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ABSTRACT: In this paper an experimental investigation was conducted to study the effects of lime and plastic fiber on 

split-tensile strength and toughness properties of a soft soil. The specimens were prepared and tested at three different 

percentages of lime (i.e. 3, 5 and 9% by weight of the dry soil) and four different percentages of fiber content (i.e. 0.5, 1, 

1.5 and 2% by weight of the dry soil). It was found that lime content, curing duration and fiber content has a significant 

influence on the split-tensile strength and toughness of the lime stabilized-fiber reinforced soil. The test results indicated 

that lime amendment enhanced the split-tensile strength up to 5% of lime beyond that it shows an adverse effect. 

Moreover, the inclusion of discrete plastic fiber with lime stabilized soil further enhanced the spilt-tensile strength and 

toughness of the treated soil. This improvement is up to 1.5% of fiber beyond that effectiveness of the reinforcement 

reduced. Therefore, 5% lime with the inclusion of 1.5% plastic fiber is the optimum combination to improve the soft soil. 

With this combination of lime and fiber at 28 days curing, the split-tensile strength shows an increase of 20 times 

compared to parent soil. This improvement of the treated soil enhanced the pavement life and stability of the other 

geotechnical structures.   
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1 INTRODUCTION 

In slope, earth dams, embankment, highway and 

airfield pavements tensile cracks are common and their 

stability depends on the tensile strength of soil. But soil 

has weak in tensile strength and as a result, tensile 

cracks are often observed. The tensile strength can be 

improved by using chemical binders and 

reinforcement. Among all chemical stabilizer, lime 

stabilization is widely used because of its overall 

economy and ease of construction (Bell, 1996; Cai et 

al., 2006; Dash and Hussain, 2012). The advantageous 

effect of lime is that when lime is added to soft soil it 

generates long-term strength gain through pozzolanic 

reaction. Due to this reaction promotes stable calcium 

silicate hydrates (CSH) and calcium aluminates 

hydrates (CAH) forms which coat the soil particles and 

subsequently crystallize to bond them. However, lime 

treatment contributed to the brittle failure 

characteristics of soils which led to a rapid and great 

loss in strength when a failure occurs. Discrete fibers 

can be mixed randomly into soils to improve the 

strength and stiffness of the treated soil (Maher and 

Ho, 1996). Fiber reinforced soil exhibits greater 

toughness and ductility and a smaller loss of post-peak 

strength as compared to the unreinforced soil (Cai et 

al., 2006). The improvement of tensile stress is 

essential in pavement because during traffic loads its 

layer is subjected to repeated tensile stresses, and 

failure is initiated due to the formation and propagation 

of tensile cracks. Therefore, knowledge of tensile 

strength is of primary interest for design engineers. 

This paper highlights the results of an experimental 

investigation on the tensile strength and toughness 

behavior of lime stabilized soft soil with the inclusion 

of plastic fiber. 

2 MATERIALS  

2.1 Soil 

The soil used in this study is locally available soft soil. 

It has predominantly fine-grained consisting of 72% 

silt and clay, of which the silt is predominant (67.10%). 

The specific gravity, liquid limit and plastic limit of 

soil are 2.6, 43.4% and 22.4% respectively. As per 

Unified Soil Classification System (USCS) the soil is 

classified as clay with low plasticity (CL). 

2.2 Lime 

Laboratory reagent grade quick lime (CaO) is used in 

this investigation. Its molecular weight and minimum 

assay are found to be 56.08 and 95% respectively. 

2.3 Plastic fiber 

The fiber used in this study is commercially available 

synthetic plastic fiber. The characteristics of plastic 

fibers used as reinforcement are given in Table 1. 
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Table 1 Physical and Engineering Properties of Fiber 

Used 

 

Property Value 

Type Plastic (synthetic) 

Average Length (mm) 15 

Average Diameter (mm) 0.17 

Aspect Ratio (L/d) 88.24 

Color White 

Breaking Tensile strength 355.05 MPa 

Modulus of Elasticity 1836.11 MPa 

Toughness Index 138.19 MPa 

Tensile Elongation (%) 77.84 

3 EXPERIMENTAL PROGRAMME 

The Split-tensile strength test was performed to 

evaluate the improvement of tensile strength due to the 

soil-lime-fiber reaction. The specimens were statically 

compacted at optimum water content and maximum 

dry density in a split mould of size 38 mm in diameter 

and 76 mm in length. An additional amount of water 

equal to 32% of the mass of lime was added to take 

into account for slacking of lime and loss due to 

evaporation (Greaves, 1996). The compacted 

specimens were then extracted from the mould and 

stored in desiccators. The prepared specimens were 

placed horizontally between the bearing blocks of the 

compression testing machine adjusted for a strain rate 

of 1.2 mm/min. A strips of mild steel of 5 mm thick, 5 

mm wide, and 50 mm long curved at the contact 

surface were placed on the upper and lower bearing 

elements of the cylinder to ensure uniform bearing 

pressure. A photographic view of a specimen for the 

split tensile test is shown in Figure 1. The split-tensile 

strength (σt) is obtained by the following equation: 

td

p
t




2
                                                                     (1)                                                                                                                                                                                                    

Where, p = load at failure; t = thickness or length of the 

specimen; d = diameter of the specimen.   

 

Fig. 1 Photographic view of split tensile test 

4 RESULTS AND DISCUSSION 

4.1 Tensile strength of lime stabilized soft soil 

Split-tensile strength is performed to understand the 

tensile strength behavior of the lime stabilized soil. 

Figure 2 shows the variation of split-tensile strength 

with the percent of lime content at different curing 

period. The split-tensile strength of lime stabilized soil 

increases with increase in lime content up to 5% of 

lime beyond that it decreases with increase in lime 

content, meanwhile, the tensile strength value of lime 

stabilized soil further  increased with increase in the 

curing period. With 5% lime at 28 days curing the 

maximum split-tensile strength obtained is 65.94 kPa 

which represented an increase of nearly 9 times that of 

untreated soil. It is also observed that for all curing 

period the split-tensile strength attains maximum value 

at 5% of lime content. Therefore 5% lime is the 

optimum lime content. The addition of lime to the soil, 

in a strongly basic environment (pH ≥12), 

progressively dissolves the silica and alumina that form 

the cementations compound like CSH and CAH (Bell, 

1996; Dash and Hussain 2012). These cementations 

compounds bind the particles leading to increase in 

tensile strength and make the material more brittle. 

However, at higher lime content, a reduction in 

strength takes place due to excessive formation of 

cementations gel materials which counteract the 

strength gain. 

4.2 Tensile strength of fiber reinforced soft soil 

Figure 3 represents the variation of split-tensile 

strength with percentage of fiber content. It was 

observed that split-tensile strength increases with the 

increase in fiber content up to 1.5% and beyond that it 

was decreased with further addition of fiber. Similar 

behavior was observed by Maher and Ho, 1996. With 

this optimum fiber content (i.e. 1.5%), fiber-reinforced 

soil developed a split-tensile strength of 28.52 kPa 

which represents an increase of 3.63 folds compared 

with that of unreinforced soil. The increase in the split-

tensile strength is due to the friction between the fiber 

and soil particles, which make difficult for soil 

particles that surround fibers to change in position from 

one point to another and thereby improves the bonding 

force between soil particles (Jiang et al. 2010). 
However, with fiber content higher than 1.5%, the 

relative volume occupied by fibers increases and fiber-

to-fiber interaction dominated compared to soil to fiber 

interactions. Hence, the degree of interlocking and 

friction mobilized in the sample reduced and hence 

decreases the tensile strength (Anggraini et al. 2014). 
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Fig. 2  Split-tensile strength of lime stabilized soil at 

different curing period 

 

Fig. 3 Variation of Split-tensile strength with percentage 

of fiber content 

4.3 Tensile strength of lime stabilized-fiber 

reinforced soft soil 

Variation of split-tensile strength with fiber and lime 

content for lime stabilized-fiber reinforced soil at 28 

days curing is depicts in Figure 4. Result shows that 

fiber plays a major role in lime treated soil and its 

influence on normal soil is not significant. Due to the 

smaller pores in the lime-stabilized soil than that of 

untreated soil, the effective contact area of a fiber with 

soil particles in the lime-fiber treated soil is greater 

than that in the pure fiber soil. Thus, the total effective 

friction between fiber and soil particles in the fiber–

lime treated soil is greater, which causes more effective 

fiber reinforcement (Cai et al. 2006). It is also observed 

that for any fiber content, the axial stress increases with 

increase in lime content up to 5% and beyond that it 

declines. Similar behavior is observed for 7 days and 

14 days curing period. Dash and Hussain (2012) 

reported that lime produces cementations gel that has a 

substantial volume of pores upon reacting with soil. 

Therefore, with increased lime content, the soil 

structure tends to be increasingly porous and 

amorphous structure which counteracts the strength 

gain attributable to cementation. Further, this 

amorphous structure of lime treated soil reduced the 

effective friction and interlocking bonding between 

fibre and treated soil.    

 

Fig. 4 Variation of split-tensile strength with fiber and 

lime content at 28 days curing. 

Figure 5 shows the variation of split-tensile strength 

with curing period (i.e. 7, 14 and 28 days) for lime 

stabilized fiber reinforced specimen at optimum lime 

content (i.e 5%).  It is observed that strength increases 

while increasing the length of curing. The increase in 

strength with the curing period is attributed to the long-

term pozzolanic reactions of lime with the soil leading 

to an increase in strength (Rao and Rajasekaran, 1996). 

Similar behavior is observed at lime content 3% and 

9%. 

 

Fig. 5 Variation of split-tensile strength with varying 

percentage of fiber and curing period at 5% lime 

content 

The maximum split-tensile strength of the treated soil 

is obtained for the combination of 5% lime (i.e. 

optimum lime) with 1.5% fiber (i.e. optimum fiber) at 

28 days curing period is 157.09 kPa. This represents an 

increase of 20 times compared to the untreated soil. 

The inclusion of randomly oriented fibers to stabilized 

soil ensures that instead of a catastrophic brittle failure, 

a structure is still able to bear load, sometimes 
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increasing load after the first crack. This enhances the 

service life of a pavement structure.  

4.4 Toughness Characteristics 

Toughness is the ability of a material to absorb energy 

without fracturing. It is measured from the area under 

the load-deflection curve up to failure (Onyejekwe and 

Ghataora 2014). Increased toughness may bring about 

improved resistance to fatigue failure which is 

extremely beneficial for pavement applications. Figure 

6 shows the variation of toughness with fiber and lime 

content at 28 days curing period. It is clear that for a 

particular lime content toughness increases with 

increase in fiber content up to 1.5% fiber and beyond 

that it generally decreases. Meanwhile, the toughness 

also increases with increasing in the curing period. The 

rate of absorbed energy increases on increasing fiber 

content because of a larger probability of intersecting 

weak zones by fibers and also because of absorbed 

energy by fibers that are already in tension 

(Mirzababaei et al. 2013). The improved toughness and 

ductility of fiber-reinforced soil has led to its use in 

pothole repairs (Balamu 1998).  

 

Fig. 6 Variation of toughness with fiber and lime content 

at 28 days curing period. 

5 CONCLUSIONS 

 Amendments of lime enhanced split-tensile 

strength up to 5% of lime beyond that its shows 

adverse effect. The increase in tensile strength is 

about nine-fold in comparison to parent soil. The 

gain in strength due to long term pozzolanic 

reaction between lime and soil. 

 Addition of discrete fiber increases the Split-

tensile strength of soil up to 1.5% of fiber content 

and beyond that it decreases due to too much fiber 

added adhere to each other to form lumps. 

 The inclusion of fiber reinforcement within lime 

stabilized soil caused an increase in the tensile 

strength. Fiber plays a major role in lime treated 

soil than normal soil. The maximum split-tensile 

strength is obtained for the combination of 5% 

lime and 1.5% fiber at 28 days curing and its value 

is 157.09 kPa, which is 20 times that of the 

untreated soil.  

 Inclusion of plastic fiber in lime stabilized soil 

improved the toughness and ductility of the treated 

soil. This improvement of the treated soil 

enhanced the pavement life and stability of the 

other geotechnical structures.   
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