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Abstract: The inclusions of geosynthetic materials 
(fibers, geomembranes and geotextiles) is a new 
improvement technique that ensures uniformity in the 
soil during construction. The use of tension resisting 
discreet inclusions like polypropylene fibers has 
attracted a significant amount of attention these past 
years in the improvement of soil performance in a cost-
efficient manner. A series of direct shear box tests were 
conducted on unreinforced and reinforced Chlef sand 
with different contents of fibers (0, 0.25, 0.5 and0.75%) 
in order to study the mechanical behavior of sand 
reinforced with polypropylene fibers. Samples were 
prepared at three different relative densities 30%, 50% 
and 80% representing loose, medium dense and dense 
states,respectively, and performed at normal stresses 
of 50, 100 and 200 kPa. The experimental results show 
that the mechanical characteristics are improved with 
the addition of polypropylene fibers. The inclusion of 
randomly distributed fibers has a significant effect on the 
shear strength and dilation of sandy soil. The increase in 
strength is a function of fiber content, where it has been 
shown that the mechanical characteristics improve with 
the increase in fiber content up to 0.75%, this improvement 
is more significant at a higher normal stress and relative 
density.

Keywords: Sand; direct shear box tests; polypropylene 
fibers; shear strength; normal stress; relative density.

1  Introduction
Several works have been carried out in the laboratory 
on soil samples to study the influence of the addition 
of reinforcement under several types and forms on the 
behavior of the soil.[14,15,21,22,24,30,36]Reinforcing soils using 
tension resisting elements is an attractive means of 
improving the performance of soil in a cost effective 
manner. The use of random discrete flexible fibers mimics 
the behavior of plants roots of surface vegetation and 
contribute to the stability of soil mass by adding strength 
to the near-surface soils in which the effective stress is low.
[40,19,20] Laboratory and some in situ pilot test results have 
led to encouraging conclusions concerning the potential 
use of flexible fibers for the reinforcement of fine granular 
materials providing an artificial replication of the effects 
of vegetation.[3,29,12,35,37,42,32]

Numerous experiments carried out on fiber-reinforced 
sandy soil have shown that the shear strength of sand 
increases when the discrete fibers are added to the soil.
[2,11,12,15,18,27,28,39]G. RanjanG., Vasan R.M. and Charan H.D. 
(1994) also found thatfiber content increases the strength 
of fiber-reinforced soil at peak and limits the reduction of 
residual shear strength.[33] Furthermore, Yetimoglu T. and 
Salbas O.A. (2003) reported that the inclusion of fibers 
into sand pose great potential to reduce the brittleness 
of soils and improve its ductility in order to limit loss of 
post peak strength.[41]Fiber-reinforced specimens are able 
to maintain the shear stress with continuing deformation 
even at large strains, suggesting that these materials 
are very ductile. Also,Romero R.J. (2003) and Liu J. et al. 
(2011) have shown that reinforcement inclusions reduce 
the potential for the occurrence of liquefaction and 
convert a strain softening response into a strain hardening 
response.[34,26]

Fiber reinforced soil behaves as a composite material 
in which fibers of relatively high tensile strength are 
embedded in a matrix of soil. The randomly distributed 
fibers capture and redistribute loads through their 
tensile strength, mobilizing a wider mass of soil, which 
in turn greatly improve the mechanical response of the 
material.[1,17,23]Experimental results from various tests 
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(direct shear, unconfined compression and triaxial 
compression) have confirmed that the efficiency of fiber 
treatment is highly dependent on the fiber concentration, 
on testing conditions (e.g., stress and strain levels, stress 
path and loading direction) and on a large number of 
variables related equally to the physical and dimensional 
characteristics of both fiber and sand matrix (e.g.,fiber 
and particle sizes and particle size distribution, particle 
shape and fiber surface, fiber/grain frictional properties, 
stiffness) as well as their spatial configuration (e.g., 
matrix packing and fiber orientation, fiber distribution).
However,a limited number of studies have been focused 
on the investigation of the behavior of polypropylene 
fiber reinforced sand using the direct shear apparatus.
This paper presents the experimental results of direct 
shear tests carried out on sand samples reinforced with 
polypropylene fibers. Results of this study are presented 
and discussed regarding the effect of relative density, 
normal stress and fiber percentage on the shearbehavior 
of reinforced soil.

2  Materials and laboratory 
procedures
The experimental program is a series of direct shear box 
test performed on Chlef sandy soil obtained from the 
Chlef river banks (Algeria), unreinforced and reinforced 
samples with polypropylene-fibers (fiber content of 0.25, 
0.5 and 0.75 by mass), three different densities and under 
a normal stress of 50, 100, 200 kPa.

2.1  Materials

2.1.1  Soil

The soil used in the present study was a sand collected 
from the Chlef river banks in the north of Chlef Algeria. 
According to Durville J.L. and Meneroud J.P. (1983), 
this region has experienced the appearance of soil 
liquefaction during the last earthquake of October 1980.
[16] The phenomenon appeared on a vast alluvial valley 
traversed by OuedChlef and at the confluence zone 
with OuedFodda (Figure 1). Numerous testswere carried 
out on the Chlef sand.[4,9,10,13,25] The soil used is classified 
as poorly graded sand (SP). Figure 2 presents the grain 
size distribution curve of the sand.[5] The engineering 
properties of Chlef sand are given in Table 1. The tests 
were conducted on sand samples prepared at different 
initial relative densities of 30, 50 and 80% representing 
respectively loose, medium dense and dense states of 
deposition and subjected to three normal stresses of 50, 
100 and 200 kPa.

2.1.2  Fiber reinforcement

The fiber used in this study was a white monofilament 
polypropylene fiber with an average length of 12 mm and 
a diameter of32 µm (Figure 3). Different fiber contents, Fc 
= 0%, 0.25%, 0.5% and 0.75% were used. A series of direct 
sheartests was conducted to investigate the parameters 
that affect the shear strength behavior of fiber-reinforced 
sand.Physical and mechanical properties offiber are 

  

Figure 1: Localization of the liquefaction phenomenon in the Chlef valley during the earthquake of October 1980[16]
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shown in Table 2 (supplied by the manufacturing company 
‘Polyfibres’).

2.2  Test procedures

Laboratory reconstituted samples of unreinforced and 
reinforced sand with polypropylene fiber were used in 
this study. Sample preparation was first conducted by 
determining the required mass of sand and fiber for 
mixture. The concentration of fibers (Fc) included in a 
composite is defined as percentage of dry mass of sand:

Where Wf and Ws are the mass of fibers and the mass of 
dry sand, respectively. The specimens were manually 
prepared by adding and mixing the oven dried sand with 
fibers as shown in Figure 4.A special attention during 
sample preparation was given to ensure a similar level 
of mixing for all the samples tested. In view of carrying 
out each test, the following procedure was adopted.The 
calculated soil mass was divided into three equal parts;the 
fiber mass was also divided accordingly. Each soil mass 
was manually mixed with its opposing fiber mass in 
order to obtain three equal mixtures. Visual examination 
of the prepared specimens proved the mixtures to be 
satisfactorily uniform. The obtained mixtures were then 
disposed in layers in the mold with a defined compacting 
process proper to each density. Each test was repeated to 
ensure the reliability of the results.

36 direct shear box tests were conducted in this 
study on unreinforced and reinforced sand with different 
fiber contents (0, 0.25, 0.5 and0.75%by mass) using the 
preparation method of dry pluviation.The reinforced and 
unreinforced samples were both in a loose (Dr = 30%), 
medium dense (50%) and dense (Dr = 80%) state. All 
of the parameters considered in testing programme are 
listed in Table 3.

All the tests were conducted at the Laboratory of 
Materials Science and Environment (LMSE) at University 

Figure 2: Grain size distribution curve of the Chlef sand.

Table 1: Engineering properties of Chlef sand.

Sand Properties Standard test 
specifications

Value 

Medium grain size, D50 (mm) ASTM D-422 0.40

Maximum diameter, Dmax(mm) ASTM D-422 2.00

Coefficient of uniformity, Cu (.) ASTM D-422 2.227

Coefficient of curvature, Cc (.) ASTM D-422 0.891

Mean specific gravity, Gs(.) ASTM D854-02 2.665

Maximum void ratio, emax(.) ASTM D4253-00 0.85

Minimum void ratio, emin(.) ASTM D4254-00 0.56

Figure 3: Monofilament polypropylenefiber.

Table 2: Physical and mechanical properties of polypropylene fiber.

Specific 
gravity

Length 
(mm)

Diameter 
(µm)

Tensile strength 
(MPa)

Young modulus 
(GPa)

0.91 12 32 600–700 3.0–3.5
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Hassiba Benbouali of Chlef in Algeria. Fiber reinforcement 
tests were conducted using a standard laboratory Shear 
strength apparatus with a box specimen of 60×60 mm in 
the plan. The thickness of all samples was 25 mm. Figure 5 
presents a general view of the setup showing direct shear 
box apparatus and the data acquisition system.

3  Results and discussion

3.1  Effect of fiber content

Several studies on the fiber effect content on the shear 
behavior of soils have proved that soil mechanical 

characteristics increase with the increase in fiber content. 
Hence, this investigation studies the effect of fiber content 
on the shear behavior of Chlef sand. In the graphs below, 
test results are presented and compared regarding the 
effect of fiber content (0.25, 0.5 and0.75%by mass), normal 
stress and relative density.

3.1.1  Loose samples (Dr=30%)

Figure 6a presents shear strength versus horizontal 
displacement. Results show an important increase 
in the shear strength for all the percentages of fiber 
reinforcement studied. However, fiber content of 0.75% 
by mass was proven to be the most effective, where the 
peak shear strength reached takes a value of 151 kPa for 
the reinforced samples and 99 kPa for the unreinforced 
samples. The effect of reinforcement on the volumetric 
behavior showed that adding fiber reinforcements 
increases the contractive tendency of loose sand and 
significantly for higher fiber contents (Figure 6b);this is 
due to the contribution of fiber on the improvement of 
the soil confining stress thanks to the tension developed 
in the fibers. This kind of behavior was also observed by 
Romero R.J. (2003).[34]Moreover, from Figure 6c, it can be 
noted that the fiber content has a significant effect on the 
strength parameters (the cohesion and the friction angle). 
The friction angle has been established where the slope 
takes the values of 0.59 and 0.68 for fibers’ content equal 
to 0.25 and 0.5% respectively, and a maximal value of 0.69 
for a fiber content of 0.75%.

3.1.2  Medium dense samples (Dr=50%)

The effect of polypropylene fibers on the shear strength 
development and the volumetric deformation for a 
medium relative density (Dr = 50 %) will be established. 
Figures 7a and 7b show that the increase in the shear 
strength is proportional to the increase in fiber content. 
This is due to the increase in the contact area between 
fibers and soil particles that leads to increased friction at 

Figure 4: Sample preparation.

Table 3: Experimental program.

Relative 
density, Dr(%)

Fiber content, Fc(%) Normal stress, ϭn(kPa)

30 0,0.25, 0.5and 0.75 50, 100 and 200

50 0, 0.25, 0.5and 0.75 50, 100 and 200

80 0, 0.25, 0.5and 0.75 50, 100 and 200

Figure 5: View of the direct shear box apparatus.
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the interface. At the same time, fibers can generate many 
crossover points and create fiber networks that reinforce 
the spatial confinement effect in the soil. As a result, 
the strength of the mixture increases to the maximum.
[38] It is noticeable that the addition of fiber has greatly 
improved the strength of the sand, as it reached the peak 
strength of 165 kPafor a fiber content of 0.75%.Besides, 

displacement curves of unreinforced and reinforced 
medium sand specimens have almost shown contractive 
behavior (Figure 7b). Where, it has been observed that the 
introduction of fiber inclusions limits the soil dilatancy. 
Also, it has been shown in the intrinsic curves (Figure 7c) 
that all reinforced specimens have higher shear strength 
than of the unreinforced sand. The values of the slope of 
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Figure 6.Effect of fiber content on shear behavior, normal stress of 200kPa and a relative 
density Dr = 30 %: (a)variation of the shear strength versus horizontal 

displacement,(b)variation of vertical displacement versus horizontal displacement, (c)intrinsic 
curves 

 
3.1.2 Medium dense samples (Dr=50%) 

The effect of polypropylene fibers on the shear strength development and the volumetric 

deformation for a medium relative density (Dr = 50 %) will be established. Figures 7a and 7b 

show that the increase in the shear strength is proportional to the increase in fiber content. 

This is due to the increase in the contact area between fibers and soil particles that leads to 

increased friction at the interface. At the same time, fibers can generate many crossover points 

Figure 6.Effect of fiber content on shear behavior, normal stress of 200kPa and a relative density Dr = 30 %: (a)variation of the shear 
strength versus horizontal displacement,(b)variation of vertical displacement versus horizontal displacement, (c)intrinsic curves
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the friction angle for fiber contents of 0.25%, 0.5% and 
0.75% were 0.66, 0.75, 074, respectively.

3.1.3  Dense samples (Dr=80%)

Figure 8a, 8b and 8c present the curves of shear behavior 
for a sample prepared at high relative density (Dr = 80 %) 
and subjected to a normal stress of 200 kPa for different 
fiber contents varying from 0.25 to 0.75%. Figures 8a 
and 8b show the shear strength versus the horizontal 

displacement and the horizontal displacement versus the 
vertical displacement respectively; the same observation 
can be done regarding the case of loose and average dense 
states. Results show that the shear strength increases 
linearly with the increase in fiber content, where the 
maximum shear strength has been shown for a fiber 
content of 0.75%, the peak shear strength recorded for the 
reinforced sample is 194 kPa comparing with 164 kPa for 
the unreinforced samples.The same observations can be 
made regarding the effect of fiber inclusion on the vertical 
deformation of the samples. The reinforced samples 

and create fiber networks that reinforce the spatial confinement effect in the soil. As a result, 

the strength of the mixture increases to the maximum.[38] It is noticeable that the addition of 

fiber has greatly improved the strength of the sand, as it reached the peak strength of 165 

kPafor a fiber content of 0.75%.Besides, displacement curves of unreinforced and reinforced 

medium sand specimens have almost shown contractive behavior (Figure 7b). Where, it has 

been observed that the introduction of fiber inclusions limits the soil dilatancy. Also, it has 

been shown in the intrinsic curves (Figure 7c) that all reinforced specimens have higher shear 

strength than of the unreinforced sand. The values of the slope of the friction angle for fiber 

contents of 0.25%, 0.5% and 0.75% were 0.66, 0.75, 074, respectively. 

0 1.5 3 4.5 6 7.5
   Horizontal displacement,    (mm)

0

100

200
   

Sh
ea

r s
tre

ng
th

, 
 (k

Pa
)

Dr=50% 
Fc=0%
Fc=0.25%
Fc=0.5%
Fc=0.75%

n=200kPa

0 1.5 3 4.5 6 7.5
   Horizontal displacement,    (mm)

-1

-0.5

0

0.5

   
Ve

rti
ca

l d
is

pl
ac

em
en

t, 
V

 (m
m

) Dr=50% 
Fc=0%
Fc=0.25%
Fc=0.5%
Fc=0.75%

n=200kPa

 
(a) (b) 

0 50 100 150 200 250
 Normal stress, n(kPa)

0

100

200

   S
he

ar
 st

re
ng

th
, 

 (k
Pa

)

Dr=50%
Fc=0%
Fc=0.25%
Fc=0.5%
Fc=0.75%

(Fc=0%)     R²=0.999)
(Fc=0.25%)R²=0.999)
(Fc=0.5%)  R²=0.999)
(Fc=0.75%)R²=0.999)

 
(c) 

Figure 7.Effect of fibercontent on shear behavior, normal stress of 200kPa and a relative 
density Dr = 50 %: (a)variation of the shear strength versus horizontal 

displacement,(b)variation of vertical displacement versus horizontal displacement, (c)intrinsic 
curves 

Figure 7.Effect of fibercontent on shear behavior, normal stress of 200kPa and a relative density Dr = 50 %: (a)variation of the shear strength 
versus horizontal displacement,(b)variation of vertical displacement versus horizontal displacement, (c)intrinsic curves
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demonstrated an increase in the vertical displacement 
with the increase of fibers’ content. Hence, it is observed 
that dense samples have initially shown contractive 
behavior followed by appeared dilation tendency 
especially by adding more amounts of fibers (Figure 
8b). Results indicate that the reinforced dense samples 
have shown more dilation than the unreinforced one. In 
addition, the increase in the cohesion c value (Figure 8c) 

was significant at each fibers’ content studied, where it 
showed a maximum augmentation from a value of 8.375 
kPa for an unreinforced sample to a value of 18.745 kPa for 
a reinforced sample with a fiber content of 0.75%. Figure 
8c shows the effect of fibers’ content on the slope of the 
friction angle, where a value of 0.86 for a fiber reinforced 
content of 0.75% can be compared with a value of 0.76 for 
the unreinforced sample, which suggests that the friction 
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angle is significantly affected by fiber content. This result 
is in good agreement with that of Khebizi et al.(2018).[39]

3.2  Effect of relative density and normal 
stress

Figure 9 presents the effect of relative density on the 
behavior of fiber reinforced sand; it can be seenfrom this 
figure that the shear stress of dense samples is greater than 
the medium dense and loose samples. Liu J. etal. (2011) 

[26]established that an increase in sand density results 
in a more effective inter-facial contact area between the 
fiber-sand matrix.In addition, samples with a higher 
density will result in a greater contact and locking force 
between adjacent sand particles and a greater plastic 
deformation and surface roughness of fibers. Meanwhile, 
the lock effect increases with the fiber content. Thus, the 
maximum shear strength of the samples increases with the 
fiber content.The normal stress has a similar effect to the 
relative density on the shear stressfor every fiber content 
studied.The increase in shear strength is more important 
for a normal stress of 200kPa than 50kPa.Therefore,it can 
be noted that the normal stress has a significant effect 
on the improvement in shear strength of fiber reinforced 
sand. Similar observations were made by Prabakar J.  and 
Sridhar R.S. (2002).[31]

4  Conclusion
A series of direct shear tests were conducted to study the 
effect of polypropylene fiber inclusions on the mechanical 
characteristics of Chlef sand. Based on the results obtained 
from this study, the following conclusions can be made:
1. The efficiency of fiber inclusions is highly dependent 

on the fiber concentration, since the shear strength of 
the reinforced specimens increased relatively with the 
increase in fiber content.

2. Test results show that the maximum values of 
cohesion and friction angle increases with the 
increase of fibers, which means that the mechanical 
characteristics of fiber reinforced soil are significantly 
affected by the fiber content for all relative densities 
studied.

3. The inclusion of fiber reinforcement decreases the 
dilatancy of the soil for samples prepared at loose 
density. However, adding fibers enhances the dilation 
tendency of dense samples. This is due to the fiber 
sand matrix, which is highly dependent on relative 
density and the contribution of fiber reinforcement, 
respectively.

4. Relative density has a significant impact on the shear 
strength of fiber reinforced soils as an increase in 
sand density results in a more effective inter-facial 
contact area between the fiber-sand matrix.A similar 
effect was found in the case ofnormal stress on the 
improvement of the shear strength of fiber-reinforced 
sand. Therefore,a special consideration must be 
given to sand density and normal stressin practical 
applications.
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