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ABSTRACT: Weak lateritic subgrades are commonly encountered during rural road construction in Ghana. This makes it necessary 

to find economically efficient ways to improve the engineering properties of these marginal lateritic soils. The objective of this study 

is to investigate the effects of 30mm, 60mm and 90mm coconut fiber lengths on the engineering characteristics of a weak lateritic 

subgrade. The lateritic soil was collected from the KNUST campus and blended with various percentages of coconut fibers varying 

between 0.2% and 1.0% in increments of 0.2% by weight of dry soil. The mixed materials were then subjected to various laboratory 

tests including compaction, Unconfined Compression Test (UCS) and 4 days soaked California Bearing Ratio (CBR) test. From the 

results it was observed that the optimum fiber content for peak strengths is about 0.25%. The inclusion of the fiber increased the 

soaked CBR by up to 3.7 times and the UCS by up to 3.3 times for 90mm fiber length. The strength increment was also observed to 

depend on the length of the fiber.  
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1  INTRODUCTION  

Low volume roads are normally designed and built to lower 

standards than other categories of roads. In Ghana, lateritic soils 

are the most abundant naturally occurring materials used for the 

construction of roads. Most lateritic soils available for road 

construction usually have high fines content thus making them 

unsuitable for road pavement construction. Such soils may be 

improved through stabilization. Lime and cement are known to 

be good traditional stabilizers in improving poor lateritic soils 

(Lyon, 1971). In certain parts of the country, however, coconut 

plantations abound that generate large quantities of coconut 

fiber as waste. This laboratory study seeks to investigate the 

feasibility of reinforcing a lateritic subgrade material with 

randomly distributed natural fiber derived from coconut for 

rural road construction. A sample of lateritic soil was reinforced 

with different percentages of coconut fiber ranging from 0.2% 

to 1% and of length of 30mm, 60mm and 90mm. The effect of 

fiber content and fiber length on the strength of the soil in terms 

of the soaked California Bearing Ratio (CBR) and Unconfined 

Compressive Strength (UCS) tests are discussed. The effect of 

the fiber reinforcement on the compressibility characteristics is 

reported in a companion paper. 

 

 

2  MATERIALS AND METHOD 

The lateritic soil was obtained from KNUST campus at 

geographical coordinates 6.67209N and 1.56575W. The 

processed coconut fiber was obtained from a company that dealt 

in coconut fiber products. It was first de-stranded and cut into 

lengths of 30mm, 60mm and 90mm. Samples of the lateritic 

soil were air-dried and the index property tests performed in 

accordance with the BS 1377-1990. The particle size 

distribution analysis was conducted using the wet sieving 

method while the cone penetrometer was used for the liquid 

limit. The diameter of the fiber was determined using a pair of 

calipers while the specific gravity was determined using 

kerosene. The air-dried lateritic soil was then mixed thoroughly 

with each length of fiber by weight of dry soil up to 1.0% in 

increments of 0.2% to produce a uniform material. The 

unreinforced and fiber-reinforced soils were then subjected to 

the modified AASHTO compaction (ASTM D 1557-91) test. 

Using the optimum water content values obtained from the 

compaction tests, samples were prepared for each fiber content 

and fiber length.  The UCS test and 4-day soaked CBR tests 

were then performed on these samples in accordance with 

ASTM D 2166-98a and D 1883-99 respectively. 

 

3  RESULTS AND DISCUSSIONS  

3 .1  Lateritic Soil and Fiber Characteristics 

The summary of results on the index properties of the lateritic 

soil is detailed in Table 1. The grading analysis gave 12% 

gravel, 42% sand, 23% silt and 23% clay. From these results, 

the material classifies as A-7-6 in the AASHTO classification 

system which puts it as a fair to poor material for subgrade of 

roads. The average diameter of fiber was 0.5mm with water 

absorption rate and specific gravity of 181% and 1.342 

respectively. The chemical composition of typical coconut fiber 

has been reported as 68.9% cellulose, 16.8% hemi-cellulose and 

32.1% lignin (Asasutjarit et al, 2007) 
 

Table 1: Summary of Index Properties for the Lateritic Soil 

Engineering Property Laboratory Value 

Liquid Limit (LL) 51 

Plasticity Index (PI) 27 

Optimum Moisture Content (%) 13.90 

Maximum Dry Density (Mg/m3) 1.928 

Specific gravity 

4 days soaked CBR (%) 

2.639 

7 

 

3.2  Effect of fiber on Compaction Characteristics 

The variation of maximum dry density (MDD) with fiber 

content of the soils is shown in Figure 1. It is found that MDD 

decreased with increasing fiber content irrespective of the fiber 

length. This reduction in MDD is due to the addition of fibers of 

light weight to the lateritic soil which reduces the 

compactibility of the reinforced soil and thus the dry density. 

The optimum moisture content (OMC) however, increases with 

increasing fiber content due to the hydrophilic nature of the 

fiber. 

 

3.2  Effect of fiber on Strength Characteristics 

 3.2.1   California Bearing Ratio (CBR) 

The strength ratio in terms of CBR is defined as the ratio of the 

CBR of the reinforced soil to the CBR of the unreinforced soil. 

The variation of the CBR strength ratio is plotted against the 

fiber content in Figure 2. From the test results, it can be seen 

that there is initially a rapid increase in CBR value of the 

lateritic soil as the fiber content increases. The maximum CBR 
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value was attained at optimum fiber content value of about 

0.25%. This trend was the same for all fiber lengths (i.e 30mm, 

60mm and 90mm). However, beyond 0.25% fiber content there 

was a gradual reduction in CBR values as fiber content 

increased. The CBR value of the unreinforced soil increased 

from 7 to a maximum value of 18, 22 and 26 at 0.25% fiber 

content for 30mm, 60mm and 90mm fiber lengths respectively. 

The maximum CBR strength ratio was 3.7 at a fiber content of 

0.25% for fiber length of 90mm (Figure 3). This suggests that 

about 0.25% of coconut fiber is required to attain the maximum 

strength.  

 

 
Figure 1. Variation of MDD with Fiber Content 

 

 
Figure 2. Variation of relative CBR and UCS values with Fiber Content 

 

3.2.2   Unconfined Compressive Strength (UCS) 

 

Figure 2 shows the variation of the UCS strength ratio with 

fiber content. Again there is an initial rapid improvement in 

compressive strength of the soil-fiber mix. As the percentage of 

fiber increased, the UCS value also increased up to an optimum 

fiber content of about 0.25% beyond which it decreased for all 

fiber lengths. The UCS of the soil-fiber mix increased from 

140kN/m2 for the unreinforced soil to 362kN/m2, 404kN/m2 and 

457kN/m2 at 30mm, 60mm and 90mm fiber lengths respectively. 

The maximum strength ratio was observed to be 3.3 at 0.25% 

fiber content for the 90mm fiber length. Any further increase in 

fiber content above the optimum led to a decrease in the 

strength.  

The effect of fiber length on the maximum strength is examined 

in Figure 3 where the strength ratio has been plotted against the 

fiber length. The figure shows that the strength increases with 

increasing fiber length. However, as the length of fiber 

increases the rate of increase in the strength reduces suggesting 

that there may be a fiber length beyond which the strength ratio 

does not increase. The trend for the effect of fiber length on the 

UCS strength ratio is similar to that observed for the CBR 

strength ratio. 

The introduction of reinforcement elements in a soil mass 

increases the shear resistance of the soil matrix (Lekha et al. 

2014). The increase in strength may be due to the increase in 

shear parameters. This is possible because the fiber 

reinforcement keeps the soil together tending to prevent lateral 

deformation. 

 

 
Figure 3. Relative CBR and UCS values at 0.2% Fiber Content 

4  CONCLUSION 

Based on the test rest results and analysis, the following 
conclusions are drawn: 

1. The optimum fiber content for peak CBR and for peak 
UCS is about 0.25% for all fiber lengths. 

2. The values of both the peak CBR and peak UCS increase 
with increasing fiber length. 

3. At the optimum fiber content, the 4 day-soaked CBR of 
the reinforced soil is 3.7 times that of the unreinforced 
soil while the UCS of the reinforced soil is 3.3 times that 
of the unreinforced soil for the 90mm fiber length  

5  ACKNOWLEDGEMENTS 

The authors are grateful to the Ghana Geotechnical Society for 

nominating them for the conference. We are also grateful to our 

academic supervisor, Prof. SIK Ampadu for his guidance. 

Finally we are thankful to the Ghana Grid Company (GRIDCo) 

for supporting the research of the Geogroup of KNUST. 

4  REFERENCES 

ASTM D 1557-91, Standard Test Method for Laboratory Compaction 

Characteristics of Soil Using Modified Effort American Society for 

Testing Materials Annual book of ASTM standards.  Vol.  04.08. 

Philadelphia, 8pp 

Asasutjarit, C., Hirunlabh, J., Khedari, J., Charoenvai, S., Zeghmati,  

B., and Shin, U. C. (2007).  Development of coconut coir-based 

lightweight cement board Construction and Building Materials, 

21(2), 277-288. 

BS 1377 (1990), Method of testing soils for civil engineering purposes, 
British Standards Institution, London 

Gidigasu, M.D. 1975. Behaviour of lateritic soils in road –  A Review, 
Ghana Engineer, Journal of the Ghana Institution of Engineers, vol. 
7 No. 1, pp: 52-78. 

Lekha, B.M., Goutham, S. and Shankar, A.U.R. (2014), Evaluation of 

Lateritic Soil Stabilized with Arecanut Coir for Low Volume 

Pavements. Doi: http://dx.doi.org/10.1016/j.trgeo.2014.09.001 

Lyon Associates, Inc. and Building and Road Research Institute 1971.  
Laterite and lateritic soils and other problem soils of Africa.  Lyon 
Associates, Baltimore.USAID/csd./2164. 

 


