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1. Introduction 
 

Swelling soils contain clay minerals like 
montmorillonite and illite, which are capable of absorbing 

large amount of water. Such soils show large volumetric 

changes in form of expansion and shrinkage when subjected 

to wet-dry cycles of environment (Sharma and Sivapullaiah 

2016). These volumetric changes resultantly cause huge 

damage to civil engineering structures like airport runways, 

earthen dams and footings by exerting enough stresses on it 

(Holtz 1983, Aziz et al. 2015, Loehr et al. 2000, Taha et al. 

2018, Shariati et al. 2019). Until 1940s, the soil engineers 

could not identify the problematic role of swelling soils and 

the ultimate cause of structural damages was credited to the 

soil settlement under foundations and to the poor  
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construction methods. The cause of damages to various 

structures by the swelling soils was first discovered by U. S. 

Bureau of Reclamation (Chen 1975). 

Expansive soils contain montmorillonite clay mineral 

that exhibit large volume change (shrinkage-swelling) when 

exposed to the changes of moisture content and this 

behaviour is most apparent near ground surface because of 

environmental and seasonal variations. The swelling and 

shrinking mechanism of expansive soils is quite 

complicated and depends on many factors such as clay 

content, plasticity, moisture content and climatic conditions 

(Houston et al. 2011, Fatahi et al. 2013). Swelling soils are 

found worldwide, mainly in the arid and semi-arid regions 

like Canada, China, India, Pakistan, Australia, South Africa, 

United States etc. (Mishra et al. 2008, Mohanty et al. 2017). 

The yearly cost of reported damages caused by natural 

catastrophes in USA like storms, cyclones, floods and 

seismic activities was commutatively two times lesser than 

that of the damages instigated by swelling soils (Chen 

1975). In Pakistan, swelling soils exist in several regions 

such as Sialkot, Chakwal, D.G. Khan, D.I. Khan, Narowal, 

Gujranwala etc. (Rashid 2015). Various soil improvement 

techniques have been developed to mitigate the swelling 

problems by using different types of chemical additives, 

freeze-thaw phenomena, vacuum pumping, geosynthetic 

reinforcement etc. (Guney et al. 2007, Wang et al. 2017, 

Ahmad et al. 2010, Thomas and Rangaswamy 2020). When 

some synthetic fiber (geotextile) of high tensile strength is 
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Abstract.  Expansive soils are renowned for their swelling-shrinkage property and these volumetric changes resultantly cause 

huge damage to civil infrastructures. Likewise, subgrades consisting of expansive soils instigate serviceability failures in 

pavements across various regions of Pakistan and worldwide. This study presents the use of polypropylene fibers to improve the 

engineering properties of a local swelling soil. The moisture-density relationship, unconfined compressive strength (UCS) and 

elastic modulus (E50), California bearing ratio (CBR) and one-dimensional consolidation behavior of the soil treated with 0, 0.2, 

0.4, 0.6 and 0.8% fibers have been investigated in this study. It is found that the maximum dry density of reinforced soil slightly 

decreased by 2.8% due to replacement of heavier soil particles by light-weight fibers and the optimum moisture content 

remained almost unaffected due to non-absorbent nature of the fibers. A significant improvement has been observed in UCS (an 

increase of 279%), E50 (an increase of 113.6%) and CBR value (an increase of 94.4% under unsoaked and an increase of 55.6% 

under soaked conditions) of the soil reinforced with 0.4% fibers, thereby providing a better quality subgrade for the construction 

of pavements on such soils. Free swell and swell pressure of the soil also significantly reduced (94.4% and 87.9%, respectively) 

with the addition of 0.8% fibers and eventually converting the medium swelling soil to a low swelling class. Similarly, the 

compression and rebound indices also reduced by 69.9% and 88%, respectively with fiber inclusion of 0.8%. From the 

experimental evaluations, it emerges that polypropylene fiber has great potential as a low cost and sustainable stabilizing 

material for widespread swelling soils. 
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mixed with soil then the geo-engineering characteristics of 

soil are improved and the reinforced soil is known as fiber-

reinforced soil (Mandal and Murti 1989, Changizi and 

Haddad 2015). Rice straw, wheat straw, bamboo, wood and 

reeds were some of the natural materials being used in 

ancient times to improve the strength properties of soil (Xu 

et al. 2004). With the advent of geotextile and its swift 

development, various types of geotextile have been utilized 

as main reinforcement agents for soil improvement 

purposes (Cai et al. 2006, Jiang et al. 2010, Estabragh et al. 

2011, Tang et al. 2012). Common types of geotextile are 

locally available in today’s market such as glass, carbon, 

polyester, asbestos, nylon, polyacrylonitrile, polyethylene 

and polypropylene (Shen 1995). Among these synthetic 

fibers, mass long fiber is utilized as geogrid or geotextile to 

improve the engineering properties of soil while a small 

quantity of short fiber is used for the improvement of tensile 

strength of asphalt and concrete (Kaufmann et al. 2004, 

Park 2011). 

Across the world, PP fibers are being produced in tons 

of quantities but instead of being used for constructional 

purposes, it is majorly thrown away as a waste in huge 

quantities producing huge environment footprint (Cutright 

et al. 2013). Therefore, such wastes should be effectively 

utilized for the soil stabilization purposes as well as it can 

also reduce the environmental pollution.  

In the recent past, several studies have been conducted 

on use of polypropylene (PP) fibers to improve engineering 

properties of problematic clayey soils. According to 

Ramasamy and Arumairaj (2013), PP fiber is the most 

commonly used synthetic material around the world due to 

its low cost, hydrophobic and chemically inert nature. It has 

been noticed from the literature that the maximum dosage 

of PP fibers to investigate its effect on engineering 

properties of expansive soils has been 1% of the dry weight 

of soil. As shown in Table 1, the optimal dosage of PP 

fibers varies from 0.25 to 1% to enhance different 

engineering properties of expansive soil such as consistency 

limits, compaction characteristics, compressibility and shear 

strength. In view of the advantages and promising 

characteristics, the fiber-reinforced soils are recognized as a 

feasible ground improvement technique with a great 

potential of their application in several areas of geotechnical 

engineering. 

To authors’ knowledge, there is a limited database 

available in Pakistan on strength and deformation behavior 

of local swelling soils reinforced with fibers. The current 

study presents an experimental investigation carried out to 

explore the mechanical behavior of an expansive soil 

treated with PP fibers. The effect of stabilizing fibers on 

compaction, strength and deformation behavior of the test 

soil has been presented in detail. 
 

 

2. Materials and methods 
 

2.1 Soil sampling and physical properties 
 

The soil used in this study was obtained from Nandipur 

town of Gujranwala region (Latitude: 32.166351, 
Longitude: 74.195900), Punjab, Pakistan. The soil was  

Table 1 Improving engineering characteristics of expansive 

soils using PP fibers 

Reported by Property 
Optimal dosage 

of PP fibers 

Improvement 

in soil property 

Soğancı (2015) 
UCS 

1% 
135% 

% swell -227% 

Olgun (2013) Crack reduction 0.75% 69.9% 

Ramasamy and 

Arumairaj (2013) 

UCS 
0.75% 

138% 

CBR 170% 

Malekzadeh and Bilsel 

(2012a) 

UCS 

1% 

140% 

Tensile strength 280% 

% swell 236% 

Jiang et al. (2010) 

UCS 

0.3% 

150% 

Cohesion 130% 

Friction angle 120% 

Viswanadham et al. 
(2009) 

Swell pressure 
0.25 - 0.5% 

-240% 

Heave -370% 

Tang et al. (2007) 

UCS 

0.25% 

138% 

Cohesion 153% 

Friction angle 114% 

 

Table 2 Physical properties of the soil used in this study 

Properties Unit Value 

Natural moisture content % 5.6 

Specific gravity, Gs - 2.71 

Liquid limit, LL % 53 

Plastic limit, PL % 22 

Plasticity index, PI % 31 

Maximum dry density, MDD kN/m3 18.1 

Optimum moisture content, OMC % 11.8 

USCS soil classification - CH 

 

 

collected from a depth of approximately 1.0 m below the 

existing ground surface. The sampling location and view of 

the collection site is shown in Fig. 1. Soil sample was air-

dried and pulverized to pass through 75 μm prior to the 

laboratory testing. The gradation curve in shown in Fig. 2 

and the soil was classified as high plastic clay (ASTM D-

4318 2017, ASTM D-2487 2011) or expansive clay (Holtz 

and Gibbs 1956). Table 2 describes the physical properties 

of soil specimen used in this study. 
 

2.2 Chemical and microscopic analysis of the soil 
 

The mineralogical composition of the test soil through 

petrographic analysis by FORCIMAT-TS equipment has 

been shown in Fig. 3(a) which clearly shows the presence 

of Illite mineral in large amount (52%), and the 

montmorillonite mineral (37%), quartz mineral (8%) and 

the other minerals in trace amounts. According to 

Surjandari and Dananjaya (2018), if montmorillonite 

mineral content is greater than 35%, then the soil belongs to 

the class of swelling soils. Therefore, the soil being used in 

this study belongs to swelling soil group. 
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(a) 

 
(b) 

Fig. 1 (a) Sampling location and (b) test soil 

 

 

Fig. 2 Particle size distribution of the test soil 

 

 

X-ray diffraction (XRD) analysis of pure soil was 

conducted by D8 Advance Bruker equipment as shown in 

Fig. 3(b). The XRD diffractogram substantiates the 

presence of swelling clay minerals in soil (i.e.,, Illite and 

Montmorillonite). High peaks in XRD graph indicate the 

high concentration of that mineral present in sample. Illite 

mineral has highest peak, then comes up montmorillonite 

and quartz mineral. The abundant presence of Illite minerals 

in Nandipur soil was also reported by Khan et al. (2017). 

The peaks of the XRD pattern correspond to the 

characteristic interplanar spacing of the crystalline phases  

 
(a) 

 
(b) 

Fig. 3 (a) Chemical (petrographic) and (b) XRD analysis 

of the soil sample 

 

 

and the shape of the strong and sharp diffraction peaks 

indicates that the specimens are well crystallized.  

Fig. 4(a) shows the optical microscopic image of pure 

soil taken at a magnification level of 100x. It shows the 

inability of clay particles to make a compact unit resulting 

in high void ratio and high porosity of soil sample 

correlating to lower maximum dry density achieved during 

the laboratory compaction test. Scanning electron 

microscopy (SEM) image (Fig. 4(b)) taken at a 

magnification level of 10,000x shows that the micro-

structure of test soil comprises of many cracks and cavities. 

Due to the presence of such macro-pores and cracks in the 

soil matrix, the soil strength decreases when it is subjected 

to moist condition and the flaky particles of clay gather in 

almost parallel formations to form a dispersed structure. 

 

2.3 Polypropylene fibers 
 

Polypropylene (PP) fiber is a type of geosynthetic 

material being abundantly produced worldwide to about 4.1 

million tons (The Fiber Year 2009). These fibers are used in 

the manufacturing of blankets, knitwear, outerwear fabrics, 

carpeting and filter fabrics. PP fibers are rod-shaped and 

generally have a uniform and homogeneous section of 

around 40 µm as shown in Fig. 5. These fibers has a very 

high tensile and flexural strength and proved to be very 

effective in dealing with swelling issues of soil (Ayyar et al.  
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(a) 

 
(b) 

Fig. 4 (a) Optical microscopic image at 100x 

magnification and (b) SEM image at 10,000x 

magnification 
 

 
(a) 

 
(b) 

Fig. 5 (a) Full size image of PP fiber and (b) SEM image 

of PP fiber at 1000x magnification 

Table 3 Properties of the PP fibers used in this study 

Properties Unit Value 

Fiber type - Single fiber 

Average length mm 12 

Average diameter mm 0.04 

Specific gravity - 0.91 

Unit weight g/cm3 0.9-0.91 

Breaking tensile strength MPa 358 

Modulus of elasticity MPa 3400 

Fusion point °C 176 

Burning point °C 595 

Acid and alkali resistance - Very good 

Water absorption % Nil 

Dispersibility - Excellent 

 

 

1989, Vessely and Wu 2002).  

PP fibers of 12 mm length was used in thus study having 

a very low specific gravity of 0.91, high melting point of 

176°C, high burning point of 595°C and are also highly 

resistant to acidic and alkaline environment. The properties 

of PP fibers as supplied by the manufacturer (Bloom 

Enterprises, Pakistan) are described in Table 3. 

 

2.4 Testing plan 
 

A number of laboratory tests have been carried out on 

the reinforced soil mixtures with PP fiber contents of 0%, 

0.2%, 0.4%, 0.6% and 0.8% by weight of the soil. The 

samples were prepared at the respective optimum moisture 

contents and maximum dry densities. The tests were 

conducted at the Geotechnical Engineering Laboratory of 

Department of Technology, The University of Lahore, 

Pakistan. The list of laboratory tests performed and their 

relevant ASTM standards are given below: 

• Modified Proctor Tests (ASTM D1557 2012) 

• Unconfined Compression Tests (ASTM D2166 2016) 

• California Bearing Ratio Tests (ASTM D1883 2016) 

• 1-D Consolidation Tests (ASTM D2435 2011) 

 

 

3. Results and discussions 
 

3.1 Effects of PP fibers on compaction characteristics 
 

The compaction curves of the soil samples as obtained 

from modified Proctor tests are shown in Fig. 6(a). A linera 

regression analysis in Fig. 6(b) reveals the effect of PP fiber 

inclusion on maximum dry density (MDD) and optimum 

moisture content (OMC) of soil samples. Based on the test 

results, it is observed that the MDD of virgin soil decreased 

by 2.7% (i.e., from 18.1 kN/m3 to 17.6 kN/m3) with the 

addition of fibers up to to 0.8%.  

The reason behind the decreasing trend of MDD values 

lies in the reduction of average density of reinforced soil 

samples due to the increasing percentages of PP fiber in soil 

sample. PP fibers having low specific gravity (i.e., 0.91)  
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(a) 

 
(b) 

Fig. 6 Compaction charatiestics of soil treated with PP 

fibers 

 

 
(a) 

 
(b) 

Fig. 7 Unconfined compression test results of soil 

samples at different fiber contents 

replace the heavier particles of soil (Gs = 2.71) in a unit 

volume, resultantly decreasing the overall unit weight of the 

soil mix. However, the OMC of fiber-reinforced soil 

samples did not show a significant change with the fiber 

addition (i.e., from 11.8 to 11.7%) due to the non-absorbent 

nature of the fibers. Ramasamy and Arumairaj (2013), 

Soğancı (2015) and Viswanadham et al. (2009) have 

reported similar trends of MDD and OMC relationships of 

soil samples reinforced with various percentages of fibers. 
 

3.2 Effect of PP fibers on UCS and E50 of the soil 
 

The stress-strain relationships of unreinforced and 

reinforced soil samples obtained from unconfined 

compression tests are given in Fig. 7(a). The results show 

that the addition of PP fiber-reinforcement considerably 

increases the unconfined compressive strength (qu) and 

failure strain of the soil. The increase in the percentage of 

reinforcement beyond 0.4% and up to 0.8% makes it 

possible to obtain a marked improvement in resistance 

compared to that of the soil without reinforcement. 

However, this improvement reaches its optimal value (at 

0.4%). Therefore, the increase in the percentage of PP fiber 

beyond this value reduces the resistance compared to the 

optimum but contributes to the overall improvement of the 

resistance as compared to that of the unreinforced soil. It is 

also observed that failure strain of pure soil sample is 

increased by 1.63 times (i.e., from 2.4% to 3.9%) when 

treated with 0.4% fiber content, and it further increases by 

1.28 times (i.e., from 3.9% to 5.0%) with the addition of 

fiber content up to 0.8%. Therefore, it can be stated that the 

fiber-reinforced soil exhibits more ductile behaviour than 

the unreinforced soil. 

Fig. 7(b) presents the values of qu and E50 obtained from 

the UCS tests. It is observed that the inclusion of 

reinforcement up to the optimum fiber content of 0.4% 

significantly enhances the peak stress qu of unreinforced 

soil sample by 3.8 times (i.e., from 99 kPa to 377 kPa), 

however the contribution of further increase in fiber content 

to peak stress was insignificant. At fiber content higher than 

the optimum, the qu reduces from 377 kPa to 304 kPa up to 

0.8% fiber addition. The reduction in qu is mainly due to the 

modification of the nature of the connections between PP 

fibers and the soil matrix (composite material, different 

texture). According to the specifications proposed by Das 

and Sobhan (2013), the soil sample treated with 0.4% fiber 

content changes from medium quality to hard quality 

subgrade (i.e., qu greater than 360 kPa). Similar findings 

have also been reported by Jiang et al. (2010), Malekzadeh 

and Bilsel (2012a), Pradhan et al. (2012), Ramasamy and 

Arumairaj (2013), Rivera-Gómez et al. (2014), Sravya and 

Suresh (2016) and Tang et al. (2007). Similarly, the elastic 

modulus E50 of soil sample increased by 2.1 times (i.e., 

from 11 MPa to 23.5 MPa) when treated with 0.4% fiber 

content and decreased from 23.5 MPa to 20 MPa up to the 

addition of 0.8% fiber content. Based on the specifications 

of young’s modulus proposed by Obrzud (2010), the 

unreinforced soil sample lies in the category of stiff to very 

stiff quality (E50 = 11 MPa) but the sample gradually 

changed to the category of hard quality (E50 = 23.5 MPa) 

after treatment with 0.4% fiber content. 
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3.3 Effect of PP fiber on CBR of the test soil 
 

The CBR test results are presented in the form of load-

penetration curves obtained under unsoaked and soaked 

conditions as shown in Fig. 8(a). It can be seen that the 

load-bearing capacity of soil sample reinforced with fiber 

percentages (0%, 0.2%, 0.4%, 0.6% and 0.8%) was 

significantly increased under both soaked and unsoaked 

conditions. The optimum dosage of fiber is found to be 

0.4%. The CBR values of the test samples have been 

calculated for the load corresponding to the penetration of 

2.5 mm and 5.0 mm, and the greater of these values have 

been adopted as CBR value (ASTM D1883 2016). In the 

present research, the CBR values of fiber reinforced soil at 

5.0 mm penetration are observed to be greater than those at 

2.5 mm penetration under both unsoaked and soaked 

conditions. This clearly shows that the PP fiber 

reinforcement is more effective in improving the soil 

strength at larger deformations by increasing the resistance 

to penetration. Fig. 8(b) shows that with the increased 

percentage of fiber in soil sample up to 0.4% content, the 

unsoaked CBR strength increase by 1.9 times and soaked 

CBR strength by 1.6 times, followed by a rapid decrease in 

strength due to the replacement of heavier soil particles by 

light-weight fibers. The reason behind the higher values of 

unsoaked CBR as compared to soaked CBR was an 

additional resistance offered by the surface tensile forces to 

the plunger penetration which is diminished in soaked 

condition. Soaked CBR test is generally conducted to  
 

 

 
(a) 

 
(b) 

Fig. 8 CBR test results of soil samples under unsoaked 

and soaked conditions 

 

Fig. 9 One-dimensional conolidation test results 

 

 
(a) 

 
(b) 

Fig. 10 Deformation characeteristics of the soil samples 

at various contents of PP fibers 

 

 

simulate the worst possible field conditions. Chegenizadeh 

and Nikraz (2011), Pradhan et al. (2012), Ramasamy and 

Arumairaj (2013), and Sravya and Suresh (2016) have 

presented similar findings in their research work. 

 

3.4 Effects of PP fibers on consolidation 
characteristics of the test soil 
 

One dimensional consolidation tests were conducted on 

fiber-reinforced soil samples and the void ratio vs. pressure 

curves so obtained are shown in Fig. 9. It can be seen that 

the curves become flatter with the addition of PP fibers as it 

provides sufficient confinement to soil particles and not 

allowing their dislocation / reorientation. As all the samples 
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were compacted at the void ratios corresponding to their 

respective MDD and OMC, which varied with varying fiber 

content, the initial void ratios of different samples were not 

the same. 

Compression and rebound indices of pure soil 

considerably reduced with fiber addition as shown in Fig. 

10(a). The max reduction of such soil parameters is 

observed at 0.4% fiber content and remained almost 

constant afterwards, as the Cc reduced by 2.9 times and Cs 

by 6.5 times. The reason behind this significant reduction 

has been explained before. Furthermore, it is observed that 

the percentage swell and swelling pressure of pure soil 

continuously decreases with the increase in fiber addition as 

shown in Fig. 10(b). Based on the specifications proposed 

by USBR (1998), the soil sample treated with optimal 

dosage of 0.4% fiber changes from medium-swelling class 

to low-swelling class, as the swell percentage of this sample 

is 0.9% which is less than the proposed permissible limit of 

1.5% (low-swelling class). Al-Wahab and El-Kedrah 

(1995), Malekzadeh and Bilsel (2012b), Nataraj and 

McManis (1997), Soğancı (2015) and Viswanadham et al. 

(2009) have also reported similar results. 
 

 

4. Soil-fiber interaction mechanism 
 

Wang (2006) stated that soils stabilized with chemical 

agents such as cement and lime are stiffer and stronger than 

unreinforced soils, however, the tensile cracking still 

remains as a major mode of failure. Therefore, the addition 

of fibers can be a suitable method to control the opening 

and propagation of cracks in clayey soils. In the 

experimental results presented in this study, significant 

increase in strength and decrease in swell potential has been 

observed with the inclusion of PP fibers in the soil. 

According to Hejazi et al. (2012) and Olgun (2013), the 

possible reason for the considerable improvement in 

strength and deformation characteristics of fiber-treated 

soils is that the fibers have very high tensile resistance and 

the soil-fiber bridging action can spread the load over a 

larger surface area, and hence the respective volume change 

is limited. Similarly, Fatahi et al. (2013) have reported that 

decrease in shrinkage-induced radial and axial strains for 

fiber-reinforced clay soil can be attributed to reduced 

reactive clay content (due to the addition of fibers) per unit 

volume of treated soil. Further, greater tensile strengths 

associated with soil-fiber interaction (as shown in Fig. 11) 

impart additional strength against the soil volume change 

contributing to the reduced shrinkage. 

The mechanical behavior at the interface between fiber 

surface and soil matrix and the corresponding reinforcing 

mechanism has been well explained by Consoli et al. 

(2005), Tang et al. (2016) and Garg et al. (2020). It is also 

important to mention here that the use of fiber contents 

beyond an optimal value can cause detrimental effects to 

soil behavior. Moghal et al. (2017) has reported that the 

addition of fibers higher than 0.2% to a fly ash treated soil 

caused an increase in swell potential. This destabilizing 

effect of fiber can be attributed to large void formation due 

to high fiber dosage and/or poor mixing of fibers. In any 

case, fiber content beyond an optimal value is always  

 

 

Fig. 11 (a) Soil-fiber composite in soil sample and (b) 

schematic diagram showing the reinforcing mechanism 

 

 

difficult to handle in the laboratory for specimen 

preparation and may be equally unworkable in the field as 

well (Shukla 2017). 

Based on the SEM spectroscopy and microstructural 

analysis of untreated and fiber-treated soils, Changizi and 

Haddad (2015) and Tang et al. (2007) have found that clay 

minerals get attached to the surfaces of the fibers and hence 

contribute to bond strength and friction between the fiber 

and soil matrix. They also observed some cracks (scratches 

and pits) on the surface of the fibers while their exposure to 

mixing and loading. They have noticed that these uneven 

surfaces further lead to increased frictional resistance 

between the soil and fibers, resulting in an increased shear 

strength of fiber-treated soils. Fibers were not found to be 

broken during the shear tests (rather they were extended) 

which indicates that the fibers play an important role in load 

transfer during compression and tension. It is therefore 

concluded that the soil-fiber interaction depends primarily 

on the soil composition, fiber surface roughness, orientation 

of fibers and effective interface contact area. 

 

 

5. Field applications 
 

A comprehensive literature review shows that using 

natural and/or synthetic fibers is feasible in almost all 

geotechnical engineering applications such as; pavements, 
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backfill of retaining walls, liquefaction mitigation, 

embankments, slopes and foundation soils. According to 

Hejazi et al. (2012), 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. Moreover, PP fibers are the most 

commonly used synthetic material around the world due to 

its low cost, hydrophobic and inert nature, and no chemical 

and biological degradation (Ramasamy and Arumairaj 

2013). Therefore, the availability of low cost fibers could 

lead to wider use of fiber reinforced soil and more cost-

effective construction (Wang 2006). As reported by Li 

(2005), fiber materials are cost competitive compared with 

other materials due to the fact that unlike various chemical 

stabilization methods, the construction operation of fiber-

reinforced soil is not significantly affected by weather 

conditions. 

For field application and quality control of soils treated 

with fibers, the quality of mixing is very important to avoid 

any planes of weakness (oriented reinforcement) or areas 

with insufficient fiber contents (Shukla 2017). As far as lab 

mixing of fiber-reinforced soils is concerned, the hand 

mixing method facilitates easy and uniform mixing and 

allows fibers to merge properly with the soil mass. 

However, many researchers have reported that obtaining a 

homogeneous soil-fiber matrix in the field is a difficult task. 

Maher and Ho (1994) identified the use of mechanical 

mixers as the most viable field method with a potential 

disadvantage of dragging or snaring of fibers on the blades, 

but this issue can possibly be overcome by oscillatory or 

helical mixing actions. Likewise, Hejazi et al. (2012) 

reported that local aggregation (clumping) and folding of 

fibers (balling) are two problems associated with fiber–

reinforced soils and therefore a tumble mixing technique 

has been identified to improve soil composite uniformity. 

They have also suggested that fiber lengths beyond 50 mm 

do not significantly improve soil properties and are more 

difficult to handle in both laboratory and field. Though a 

significant research work has been conducted to explore the 

characteristics of fiber-treated soils, there are still no codes 

of practice or standardized techniques for its field 

applications, especially in developing countries. 
 

 

6. Conclusions 
 

From the experimental results and review of the 

published literature presented in this paper, it can be stated 

that the polypropylene fibers have significant potential in 

improving strength and deformation characteristics of 

expansive clays. Table 4 summarizes the quantitative 

findings of this study related to the effectiveness of fiber 

treatment for improving the engineering properties such as 

compaction characteristics, strength and stiff, 

compressibility and CBR of cohesive soils. An optimum 

value of 0.4% fiber content is suggested to improve the soil 

characteristics.      

The following main conclusions are drawn from this 

study: 

• Max dry density of reinforced soil sample slightly 

decreased by 2.8% due to the replacement of heavier soil  

Table 4 Effects of PP fibers on engineering properties of 

expansive clay used in this study 

Properties 

Fiber contents (%) 

0.2 0.4 0.6 0.8 

% increase or decrease 

Compaction 
Characteristics 

MDD -1.1 -1.5 -2.2 -2.8 

OMC -0.8 -0.9 -1.0 -1.2 

Strength and Stiffness 
UCS 204.8 279 212.5 206 

E50 90.9 113.6 95.5 81.8 

Compressibility 

Cc -56.5 -67.9 -68.9 -69.9 

Cs -69.1 -86.9 -87.7 -88 

Free swell -64.8 -79.6 -85.2 -94.4 

Swell 

pressure 
-50 -71.4 -80 -87.9 

CBR 

Unsoaked 

CBR 
58.2 94.4 76.6 71.3 

Soaked CBR 38.9 55.6 50.0 43.9 

 

 

particles by light-weight fibers in a unit volume. Similarly, 

the optimum moisture content almost remained constant (a 

maximum decrease of 1.2% with 0.8% fiber contents) due 

to non-water-absorbent nature of the fibers. 

• Inclusion of 0.4% polypropylene fibers has shown 

significant improvement in the unconfined compressive 

strength (an increase of 279%), elastic modulus (an increase 

of 113.6%) and California bearing ratio (an increase of 

94.4% under unsoaked and an increase of 55.6% under 

soaked conditions) of the reinforced soil samples and 

thereby providing a better quality subgrade for the 

construction of flexible pavements on such soils.  

• Free swell and swell pressure of the soil also 

significantly reduced (94.4% and 87.9%, respectively) with 

the addition of 0.8% fiber content which eventually 

converts the soil sample from medium swelling to low 

swelling class. Compression (Cc) and rebound (Cs) indices 

of the soil was also reduced by 69.9% and 88% respectively 

with fiber inclusion of 0.8%. 

• Though a significant research work has been 

conducted to explore the characteristics of fiber-treated 

soils, there are still no codes of practice or standardized 

techniques for its field applications, especially in 

developing countries. 

• A review of published literature has been presented to 

elaborate the mechanism behind considerable improvement 

in strength and deformation characteristics of fiber-treated 

soils based on microstructural analysis of untreated and 

treated soil. The issues related to cost, durability and field 

mixing of fiber-treated soils have also been discussed in 

detail. 
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