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ABSTRACT:  Over the last few years, environmental and economic issues have attracted the attention of 

researchers to develop alternative materials that can fulfill the design provisions for improving geotechnical 

properties of soil. Randomly distributed short fiber have recently attracted increasing attention for this purpose. 

Therefore, the studies on mechanical behavior of short fiber soil composite are still relatively new techniques in 

geotechnical engineering. Usually, the short fibers are made by mechanical or chemical treatment of natural 

waste. In this study, mechanically treated rice straw (MTRS) fiber is used to improve the geotechnical properties 

of clay. The clay is mixed with different proportion of MTRS fiber. The effect of MTRS fiber on plasticity, 

maximum dry density, optimum moisture content and shear strength parameters (cohesion and angle of internal 

fricrion) are studied and analyzed in this study. 

 

RÉSUMÉ:  Au cours des dernières années, des problèmes environnementaux et économiques ont attiré 

l'attention des chercheurs sur le développement de matériaux alternatifs pouvant répondre aux exigences de 

conception. Les fibres courtes distribuées au hasard ont récemment attiré l'attention sur l'amélioration des 

propriétés d'ingénierie du sol. Par conséquent, les études sur le comportement mécanique des composites de sols 

à fibres courtes sont encore des techniques relativement nouvelles en géotechnique. Habituellement, les fibres 

courtes sont obtenues par traitement mécanique ou chimique de déchets naturels. Dans cette étude, la fibre de 

paille de riz traitée mécaniquement (MTRS) est utilisée pour améliorer les propriétés géotechniques de l'argile. 

L'argile est mélangée avec une proportion différente de fibres MTRS. Les effets de la fibre MTRS sur la plasticité, 

la densité sèche maximale, la teneur en humidité optimale et les paramètres de résistance au cisaillement 

(cohésion et angle du fricrion interne) sont étudiés et analysés dans cette étude. 
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1 INTRODUCTION 

Weak soil is always reinforced incorporating 

certain materials with some desired properties. 

Hence, soil reinforcement is a procedure to 

enhance the engineering properties of soil such as 

shear strength, hydraulic conductivity and 

compressibility. Over the last few years, 

environmental and economic issues have 

attracted the attention of researchers to develop 

alternative materials that can fulfill the design 

provisions. Several cementitious materials e.g 

cement, lime, ash etc have been used for 

improving problematic soils. The effect of 

cementation on compressive strength of soil have 

been reported by several researchers including, 

(Consoli et al. 2007; Lagioia and Nova 1995; 

Saberian et al. 2018). These studies have shown 

that the addition of small amount of cement 

significantly increases peak shear strength and 

initial stiffness.  

Nowadays, natural fibers are frequently used 

in many engineering applications and industries 

including automotive industries, food and 

agricultural industries due to their abundance, 

sustainability, low cost, low density, favorable 

strength, and stiffness etc. Geotechnical 

engineers have also used fiber (natural and 

synthetic) to improve geotechnical properties of 

soil e.g., (Ayeldeen and Kitazume 2017; Consoli 

et al. 2010; Farhan et al. 2018; Freitag 1986; 

Maher and Ho 1994; Maher and Woods 1990). In 

these studies it is shown that the addition of fiber 

provides increased soil strength and ductility. 

This increasing effect is governed by the amount 

and the geometrical and mechanical properties of 

the fiber. Generally, fiber inclusion enhances the 

overall engineering behavior of soils by 

increasing the compressive and tensile strength, 

friction angle, cohesion, and residual strength. 

Randomly distributed short fiber soil 

composites have recently attracted increasing 

attention in geotechnical engineering (Hejazi et 

al. 2012; Rivera-Gómez and Galán-Marín 2017; 

Shahrokhabadi and Nazeryzadeh 2013). 

However, studies on mechanical behavior of 

short fiber soil composite are still a relatively new 

technique in geotechnical engineering projects. 

Currently, practices have been made to 

potentially use natural waste by incorporating 

this with construction material. Natural waste in 

the form of ash or fiber has been used to improve 

the soil properties (Ayobami et al. 2018; Basha et 

al. 2005; Phummiphan et al. 2018). Recently, the 

applications of short fibers made by mechanical 

or chemical treatment of natural waste as 

reinforcing agent have attracted the attention of 

researchers.  

Rice husk and straw disposal has been an 

significant environmental problem as this is 

produced in large amount in many countries, 

including Pakistan. Rice straw being 

biodegradable in nature will decompose and 

would cease to contribute to any change in the 

properties of soil if used in its raw form. Hence, 

Rice husk/straw ash has been used as an 

admixture with soil to improve the geotechnical 

properties (Basha et al. 2005; Eberemu 2011; 

Kumar and Sharma 2004; Phummiphan et al. 

2018; Rahman et al. 2014; Sasui et al. 2018; Silva 

and Perera 2018).    

In this study, the influence of mechanically 

treated rice straw (MTRS) fiber on the 

geotechnical properties of soil was studied by 

forming laboratory tests. 

2 MATERIAL AND METHODS 

The clay soil sample for this study was 

collected from Yaroo, Peshin district of 

Balochistan. The grain size distribution of the 

inorganic clay of low plasticity (CL; ASTM 

(D2487)) was determined by hydrometer analysis 

tests according to ASTM (D7928). This and other 

properties of clay are given in Figure 1 and Table 

1. 

Mechanically treated rice straw fiber shown in 

Figure 2, was used in this research work. The 

MTRS fiber was prepared by a mechanical 

treatment called Refiner Mechanical Pulp 

(Hartmann et al. 2006; Nati et al. 2010; Spinelli 
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et al. 2011). The average MTRS fiber length was 

1.3 mm, the diameter 12.9 μm and the fiber length 

to width ratio (aspect ratio) was 102.  The 

mechanical treatment improves the quality of 

fiber against decaying in the soil. 

 

 
Figure 1. Grain size distribution of soil 

 
Table 1. Physical Properties of the soil 

Physical property  Value 
D10 0.0014 

D50 0.0095 

SG 2.69 

Cu 10 

Cc 1.127 

 

 
Figure 2. Mechanically treated rice straw fiber. 

 

To investigate the effect of MTRS fiber on 

plasticity, maximum dry density (ρdmax), optimum 

moisture content (OMC) and shear strength 

parameters (cohesion, c and angle of internal 

frection, ϕ) a detailed laboratory program was 

established including hydrometer test, liquid 

limit and plastic limit test, standard proctor test 

and direct shear test.  

The Liquid Limit (LL) and Plastic Limit (PL) 

tests on the soil were carried out according to the 

ASTM (D4318). The standard proctor tests on the 

soil were in accordance with ASTM (D698), and 

direct shear tests according to the ASTM 

(D3080/D3080M). 

The samples for all the tests were prepared by 

mixing clay with 0 %, 0.5 %, 1 % and 2 % 

randomly distributed MTRS fiber. The 

percentage of MTRS fiber was by weight of soil. 

The measured amount of fiber was mixed with 

dry soil followed by moist mixing. The samples 

for direct shear test were prepared at maximum 

dry density with optimum moisture content. 

Three samples of each mix were tested. The 

samples were consolidated at 93 kPa, 187 kPa 

and 280 kPa. Horizontal shear force was applied 

onto all the samples. 

3 RESULTS AND DISCUSSION 

3.1 Effect of MTRS fiber on plasticity of 

clay 

The LL and PL of the soil with different 

amount of MTRS fiber was calculated, as shown 

in Figure 3. It can be seen from the figure that 

both LL and PL of the soil increase with 

increased amount of fiber. The LL increases from 

25.6 % with zero percent of fiber to 33.4 % with 

2 % of MTRS fiber. The PL increases from 18.3 

% at zero percent of fiber to 28.4 % with 2 % of 

MTRS fiber. The increase in LL and PL limit by 

adding 2 % of MTRS fiber was 7.8 % and 10 %, 

respectively. Figure 3 also shows the effect of 

MTRS fiber on the plasticity index (PI) where PI 

(= LL - PL)  decreases from 7.3 % with 0 % 

MTRS to 5.1 with 2.5 % MTRS and remained 

unchanged with further addition of MTRS fiber. 
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Figure 3. Effect of MTRS fiber on LL, PL, and PI 

of soil  

3.2 Effect of MTRS fiber on maximum dry 

density and optimum moisture content 

of soil 

Figure 4 presents the standard proctor test 

performed on the soil mixed with different 

amount of MTRS fiber. Maximum dry density 

(ρdmax) and optimum moisture content (OMC) 

were extracted from results shown in Figure 4. 

The effect of the MTRS fiber on ρdmax and OMC 

is shown in Figure 5. The maximum dry density 

is found to decrease while optimum moisture 

content increases with increase in the amount of 

MTRS fibers. The decrease in the maximum dry 

density with increase in the amount of MTRS 

fiber is because the MTRS fibers have low 

density as compared to soil. The increase in the 

OMC is also due to the high-water absorption 

quality of fiber. 

3.3 Effect of MTRS fiber on shear strength 

parameters of the soil 

The shear strength parameters (c and ϕ) were 

determined by conducting direct shear test on the 

soil samples mixed with MTRS fibers. The 

stress-strain diagram for all sets of tests are 

presented in Figure 6. The ductility of the soil 

slightly increases with in creasing amount of 

MTRS fiber. The ductility reduces with increase 

in the vertical stress. Figure 7 shows the effect of 

MTRS fiber on angle of internal friction and 

cohesion. Both c and ϕ increase with increased 

amount of MTRS fiber up to 1 %, but  then 

decreases, as c and ϕ extracted for 2 % MTRS 

fiber is less that with 1 % MTRS fiber. 

 

 
Figure 4. Standard proctor test results 

 

 
Figure 5. Effect of MTRS fiber on Maximum dry 

density and OMC of the soil 
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Figure 6. Shear stress vs horizontal displacement of 

the soil mixed with MTRS Fiber 

 
Figure 7. Effect of MTRS fiber on Cohesion and An-

gle of internal friction of the soil 

4 CONCLUSIONS  

In this study, the effect of mechanically 

treated rice straw (MTRS) fiber on the 

geotechnical properties of clay soil was studied.  

the effect of MTRS fiber on LL, PL, PI, 

maximum dry density (ρdmax), optimum moisture 

content (OMC) and shear strength parameters 

(cohesion, c and angle of internal frection, ϕ) 
were studied by conducting laboratory tests. 

The main outcome of the study is; 

1    The LL and PL of the soil increased with 

increased amount of fiber. LL and PL 

increased by 7.8 % and 10 %, respectively by 

adding 2 % of MTRS fiber. PI decreased by 

adding 0.5 % of MTRS fiber and remained 

unchanged with further addition of MTRS 

fiber. 
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2    The maximum dry density decreased while 

optimum moisture content is increased with 

increasing amount of MTRS fiber. The 

decrease in maximum dry density with 

increase in the amount of MTRS fiber is 

because the MTRS fibers have low density as 

compared to soil. The increase in the OMC is 

also due to the water absorption of fiber. 

3    Cohesion and angle of internal friction 

increased with addition of MTRS fiber up to 1 

% and then decreased. 

4    The study conclude the up to 1% of MTRS 

fibers by weight of soil can be used to improve 

the soil shear strength.  
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