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ABSTRACT: Reinforcement is a method to improve soil that has a low bearing capacity and tensile 

strength. Coconut coir waste is an alternative reinforcement material because coir fiber has high tensile 

strength, high shear strength, and high resistance to compressive stress. Research on the soaked and unsoaked 

California Bearing Ratio (CBR), the swelling, and the tensile strength focusing on expansive clay reinforced 
with coir fiber has not been widely conducted. For this reason, this study will examine these parameters. The 

content of coir fiber used is between 0.00% to 1.25% by weight of the mixture. The test results showed that 

the soaked and unsoaked CBR reached the maximum value at 1% fiber content. Originally of poor quality, 

the soil condition became quite good after being reinforced with an optimum fiber content of 1%. All 

specimens swell when soaked. The swelling value tended to increase with the addition of coir fiber. So the 

expansive clay must be chemically stabilized to reduce swelling. The split tensile strength reaches the 

maximum value at 0.6% fiber content. 
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1. INTRODUCTION 

 

Expansive clay is soil that causes many 
problems in construction because it has a low 

bearing capacity, high plasticity index, and high 

shrink-swell behavior influenced by its water 

content [1-2]. Low bearing capacity can result in 

the collapse of the bearing capacity of the 

foundation or slope failure. There have been many 

methods of soil improvement to enhance the 

physical and mechanical properties of clay. One of 

them is by providing soil reinforcement, namely 

inserting material into the soil to increase stability, 

reduce compressibility, and lateral deformation 
[3]. One of the materials used is fiber which is 

mixed randomly into the soil. Soil and fiber will 

behave as a composite material, which is called 

eco-composite [4]. This behavior is like plant roots 

that contribute to improving the strength of the 

soil. Fibers with relatively high tensile strength 

will help soils that cannot withstand tensile forces 

[5]. Muntohar et al. [6] explained that the 

reinforcement work from low strain to soil 

collapse strain.  After the soil collapse strain has 

passed, the reinforcement can still provide tensile 
stresses to prevent sudden failures. The principle 

of strengthening soil using fibers is the adhesion 

between the fibers and the soil grains. This 

condition causes shear strength and bearing 

capacity increasing, while compressibility and 

lateral deformation decrease. Adding fiber to the 

soil can change the soil condition from brittle to 
ductile [7].  

Reinforcement can use various kinds of fiber, 

one of which is a fiber taken from coconut fiber. 

Although the fiber is biodegradable, it has high 

durability and strength [8]. The fiber's strength 

varies depending on the length, diameter, and 

degree of fiber's defect  [8-9].  

Carrijo et al. [11] explained that 35% of the 

total weight of coconut is coir which consists of 

75% fiber and 25% pitch. Coir fiber contains 54% 

cellulose and 46% lignin [11-12]. Due to the high 
lignin content, the degradation of coir occurs more 

slowly than other natural fibers. The age of coir 

can reach ten years [14]. Coir fiber can maintain its 

tensile strength when wet and has high stretch. 

Compared to synthetic fiber, coir fiber is more 

elastic and has a higher coefficient of friction [13-

14]. Coir fiber also has advantages: lightweight, 

resistant to microbial decomposition, resistant to 

fungi, biodegradable, environmentally friendly 

[11-12], and available in abundance at low prices 

in many Asian countries [15-16]. Indonesia is the 
largest coconut producer in the world based on 

2019 Food and Agriculture Organization (FAO) 

data. Coconut production in Indonesia reached 

17.13 million tons/year in 2019 [19].  

International Journal of GEOMATE, Month, Year Vol.00, Issue 00, pp.000-000 

Geotec., Const. Mat. & Env., DOI: https://doi.org/10.21660/Year.Issue.PaperID  

ISSN: 2186-2982 (Print), 2186-2990 (Online), Japan 

 

https://doi.org/10.21660/Year.Issue.PaperID


 

 

Structural materials still rarely use coir waste. 

So far, coir fiber for fuel, household appliances, 

handicraft materials, simple water filters, 

environmentally friendly briquettes, or planting 

media [8]. Coir fiber as a construction material is 

an alternative to reduce coir fiber waste and is 

expected to help overcome environmental 

problems [20]. 

The California Bearing Ratio (CBR) is a 

parameter to indicate the bearing capacity of the 
subgrade. Research on the effect of coir fiber 

content on the CBR value of clay soil has been 

carried out and shown to increase soil bearing 

capacity. The optimum amount of fiber content to 

produce the maximum CBR value has disclosed 

various results, namely between 0.5% to 1.5% [6- 

7, 19-23].  

Research of CBR, swelling, and split tensile 

strength focusing on expansive clays reinforced 

with coir fiber has not been widely conducted. 

Shukla et al. [23] conducted soaked and unsoaked 
CBR tests on expansive clays mixed with coir 

fibers. The test results show that the CBR value 

increases with the increase in fiber content. The 

maximum CBR value is 1% mixture. Munirwan et 

al. [1] also carried out CBR research on expansive 

soils reinforced with 2 and 3 cm fiber’s length. 

Mixing is performed by two methods, namely 

mixing randomly and mixing in the form of layers. 

Direct mixing with a fiber length of 3 cm and a 

fiber content of 0.4% resulted in the highest CBR 

value. 
According to Anggraini et al. [22], coir fiber 

can significantly increase the tensile strength of 

clay. Fiber can improve friction in the soil. The 

optimum fiber content for the soil mixture is 1%. 

Menezes et al. [24] analyzed the mechanical 

behavior of clay-sand soil by adding coir fiber. 

The highest tensile strength value is soil with 

0.75% coir fiber reinforcement. The addition of 

fiber also makes the soil-fiber mixture more 

ductile. 

In this study, laboratory tests on soaked CBR, 

unsoaked CBR, swelling, and split tensile strength 
of expansive clay mixed with coir fiber to assess 

the effectiveness of the fibers as soil 

reinforcement.  

 

2. METHODOLOGY 

 

2.1 Materials 

 

In this study, the soil used was expansive clay 

from Sentolo, Kulon Progo, Yogyakarta, 

Indonesia. Widianti et al. [25] have tested the 
physical properties of the soil. The test results 

obtained included specific gravity (Gs) = 2.64; 

liquid limit (LL) = 89.91%; plastic limit (PL) = 

38.86%, shrinkage limit (SL) = 16.33%, and 

plasticity index (PI) = 51.05%. The soil used 

contained 86.64% fine grains and 13.36% coarse 

grains. Based on the classification according to 

AASHTO, the soil is classified as clayey soil 

indicated as poor subgrade material (A-7-6). Based 

on the classification according to USCS, the soil is 

classified as clay high plasticity (CH). According 

to Skempton, the value of soil activity is 3.18, 

indicating active clay (containing the mineral 

Montmorillonite). From the standard proctor 
compaction test, the Maximum Dry Density 

(MDD) = 12.8 kN/m3, and the Optimum Moisture 

Content (OMC) = 29.9%. All parameters were 

obtained from laboratory testing based on ASTM 

standards.  

Coir waste is widely available in the markets. 
Table 1 presents data on the average diameter and 

fiber tensile strength values. The fibers length is 30 

mm to 50 mm (for CBR test) and 60 mm to 80 mm 

(for split tensile strength test), then randomly 

distributed into the soil.   

 

Table 1 The tensile strength of coir fibers 

 

Sample  
Length 

(mm) 

Average 

diameter (mm) 

Tensile 

strength 

(MPa) 

1 100 0.15 92.20 

2 100 0.21 110.36 

3 100 0.21 121.86 

4 100 0.23 143.39 

5 100 0.23 147.20 

6 100 0.32 107.41 

Average tensile strength 120.40 

 

2.2 Variation of Specimens 

 

The tests in this study were the soaked CBR, 

unsoaked CBR, and split tensile strength test of 

expansive clay mixed with varying coir fiber 

content. Table 2 and Table 3 show the variation 

and number of the specimens. The MDD and 

OMC values of clay became a reference in the 

compaction process. 

 

Table 2 Variation and number of CBR specimens 
 

Sample 

Number  
Mixed Variation 

Number of 

Specimens 

Soaked 

CBR 

Unsoaked 

CBR 

1 Without fiber 2 2 



 

 

reinforcement 

2 

With fiber 

reinforcement 

0.25%  2 2 

3 0.50%  2 2 

4 0.75%  2 2 

5 1.00%  2 2 

6 1.25%  2 2 

Tabel 3. Variation and number of split tensile 

strength specimens 

 

Sample 

Number 
Mixed Variation 

Number of 

Specimens 

1 Without fiber reinforcement 2 

2 

With fiber 

reinforcement 

0.40% 2 

3 0.60% 2 

4 0.80% 2 

5 1.00% 2 

 

2.3 Testing Procedures  

 

The CBR specimen is cylindrical with a 15.24 

cm diameter and a 17.78 cm height. Previously the 

specimen was soaked in water for four days to 

determine its strength at the worst subgrade 

conditions (for the soaked CBR value). The CBR 

test was carried out based on ASTM D1883-07e2. 

Static load continued to be applied gradually to the 
specimens until the displacement value was 12.7 

mm (0.5 inches), as shown in Fig. 1. 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 
 

Fig. 1 CBR test  

 

The split tensile strength specimen is a cylinder 

with a 7 cm height and a 3.5 cm diameter. Fig. 2 
shows the test using an unconfined compressive 

strength machine based on ASTM C-496. The 

loading was carried out at a speed of 0.96 

MPa/min until the specimen cracked.  

 

3. RESULTS AND DISCUSSIONS 

 

3.1 The CBR Value of Coir Fiber-Reinforced 

Expansive Clay 

 

Fig. 3 demonstrates the relationship between 

penetration and stress on the piston for the 

expansive soil reinforced with varying coir fiber 
content.  

 

 
 

Fig. 2 Split tensile strength test  
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Fig.3 Relationship between penetration and stress 

on the piston (a) 0%; (b) 0.25%; (c) 0.5%; (d) 

0.75%; (e) 1,0%; (f) 1.25% 

 

Based on Fig. 3 it can be determined the CBR 

value as shown in Fig. 4. 

 

 
 

Fig.4 Relationship between coir fiber content and 

CBR value 

Fig. 4 depicts that the soaked and unsoaked 

CBR values have increased along with the 

increasing coir fiber content mixed into the soil. 

Soil with 1% fiber content produces maximum 
CBR value. At this level, the unsoaked CBR value 

increases from 4.29% to 7.85% (an increase of 

83% from the expansive clay CBR value), while 

the soaked CBR value increases from 1.25% to 

4.05% (an increase of 224% from the clay CBR 

value). At the level of 1.25%, the CBR value 

begins to decline.  These results are the same as 

those conducted by Singh and Mittal [7], Lekha et 

al. [26], and Shukla et al. [23].  

According to Hejazi et al. [4], coir fibers have 

a good resistance response-ability and high friction 
coefficient. The fiber randomly mixed into the soil 

in a certain amount increased the friction between 

the soil particles and the fiber surface. The soil's 

shear strength increased, thereby increasing the 

soil's bearing capacity  [13,16]. Shukla et al. [23] 

explained that the soil-fiber mix increases the 

bonding or interlocking between the two. Soil 

grains cannot withstand horizontal forces. The 

fibers will help resist through their tensile strength 

when the soil grains move horizontally. At higher 

than optimal fiber content, the CBR value will 

decrease. The fiber will interact with each other. 
The amount of soil grain available is not enough to 

create a strong bond between the soil and the fibers 

[24-25]. 

 The CBR value can show the quality of the 

soil, as shown in Table 4. Clay soil with an 

unsoaked CBR value of 4.29% has poor quality. 

After being reinforced with an optimum fiber 

content of 1%, the CBR value was 7.85%, thus 

increasing the soil quality to fair. 

 

Table 4 Pavement quality rating [27] 
 

CBR (%) General Rating 

> 50 Excellent 

20-50 Good 
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7-20 Fair 

3-7 Poor 

0-3 Very poor 

 

3.2 The Swelling Value of Coir Fiber-

Reinforced Expansive Clay 

 

Fig. 5 presents the effect of coir fiber content 

as a mixture on the swelling value. It shows that all 

the specimens mixed with fibers swelling after 

soaking. The more coir fibers added, the higher the 
swelling value obtained. The average swelling 

value for soil without fiber is 0.96%. This value 

increases to 3.50% for a blend with a fiber content 

of 1.25%. 

 

 
 

Fig. 5 Relationship between coir fiber content and 

swelling 

 

Swelling occurs because the more fiber is 

added, the more voids between the clay and coir 

fibers. Water will fill the pores between the soil 

grains, resulting in saturated water content. The 

tension in the water between the soil particles 

tends to push the soil particles away from each 
other, resulting in swelling. Therefore the 

expansive clay must be chemically stabilized to 

reduce swelling. Soil grains will undergo a 

chemical reaction with the added material resulting 

in the flocculation of soil particles. These enlarged 

grains will reduce swelling [28]. 

 

3.3 The Split Tensile Strength Value of Coir 

Fiber-Reinforced Expansive Clay 

 

Tensile strength testing until the specimen 
cracks or collapses. Fig. 6 depicts the results of the 

tensile strength test for each variation in the 

laboratory. 
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Fig.6 Relationship between strain and stress (a) 

0%; (b) 0.4%; (c) 0.6%; (d) 0.8%; (e) 1,0% 
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Fig. 6 shows that all the specimens mixed with 

the fiber become more ductile and have greater 

strain. Based on Fig. 6 it can be determined the 

split tensile strength value as shown in Fig. 7. 

 

 
 

Fig. 7 Relationship between coir fiber content and 

split tensile strength 

Fig. 7 depicts that the tensile strength value of 

the specimen without coir fiber is 18.61 kPa. The 

tensile strength value tends to increase with 

increasing fiber content. The tensile strength value 
reached the highest with 0.6% fiber content with a 

value of 54.03 kPa (there was an increase of 190% 

from the tensile strength of clay).  This value is the 

optimum fiber content to achieve maximum tensile 

strength. If it exceeds the optimum level, the 

effectiveness of the interaction between the fiber 

and the soil will decrease. The fibers' interlocking 

with soil will reduce because those fibers interact 

with each other [24].  

Fig. 8 shows a specimen after testing. Lateral 

deformation and rupture occur along the stress 

plane in unreinforced soil (Fig. 8a). However, with 
fiber reinforcement, soil stiffness increases. The 

soil only cracked along the stress plane (Fig. 8b). 

 

 

 

 

 

  

 

 

 
 

 

  (a)   (b) 

 

Fig. 8 The split tensile strength specimen after 

testing (a) without fiber content, (b) with 1.00% 

fiber content 

 

4. CONCLUSION  

 

a. The addition of coir fiber as soil reinforcement 

can significantly increase the soaked CBR, the 

unsoaked CBR, and the tensile strength of the 

soil. 

b. The soaked and unsoaked CBR value reached a 

maximum value at the fiber content of 1.0%. 

More than 1.0% of the CBR value has 

decreased. 

c. The swelling value tends to increase with the 

addition of coir fiber. Expansive clay must be 

chemically stabilized to reduce swelling. 

d. The split tensile strength value reached a 

maximum value at the fiber content of 0.6%.  
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 General Comments Authors Response 

 This is an interesting paper on soil improvement. 
There is a good presentation of the laboratory study 
content. The paper is generally well organised and 
presented. There are improvements to make in 
English expression throughout the paper. Some 
examples are provided below. The paper doesn’t 
consider how this method could actually be used in 
practice. How could such intimate mixing be 
achieved in practice? How much energy was 
consumed per kg to achieve the mix? The 
relevance of the paper to engineering would be 
increased if these matters could be considered at 
least as limitations. 

The author appreciates valuable 

comments from reviewer C. 

We have added an explanation of 

specimen preparation in 2. 

Methodology. 

We've fixed English throughout the 

revised manuscript. 

 Mandatory Comments  

 Reviewer_C’s Comments Authors Response 

1 Abstract: ‘Research on the soaked and unsoaked 

California Bearing Ratio (CBR), the swelling, and the 

tensile strength focusing on expansive clay reinforced 

with coir fiber has not been widely conducted. For 

this reason, this study will examine these 

parameters.’ These statements do not belong in the 

Abstract. The Abstract must focus on the content 

of the research not the purpose or rationale. 

The statements is removed in the 

revised manuscript. We have 

added an explanation of the 

research method. 

2 Abstract: ‘The split tensile strength’ please clarify 

this terminology. This can be called ‘indirect 

tensile test’. 

We've fixed it.  The revised 

manuscript replaced the word 

'split' with 'indirect'. 

3 Introduction: ‘Low bearing capacity can result in the 

collapse of the bearing capacity of the foundation or 

slope failure.’ Please clarify the use of 

‘collapse’. 

‘Reduction’ may be a better term. 

The sentence is corrected in the 

revised manuscript as per the 

reviewer's comments. 



 

 

  ' Low bearing capacity can result in 
the collapse of the foundation or 

slope failure.' 

4 Introduction: ‘reinforcement work from low strain to 

soil collapse strain. After the soil collapse strain has 

passed, the reinforcement can still provide tensile 

stresses to prevent sudden failures.’ Use ‘peak’ 

strain 

not ‘collapse’ strain. 

We've fixed it. The word 'collapse' is 

replaced with 'peak' in the revised 

manuscript by the reviewer's 

comments. 

5 Introduction: ‘This condition causes shear strength, 

and bearing capacity increased while compressibility 

and lateral deformation decrease.’ Should be ‘This 

condition increases shear strength, and bearing 

capacity   while   compressibility   and   

lateral 
deformation decrease.’ 

The sentence is corrected in the 

revised manuscript as per the 

reviewer's comments. 

6 Introduction: ‘fiber taken from coconut fiber.’ 

Should be ‘fiber from coconuts.’ 

The  sentence  is  corrected  in  the 

revised manuscript as per the 

reviewer's comments. 

7 Introduction: ‘has advantages’ should be ‘has 

other advantages’ 

The sentence is corrected in the 

revised manuscript as per the 

reviewer's comments. 

8 Page 2: Mixing methods are worthy of further 

discussion. It is the difficulty of mixing that 

makes this method of reinforcement infeasible in 

many applications. Simplifying mixing is 

probably more significant than demonstrating the 

effectiveness of the mixed material. 

Literature review and methodology 

are added about fiber mixing. 

9 Page 2: ‘were obtained’ these words are in a different 

font size – please check all text complies with 

the 
journal format. 

The font size is corrected in the 

revised manuscript as per the 

reviewer's comments. 

10 Page 2: ‘then randomly distributed into the soil‘ 

this is difficult to achieve or validate. Please explain 

how the statement is justified. 

We have added an explanation of 

specimen preparation in 2. 

Methodology. 

'2.3 Preparation of Specimens' 

11 Table 3: Ensure the table is on a single page. The table is corrected in the revised 
manuscript as per the reviewer's 

comments. 

12 Fig. 1 is not distinctive, it should be deleted. Fig. 1 is removed in the revised 

manuscript  as  per  the  reviewer's 
comments. 

13 The journal standard is metric units. Please 

convert the units of psi and inches to metric. 

The units are corrected in the revised 

manuscript as per the reviewer's 
comments. 

14 Page 4: ‘good resistance response-ability and’ 

should be ‘good resistance response and’ 

The sentence is corrected in the 

revised manuscript as per the 

reviewer's comments. 



 

 

15 Paragraphs that commence: ‘Fig. 3 demonstrates, 

Fig. 4 depicts, Fig. presents… ‘ give the text the 

sense of being an extended caption. It is better to 

write about the results and then note the figure 

number that relates to the point being made. 

The sentences are corrected in the 

revised manuscript as per the 

reviewer's comments. 

16 Page 5: ‘Swelling occurs because the more fiber is 

added, the more voids between the clay and coir 

fibers.’ Does this behavior depend on compaction? 

The statement does not seem to be validated in 

the study. 

Paragraphs about swelling are 

corrected in the revised manuscript 

according to reviewers' comments. 

17 Section 3.3: ‘Tensile strength testing until the 

specimen cracks or collapses.’ This sentence is not 

clear. 

The sentence is removed in the 

revised manuscript as per the 

reviewer's comments. 
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2.4 Testing Procedure. 

'Static load continued to be applied 

gradually at a constant rate (0.96 

MPa/min) until the  failure  of  

the 

specimens, as displayed in Fig. 2.' 
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reached the highest with 0.6% fiber content’ this 

finding may be very dependent on the conditions 

of 

the mixing and other parameters. The generality of 

the study is limited without considering this. 

The conclusions are corrected in the 

revised manuscript as per the 

reviewer's comments. 

19 The Conclusions are simply stated. The use of a-d 

is not needed in the Conclusion. 

The conclusions are corrected in the 

revised manuscript as per the 

reviewer's comments. 
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paragraph of the Introduction. A further explanation 
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 "Research on CBR, swelling, and tensile strength 

focusing on expansive clay reinforced with coir 

fibers has not been widely conducted. The research 

carried out has focused more on the CBR value, not 
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mixed into the soil at random would behave like 

plant roots contributing to an increase in soil 

strength. 

Fibers mixed randomly into the soil in a certain 
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1.25% by weight of the mixture". 
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ABSTRACT: Reinforcement is a method to improve soils with low bearing capacity and tensile strength. 

Coconut coir waste is an alternative reinforcement material because coir fibers have high tensile strength, 

high shear strength, and high resistance to compressive stress. This study performed the soaked and unsoaked 
California Bearing Ratio (CBR), the swelling, and the indirect tensile strength tests focusing on expansive 

clay reinforced with coir fibers. The content of coir fibers was between 0.00% to 1.25% by weight of the 

mixture. The fibers were cut into 30 mm to 50 mm long pieces, then mixed randomly into the soil in various 

content. The mixture was compacted based on the maximum dry density and the optimum moisture content 

of the clay. The test results revealed that the soaked and unsoaked CBR reached the maximum values at 1% 

fiber content. Originally of poor quality, the soil condition became quite good after being reinforced with an 

optimum fiber content of 1%. All specimens swelled when soaked. The swelling values tended to increase 

with the addition of coir fibers. Hence, the expansive clay must be chemically stabilized to reduce swelling. 

The tensile strength reached the maximum value at 0.6% fiber content. 

 

Keywords: Expansive clay, Coir fiber, California Bearing Ratio, Swelling, Tensile strength 

 

 

 
6. INTRODUCTION 

 

Expansive clay is soil causing numerous 

problems in construction due to its low bearing 

capacity, high plasticity index, and high shrink-

swell behavior influenced by its water content [1-
2]. Low bearing capacity can result in the collapse 

of the foundation or slope failure. There have been 

many methods of soil improvement to enhance the 

physical and mechanical properties of clay. One of 

them is by providing soil reinforcement by 

inserting material into the soil to increase stability 

and reduce compressibility and lateral deformation 

[3]. One of the materials used is fiber mixed 

randomly into the soil. Soil and fiber will behave 

as a composite material called eco-composite [4]. 

This behavior is like plant roots that contribute to 

improving the strength of the soil. Fibers with 
relatively high tensile strength will help soils that 

cannot withstand tensile force [5]. Muntohar et al. 

[6] explained that the reinforcement works from 

low to peak strain.  After the peak strain has 

passed, the reinforcement can still provide tensile 

stress to prevent sudden failure. The principle of 

strengthening soil using fibers is the adhesion 

between the fibers and the soil grains. This 

condition increases shear strength and bearing 

capacity while compressibility and lateral 

deformation decrease. Adding fibers can change 
the soil from brittle to ductile [7] 

Reinforcement  can use  various kinds of  fiber,  

one of which is coconut fibers. Although the fibers 

are biodegradable, they have high durability and 

strength [8]. The fibers' strength varies depending 

on the fiber's length, diameter, and degree of the 

defect [9-10]. 

Carrijo et al. [11] asserted that 35% of the total 
weight of coconut is coir, consisting of 75% fibers 

and 25% pitch. Coir fibers contain 54% cellulose 

and 46% lignin [11-12]. Due to the high lignin 

content, the degradation of coir occurs more 

slowly than other natural fibers. The age of coir 

can reach ten years [13]. Coir fibers can maintain 

their tensile strength when wet and have high 

stretch. Compared to synthetic fibers, coir fibers 

are more elastic and have a higher coefficient of 

friction [13-14]. Coir fibers also offer other 

advantages: lightweight, resistant to microbial 

decomposition, resistant to fungi, environmentally 
friendly [11-12], and abundant at low prices in 

many Asian countries [15-16]. Indonesia is the 

largest coconut producer based on 2019 Food and 

Agriculture Organization (FAO) data. Coconut 

production in Indonesia reached 17.13 million 

tons/year in 2019 [17]. 

Structural materials still rarely apply coir 

waste. So far, coir fibers have been utilized for 

fuel, household appliances, handicraft materials, 

simple water filters, environmentally friendly 

briquettes, and planting media [8]. As a 
construction material, coir fibers become an 

alternative to reduce coir fiber waste and are 

International Journal of GEOMATE, July, 2022, Vol.23, Issue 95, pp.20-26 
ISSN: 2186-2982 (P), 2186-2990 (O), Japan, DOI: https://doi.org/10.21660/2022.95.16 

Geotechnique, Construction Materials and Environment 

 



 

 

expected to help overcome environmental 

problems [18]. 

The California Bearing Ratio (CBR) is a 

parameter to indicate the bearing capacity of the 

subgrade. Research on the effect of coir fiber 

content on the CBR value of soil has been carried 

out and revealed to increase soil bearing capacity. 

Fiber is mixed into the soil randomly. The 

optimum amount of fiber content to produce the 

maximum CBR value has disclosed various 
results, between 0.5% to 1.5%  [19-23]. According 

to Nyuin et al. [18], there is no clear relationship 

between the coir fiber's orientation and the soil's 

shear strength. 

Research on CBR, swelling, and tensile 

strength focusing on expansive clay reinforced 

with coir fibers has not been widely conducted. 

The research carried out has focused more on the 

CBR value, not discussing the swelling value. 

Shukla et al. [24] performed soaked and unsoaked 

CBR tests on expansive clay mixed with coir 
fibers. The test results discovered that the CBR 

values increased with the increase in fiber content. 

The maximum CBR value was 1% mixture. 

Munirwan et al. [1] also conducted CBR research 

on expansive soil reinforced with 20 mm and 30 

mm fibers. Mixing was performed randomly and 

in layers. Random mixing with a fiber length of 30 

mm and a fiber content of 0.4% resulted in the 

highest CBR value. 

As Anggraini et al. [25] discovered, coir fibers 

could significantly increase the tensile strength of 
clay. Fibers could improve friction in the soil. The 

optimum fiber content for the soil mixture was 1%. 

Menezes et al. [26] analyzed the mechanical 

behavior of clay-sand soil by adding coir fibers. 

The highest tensile strength value was soil with 

0.75% coir fiber reinforcement. The addition of 

fibers also generated a more ductile soil-fiber 

mixture. 

In this study, laboratory tests on soaked and 

unsoaked CBR, swelling, and tensile strength of 

expansive clay mixed with coir fibers aimed to 

determine the effectiveness of the fibers as soil 
reinforcement.  

 

7. METHODOLOGY 

 

2.4 Materials 

 

This study deployed expansive clay soil from 

Sentolo, Kulon Progo, Yogyakarta, Indonesia. 

Widianti et al. [27] tested the physical properties 

of the soil, obtaining specific gravity (Gs) = 2.64, 

liquid limit (LL) = 89.91%, plastic limit (PL) = 
38.86%, shrinkage limit (SL) = 16.33% and 

plasticity index (PI) = 51.05%. The soil contained 

86.64% fine grains and 13.36% coarse grains. 

Following the classification of AASHTO, it 

belongs to clayey soil, indicated as a poor 

subgrade material (A-7-6). Based on the USCS 

classification, it is classified as clay with high 

plasticity (CH). According to Skempton, the value 

of soil activity is 3.18, signifying active clay 

(containing the Montmorillonite mineral). The 

standard proctor compaction test disclosed the 

Maximum Dry Density (MDD) = 12.8 kN/m3 and 

the Optimum Moisture Content (OMC) = 29.9%. 

All parameters were obtained from laboratory 
testing based on ASTM standards.  

Coir waste is abundantly available in the 

markets. Table 1 exhibits the average diameter and 

fiber tensile strength values.  

 

Table 1 The tensile strength of coir fibers 

 

Sample  
Length 
(mm) 

Average 
diameter (mm) 

Tensile 
strength 
(MPa) 

1 100 0.15 92.20 

2 100 0.21 110.36 

3 100 0.21 121.86 

4 100 0.23 143.39 

5 100 0.23 147.20 

6 100 0.32 107.41 

Average tensile strength 120.40 

 

2.5 Variation of Specimens 

 

This study performed the soaked and unsoaked 

CBR and indirect tensile strength tests of 

expansive clay mixed with coir fiber content. 
Tables 2 and 3 display the variation and number of 

the specimens. The content of coir fibers was 

between 0.00% to 1.25% by weight of the mixture. 

 

Table 2 Variation and number of CBR specimens 
 

Sample 
Number  

Mixed Variation 

Number of 
Specimens 

Soaked 
CBR 

Unsoaked 
CBR 

1 
Without fiber 
reinforcement 

2 2 

2 

With 
fiber 

reinforce
ment 

0.25%  2 2 

3 0.50%  2 2 

4 0.75%  2 2 

5 1.00%  2 2 

6 1.25%  2 2 

 

2.6 Preparation of Specimens 

 

The fibers were cut into pieces with lengths of  



 

 

30 mm to 50 mm, then mixed randomly (ignoring 

the fiber orientation) into the soil in various 

content. The mixture was compacted according to 

proctor standards. MDD and OMC values of clay 

became a reference in the compaction process. 

 

Table 3. Variation and number of indirect tensile 

strength specimens 
 

Sample 
Number 

Mixed Variation 
Number of 
Specimens 

1 Without fiber reinforcement 2 

2 

With fiber 
reinforcement 

0.40% 2 

3 0.60% 2 

4 0.80% 2 

5 1.00% 2 

 

2.7 Testing Procedure  

 

The CBR specimens were cylindrical with a 

15.24 cm diameter and a 17.78 cm height. The 

specimens were previously soaked in water for 

four days to determine their strength at the worst 

subgrade condition (for the soaked CBR values). 

The CBR tests were carried out based on ASTM 

D1883-07e2. Static load continued to be applied 

gradually to the specimens until the displacement 

value was 12.7 mm (0.5 inches).  
The indirect tensile strength specimens were 

cylinders with a 3.5 cm diameter and a 7 cm 

length. The tests utilized an unconfined 

compressive strength machine based on ASTM C-

496. Static load continued to be applied gradually 

at a constant rate (0.96 MPa/min) until the 

occurrence of cracks marked the failure of the 

specimens, as displayed in Fig. 1. 

 

 

(a) 

 
 

 

 

 

 

(b) 

Fig. 1 Schematic diagram of indirect tensile 

strength  test (a) during loading, (b) at failure  

 

8. RESULTS AND DISCUSSION 

 
3.1 The CBR Values of Coir Fiber-Reinforced  

Expansive Clay 

 
The relationship between penetration and stress 

on the piston for the expansive soil reinforced with 

various coir fiber content is portrayed in Fig. 2. 
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 (e)  
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Fig. 2 Relationship between penetration and stress 

on the piston (a) 0%, (b) 0.25%, (c) 0.5%, (d) 

0.75%, (e) 1.0% and (f) 1.25% 

 
Based on Fig. 2, the CBR values were 

determined, as depicted in Fig. 3. 
 

 
 

Fig. 3 Relationship between coir fiber content and 

CBR values 

 

The soaked and unsoaked CBR values 

increased along with the increasing coir fiber 

content mixed into the soil. Soil with 1% fiber 
content produced a maximum CBR value. At this 

content, the unsoaked CBR values increased from 

4.29% to 7.85% (an increase of 83% from the 

expansive clay CBR values), while the soaked 

CBR values increased from 1.25% to 4.05% (an 

increase of 224% from the clay CBR values). At 

the level of 1.25%, the CBR values began to 

decline. These results are similar to those 

conducted by Singh and Mittal [7], Lekha, et al. 

[28], and Shukla et al. [24].  

Hejazi et al. [4] disclosed that coir fibers had a 

good resistance response and high friction 

coefficient. The fibers randomly mixed into the 

soil in a certain amount increased the friction 

between the soil particles and the fiber surface. 

The soil’s shear strength increased, increasing its 

bearing capacity [14,16]. Shukla et al. [24] 

revealed that the soil-fiber mixture increased the 

bonding or interlocking between the two. Soil 

grains cannot withstand horizontal force. The 
fibers will help resist their tensile strength when 

the soil grains move horizontally. At higher than 

optimal fiber content, the CBR values will 

decrease. The fibers will interact with each other. 

The amount of soil grain available is not enough to 

create a strong bond between the soil and the fibers 

[25-26]. 

 The CBR values can demonstrate the quality 

of the soil, as described in Table 4. Clay soil with 

an unsoaked CBR value of 4.29% has poor quality. 

After being reinforced with an optimum fiber 
content of 1%, the CBR value was 7.85%, thus 

increasing the soil quality to fair. 

 

Table 4. Pavement quality rating [29]  
 

CBR (%) General Rating 

> 50 Excellent 

20-50 Good 

7-20 Fair 

3-7 Poor 

0-3 Very poor 

 

3.2 The Swelling Values of Coir Fiber-

Reinforced Expansive Clay 

 

The compaction of the CBR specimens was 

carried out by controlling the water content of the 
clay at the optimum moisture content, which was 

29.9%. The water content increased after the 

specimens were soaked for four days and after 

being mixed with fibers (Fig. 4). This increase was 

accompanied by an increase in swelling (Fig. 5).  

 

 
 

Fig. 4 Relationship between coir fiber content and 

water content after soaked for four days 
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Fig. 5 Relationship between coir fiber content and 

swelling 

 

Water content has become one of the factors 

causing soil swelling. The tension in the water 

between the soil particles tended to push the soil 

particles away from each other, resulting in 

swelling. The existing fibers were unable to 
withstand the expansion. The more coir fibers 

added, the higher the swelling value obtained. The 

average swelling value for the soil without fiber 

was 0.96%. It increased to 3.50% for the mixture 

with 1.25% fiber content. Therefore, the expansive 

clay must be chemically stabilized to reduce 

swelling. Soil grains will undergo a chemical 

reaction with the added material, resulting in the 

flocculation of soil particles. These enlarged grains 

will minimize swelling [30]. This chemical 

stabilization will also increase the CBR value and 
tensile strength [25,31]. 

  

3.3 The Tensile Strength Values of Coir Fiber-

Reinforced Expansive Clay 

 

The results of tensile strength testing for each 

variation in the laboratory are shown in Fig 6. All 

the specimens mixed with the fiber become ductile 

and have greater strain. Based on Fig. 6, the tensile 

strength value can be determined, as shown in Fig. 

7. 

 
 (a)  

 
(b) 

 
(c) 

 
 (d) 

 
 (e) 

 

Fig. 6 Relationship between strain and stress (a) 

0%, (b) 0.4%, (c) 0.6%, (d) 0.8% and (e) 1.0% 
 

 
 

Fig. 7 Relationship between coir fiber content and 

tensile strength 
 

The tensile strength value of the specimen 

without coir fibers was 18.61 kPa. The tensile 

strength value tended to increase with increasing 

fiber content. The tensile strength reached the 

highest value of 54.03 kPa with 0.6% fiber content 

(there was an increase of 190% from the tensile 

strength of clay). It was the optimum fiber content 
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to achieve maximum tensile strength. If it exceeds 

the optimum level, the effectiveness of the 

interaction between the fibers and the soil will 

decrease. The fibers’ interlocking with soil will 

reduce because those fibers interact [26].  

Fig. 8 exhibits specimens after testing. Lateral 

deformation and rupture occurred along the stress 

plane in unreinforced soil (Fig. 8a). However, with 

fiber reinforcement, soil stiffness increased. The 

soil only cracked along the stress plane (Fig. 8b). 
 

  
           (a)      (b)     

 

Fig. 8 The indirect tensile strength specimens after 

testing (a) without fiber content and (b) with 1.0% 

fiber content 

 

9. CONCLUSION  

 

The addition of coir fibers as soil 

reinforcement mixed randomly (ignoring the fiber 
orientation) could significantly increase the soaked 

CBR, the unsoaked CBR, and the tensile strength 

of the soil. The soaked and unsoaked CBR reached 

its maximum value at 1.0% fiber content, while the 

indirect tensile strength reached its maximum 

value at 0.6% fiber content. 

The swelling values tended to increase with the 

addition of coir fibers. Expansive clay must be 

chemically stabilized to reduce swelling. 
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