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ABSTRACT: Expansive clays undergo large volumetric changes with varying moisture content inducing desiccation 

cracks. Desiccation cracks increase the hydraulic conductivity and reduce the strength of the soil substantially. This can be 

a setback when expansive clays are used as landfill liners and covers where low hydraulic conductivity is mandatory to 

ensure a safe barrier. In this study, the effect of discrete and randomly distributed fiber (DRDF) reinforcement on 

desiccation cracking of soil with varying fiber lengths was investigated. Black cotton soil, a locally available expansive 

clay, was reinforced with polypropylene fibers of lengths 6, 12 and 18mm, at 0.5% fiber content (% by dry weight of soil). 

The slurry samples were allowed to dry at uniform temperature and relative humidity. Various physical and morphological 

parameters such as cell area, crack width and moisture content were observed over time. The crack parameters were 

quantified using Digital Image Analysis (DIA). It was observed that fiber inclusion efficiently reduces desiccation 

cracking by increasing the tensile strength of the clay. 
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1 Introduction 

Desiccation cracks occur when tensile stresses due to 

matric suction exceeds the tensile strength of the soil 

(Kodikara et al., 2000). Tensile stresses develop when 

external or internal restraints are at place in the form of 

rough layer interfaces or sections of soil undergoing 

non-uniform drying. Clayey soils are more susceptible 

to desiccation due to possibility of developing high 

suction from heat (Mitchell, 1993, Holtz and Kovacs, 

1981). Desiccation cracks affect the hydraulic 

properties and strength characteristics of the soil 

significantly. In applications such as clay liners and 

covers for landfills, low permeability is desired to 

prevent leachate infiltration (He et al., 2015). 

Currently, discrete and randomly distributed fiber 

(DRDF) reinforcement is being adopted to efficiently 

reduce the detrimental effects of the cracks due to loss 

of moisture (Viswanadham et al., 2011). Divya et al., 

2014, carried out a series of direct tensile strength tests 

and concluded that fiber inclusion improved the tensile 

strength-strain characteristics and ductility of soil. 

Since desiccation cracks primarily arise due to tension, 

it can be implied that fiber reinforcement significantly 

reduces the effects due to these cracks. In this study, 

the effects of fiber reinforcement and fiber lengths on 

desiccation cracking of soil were investigated. Black 

cotton soil was reinforced with fibers of three different 

lengths. Moisture content and crack parameters such as 

cell area and crack width were observed for each fiber 

length over the course of desiccation. The crack 

parameters were measured using digital image analysis. 

It is to be noted that throughout the paper, the term 

'water content' (w) refers to gravimetric water content 

and 'fiber content' (f) refers to the percentage of weight 

of the fibers by dry weight of the soil. 

2 Materials and Methods 

 Materials 2.1

Black cotton soil used in this study is an expansive clay 

widely distributed in the south-central part of India. It 

is classified as high plasticity clay (as per Unified Soil 

Classification system) with liquid limit of 86.5%. The 

physical properties of Black cotton soil are as 

presented in Table 1. 

The fibers used to reinforce the soil were 

Polypropylene (PP). It had triangular cross-section with 

an effective diameter of 40μm. Table 2 lists various 

physical properties of the fibers. Since the fibers are 

required to also resist alkaline conditions, chloride and 

alkali testing was also performed. For this experiment, 

fiber lengths (l) of 6, 12 and 18mm were selected. 

Higher fiber lengths were not selected as it had not 

resulted in uniform distribution during sample 
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preparation. 

Table 1 Properties of Black Cotton Soil 

Properties Values 

Specific Gravity, Gs 2.58 

Atterberg Limits  

Liquid Limit (%) 86.8 

Plasticity Index (%) 35 

Size Fraction  

Gravel fraction (4.75–20mm) 1 

Sand fraction (0.075–2mm) 5 

Silt fraction (0.002–0.075mm) 34 

Clay fraction (<0.002mm) 60 

Classification1 CH 
1as per USCS 

 Sample Preparation 2.2

For sample preparation, crushed and oven dried soil 

passing through 425μ IS sieve was taken. Fibers of 

desired length were weighed and mixed thoroughly 

with the dry soil. Fiber content of 0.5% was chosen as 

an optimum value in this study to avoid clustering of 

fibers while mixing. Required quantity of water 

equivalent to 90% water content (slightly greater than 

the liquid limit of the soil) was added gradually to the 

soil to form a slurry. The slurry was then transferred to 

the acrylic container of internal diameter 190mm, 

which was slightly greased only along the inner walls, 

to 10mm thickness. Acrylic was preferred over glass 

because the thermal conductivity of glass is much 

higher hence it tends to heat up faster. This would 

result in non-uniform heating of the sample. The 

container was carefully tapped to expel air-bubbles and 

ensure uniform thickness throughout. The sample was 

then sealed and allowed to rest for 24 hours to attain 

moisture homogenization. 

 Test Setup and Procedure 2.3

The saturated samples were allowed to desiccate under 

two 500W Tungsten halogen lamps (Figure 1) and the 

test was conducted in a constant temperature of 50
0
C 

and 20% relative humidity as measured with a thermo-

hygrometer. The container was placed on a weighing 

balance (of accuracy 0.01g) which logged the variation 

of weight of the sample with time to obtain water 

content of the sample at an instance. A rectangular 

sheet with markers at known distances (200x250 mm) 

was placed beneath the containers to be used as a 

reference scale during image analysis.  The digital 

camera was set to capture images of drying sample at 

regular intervals. 

 

 

 

Table 2 Properties of Polypropylene (PP) fibers 

Properties Values 

Specific Gravity 0.91 

Average Diameter 40 µm 

Breaking Tenacity 4–6 gpd 

Modulus of Elasticity >4000 MPa 

Fusion Point 160 – 165oC 

Alkali and Chloride Resistance Very good 

The sample was allowed to desiccate for approximately 

10 hours such that it reached a residual water content. 

 

Fig. 1 Test setup for desiccation cracking 

 Image Analysis 2.4

Analysis of the surface images obtained was done 

using ImageJ (Abramoff et al., 2004), an image 

processing software. The images were set to scale as 

well as appropriate units using the markers on the sheet 

below the sample and the crack parameters were 

calculated with reference to the scale. The parameters 

calculated were namely average crack width (wavg) and 

average cell area.  

3 Results and Discussion 

The variation of water content plotted against time 

(Figure 2) shows that the trend does not vary either 

with fiber inclusion or with fiber length. Two distinct 

stages of drying can be observed: the constant 

evaporation stage and falling evaporation stage (Tang 

et al., 2011).  The desiccation tests were continued till 

the water content reached a residual value of 3 to 5%. 

 

 



Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

3 

Figure 3 shows the average crack widths, wavg, 

calculated for the samples over the course of their 

desiccation. In the unreinforced sample, as expected, 

the crack width increased with time before becoming 

stable after sufficient moisture is lost. However, in case 

of the reinforced samples, distinct peaks were observed 

in the graphs. 

 
Fig. 2 Moisture content variation with time 

The difference in observations was due to the increase 

in tensile strength with fiber inclusion. In cracking of 

soil, two opposing forces were in action: tensile 

strength and friction. While tensile strength of the soil 

caused shrinkage during desiccation, friction in the 

soil-container interface resisted it. In unreinforced 

sample, the tensile strength of soil was very less. Thus 

the friction overcame it easily causing the soil to fail. 

But the fiber reinforcement added to the tensile 

strength thus effectively resisting the friction till a 

maxima in crack width occurs. Beyond this point, 

tensile strength of fibers overcame the friction and the 

sample shrunk resulting in reduced crack width.  

 

Fig.3 Variation of average crack width, wavg, with time 

 

It was also observed that the reinforced samples moved 

as a unit unlike the discrete cells in unreinforced 

sample which indicated that the former had greater 

final strength than the latter. 

Cell areas (Figure 4) reduced with time for all the 

samples. As water evaporated, cracks propagated 

within the soil. Cell formation took place when the soil 

failed and formed a distinct boundary. As water loss 

continued, individual cells shrunk resulting in a 

reducing trend. At any instant, cell areas of reinforced 

samples were much lesser than the unreinforced 

sample. This was because crack propagation was 

hindered by the randomly distributed fibers leading to 

smaller cells while unreinforced sample provided less 

hindrance. 

 

Fig. 4 Variation of average cell area with time 

For field applications crack parameters are generally 

desired such that it maintains lower hydraulic 

conductivity and higher strength. Therefore, crack 

width and cell area ought to be low as it is indicative of 

increased performance. On comparing the fiber lengths 

in Figures 3 and 4, the average crack parameters were 

higher for 6mm fibers compared to 12 and 18mm 

fibers. Fibers of 6mm length got pulled out completely 

and formed wide cracks indicating that the increase in 

tensile strength was not that significant in comparison 

to unreinforced sample. Although the difference 

between 12 and 18mm fibers is not significant, 12mm 

fibers have lower crack parameters between the two 

lengths. Moreover, 18mm fibers formed a cluster while 

mixing with resulted in non-uniform distribution of 

fibers. Thus 12 fibers were more effective as 

reinforcing the soil. 

4 Conclusions 

From the laboratory experiments on effects of fiber 

reinforcement of black cotton soil on desiccation  

0

10

20

30

40

50

60

70

80

90

100

0 100 200 300 400 500 600 700

W
a
te

r 
c
o
n
te

n
t,
 w

 (
%

) 

Time (min) 

Unreinforced

l = 6mm

l = 12mm

l = 18mm

0

1

2

3

4

5

6

7

0 100 200 300 400 500 600 700

C
ra

c
k
 W

id
th

, 
w

a
vg

 (
m

m
) 

Time (min) 

Unreinforced

l = 6mm

l = 12mm

l = 18mm

0

100

200

300

400

500

600

0 100 200 300 400 500 600 700

C
e
ll 

A
re

a
 (

m
m

2
) 

Time (min) 

Unreinforced

l = 6mm

l = 12mm

l = 18mm



Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

4 

cracking and analysis of the data obtained, the 

following conclusions can be drawn:  

1) Final average crack parameters were much lower at 

any instant after fiber inclusion which is representative 

of their lower hydraulic conductivity in comparison to 

unreinforced samples  

2) Tensile strength of fiber reinforced samples was 

increased as evidenced by the peaks in Figure 3 which 

was absent in the unreinforced sample.  

3) Results from effects of variation of fiber length on 

desiccation cracking showed that 6mm fibers were 

ineffective in reinforcing the sample. While the 

performance of 12 and 18mm fibers were similar, 

12mm fibers were more uniformly distributed in the 

sample than 18mm fibers.  
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