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ABSTRACT: In this paper the effect of including randomly spaced arecanut fibre to the tender coconut shell charcoal-soil 

mix is considered. Fibre content was varied from 0.2 to 1% with an increment of 0.2%. For further improvement in soil 

properties, a uniform dosage of 3% of tender coconut shell charcoal was added to the soil. Laboratory tests carried out 

mainly include Compaction, California Bearing Ratio (CBR) and Triaxial tests as per Indian Standards. The test results 

obtained indicated that improvement in the characteristics of soil-charcoal-fibre mix depends mainly upon fibre dosage..A 

series of triaxial compression test were carried out on lateritic soils reinforced with randomly distributed arecanut fibres to 

study the influence of fibre characteristics, soil characteristics and deviatoric stress on shear strength of reinforced soils. A 

regression analysis of the test results has been done to generate an Artificial Neural Networking (ANN) model to bring out 

the effect of these factors on shear strength of reinforced soil. Deviatoric stress at failure can be predicted from the model 

developed. The increase in strength is typically a function of fibre weight fraction, aspect ratio, confining pressure and soil 

properties. 
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1. INTRODUCTION 

Randomly distributed fibre-reinforced soils (RDFS) or 

ply soil is among the latest ground improvement 

techniques. Fibre reinforced soil is different from the 

other soil reinforcing methods in its orientation. Major 

advantages of randomly distributed fibres are greater 

extensibility, small loss of post peak strength, isotropy 

in strength and absence of potential planes of weakness 

that can develop parallel to the oriented reinforcement. 

Application of artificial neural network (ANN) in civil 

engineering problems is getting popular due to its 

reliable predictive capability and ability to develop a 

model/regression based on the input and output data 

only. The ANN has been implemented using Matlab 

software and its neural network toolbox. There are no 

fixed rules for developing an ANN model, even though 

a general framework can be followed based on previous 

successful applications in such problems.  The results of 

the ANN models can been compared with the available 

statistical methods and reliability checks are done. 

2. LITERATURE REVIEW 

Lekha et al. (2014) studied on lateritic soil stabilized 

with arecanut fibre for low volume pavements which 

included treating the weak soil with arecanut fibre at 

different quantities and studying the changes in UCS 

and CBR values. The results obtained indicated medium 

improvement in soil properties and optimum moisture 

content was found to be 0.6% by weight of the soil [1]. 

Kumar et al. (2008) tried different combinations of 

polypropylene fibre and fly ash on soil. It was observed 

that the addition of fibre to soil satisfy all the 

geotechnical properties to meet the requirements of sub 

base layer [2]. Bijayananda et al. (2011) conducted a 

series of laboratory soaked and unsoaked CBR tests on 

randomly oriented fibre reinforced and unreinforced 

specimens of clayey soil compacted at OMC and MDD 

[3].Abhinav Nangia et al. (2015) studied the variations 

in California Bearing Ratio in soil reinforced with 

natural fibres. The test results indicated that CBR value 

of soil increases with the inclusion of both jute and fibre 

[4]. 
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3. MATERIALS AND METHODOLOGY 

3.1 Lateritic Soil 

The lateritic soil sample was collected from Ayurveda 

College, Trivandrum, Kerala. The geotechnical 

properties of soil such as specific gravity, soil 

classification, consistency limits, compaction 

characteristics etc were tested as per Indian Standard 

Specification. From sieve analysis test conducted, it was 

inferred that the soil contains 16% gravel, 81% sand, 

3% silt and clay. The optimum moisture content and 

maximum dry density values obtained for the lateritic 

soil were 17% and 17kN/m3 respectively. California 

bearing ratio values (un-soaked and soaked) obtained 

were 3.2 and 1.4% respectively. 

3.2 Arecanut Fibre 

Arecanut fibre was collected from Nedumangad in 

Trivandrum District, Kerala, India. The dry arecanut 

shells (brown colour) were collected for the project 

work and the fibres were extracted manually in the 

laboratory. Table 3.1 shows the physical properties of 

Arecanut fibre. The length of Arecanut fibre used for 

study ranges between 25 and 35mm. Specific gravity of 

arecanut fibre was obtained as 0.62.sasa 

Table 1 – Physical Properties of Arecanut Fibre 

Diameter 

(mm) 

Length 

(mm) 

Aspect 

ratio 

(l/d) 

Young’s 

Modulus 

(kN/mm2) 

Tensile 

Strength 

(kN/m2) 

0.35 30 86 28 2.3 

3.3 Tender Coconut Shell Charcoal 

Tender coconut shell pieces were collected from road 

side shops near NH Bypass in Trivandrum district, 

Kerala. These tender coconut pieces were then sun dried 

and burnt to obtain the charcoal required for the work. 

For the project work, 3% of tender coconut shell 

charcoal (determined from CBR test conducted with 

soil and charcoal alone) was used. Tender coconut shell 

charcoal has a uniform black colour. 

3.4 Sample Preparation  

The preparation of specimen for Compaction, CBR, 

Triaxial tests in the laboratory was carried out as per 

standard procedures. While preparing soil-fibre-

charcoal mixtures, dry soil, arecanut fibre, charcoal 

were added and mixed together and then required 

amount of water was added to form a homogeneous 

mix. For each mixture specimens with different 

dosages, corresponding OMC and MDD was recorded. 

CBR test was carried out at OMC obtained from the 

standard proctor test i.e. 17% (lateritic soil 

specimen).For Soaked CBR test, specimen were 

allowed to be kept in water for 4 days and then taken 

out and allowed to drain before being loaded. For 

Triaxial tests, soil is sieved through a 425 micron sieve. 

Soil specimens were prepared in a standard cylindrical 

split mould of 38 mm diameter and 76 mm length. All 

specimens were prepared at a dry density of 16.5 kN/m3 

(97% of MDD) and at a corresponding water content to 

enable a proper comparison of results.  

4. RESULTS AND DISCUSSIONS 

4.1 Effect of fibre content on Compaction 

Compaction tests were carried out on the lateritic soil 

sample by varying the arecanut fibre dosage (0.2 – 1%) 

and 3% of tender coconut shell charcoal. From the 

results obtained, it can be inferred that as fibre content 

increases maximum dry density (MDD) decreases. 

Density of soil decreases because the heavier particles 

of the lateritic soil are replaced by fibre which is light in 

weight. But with increase in fibre content, optimum 

moisture content (OMC) increases as fibre absorbs 

more water. It is also observed that with the increase in 

compactive effort maximum dry density increases and 

optimum moisture content decreases. 

 

Fig 1 – Bar Graph showing variation of Maximum Dry 

Density Values with Fibre Content and Compactive 

Effort 
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4.2 Effect of Fibre Content on CBR 

With increase in fibre content, CBR value of the soil 

also increases. When fibre is added to the soil it 

provides certain amount of shear strength to the soil.  

Good improvement in CBR values were observed when 

a constant dosage of 3% tender coconut shell charcoal 

was added to the soil. Maximum CBR value was 

obtained at 0.6% replacement of soil by fibre and then 

decreases. Increase in CBR value may be due to the 

better resistance offered by fibre to the penetration of 

plunger. The reason for resistance may also be the bond 

between soil-charcoal-fibre mixes. Increase in CBR 

value can also be attributed to the better packing of 

fractions.  

  

Figure 2 – Bar Graph showing variation of CBR Values 

with Fibre Content 

4.3 Effect on shear strength of the soil 

 Triaxial compression (undrained) test was performed 

on unreinforced soil and soil reinforced with arecanut 

fibre. Stress-Strain curves were plotted for unreinforced 

soil and soil reinforced with 0.6% fibre content and 3% 

tender coconut shell charcoal in order to determine the 

maximum value of deviator stress. From the results it 

was observed that the maximum deviator stress for 

unreinforced soil was found to be 314 kPa and that of 

reinforced soil with 0.6% fibre content and 3% shell 

charcoal was found to be 678 kPa (at a confining 

pressure of 150 kPa). It can also be noted that with 

increase in confining pressure the maximum deviator 

stress also increases. Figures 3 and 4 represent the stress 

v/s strain curves for unreinforced soil and reinforced 

soil (3% Charcoal & 0.6% Fibre Content) respectively 

under different confining pressures (ranging from 50 to 

150 kPa).Load was applied at a controlled strain rate of 

1.5% per minute until the specimen failed or a strain of 

20% whichever is earlier.  

 

 

Figure 3 – Stress v/s Strain Curves for Unreinforced 

soil under Different Confining Pressures 

 

Figure 4 – Stress v/s Strain Curves for Reinforced Soil 

(3% Charcoal & 0.6% Fibre Content) under Different 

Confining Pressures 

4.4 Developing an ANN Model 

The training of ANN model was done using different 

sets of combination of  fibre content, aspect ratio, 

confining pressure, angle of internal friction, cohesion, 

optimum moisture content and bulk density. To predict 

the value of maximum deviator stress, after trying out 

with different parameters, the model with least error 

was obtained for the model 5-8-1; where 5 denotes 

number of inputs required, 8 is the number of hidden 

layers and 1 is the number of output. In this chosen 
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model, input parameters were fibre content, aspect ratio, 

confining pressure, angle of internal friction, cohesion 

and output parameter was maximum deviatoric stress. 

The average error value obtained for maximum 

deviatoric stress with respect to observed and predicted 

value was 1.328. 

    

Fig 5 – Graph between Predicted and Observed values 

of Deviator Stress 

5. CONCLUSIONS 

Addition of Arecanut fibre to the lateritic soil have 

shown improvement in soil properties and the 

optimum fibre content was found to be 0.6% by 

weight of the soil. Arecanut fibre when used along 

with 3% tender coconut shell charcoal by weight of 

the soil have shown significant improvement in CBR 

and Shear Strength values. CBR test results reveal 

that maximum value of sub-grade strength that 

achieved is 34% at an optimum fibre content of 0.6%. 

Triaxial test results also show that there is an increase 

in shear strength of the soil when reinforced with 

arecanut fibre and shell charcoal. The increase in 

shear strength was found to be 54% more than that of 

reinforced soil. After conducting regression analysis 

the R2 (root mean square) value obtained was 0.968 

and hence using this analysis peak deviator stress can 

be obtained for any similar soil reinforced with 

arecanut fibre without conducting laboratory tests. 

Both arecanut fibre and tender coconut shell charcoal 

used for this project work are environment friendly, 

locally available, cost effective agricultural waste 

materials. The use of these materials as stabilizers can 

reduce their impact on environment and also the cost 

of construction especially in foundations, low volume 

pavements etc.  

 

REFERENCES 

[1] Gowtham, S., Lekha, B.M., Shankar, A.U.R. 

(2014) ‘Evaluation of lateritic soil stabilized with 

arecanut fibre for low volume pavements’, Journal of 

Transportation Geotechnics, Vol.14, pp. 32-41. 

 

[2] Singh, S.P., Kumar, P. (2008) ‘Fibre-reinforced 

fly ash sub-bases in rural roads’, Journal of 

Transportation Engineering, Vol.134, pp.171–180. 
 

[3] Bijayananda, M., Mahipal, S.C., Satyendra, M.  

(2011) ‘California bearing ratio of randomly oriented 

fibre reinforced clayey sub-grade for rural roads “, 

Proc. of Indian Geotechnical Conference, pp 611-

614. 

 

[4] Abhinav Nangia,Dharmendra kumar, Shailendra 

Tiwari, Sudhir Nigam (2015) ‘California bearing 

ratio variations in soil reinforced with natural fibers’ 

International Journal on Emerging Technologies, 

Vol.6(2), pp.95-104. 

 

[5] Chore H.S., Kousitha, P.K., Ukrande, S.K., 

Vaidya,  M.K. (2011) ‘Geotechnical characterization 
cement fly ash fibers mix’, Journal of Mechanical 

and Civil Engineering, Vol .15, pp60-66. 
 

[6] Godavarthi Venkata Ramasubbarao (2014) 

‘Strength behaviour of kerosene coated fibre 

reinforced expansive soil’, Journal of Architecture 

and Civil Engineering, Vol.12, pp113-120. 

 

[7] Gopal Ranjan, Vasan, R.M., Charan, H.D. (1996) 

‘Probabilistic analysis of randomly distributed fibre 

reinforced soils’, Journal of Geotechnical 

Engineering, Vol. 122 (6), pp419-426. 

 

[8] Jeram, Y., Muni, T., Omo Yachang, Padu, K., 

Singh, H.P. (2014) ‘Strength and Stiffness of 

Itanagar soil reinforced with Arecanut fibre’, 

International Journal of Innovative Research in 

Science, Engineering and Technology, Vol.3, pp59-

67. 

 

100 200 300 400 500 600 700 800 900 100 

200 

300 

400 

500 

600 

700 

800 

900 

Observed values 

P
re

d
ic

te
d
 v

a
lu

e
s
 

DEVIATOR STRESS 

  

  


	1. INTRODUCTION
	2. LITERATURE REVIEW
	3. MATERIALS AND METHODOLOGY
	3.1 Lateritic Soil
	3.2 Arecanut Fibre
	3.3 Tender Coconut Shell Charcoal
	3.4 Sample Preparation

	4. RESULTS AND DISCUSSIONS
	4.1 Effect of fibre content on Compaction
	4.3 Effect on shear strength of the soil
	4.4 Developing an ANN Model

	5. CONCLUSIONS
	REFERENCES

