioned above were prepared, by mixing soil with op-

timum fibre content by hand, until a uniform mixture was
achieved, in compaction mould under the standard Proctor condi-
tions at their optimum water content. The fibres are placed in a
random distribution in the soil. After compaction, the compacted
soil was extruded from the mould and oedometer rings of 50 mm
diameter and 25 mm height and circular shear box rings of 60 mm
diameter and 24 mm height were then taken. A designation system
of the specimen was used as follows:

- Clay or Marl without fibres denoted as C and M respectively;

- Clay or Marl with a 0.2 % polyester fibre denoted as CO2PET
and MO2PET respectively;

- Clay or Marl with a 0.2 % polypropylene fibre denoted as
CO02PP and MO2PP respectively;

- Clay or Marl with a 0.1 % polyester fibre and 0.1% polypro-
pylene fibre denoted as COIPETO1PP and MOIPETO1PP respec-
tively;

- Clay or Marl with a 0.05 % polyester fibre and 0.15% poly-
propylene fibre denoted as COOSPET015PP and MOO5SPETO15PP
respectively

3 CYCLIC OEDOMETRIC TESTS

A series of consolidation tests with five unloading-loading, cycles
and three loops of hysteresis cycle, using conventional oedometer
with a diameter 5 cm and 2 cm height, were performed on samples
mentioned above. Pressure increments were applied for 24 hours
and began at 2 kPa with loading doubled each 24 hours up to a
maximum 1000 kPa. The study was made in a saturated state
which is the most unfavourable case and dry state. The saturation
of the sample is maintained during all the test. Typical results of
oedometric tests with unloading-loading performed on reinforced
marl sample are shown in Figures 5 and 6. The initial void ratios of
the samples tested in a dry state are different to those tested in a
saturated state. The results of the testing program are summarised
in Table 2.

These results show that, at the saturated state, the first two cy-
cles of loading — unloading are quite distinct from the others and
from the third cycle, they are identical. The void ratios are more
significant for the soils reinforced by synthetic fibres. For the two
tested soils, it is observed that the polyester fibre inclusion in-
creases more the void ratios than the polypropylene fibre. This in-
crease is 28.6 % for the marl and 9.4 % for clay. It is more signifi-

cant for the material marl.
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Figure 4. Compression strength versus fiber content.
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Figure 5. Typical results of oedometric tests with five cycles of

loading-unloading in reinforced marl, saturated state.
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Figure 6. Typical results of oedometric tests with five cycles of
loading-unloading in reinforced marl, dry state.

Table 2. Oedometric characteristics of the soils reinforced with fi-
bres for a saturated state.

Soil mixture E (kPa) eo (1?};‘;) Ce C,
Clay 13 400 0.63 5.66 0.0126 0.087
CO2PET 14 600 0.69 1.19 0.0127 0.0692
CO2PP 13 800 0.67 225 0.0123 0.0653
COIPETO1PP 15100 0.88 3.62 0.0173 0.084
COOSPETO15PP 13 400 0.65 239 0.015 0.087
M 21100 047 9.27 0.0128 0.073
MO2PET 17 500 0.61 329 0.0122 0.0735
MO02PP 18 400 0.58 6.61 0.0133 0.056
MOIPETO1PP 18 800 0.75 7 0.0107 0.064
MOOSPETO15PP 18 500 0.71 5.64 0.0194 0.083

E: oedometric modulus
€ : Initial void ratio
G’ p:preconsolidation stress

The preconsolidation stress decreases respectively by 60 % and
28.7 % for the material clay and marl reinforced by polypropylene
fibres. This reduction is more significant for materials reinforced
by polyester fibres; it is 79 % for clay and 64.5 % for the marl. For
the soil reinforced by polypropylene fibres, the void ratios are
slightly lower compared to those obtained for the soils reinforced
by polyester fibre. This is explained by the nature of the surface of
inclusions in the presence of water, the more the roughness of sur-
face will be high, the less will be the void ratio. However, the
polyester fibre has a very smooth surface which enables to slip and
to be driven through the structure of the soil by creating more
voids. The polypropylene fibre is rather rough, it fills perfectly the
voids.

The association of polypropylene and polyester fibre in the soil
lead to a higher void ratios compared to those of the virgin soil.
This case is observed for composite material with 0.1% PET and
0.1% PP in weight. This contribution is 59 % for the marl and 40
% for the clay.

At the end of the tests, the soil samples were withdrawn from
the oedometric mould and were broken (Figure 7). The following
remarks were observed:

- the fibres remained intact and not damaged after three months
of test;

- the final structure of the samples is very dense considering

that there were consolidated to the maximum.

C. : compression index
C, : Swelling index

Figure 7. Reinforced marl sample broken after an oedometric test.

4 DIRECT SHEAR TESTS

Shear box tests were performed on the samples mentioned above to
determine the shear strength parameters of the reinforced soils. A
circular cell with 60 mm diameter and 24 mm height was used.
The soils were tested saturated and dry under both consolidated
undrained (CU) and unconsolidated undrained (UU) conditions.
Tests were subjected to three values of vertical confining stresses
up to 300 kPa in order to completely define the shear strength en-
velope of the reinforced soils. Figure 8 shows typical shear test re-
sults conducted on reinforced clay. The effect of fibre reinforce-
ment on shear resistance can be seen and understood best by
plotting and comparing shear envelopes. Figures 9 and 10 show
failure envelopes obtained from shear tests performed on unrein-
forced and reinforced marl.

In general, fibre reinforcement tended to increase the ultimate
shear strength. The results obtained show very interesting me-
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chanical properties that confers the fibre inclusion on the soil with-
out reinforcement. The best results are obtained for the rein-
forcement with 0.2% fibre content of polyester and with mixture of
0.1% polyester fibre and 0.1 % polypropylene fibre. Non parallel
displacement of shear envelopes suggests that the fibres affect the
frictional properties of the soils.
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Figure 8. Typical results of direct shear tests conducted in reinforced clay.
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Figure 9. Shear strength envelopes, UU.
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Figure 10. Shear strength envelopes, CU.

5 CONCLUSION

The polyester and polypropylene fibres for clothing use can be ob-
tained in quantity with specified, uniform diameters and relatively
constant properties from several textile factories established in
Kabylie region, located in the north east of Algeria. The feasibility
of using these synthetic fibres in conjunction with a cohesive soil
matrix to produce composite soil has been investigated experimen-
tally. Test results have shown that the optimum fibre content
needed to produce a considerable improvement of soil strength is
0.2% in weight.

Furthermore, this experimental study is to be taken as a pre-
liminary investigation of the behaviour of the soils reinforced by
synthetic fibres. A supplementary study is needed in order to bet-
ter understand the behaviour of the cohesive soils reinforced with
these fibres.
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