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ABSTRACT 

 
Direct tension test of soft clayey soil without sampling disturbance is a challenging task. In addition, no standard method 
for direct tension test of clayey soil is available till to date. The main objectives of this study were to improve the strength, 
toughness and desiccation cracking properties of soft clay by inclusion of coir and jute fiber in discrete orientation. To 
achieve these goals, a new test set-up has been designed and fabricated in this study for conducting disturbance free direct 
tension test of compacted clayey soil and clay-fiber mixtures. A detailed description of the test set-up and the 
methodology are presented in this paper. A series of direct tension tests have been conducted on clay-coir and clay-jute 
fiber mixes using fabricated test set-up. A number of unconfined compression tests and desiccation cracking tests have 
also been performed. The test results show an excellent performance of the new test set-up in terms of simplicity, 
repeatability and reliability. The tensile strength of fiber reinforced soil increases up to 475% and 215% upon mixing of 
coir and jute fiber respectively. It is observed that addition of 2% coir and 1% jute can meaningfully enhance the tensile 
strength and ductility of soft clayey soil. The unconfined compressive strength of fiber reinforced clayey soil increases up 
to 145% and 136% using coir and jute fiber respectively. Moreover, desiccation test results showed that inclusion of fibers 
reduces the width and depth of cracks considerably. 
 
Keywords:  Direct tensile strength; toughness index; absolute toughness; optimum fiber content; desiccation crack. 

 
1.  INTRODUCTION 
 
Engineering properties such as tensile strength and 
desiccation cracking of fine-grained soil are two 
major properties that control performance of earthen 
structures such as hydraulic barriers [1-3], slopes 
[4,5], levees [3,6], highway [7] and railway 
embankments [2,8]etc. The tensile strength of 
compacted clayeysoil significantly depends on water 
content [9]. Besides, clayey soils with higher 
plasticity are found to shrink more on desiccation that 
lead to crack when the minor principal stress exceeds 
its tensile strength [10,11]. Breaching may also be 
initiated by penetrating water into these cracks of clay 
levees [3]. The mechanical and hydraulic properties of 
soil are affected by cracks in soil. Morris et al. [12] 
found that the tensile strength and bearing capacity of 
cracked soil is much less than that of un-cracked soil. 
Cracks in soil increase the hydraulic conductivity of 
soil which reduces the capacity of reservoirs (9,13-
15]. Thus, it becomes necessary to reduce size of 
cracks in earthen structures. It can be done by 
improving tensile strength and shrinkage properties of 
soil. 
 
The tensile strength of soft clay reinforced with coir 
was investigated by Anggraini et al. [16, 17] and 
observed a significant increase in indirect tensile 
strength. Correia et al. [18] also reported that the 

indirect tensile strength of soil can be increased 
significantly by using polypropylene fiber. Increase in 
tensile strength also increases the stability of slope 
due to reinforcement provided by plant roots as 
reported by Cappiler et al. [19]. Similar results have 
been reported by investigators for coir and synthetic 
fiber reinforced clayeysoil [20,21]. A significant 
improvement of ductility of reinforced soil has been 
reported by several studies (16-18,20, 21]. The 
hydraulic properties of earthen structures could be 
controlled by improving tensile strength and 
desiccation cracking behavior of soil. Joyasree et al. 
[22] studied characteristics of coir reinforced 
expansive soil and found significant improvement of 
its shrinkage properties. 
 
Determination of tensile strength of clayey soil by 
direct method is a complicated work. So, tensile 
strength of soil is determined by using indirect 
methods such as Brazilian tensile test, hollow cylinder 
test, flexure beam test, double punch test, unconfined 
penetration test etc. by many researchers [16, 17, 23-
26]. The Brazilian tensile test is suitable for relatively 
stiff material and therefore cannot be reliably used to 
test saturated clay soils that exhibit plastic behavior 
[26]. Hollow cylinder tests require complex specimen 
preparation due to their hollow geometry. On the 
other hand, preparation of flexural beam test 
specimens is relatively simple but results are sensitive 
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to loading geometry in addition to strain rate, 
specially, for plastic material like soil. Double punch 
test and unconfined penetration test also have 
limitations to test plastic soil. Determination of tensile 
strength using these indirect test methods are based on 
a number of theoretical assumptions and hence cannot 
properly reveal the inherent mechanisms of soil 
tensile behaviors. On the other hand, direct tension 
test is more suitable for knowing tensile behavior of 
clayey soil when compared to indirect test methods. 
Some researchers [21, 27-31] conducted direct tension 
test on soil by fabricating direct tension test setup of 
various sample sizes, shapes and orientations. 
 
The indirect tensile properties of different soils 
containing various kinds of fiber reinforcements have 
been explored by many investigators. But, the studies 
on direct tensile characteristics of soft clayey soil 
containing coir and jute fibers are very few. It is 
likewise important to develop a simplified set-up for 
direct tension test of soft clay specimens without 
sampling disturbance. Hence, this study focuses on 
investigation of the direct tensile behavior of a 
selected clayey soil containing coir and jute fibers 
with the help of newly designed set-up. 
 
2.  MATERIALS AND METHODS 
 
A number of direct tension tests has been 
undertakentovisualize the direct tension 
characteristics of soft Gazipur clay. A short 
description of the materials used and methodology 
followed is described below. 
 
2.1  Materials 
 
The materials used for the present study are soil, coir 
and jute fibers are same as those used in the study of 
Taiyab et al. [32]. The clayey soil was collected from 
a marshy land of Gazipur City Corporation (GCC), 
Bangladesh. The collected soil was air dried, crushed 
and sieved through No. 12 sieve before preparation of 
test specimens. The color of the soil was brown. 
Engineering properties of the soil used in this study 
are listed in Table I [32]. Coir has been extracted from 
coconut husks. The collected coir was cleaned by 
potable water without use of chemical additives and 
dried in room temperature. Then the fibers are cut to 
achieve required length (25 mm) by scissors. The jute 
fiber used in this study is collected from local market 
of Gazipur. The coir and jute fiber used in the present 
study are shown in Fig. 1 and 2 respectively.The 
fibers were carefully cut to desired length of 30 mm. 
The basic properties of coir and jute fiber used in the 
present study are listed in Table II [32]. 

2.2  Compaction test 

Compaction test is usually conducted to determine the 
optimum moisture content and maximum dry density 
of geo-materials. In this study, six batches of base soil 
and soil-fiber mixtures were prepared at different 

moisture content and kept in air-tight polyethylene 
bag over night to achieve moisture uniformity. The 
soil-fiber mixtures were remixed thoroughly to have a 
homogeneous distribution of fibers on the next day 
and standard Proctor compaction tests were performed 
on these base soil and soil-fiber mixtures as per 
standard test method of ASTM D 0698 [33]. 
Following that, the maximum dry density (MDD) and 
optimum moisture content (OMC) for all mix 
proportions were determined 
 
Table I: Properties of base soil used in this study [32] 

 Parameters  Value  
Specific Gravity 2.63 

Liquid Limit 38 % 
Plastic Limit 21 % 

Plasticity Index 17 % 
Natural Moisture Content 23.6% 

Optimum Moisture Content 17 % 
Maximum Dry Unit Weight 16.7 kN/m3 

Unconfined Compressive Strength 73.2 kPa 
CBR (Unsoaked) 14.5% 

CBR (Soaked) 5.0% 
Soil Type (USCS) CL 

 

 
Fig. 1: Photograph of coir fiber used in this study 

[32]. 
 

 

 
Fig. 2: Photograph of coir fiber used in this study 

[32]. 
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Table II: Properties of coir and jute fiber used in this 
study [32] 

Parameter  Jute Fiber  Coir  
Color Brown Brown 

Average diameter 
(mm) 0.1 mm 0.25 mm 

Average length  30 mm 25 mm 
Aspect ratio 300 100 

Fiber content (%) 0.5, 1.0, 
2.0 1.0, 2.0, 3.0 

 
 
2.3  Unconfined compression Test 
 
The shear strength of a clayey soil can be easily 
estimated by determining its unconfined compressive 
strength. The samples for unconfined compression 
test were prepared with1 %, 2 % and 3 % of coir, and 
0.5 %, 1 % and 2 % of jute fiber of dry weight of the 
soil-fiber mixture. Water was added to obtain required 
moisture content of OMC and OMC�5% of the soil-
fiber mixtures and kept in air-tight bag for 24 hours to 
achieve moisture homogeneity. Then the unconfined 
compression test specimens were prepared in split 
type mold having an inside diameter of 101.6mm and 
a height of 203.2mm by using standard Proctor 
compaction effort. Then the unconfined compression 
tests were conducted as per ASTM D 2166 [34]. 
 
2.4  Direct Tension Test 
 
Direct tension test is very important to capture the 
behavior of soil subjected to tension. Any standard 
method for this test is not available now. So, a direct 
tension test set-up has been designed for current 
research to adopt it in the existing direct shear test 
apparatus in the laboratory. This set-up is modified 
version of those used by past investigators [26-29] in 
view of straightforwardness of test planning and less 
disturbance at placement of the test specimen in the 
testing equipment. Dimensional adjustments are made 
to the size of the split type direct tension test mold to 

fit it in the laboratory direct shear test apparatus. A 
photo of the adjusted direct tension test mold 
indicating dimensions is shown in Fig. 3(a). The 
length and thickness of test specimen are 90 mm and 
25.5 mm respectively. The cross-sectional dimension 
of the specimen at neck is 30 mm × 25.5 mm. To 
minimize friction between specimen and bottom 
surface of the mold, the bottom surface of the mold 
was lubricated prior placement of the testing materials 
at the time of preparing the test specimen. After the 
specimen was compacted, the sample along with the 
compaction mold was placed into the testing 
equipment. Fig. 3(b)-4(d) show compaction of 
specimen, test equipment and specimen after failure 
respectively. Thus, disturbance at extrusion of 
specimen from mold and placement in the equipment 
is eliminated in this direct tension test setup. The rate 
of deformation was maintained as 1.0 mm/min 
throughout the test. Finally, the tensile strength (σt) 
was calculated by dividing the maximum tensile load 
(Pmax) by the cross-sectional area (i.e., 30 mm ×25.5 
mm).  

 
2.5  Desiccation Cracking Tests 
 
The desiccation cracking tests were conducted using 
metal molds with a rectangular cross section. The 
lengths of the molds were set considerably larger than 
the widths to generate parallel cracking during drying 
of soils. The mold dimensions are shown in Table III. 
Room temperature was maintained 300C to 350C and 
relative humidity 62% to 65% during these tests. The 
base soil and soil-fiber mixture were mixed 
thoroughly with water to its liquid limit and covered 
in air-tight bag for 24 hours to achieve moisture 
uniformity. The soil mixtures were then placed into 
the molds up to the full thickness using a spatula. The 
side walls of the mold were lubricated prior to 
placement of soil to minimize adhesion of the soil to 
the side walls. In each test, 5 rectangular molds were 
used. Some of these molds were used for observation, 
crack initiation and evolution, and the others for 
moisture content measurement during drying.  
 

 
 

Table III: Summary of desiccation cracking tests 

Test No.  
Mold  

dimensions in mm  
(L × W ×D)  

Number of  
molds used  

Test  
duration  

(hr)  

Initial water  
content (%)  

Relative  
humidity  
(% RH)  

Material of  
molds used  

1 600×25×20 5 288 38 62-65 Metal 
2 600×25×30 5 336 38 62-65 Metal 
3 600×50×10 5 288 38 62-65 Metal 
4 250×25×10 5 192 38 62-65 Metal 
5 600×25×10 5 288 38 62-65 Metal 
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(a) (b) 

 

  
(c) (d) 

 

Fig. 3: (a) Dimensions of direct tension test mold (b) compaction in the split type mold (c) sample placed in direct 
tension test device (d) sample after test. 

 

2.6  Toughness Behavior at Direct Tension 
 
The toughness behavior of reinforced soft clay in the 
post peak zone is studied for all the direct tension test 
specimens. The toughness index is determined from 
normalized curves. The load and the deformation axes 
were normalized with respect to the load and 
deformation respectively at the peak load. A 
dimensionless direct tension toughness index (TI) is 
defined to understand the post peak behavior as 
proposed bySobhan and Mashnad [35]: 

=  
−

− 1
 

where dp = deformation at peak load Pmax; d = any 
deformation that is greater than the dp value; Ap= area 
under the normalized curve up to the peak; and Ad = 
area under the normalized curve up to the deformation 
ratio d/dp . 
 
3.  RESULTS AND DISCUSSIONS 

 
3.1  Moisture Density Relationship 
 
The variations of maximum dry density (MDD) of 
reinforced clayey soil with fiber content are presented 
in Fig. 4. It shows that MDD of reinforced soil 
decreases with increase in fiber content. The MDD of 

soil decreases by 8.1%and 6.8%on using 3.0% coir and 
2% of jute fiber respectively. Reduction of MDD of 
fiber reinforced soil may be due to use of fibers having 
lower specific gravity compared to soil particles and 
increased void spaces in the soil-fiber mixes due to 
reduced compactibility in presence of fiber. The effect 
of fiber content on the optimum moisture content is 
presented in Fig. 5. The OMC of soil increases from 
17% to 20% for using 3% coir and 17% to 22% for 
using 2% jute fiber. This increase in OMC with 
increase of fiber content is a clear indication of the 
reduction of compactibility with inclusion of fiber in 
soil. Similar results for inclusion of fiber were found by 
previous studies [36, 37].Also, it can be observed that 
the OMC of coir-reinforced soil is less affected by the 
addition of coir when compared with that of jute fiber. 
 
3.2  Compressive Strength Characteristics  
 
The stress-strain plots of unconfined compression test 
on coir and jute fiber reinforced soil samples are 
presented in Fig. 6 and Fig. 7, respectively. These 
samples were prepared at their OMC and OMC�5%. 
Test results show that strain of fiber reinforced samples 
at failure is larger than that for the virgin soil. Thus, it is 
evident that addition of discrete natural fibers in clayey 
soil increase ductility by notable amount. Mattone [38] 
also observed increased ductility for sisal fiber and 
polypropylene fiber reinforced soil. 
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Fig. 5: Effect of fiber content on OMC of fiber 

reinforced soil.  
 

The effects of percentage of coir and jute fibers on the 
unconfined compressive strength (qu) of reinforced 
clayey soil are shown in Fig. 8 and Fig. 9, respectively. 
While comparing among the results of samples 
prepared at OMC-5%, the quof coir reinforced soil 
increases up to 141%. Meanwhile, the quof coir 
reinforced soil increases up to 145% and 119% for 
samples prepared at OMC and OMC+5% respectively. 
Similarly, the quof jute fiber reinforced soil increases up 
to 119% for samples prepared at OMC-5%, 135% for 
samples prepared at OMC, and 136% for samples 
prepared at OMC+5%. The impact of moisture content 
is significant as it can be seen from these figures. For 
example, quof 2% coir reinforced soil get reduced by 
60% and qu of 1% jute fiber reinforced soil get reduced 
by 50% on increasing moisture content by 5% above 
OMC. These figures also that the compressive strength 
increases up to 2% coir and up to 1% of jute fiber. 
Further increase in fiber content reduces the 
compressive strength. Thus, optimum fiber content to 
increase unconfined compressive strength can be 
considered as 2% for coir and 1% for jute fiber. 
Enokela and Alada [20] also found maximum 
compressive strength at 2%coir content for reinforced 
alluvial soil. The reason for increase in unconfined 
compressive strength may be attributed to the 
generation of tensile force in the reinforcements on 
application of load on fiber reinforced samples. The 
tensile forces in fibers resist shear strain of soil due to 
adhesion between fiber and soil particles and thus 
impart additional shear strength. However, at higher 

amount of fibers, the density reduces and the cohesion 
between fiber and soil particles is impaired and hence 
the compressive strength decreases. Fig. 8 and Fig. 9 
also indicate that qu decreases with increase in molding 
moisture content.  
 
3.3  Direct Tension-Deformation Characteristics 
 
Fig. 10 and Fig. 11 illustrate direct tensile load versus 
deformation curves for coir and jute fiber reinforced 
soil respectively. It can be seen that the tensile load 
increases almost linearly with increasing deformation 
before reaching the peak value, where tensile failure 
occurs. After that, the specimen without fiber 
reinforcement, the tensile load drops to zero at small 
increase in deformation, indicating less ductility of the 
specimen. For all fiber reinforced specimens, on the 
other hand, due to the presence of fibers, some residual 
tensile loads were preserved after failure. It is an 
indication of the fact that the fiber inclusion was 
effective in improving soil ductility. This is due to bond 
slippage of the fibers. Divya et al. [28] conducted 
experimental investigation on bentonite-amended 
natural silty soil reinforced with polyester fiber and 
found similar results. 

 
A comparison of change in tensile strength with fiber 
contents for coir and jute fiber reinforced soils are 
demonstrated in Fig. 12 and Fig. 13 respectively. It is 
seen in Fig. 12, that the tensile strength increases from 
33kPa to 71kPa, when the coir content increases from 
0% to 2.0% for samples prepared at optimum moisture 
content (OMC). Whereas, the tensile strength increases 
from 76kPa to 148kPa, when the coir content increases 
from 0% to 2.0% for samples prepared at water content 
of 5% less than the OMC. On the other hand, the tensile 
strength increases from 11kPa to 59kPa, when the coir 
content increases from 0% to 2.0% for samples 
prepared at water content of 5% more than the OMC. 
Fig. 13 shows that the tensile strength increases from 
33kPa to 55kPa, when the jute fiber content increases 
from 0% to 1.0% for samples prepared at OMC. The 
tensile strength increases from 76kPa to 161kPa, when 
jute fiber content increases from 0% to 1.0% for 
samples prepared at water content of 5% less than the 
OMC. On the other hand, tensile strength increases 
from 11kPa to 23kPa, when jute fiber content increases 
from 0% to 1.0% for samples prepared at water content 
of 5% more than the OMC. While comparing the tensile 
strength of coir reinforced soil samples prepared at 
OMC-5%, it can be seen that the tensile strength 
increases up to 214%. Meanwhile, the tensile strength 
of coir reinforced soil increases up to 232% and 475% 
for samples prepared at OMC and OMC+5% 
respectively. Similarly, the tensile strength of jute fiber 
reinforced soil increases up to 132% for samples 
prepared at OMC-5%, 168% for samples prepared at 
OMC, and 215% for samples prepared at OMC+5%. It 
also indicates that the tensile strength of 2% coir 
reinforced soil get reduced by 35% and tensile strength 
of 1% jute fiber reinforced soil get reduced by 59% on 
increasing moisture content by 5% above OMC. 
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Fig. 6: Stress-strain curves obtained from unconfined 

compression test on coir reinforced soil at 
different moisture content. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Stress-strain curves obtained from unconfined 
compression test on jute fiber reinforced soil at 

different moisture content. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 8: Effect of coir content on unconfined 

compressive strength.  

 
Fig. 9: Effect of jute fiber content on unconfined 

compressive strength.  

 
Fig. 10: Direct tensile load-deformation curves of coir 

reinforced soil at different water content.  

0 3 6 9 12 15
0

50

100

St
re

ss
 (k

Pa
)

Strain (%)

 0% Coir (OMC-5%)
 1% Coir (OMC-5%)
 2% Coir (OMC-5%)
 3% Coir (OMC-5%)

0 3 6 9 12 15
0

50

100

St
re

ss
 (k

Pa
)

 0% Coir (OMC)
 1% Coir (OMC-5%)
 2% Coir (OMC-5%)
 3% Coir (OMC-5%)

0 3 6 9 12 15
0

50

100

150

St
re

ss
 (k

Pa
)

 0% Coir (OMC+5%)
 1% Coir (OMC-5%)
 2% Coir (OMC-5%)
 3% Coir (OMC-5%)

0 1 2 3
0

50

100

150

200

q u (
kP

a)

Fiber content (%)

Jute fiber reinforced soil
 Strength at OMC-5%
 Strength at OMC
 Strength at OMC+5%

0 2 4 6 8 10

0

50

100

Te
ns

ile
 L

oa
d 

(N
)

Deformation (mm)

 0% Coir (OMC-5%)
 1% Coir (OMC-5%)
 2% Coir (OMC-5%)
 3% Coir (OMC-5%)

0 2 4 6 8 10
0

50

100

Te
ns

ile
 L

oa
d 

(N
)

 0% Coir (OMC)
 1% Coir (OMC)
 2% Coir (OMC)
 3% Coir (OMC)

0 2 4 6 8 10
0

50

100

150

Te
ns

ile
 L

oa
d 

(N
)

 0% Coir (OMC+5%)
 1% Coir (OMC+5%)
 2% Coir (OMC+5%)
 3% Coir (OMC+5%)

0 3 6 9 12 15
0

50

100

St
re

ss
 (k

Pa
)

Strain (%)

 0% Jute Fiber(OMC-5%)
 0.5% Jute Fiber(OMC-5%)
 1% Jute Fiber(OMC-5%)
 2% Jute Fiber(OMC-5%)

0 3 6 9 12 15
0

50

100

St
re

ss
 (k

Pa
)

 0% Jute Fiber(OMC)
 0.5% Jute Fiber(OMC)
 1% Jute Fiber(OMC)
 2% Jute Fiber(OMC)

0 3 6 9 12 15
0

50

100

150

St
re

ss
 (k

Pa
)

 0% Jute Fiber(OMC+5%)
 0.5% Jute Fiber(OMC+5%)
 1% Jute Fiber(OMC+5%)
 2% Jute Fiber(OMC+5%)

0 1 2 3
0

100

200

q u (
kP

a)

Fiber content (%)

Coir reinforced soil
 Strength at OMC-5%
 Strength at OMC
 Strength at OMC+5%



 

DIRECT TENSION CHARACTERISTICS OF COMPACTED SOFT CLAY CONTAINING COIR AND JUTE FIBERS

DUET Journal  Volume 7, Issue 1-2, December 202151

 
 

Fig. 11: Direct tensile load-deformation curves of jute 
fiber reinforced soil at different water content. 

 
 
Both Fig. 12 and Fig. 13 show that addition of discrete 
fiber up to 2% of coir and 1% of jute fiber increase the 
tensile strength of clayey soil significantly. This is 
mainly because when the specimen was subjected to 
tensile load, the slip of fibers in soil matrix was 
restricted by the interface adhesion between fiber and 
soil particles. Consequently, fibers were capable of 
sharing some tensile load in soil matrix, and hence use 
of discrete fibers increases the tensile strength. 
However, further increase in fiber content decreases the 
tensile strength of the soil-fiber matrix due to less 
bonding between fiber and soil. Therefore, the optimum 
fiber content can be taken as 2% for coir and 1% for 
jute fiber when they are used in random distribution to 
maximize tensile strength of clayey soil. Anggraini et 
al. [16] found maximum tensile strength at 1.5% coir 
content for reinforced soft marine clay that is similar to 
that observed in the present study. From Fig. 12 and 
Fig. 13, the increase in tensile strength is slightly 
greater for the case of jute fiber than for the case of 
coir. But a further increase in fiber reduces the tensile 
strength for jute fiber reinforced soil while it increases 
for coir reinforced soil up to 2% coir. 
 

 
Fig. 12: Effect of coir content on tensile strength of soil. 

 

 
Fig. 13: Effect of jute fiber content on tensile strength 

of soil. 

3.4  Toughness Behavior at Direct Tension 
 The average values of TI are plotted against moisture 
content and fiber content in Fig. 14 and Fig. 15 
respectively. For the purpose of TI calculation, the d/dp 
value was chosen up to 3 for all the specimens. Fig. 14 
indicates that the effect of moisture on the TI of studied 
fiber reinforced soil is negligible when compared to that 
for original clay. The TI of soft clay increases notably 
with increase in moisture content. Whereas, such 
increase in TI is not present in case of same clay 
reinforced with coir and jute fiber. Besides, the TI 
increases notably with a small amount of coir (1%) and 
jute fiber (0.5%) for samples prepared at their OMC-5% 
and OMC as shown in Fig. 15. But, the TI is observed 
to decrease by small amount for the samples prepared at 
OMC+5% moisture content. Change in TI on further 
inclusion of fiber is insignificant.  
 
The absolute toughness (T) of fiber mixed soft clay is 
defined as the area under the load-deformation curves 
up to failure, and it indicates the total energy absorbed 
by the material before failure. The variations of T with 
variation of moisture content and fiber content are 
presented in Fig. 16 and Fig. 17 respectively. Fig. 16 
indicates that T decreases almost linearly with increase 
in moisture content for both coir and jute fiber 
reinforced clayey soil. Fig. 17 demonstrates that T 
increases with increase in coir content of 2% and jute 
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fiber content of 0.5%. Further increase in fiber 
decreases T at all the studied moisture content of coir 
reinforced clay. This decrease in Tis observed for the 
jute fiber reinforced sample prepared at OMC-5% only. 
A minor change in T for jute fiber reinforced samples at 
OMC and OMC+5% is observed for fiber content 
greater than 0.5%. The increase in Tis found up to 18 
times due to addition of fiber. 

 

 
Fig. 14: Effect of moisture content on the toughness 

index of coir and jute fiber reinforced soil.  
 

 
Fig. 15: Effect of fiber content on the toughness index 

of coir and jute fiber reinforced soil.  
 

 
Fig. 16: Effect of moisture content on the absolute 

toughness of coir and jute fiber reinforced soil.  
 

 
Fig. 17: Effect of fiber content on the absolute 
toughness of coir and jute fiber reinforced soil.  

 
Desiccation cracking characteristics  

Fig. 14 shows typical cracking patterns observed at the 
end of test for unreinforced soil and soil samples 
reinforced with different percentage of fibers. It is clear 
from these photographs that the width of cracks in 
unreinforced samples are larger than the reinforced 
samples. Number of cracks is less in case of 
unreinforced sample when compared with reinforced 
samples. It is evident that crack width becomes smaller 
with increase in fiber content. The length of the crack 
also become smaller on increasing fiber content. 
Chaduvula et al. [39] studied desiccation cracking 
behavior of polyester fiber reinforced expansive clay 
and observed similar results.  
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Fig. 18: Cracking pattern of unreinforced and reinforced 
unreinforced, (b) 1% jute fiber, (c) 2% jute fiber, (d) 1% coir, and (e) 2% coir.

 
4.  CONCLUSIONS 

 
Based on the obtained test results, the following 
conclusions can be drawn: 

 OMC of soil increases with increase in coir and jute 
fiber content. MDD of reinforced soil decreases with 
increase in coir and jute fiber content. The MDD of 
soil decreased by 8.1% and 6.8% on using 3.0% coir
and 2% of jute fiber respectively. 

 The unconfined compressive strength of coir reinforced 
soil increased by 41%, 45% and 19% respectively for 
samples prepared at OMC-5%, OMC and OMC+5%. 
Similarly, the unconfined compressive strength of jute 
fiber reinforced soil increased by 18%, 35% and 36% 
respectively for samples prepared at OMC
and OMC+5%.  

 The direct tensile strength increases with the inclusion 
of coir up to 2% and jute fiber up to 1%. Also, the 
unconfined compressive strength of soil 
increase in coir and jute fiber content up to 2% and 1% 
respectively. Thus, optimum fiber content may be 
considered as 2% for coir and 1% for jute fiber to 
maximize tensile strength and compressive strength.

 Direct tensile strength of coir reinforced soil increased 
by 114%, 132% and 375% respectively for samples 

 

 

 
Cracking pattern of unreinforced and reinforced clayey soil at the end of desiccation crack test. (a) 

, (b) 1% jute fiber, (c) 2% jute fiber, (d) 1% coir, and (e) 2% coir.
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increase in coir and jute fiber content up to 2% and 1% 
respectively. Thus, optimum fiber content may be 
considered as 2% for coir and 1% for jute fiber to 
maximize tensile strength and compressive strength. 

einforced soil increased 
by 114%, 132% and 375% respectively for samples 

prepared at OMC-5%, OMC and OMC+5%. Similarly, 
the tensile strength of jute fiber reinforced soil 
increased by 32%, 68% and 115% respectively for 
samples prepared at OMC

 Molding moisture content has a significant impact on 
the unconfined compressive and direct tensile strength 
of clayey soil reinforced with coir and jute fibers. The 
tensile strength of coir reinforced soil get reduced by 
35% and jute fiber reinforc
on increasing moisture content by 5% above OMC. 
The unconfined compressive strength of coir reinforced 
soil decreased by 60% and jute fiber reinforced soil 
diminished by 50% on additional moisture content of 
5% above OMC.  
Addition of discrete natural fibers in clayey soil 
increase ductility by notable amount. Addition of 
certain amount of coir and jute fiber can improve the 
direct tensile strength and toughness of the compacted 
clay-fiber composites. On use of fiber, absolute 
toughness increases up to 18 times of unreinforced soil 
of this study.  

 Width of desiccation cracks can be reduced effectively 
by using discrete coir and jute fibers. The lengths of 
cracks also get reduced with increasing fiber content.
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diminished by 50% on additional moisture content of 
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