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Abstract— The concept of soil reinforcement using randomly 

distributed fibres is inspired from the natural phenomenon 

that grass or plants growing on a slope can effectively 

stabilize the slope. Nowadays, the practice of soil reinforcing 

with tensile elements has been widely accepted. Fibre 

reinforced soil has advantages such as low cost, light weight, 

capability of maintaining strength isotropy etc. Fibre 

reinforced soil can be used can be effectively used as 

subgrade material for pavements where the available soil at 

subgrade is lacking the desired strength. Basalt fibre which is 

similar to glass fibre, is a newcomer in the field of 

geotechnical engineering. It is more resistant to alkaline, acid 

and salt attack when compared with glass fibre. This study 

aims at evaluating the effect of Basalt fibre on the strength 

characteristics of soil. 
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I. INTRODUCTION 

The increasing population demands for the more developed 

infrastructures and other utilities. It is very important that, in 

order to satisfy the needs of the growing population, well 

developed and adequate infrastructures must be constructed. 

But, one of the difficulty faced nowadays is the unavailability 

of sufficient land for constructions. As a result, construction 

on the available land which may be weak in terms of strength 

becomes unavoidable. This leads to the development of 

various ground improvement methods through which the 

poor or weak soil properties can be improved. The general 

aim of soil treatment in construction engineering is to 

improve soil properties such as stability, strength, and erosion 

resistance etc[8]. Every stabilization process will be 

satisfactory when it provides the required qualities and fulfills 

the criteria such as compatibility with soil material, 

permanency, easy handling and processing, economy and 

safety etc. There are different methods of stabilization. The 

suitable method is adopted considering the type of soil, 

availability of materials used and its cost effectiveness. 

Applications of soil strengthening ranges from the mitigation 

of complex slope hazards to increasing the subgrade stability. 

Along with the many applications for soil improvement, there 

come several widely varied methods. Soil stabilization is the 

treatment of soils to enable their strength and durability to be 

improved such that they become totally suitable for 

construction beyond their original classification. 

Improvement of soil property by proportioning of coarse and 

fine grained soils is commonly referred to as mechanical 

stablilization. One of the other methods involves the 

mechanical mixing of natural soil with a suitable stabilizing 

agent so as to obtain a homogeneous mixture. The stabilizing 

materials include cement, lime, bitumen, various polymers 

and other such chemicals. Addition of chemicals causes a 

physico-chemical alteration and is referred to as chemical 

stabilization. In order to augment the stabilization, additives 

which have the property of water holding or water resisting 

property are used sometimes. The mixing of randomly 

oriented fibres to a soil mass may be considered similar to 

other admixtures used for soil stabilization. One of the 

primary advantages of randomly distributed fibres is the low 

cost, light weight, capability of maintaining strength isotropy 

etc.  

II. PREVIOUS STUDIES 

Aykut S. et.al (2013) – In this study, the author has found that 

The UCS of the both clayey soil increases and reaches the 

maximum value at 10% of the fly ash content. The increase 

in polypropylene content increases the unconfined 

compressive strength (qu) and CBR of the plain soil up to 

0.75%. For low plasticity clay soil maximum UCS is obtained 

at 0.75% of polypropylene content and maximum shear 

strength with 10% of fly ash. For the high plasticity clays; 

best values are obtained at 10% of fly ash content from 

aspects of unconfined strength and CBR.  

Lei Gao et.al (2015) – The aim was to study the 

effect of basalt fibre on UCS of clay. A series of unconfined 

compressive strength tests were conducted under the 

optimum water content maximum dry density. Both the 

content and length of basalt fibre are considered in this paper. 

Stress strain curves of basalt fibre reinforced soil is 

approximately linear at the initial stage. UCS of clay is 

significantly improved. The electrostatic interaction between 

fibre elements cannot be ignored when the content is large. 

The results also show that the basalt fibre reinforced clay has 

the “post strong” characteristics. 

Ramanathan Ayothiraman et.al (2017) – In this 

paper, an experimental program was undertaken to 

investigate the effects of randomly distributed basalt fibre on 

the index and engineering properties of Dhanori clay and to 

compare its performance with the properties of soil reinforced 

with polypropylene fibre. In the present investigation, 7 

groups of soil samples were prepared at four different 

percentages of basalt fibre and polypropylene fibre content 

and tests were done for measuring their consistency limits, 

compaction characteristics, unconfined compression strength 

and consolidation properties. The test results indicate that the 

inclusion of basalt fibre in Dhanori clay resulted in significant 

improvement in properties. The improved properties are not 

comparable with polypropylene fibres, nevertheless, the 

improvement by basalt fibres is able to meet the typical 

design target values and the cost is very much less than 

synthetic fibres. More importantly, basalt fibres are 

environment friendly. 

III. MATERIALS USED  

A. Soil 

Nilo Cesar Consoli et.al (2011) - This paper reports on the 

development of a dosage methodology based of compressive 
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strength for artificially cemented fibre- reinforced soils. The 

controlling parameters evaluated were the fibre content (F), 

volumetric cement content (Civ), porosity (η), and cement/ 

porosity ratio (Civ=η). To evaluate the influence of each 

parameter on the soil response, a number of unconfined 

compression tests were carried out. The unconfined 

compressive strength (qu) increased linearly with the amount 

of cement (Civ) for both the fibre-reinforced and non-

reinforced specimens. It was also shown that the 

cement/porosity ratio, in which volumetric cementitious 

material content is adjusted by an exponent (0.28 for all the 

fibre-reinforced and non-reinforced cemented soil mixtures) 

to give unique correlations for each mixture, is a good 

parameter for the evaluation of the unconfined compressive 

strength of the fibre-reinforced and non-reinforced cemented 

soil studied. The results presented in this paper therefore 

suggest that an engineer can choose the amount of fibres and 

cement and the porosity appropriate to provide a fibre-

reinforced cemented soil mixture that meets the strength 

properties required by the project at the optimum cost. 

Divya P. V. et.al (2014) - The authors conducted a 

series of direct tensile tests on unreinforced and fibre-

reinforced soil by using a specially developed tensile test set 

up in the laboratory. They conducted tests by varying the fibre 

content and fibre length and studying their effect on tensile 

strength-strain characteristics and crack formation. The 

present paper indicates that the blending of fibres improved 

the tensile strength-strain characteristics and ductility of the 

soil. The authors carried out a digital image cross-correlation 

(DIC) analysis of images of top view of the soil captured 

during tensile tests to obtain the displacement vectors and 

strain field distribution. As the fibre content and fibre length 

increased while keeping other parameters constant, there was 

an increase in the strain at crack initiation and energy 

absorption capacity of fibre reinforced soil and improvement 

in post cracking behaviour. 

Mamta Mishra et.al (2016) - In this paper, they 

studied the impact of fly ash and coir fibre to improve the 

strength of soil. The reinforcement of soil mixed with fly ash 

further increases the strength of soil used for construction 

activity. Fibre reinforced soil can be considered to be good 

ground improvement technique specially in engineering 

projects on weak soils where it can act as a substitute to 

deep/raft foundations, reducing the cost as well as energy. 

Both the length and content of coir have important role in 

developing the strength properties of stabilized soil. But the 

strength properties are mostly affected by coir content than 

by size of coir fibre. The CBR value is increased. Therefore 

the inclusion of fibre is helpful in augmenting the soaked 

CBR and hence, resulting in less thickness of pavement crust 

in high rainfall area. 

The soil used for the study was collected from from 

Maranchery of Malappuram District, Kerala. The soil is taken 

from a depth of about 1.5m. The collected soil was then air 

dried and stored in polythene bags. The index properties and 

engineering properties of soil were determined and the results 

are presented in Table-1. The soil is classified as clay of high 

compressibility (CH) as per IS classification. 

Property Value 

Specific  gravity 2.5 

Liquid limit (%) 52 

Plastic limit (%) 24 

Plasticity index (%) 32 

Grain size distribution 

Percentage of gravel (%) 

Percentage of sand (%) 

Percentage of fines (%) 

 

2.8 

38.4 

58.8 

Optimum moisture content (%) 17 

Maximum dry density (kN/m3) 18 

UCC Strength (kN/m2) 70.43 

CBR (%) 1.04 

Table 1: Properties of Soil 

B. Basalt Fibre 

Basalt fibre is a new material which is used for soil 

stabilization. Basalt, which is a volcanic rock is crushed to a 

certain size and is melted in a furnace at 1450ºC–1500ºC and 

extruded into fine fibres. It is similar to glass fibre, but has 

better tensile strength and is more resistant to alkaline, acid 

and salt attack. The fibre is shown in Fig. 1. The properties of 

basalt fibre are shown in Table-II. 

Properties Value 

Density (g/cm3) 2.6 

Elastic Modulus (GPa) 85.9 

Tensile strength (MPa) 2611 

Filament Diameter (µm) 0.16 

Length of fibre (mm) 10 

Table 2: Properties of Basalt Fibre 

 
Fig. 1: Basalt Fibre 

IV. METHODOLOGY 

The basalt fibre was cut into length of about 10mm and was 

mixed with soil in varying percentages of 0.5%, 1%, 1.5% 

and 2% by weight of dry soil. The variation in compaction 

characteristics of soil with the addition of basalt fibre was 

studied .The samples for CBR tests were   prepared at 

maximum density. 

V. RESULTS & DISCUSSIONS 

The effect of basalt fibre on Optimum moisture content 

(OMC), Maximum dry density (MDD) and CBR strength of 

the soil was evaluated. The variation in compaction 

characteristics are shown in Table III. 

Fibre content   (%) OMC (%) MDD (kN/m3) 

0.5 17.6 18.24 

1 15.2 18.44 
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1.5 12.4 17.99 

2 12 17.85 

Table 3: Variation in Compaction Characteristics 

The effect of Basalt fibre on CBR values of soil is shown in 

Table IV. 

Fibre content   (%) CBR (%) 

0.5 2.76 

1.0 5.88 

1.5 6.05 

2.0 5.53 

Table 4: Variation in CBR Values 

Fig. 2 shows the variation of OMC with the addition 

of fibre. 

 
Fig. 2: Variation in OMC 

The OMC value is found to be decreasing with 

increase in fibre content. The variation in MDD of the soil 

with addition of fibre is represented in the Fig. 3. 

 
Fig. 3: Variation in MDD 

The MDD value is found to be increasing with 

increase in fibre content upto 1% and on further addition, the 

MDD value is reduced. The reason for increase in MDD is 

due to the higher density of the fibre than that of the soil. The 

reduction in OMC may be due to the less water absorption 

capacity of the fibre [10]. 

According to the work conducted by Ramanathan 

Ayothiraman (2017) using Basalt fibre in Dhanori clay, an 

increase in OMC and a slight reduction in MDD was 

observed. 

Fig.4 shows the variations in CBR values with the 

addition of basalt fibre. CBR value increased by 4.8% on 

adding 1.5% fibre and thereafter the value decreased. This 

can be attributed to the reason that the presence of fibres in 

the soil more than what is required for optimum 

reinforcement can substitute soil particles with weaker 

materials, thereby reducing the bearing strength of the soil 

[9]. 

 
Fig. 4: Variation in CBR 

VI. CONCLUSIONS 

The effect of basalt fibre on the compaction characteristics 

and CBR values of soil are determined. The optimum 

moisture content and maximum dry density values are found 

to be varying with the addition of basalt fibre. The MDD and 

OMC values for the soil were 18kN/m3 and 17.8% 

respectively. The addition of fibre resulted in the decrease of 

OMC while MDD increases by 2.44% on adding 1% of fibre. 

There was a maximum increase of 4.8% in CBR value on 

adding 1.5% fibre. Thus it can be concluded that basalt fibre 

can be used for strengthening the weak subgrade.  
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