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Abstract: Clayey soils are spread over large areas of the world. This soil type has numerous problems
due to its low strength, high compressibility, and high level of volumetric changes. To overcome
these difficulties, many researchers have concentrated their studies on soil improvement techniques.
Recently, soil reinforcement has been considered an effective and reliable technique for improving the
strength and stability of these soils by using different types of reinforcing materials. This paper aims
to investigate the feasibility of using polypropylene fiber as a low-cost and environmentally friendly
reinforcing material for high plasticity clay, and assess the strength and swelling behavioral change
with fiber content to determine the optimum fiber content that meets the effective improvement rate.
A series of laboratory experiments such as a direct shear test, swell test, and unconfined compressive
strength (UCS) test were carried out to evaluate the fiber content effect on the strength and swell
behavior of composite clay (clay mixed with fiber). The fiber content varied from 0% to 1.5% (by
dry weight of the soil). The results show that the inclusion of fiber affects the shear strength (an
average increase of 184% at 1.5% fibers), and unconfined compressive strength (an increase of 86%
at 1.5% fibers). Likewise, the increase in fiber content causes an increase in the strength properties,
cohesion, and friction angle (257% and 62% at 1.5% fibers, respectively). Also, the increase of fiber
content causes a decrease in both swelling potential and swell stress (a decrease of 24% and 46% at
1.5% fibers, respectively) in the studied clayey soil.

Keywords: clayey soil; fiber-reinforcement; shear strength; unconfined compressive strength; swell potential

1. Introduction

Soils that exhibit volume changes due to variations in moisture contents are defined
as swelling soils or expansive soils. These soils exhibit large amounts of swelling and
shrinkage movements due to environmental and seasonal moisture changes. Thus, these
movements seriously cause extensive damage to the structures built upon. It is estimated
that shrinking and swelling soils cause about $2.3 billion dollars of damage annually in
the United States alone, which is more than twice the annual cost of damage from floods,
hurricanes, tornadoes, and earthquakes combined (Dasog and Mermut [1]).

A significant number of studies have been conducted to develop several treatment
methods to stabilize expansive soils, and to reduce their damaging effects. These treatment
methods comprise stabilization with chemical additives, prewetting, replacement of expan-
sive soils with non-expansive soils, controlling compaction, moisture control, surcharge
loading, and thermal methods (Nelson and Miller [2]; Vessely and Wu [3]; Sridharan and
Gurtug [4]). All these methods may have the problematic conditions of being inefficient and
expensive. Hence, new methods are still being investigated to increase the strength proper-
ties and reduce the swelling behaviors of expansive soils by using different materials and
additives (Akbulut et al. [5]; Al-Zubaidi et al. [6]; Al-Mahbashi et al. [7]; Al-Bared et al. [8]).
Generally, the chemical soil stabilization technique by using conventional materials such as
cement, lime, and fly-ash (Panchal et al. [9]; Rios et al. [10,11]) is considered the most used
technique. Recently, geo-polymerization (soil-polymer mixtures) has also been presented
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as an effective technique to improve the properties of problematic soils (Zhang et al. [12];
Kua et al. [13]; Hoy et al. [14]).

Reinforcement techniques are carried out either by adding continuous reinforcement
in the form (slides, sheets, bars, mesh, or mat) within the soil mass, after determining
their location and direction, or by mixing separate fibers with the “soil fill” before placing
it in the required place at the project site. However, the use of geosynthetic materials
has confirmed the effectiveness of enhancing both short- and long-term bearing capacity
of shallow foundations and reducing the potential post-construction settlements of the
constructions established on embankments (Hoy et al. [14]).

Many investigations have been performed on the reinforcement of soils by using randomly
oriented natural and synthetic discrete fiber materials to improve soil stability (Akbulut et al. [5];
Kumar et al. [15]; Sivakumar Babu and Vasudevan [16]; Viswanadham et al. [17]). Tang et al. [18]
showed that fiber inclusions increased the tensile strength of clayey soils. Yilmaz [19]
proved that the unconfined compressive strength for expansive clays has been increased
by using a mixture of fly ash and polypropylene fiber. On the other flip, for lime-fiber
stabilized clayey soil, swelling potential has been decreased by the increase of fiber content
as reported by Cai et al. [20].

However, the reports on the utilization of randomly-oriented natural and synthetic
discrete fiber materials to reduce swelling potential in expansive soils have not been settled
yet sufficiently, and the optimum fiber content that meets the optimal improving rate
for both shear and unconfined strength properties have not fulfilled yet, with respect
to the soil type and fiber properties. Furthermore, most recent studies that focused on
using the polymer materials as additives to be mixed with weak soils proved that this
technique is considered an environmentally friendly and low-carbon stabilization of weak
soils in comparison with Portland cement stabilization (Deng et al. [21]). On the contrary,
several recent studies documented that the incorporation of higher dosages of coal fly ash
into water and soil releases toxic elements, consequently creating soil and groundwater
pollution leading to major health, environmental, and land-use problems (Imran Khan and
Rashid Umar [22]). Therefore, this research came to assess the feasibility of using short
polypropylene fiber as a low-cost and environmentally friendly reinforcing material to
improve the swelling and strength behavior of clayey soils and track the behavioral changes
with the fiber content. Thus, we aimed to identify the optimum fiber content that should be
added to obtain an effective improvement rate for both strength and swell properties and
behavior in high compressibility clayey soil.

2. Materials
2.1. Polypropylene Fiber

Polypropylene fiber (PP) is a thermoplastic material, produced by the polymerizing
process under carefully controlled pressure and heat. Propylene consists of an unsaturated
hydrocarbon with only carbon and hydrogen atoms. There are many available forms of
polypropylene. One form of PP is a semi-crystalline solid. The crystallizable form of PP is
termed “isotactic” PP and the non-crystallizable form is termed “atactic” (Brown et al. [23]).

Polypropylene fibers are also produced as continuous cylindrical monofilaments that
can be chopped to specified lengths or as films and tapes that can be fibrillated to form
fibrils of rectangular cross-sections. Fibrillated means that the polypropylene film is slit, so
it can be expanded into an open network of fibers. Table 1 summarizes the properties of
the polypropylene fibers used in this study as shown on its identification card (as provided
by the manufacturer). Figure 1 shows the shape and type of the used material.
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Table 1. Properties of the used polypropylene fibers (as provided by the manufacturer).

Behavior Parameters Values

Fiber type Single fiber
Unit weight 0.91 g/cm3

Average diameter 0.034 mm
Average length 12 mm

Breaking tensile strength 350 MPa
Modulus of elasticity 3500 MPa

Fusion point 165 ◦C
Burning point 590 ◦C

Acid and alkali resistance Very good
Dispersibility Excellent

Sustainability 2022, 14, x FOR PEER REVIEW 3 of 16 
 

 
Figure 1. Used polypropylene fiber. 

Table 1. Properties of the used polypropylene fibers (as provided by the manufacturer). 

Behavior Parameters Values 
Fiber type Single fiber 

Unit weight 0.91 g/cm3 
Average diameter 0.034 mm 

Average length 12 mm 
Breaking tensile strength 350 MPa 

Modulus of elasticity 3500 MPa 
Fusion point 165 °C 

Burning point 590 °C 
Acid and alkali resistance Very good 

Dispersibility Excellent 

The main reason for selecting this type of fiber to be considered in this study is the 
fact that these fibers are more commonly used as industrial materials, as well as, because 
of their low cost in comparison with other traditional additives, and their chemical inert 
nature, where these materials cannot be absorbed, and do not interact with soil moisture. 
In addition, there is good potential of their applications in several areas such as 
pavements, backfill of retaining walls, liquefaction mitigation, embankments, slopes, and 
foundation soils (Ramasamy and Arumairaj [24]). According to Hejazi et al. [25], the 
general advantages of fiber composite soils are the availability, economical benefits, easy 
to work and rapid to perform, and feasibility of using in all weather conditions. However, 
it is important to refer that obtaining a homogeneous soil–fiber matrix in the field is 
troublesome as reported by many researchers in comparison with the hand mixing (lab 
mixing) that allows fibers to merge properly with the soil mass, but this issue can possibly 
be overcome and mitigated by oscillatory or helical mixing techniques Hejazi et al. [25]. 

2.2. Soil 
The used soil for the test program was obtained from the excavation of a residential 

foundation in Gaziantep, Turkey. The site for soil collection was selected because the 
clayey soil appeared to be rather uniform. Before the tests were conducted, a series of 
index property tests were performed to determine the general characteristics of the 
studied soil. The index property tests were comprised of gradation analysis, hydrometer 
analysis, an Atterberg limit test, and a specific gravity test. The results of laboratory testing 
are summarized in Table 2. 

  

Figure 1. Used polypropylene fiber.

The main reason for selecting this type of fiber to be considered in this study is the
fact that these fibers are more commonly used as industrial materials, as well as, because
of their low cost in comparison with other traditional additives, and their chemical inert
nature, where these materials cannot be absorbed, and do not interact with soil moisture.
In addition, there is good potential of their applications in several areas such as pavements,
backfill of retaining walls, liquefaction mitigation, embankments, slopes, and foundation
soils (Ramasamy and Arumairaj [24]). According to Hejazi et al. [25], the general advantages
of fiber composite soils are the availability, economical benefits, easy to work and rapid to
perform, and feasibility of using in all weather conditions. However, it is important to refer
that obtaining a homogeneous soil–fiber matrix in the field is troublesome as reported by
many researchers in comparison with the hand mixing (lab mixing) that allows fibers to
merge properly with the soil mass, but this issue can possibly be overcome and mitigated
by oscillatory or helical mixing techniques Hejazi et al. [25].

2.2. Soil

The used soil for the test program was obtained from the excavation of a residential
foundation in Gaziantep, Turkey. The site for soil collection was selected because the
clayey soil appeared to be rather uniform. Before the tests were conducted, a series of
index property tests were performed to determine the general characteristics of the studied
soil. The index property tests were comprised of gradation analysis, hydrometer analysis,
an Atterberg limit test, and a specific gravity test. The results of laboratory testing are
summarized in Table 2.
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Table 2. Characteristics of the studied soil.

Soil Properties Values

Specific gravity 2.7
Liquid limit 57%
Plastic limit 22.67%

Plasticity index 34.33%
Unified Soil Classification System (USCS) CH

Optimum moisture content 22.5%
Maximum dry density 1.57 g/cm3

Sand (4.75–0.075 mm) 24%
Silt (0.075–0.002 mm) 39%

Clay < 2 µm 35%
Shrinkage limit 12%

3. Laboratory Investigations

A laboratory experimental program was conducted on clayey soil with high plasticity
for studying the influence of polypropylene fibers on swelling characteristics, strength,
and index properties. Initially, the studied soil characteristics and index properties were
determined and then compared with those of samples stabilized with polypropylene fibers
(fibrillated polypropylene fiber), where three fiber contents were considered (0.5%, 1%,
and 1.5%) after preparing many samples with different fiber contents (0.5%, 1%, 1.5%,
2%, and 2.5%), and coming up with the optimal contents that could be used without
exposing the samples to large pressures during the preparation (easy to form in the lab).
The fiber content/weight was the studied ratio multiplied by the dry weight of the soil for
each sample.

3.1. Sample Preparation

In this study, three various contents of polypropylene fiber (i.e., 0.5%, 1%, and 1.5% of
soil dry weight) were selected. In the laboratory, the tests’ samples were extracted from the
proctor apparatus (i.e., the sample’s dry density corresponds with maximum dry density
(MDD) which is 1.57 g/cm3, and with the optimum moisture content (OMC) which is
22.5%) in accordance with the ASTM D 698 standards [26], and this was applied for each
fiber content after mixing the calculated fiber very well. Proctor experiment’s results for
each fiber content are summarized in Figure 2.
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3.2. Shear Strength Tests

The samples were prepared by mixing the calculated dry weight of the soil (which
corresponds with MDD) with the calculated water weight (which corresponds with OMC),
and with the fiber weight which is equal to the value of the pre-identified ratio multiplied
by the dry weight of the soil. Table 3 summarizes the needed quantities (with respect to
the direct shear box ring’s properties, with an area of 32 cm2 and a volume of 80 cm3) for
dry soil, water, and fiber to prepare six samples for each fiber content. After that, the soil
samples were extracted from the Proctor apparatus. Then, the samples were placed in the
direct shear box apparatus, and different vertical loads were applied (25; 50; 100; 150 kPa)
for each fiber content. Next, the tests were conducted in accordance with ASTM D3080
standards [27]. Figure 3 shows the shear stress values (τ kPa) with the corresponding
horizontal displacement (∆L mm) for each reinforcing ratio (fiber content) and vertical load
applied. The increase of shear strength by increasing the fiber content can be noticed in
Figure 3. Thus, by depicting the experimental results and drawing the Coulomb failure
envelope for each fiber content, the values of cohesion and friction angle can be obtained
for each reinforcing ratio/fiber content, as summarized in Table 4.
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Table 3. Quantities calculations for shear test’s samples preparation.

Fiber Content
PP (%)

Dry Weight
of Soil

(g)

PP Weight
(g)

Water
Weight

(g)

No. of
Samples

Total Dry
Soil Weight

(g)

Total Water
Weight

(g)

Total PP
Weight

(g)

Total Wet
Weight of
the Soil

(g)

0% 125.6 0 28.26 6 753.6 169.56 0 923.16
0.5% 125.6 0.63 28.26 6 753.6 169.56 3.77 926.93
1% 125.6 1.26 28.26 6 753.6 169.56 7.54 930.67

1.5% 125.6 1.89 28.26 6 753.6 169.56 11.30 934.47

Table 4. Cohesion and friction angle (C and ∅) values with respect to fiber content.

Fiber Content
(%)

Cohesion
(C, kPa)

Friction Angle
(Degree, ∅)

0% 31.86 17.58
0.5% 49.68 30.40
1% 67.26 33.52

1.5% 113.62 28.54

3.3. Unconfined Compressive Strength Tests (UCS)

After extracting the soil samples from the proctor apparatus, the samples were placed
in the electronic unconfined compressive strength apparatus, and then the tests were
conducted in accordance with ASTM D2166 standards [28]. Please note that for each fiber
content, three samples were tested to assuring the accuracy of the results. Figure 4 shows
the values of the UCS for each fiber content.
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Figure 4. Axial stress/axial strain for four polypropylene fiber contents (PP): (a) Axial stress/axial
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By taking the slope (inclination) of the straight part of the curve (stress-strain), the
elastic modulus for each reinforcement ratio used (PP = 0%, 0.5%, 1%, 1.5%) can be obtained.
Table 5 shows the values of the elasticity modulus of the studied soil, as well as the values
of the unconfined compressive strength at the collapse situation for each value of the
fiber content.

Table 5. Unconfined compressive strength and elasticity modulus values with respect to fiber content.

Fiber Content
(%)

Unconfined Compressive
Strength, (kPa)

Elasticity Modulus
E, (kPa)

0% 265 15.00
0.5% 305 15.91
1% 478 13.64

1.5% 493 13.48

3.4. Swelling Tests

The soil samples were extracted from the proctor apparatus. After that, the samples
were placed in the odometer and loaded with a small vertical load of 7 kPa to achieve the
leveling of the sample’s surface. Then, the samples were submerged, and swelling reads
were measured and recorded (as per ASTM D4546 standards [29]). The free-swelling test
was performed on three samples for each reinforcing ratio. Figure 5 shows the results of the
free-swelling tests that represent the average of three sample results for each fiber content.
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At the end of the free-swelling test (after getting the maximum free swelling values
for all tested samples), and in order to determine the value of the swelling stress for each
sample, gradual vertical loads (50, 100, 160 kPa) were applied on the samples, and then
the total settlement value after 24 h of loading was read. By representing the remaining
amount of swelling, during the loading process, the swelling stress could be identified
(i.e., at zero swelling value). Table 6 shows the maximum swell stress for each reinforcing
ratio (fiber content (PP)) and for each applied load.
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Table 6. Swell stress and swell strain values with respect to fiber content.

Fiber Content
(%)

Swell Stress
(kPa) Maximum Swelling Strain ∆H/H%

0%

7

1.6
0.5% 1.405
1% 1.205

1.5% 1.205

0%

50

1.275
0.5% 1.03
1% 0.78

1.5% 0.62

0%

100

0.6
0.5% 0.145
1% −0.245

1.5% −0.395

0%

160

−0.2
0.5% −0.1
1% −0.32

1.5% −1.045

The negative values in the table mean that the settlement at the corresponding load is
greater than the final swelling value of each loading case. Therefore, the results of this table
are represented to calculate the values of the swelling stress for each case of reinforcing
ratio. Figure 6 shows the intersection of the curves with the stress axis, which represents
the values of the swelling stress of the studied soil for each fiber content. From the figure
below, the values of the swelling stress can be found for each reinforcing ratio that produces
zero swelling values, which are summarized in Table 7.
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Table 7. Swelling stress (zero swelling value) respecting fiber content.

Fiber Content
(%)

Swell Stress
SS (kPa)

0% 145
0.5% 124
1% 85

1.5% 78
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4. Results and Discussion
4.1. Effects of Fiber Content on the Shear Strength

To investigate the effect of polypropylene fiber content on the shear strength, a rep-
resentation of shear stress–displacement under one of the vertically applied loads (for
all fiber contents used) is shown in Figure 7. It can be easily noticed that the gradient
of the stress–displacement curves increased with the increase in fiber content, and this
means that increasing the fiber content leads to an increase in the soil stiffness, which can
be mainly attributed to the bonding effect that increases the cohesion between the soil
particles through the fibers, which play the role of creating an additional link or additional
cohesion among the particles. The relationship between the shear strength and the resulting
horizontal strain for all reinforcing ratios can be represented in Figure 8, which shows the
values of shear stresses at the collapse situation (i.e., at the maximum shear stress values)
and the corresponding applied load for each fiber content (PP). It can be easily noticed that
shear strength is increased with the increase of fiber content and the average increase is
184% at 1.5% of fiber, regardless of the vertical applied load value.
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Referring to Figures 3 and 8, and by representing the relationship between both
cohesion and friction angle with the fiber content as illustrated in Figure 9, a gradual
increase in the cohesion with the increase of the fiber content can be noticed. In addition,
there was an increase in the angle of friction for each value of the reinforcing ratio, while
the increasing rate decreases with the increase of the fiber content (for a reinforcing ratio
bigger than 0.5%). Nevertheless, the friction angle is still greater than the unreinforced
situation. These results are consistent with the results of some of the previous studies that
were conducted by other researchers for the same soil classification with minor differences
(Mirzababaei et al. [30]; Mali and Singh [31]; Maheshwari et al. [32]), where their results
confirmed the increase of shear properties by increasing the fiber content. Regarding
Anagnostopoulos et al. [33], the reduction of the friction angle for a fiber content greater
than 1% was observed. However, the friction angle for this situation was still greater than its
initial value (unreinforced situation), and this was consistent with the experimental results.
In addition an increase in the plasticity behavior of the reinforced samples in comparison
with the unreinforced ones was observed, where it was noticed that the collapsing of
reinforced samples took more time than the unreinforced ones, which means that the
sample with fiber showed more ductile behavior.
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Equations were developed to calculate both the cohesion and friction angles for any
value of the reinforcing ratio under the assumption that the maximum ratio should not
exceed 1.5% (Equations (1) and (2)). These equations give the values of the shear parameters
for each fiber content that should not exceed 1.5%.

C f (kPa) = 38.69 × f 3 − 58.52 × f 2 + 55.22 × f + C f0 (1)

φ f (degree) = 2.133 × f 3 − 22.6 × f 2 + 36.4 × f + φ f0 (2)

where f is the fiber content, and therefore f0 represents the unreinforced situation.

4.2. Effects of Fiber Content on Unconfined Compressive Strength and Elasticity Modulus

Based on the aforementioned tests’ outputs, and by representing the values of the
unconfined compressive strength and elasticity modulus for all fiber contents used (as it is
shown in Figure 10), the increase in the unconfined compressive strength by adding 0.5%
and 1% of the fiber, respectively, was noticed, and after that, the rate of the increase was
reduced by adding 1.5% of the fiber. In other words, the unconfined compressive strength
increased more than 50% when the fiber content increased from 0.5% to 1%. Furthermore,
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there was an increase in the elasticity modulus by adding 0.5% of fiber, and then the
elasticity modulus was decreased for the fiber content of 1% and 1.5%. However, the final
value of the elasticity modulus was smaller than its initial value (unreinforced situation) for
the fiber content of 1% and 1.5%. This could be attributed due to the fibers’ effect that plays
a role in developing an additional bonding between the particles when the reinforcing ratio
was less than 1%, whereas the bonding effect of the fiber has been decreased after adding
more fibers (PP = bigger than 1%), and at this stage, the additional fibers have not had the
same bonding effect between the soil particles. This may be due to the behavioral change
of the soil samples when adding additional fiber, as when the fiber content increases,
the fibers agglomerate in the soil, resulting in loose contact between soil particles and
fibers. Consequently, a distinct difference in the stiffness of fiber–soil mixture resulted.
Similar behavior was reported by Maheshwari et al. [32]; Yang et al. [34]; and Sharma and
Kaushik [35].
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Figure 10. Unconfined compressive strength parameters (UCS, Eu) with fiber content (PP).
(a) Unconfined compressive strength with fiber content; (b) elasticity modulus with fiber content.

From the experimental observations, in addition to the effect of fiber content on the
failure shape, the required time for reaching the failure stage was increased by increasing
the fiber content for each sample. Figure 11 shows the failure shapes for samples with
fiber content (0%, 0.5%, 1%, and 1.5%) from left to right, respectively. The failure shape for
the unreinforced sample resulted from a straight failure surface (straight fracture plane)
spread across the height of the sample. On the other hand, for the reinforced samples
(1% and 1.5%), the middle and lower parts of the specimens gradually extruded, and the
specimen experienced a drum-shaped plastic failure. For reinforced samples with fiber
content equaling 0.5%, there was no specific failure shape (obvious fracture plane), and it
could be considered as a moderate situation (regarding its failure behavior) between the
aforementioned failure behaviors.

By comparing the obtained results with other studies that have been conducted on
the soil reinforced with fibers, it can be noticed that the results which were presented in
(Maheshwari et al. [32]; Aykut et al. [36]; Sabat [37]) were compatible with the obtained
results, even though the used fibers and/or the studied soil (low plasticity clay) in their
studies were different.
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Upon the experiments’ results, a fiber content-based function was developed to calcu-
late the unconfined compressive strength at any value of the reinforcing ratio under the
assumption that the maximum ratio should not exceed 1.5% (Equation (3)). The equation
provides the values of the UCS for each fiber content that should not exceed 1.5%.

UCS f = qu f (kPa) = −383 × f 3 + 484 × f 2 + 247 × f + qu f0 (3)

where f is the fiber content, and therefore f0 represents the unreinforced situation.

4.3. Effects of Fiber Content on Swell Stress and Swell Potential

Based on the aforementioned tests’ outputs, and to evaluate the effect of polypropylene
fiber on both swell potential and swell stress, representations of swell stress, and swell
potential against fiber contents are shown in Figures 12 and 13.
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Regarding swell potential, it decreased significantly with increasing fiber content to
1% and the maximum reduction in the swell potential was 24.6%, as shown in Figure 12,
and this could be due to the same behavior that was observed during the conduction of
UCS experiments, where it was observed that the bonding effect of the added fiber was
decreased after adding 1% or more of the fiber.
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Regarding swell stress, it was decreased substantially with increasing fiber content
from 0.5% to 1.5%. The maximum reduction was 46.2%, as is shown in Figure 13.

Upon the experiments’ results, a fiber content-based function was developed to calcu-
late the swelling stress at any value of the reinforcing ratio, under the assumption that the
maximum ratio should not exceed 1.5% (Equation (4)). This equation gives the values of
the swelling stress for each fiber content that should not exceed 1.5%.

SS f (kPa) = 102.6 × f 3 − 232 × f 2 + 76.33 × f + SS f0 (4)

where SS f is the swelling stress with respect to f (f is the fiber content).

5. Conclusions

This study demonstrates the influence of polypropylene fiber on the strength and
swelling properties of high plasticity clay, and provides fiber content-based functions to
predict all strength and swelling properties. The results show significant improvement
in the shear strength (an average increase of 184% at 1.5% fibers) and shear parameters
(cohesion (an increase of 257% at 1.5% fibers) and friction angle (an increase of 62% at
1.5% fibers)) of the reinforced soil, with a possibility of decreasing the friction angle for
a fiber content greater than 1.5%. The same behavior was observed in the unconfined
compressive strength results (an increase of 86% at 1.5% fibers) after considering that the
elasticity modulus is decreased for a fiber content greater than 0.5%. The swell tests show
the decrease in swelling stress (a decrease of 46% at 1.5% fibers) and swelling potential
(a decrease of 24% at 1.5% fibers) with the increase of fiber content, considering that 1%
of fiber content is the optimum fiber content for improving the swelling behavior with
respect to the properties of the studied soil. Therefore, it can be inferred that there is a
great potential for the use of polypropylene fiber to reinforce high plasticity clayey soils
in several areas of geotechnical engineering after applying proper mixing techniques to
ensure the homogeneity of the soil-fiber matrix in the field. The fiber contents of 0.5% to
1% are considered suitable for the soil in this study to have a low amount of swell, and
improve the shear strength and unconfined compressive strength effectively.
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