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Abstract 

Replacement of cement with mineral admixtures like fly ash to reduce the greenhouse effect and use of fibres to overcome various 

deficiencies in concrete are gaining importance in the past years. Basalt fibre is an inorganic material from volcanic rock and is 

comparatively new in the industry. The performance of concrete with the inclusion of 0.1%, 0.15%, 0.3% and 0.45% chopped 

basalt fibre along with 35% cement replaced with fly ash is conferred in the study. The fundamental properties of concrete like 

workability, compressive strength, split tensile strength and flexural strength are investigated. The experimental investigation 

indicates a lower strength for fly ash concrete at the early ages with an increasing trend at the later ages. The addition of basalt 

fibres accelerates the strength gain compensating the reduction in early strength. The failure pattern of basalt fibre reinforced 

concrete depicts good bonding and crack resistance property of the fibre.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In the context of Indian construction scenario, the benefit of replacing cement with fly ash includes economic gain and is a safe 

solution for the disposal of factory waste. Use of good quality fly ash results in reduced water demand for the required slump and 

improved workability due to its spherical shape and ball bearing effect. It also contributes to strength of concrete by pozzolanic 

reactivity. Since pozzolanic reaction proceeds slowly, the initial strength of fly ash concrete tends to be lower than that of concrete 

without fly ash. Up to 35% replacement of cement with fly ash is permitted in Indian codes. 

The extensive use of concrete in the construction industry is due to its high compressive strength, low cost and durability. 

Though plain cement concrete is strong in compression, they are weak in tension and are brittle as it contains numerous micro 

cracks. The mixing of randomly spaced discontinuous small fibres helps in arresting the propagation of the micro cracks and macro 

cracks [1]. The incorporation of fibres can also restore the early strength reduction in fly ash concrete to a large extent [2].  

Basalt fibre is an innovative composite material distinguished by its properties like high tensile strength, high modulus of 

elasticity, high thermal and chemical stability, light weight, good sound insulation and electrical characteristics [3-5]. The 

manufacturing process is similar to glass fibre but with less energy consumed and no additives, making it cheaper than glass fibres 

[6]. The chemically inert stiffer carbon fibre has a disadvantage of high cost and anisotropy. Synthetic fibre has low elastic modulus, 

low melting point and poor interfacial bonding with inorganic matrices [7]. Corrosion and balling effect are problems of steel fibres 

and its high density leads to increased structural weight of the concrete [8, 9]. On the other hand basalt fibres are very light, of 

short length and do not forms balls in the matrix and are very easy to feed into the concrete [10]. The density of basalt fibre is 

lesser than the density of steel fibre. Since basalt chopped fibre has many advantages over other fibres, various researches are being 

conducted to study the behaviour of basalt fibre reinforced concrete.  Ramakrishnan et al. [11] studied the performance of 3D 

basalt fibre reinforced concrete and basalt rod reinforced concrete. Fresh as well as hardened properties of concrete with chopped 

basalt fibres of 13mm length and 12μm were evaluated with fibre percentages varying from 0.1 to 0.5% by volume. The results 

showed little improvement in compressive strength. Iyer et al. [1] investigated the improvement in compressive strength and 

modulus of rupture of concrete with basalt chopped fibres of three lengths (12, 36, 50mm) and three different amounts (4, 8, 12 

kg/m3). An increase in compressive strength of 14.4% was found for a fibre length of 12mm and fibre amount of 4kg/m3. The 

results obtained were comparable to that of steel fibres. Kayali [12] studied the effect of high volume fly ash on mechanical 

properties of fibre reinforced concrete. Fly ash was mixed as a partial fine aggregate replacement of approximately one third of the 

fines volume. The results showed that fibre-less fly ash concrete and ordinary concrete with fibres showed little improvement in 

compressive strength. While fibre reinforced concrete with high volume of fly ash achieved compressive and tensile strength values 

that are more than double at 91 days of curing comparing to concrete without fly ash. Discordant results are available on the 
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compressive strength behaviour of fibre reinforced concrete. Increasing trend for tensile and flexural strength was seen by the 

inclusion of basalt fibres in almost all studies. Effect of basalt fibre along with high percentage fly ash replacement has not yet 

studied. 

The objective of this study was to estimate the optimum volume fraction of basalt fibre with constant percentage of fly ash 

replacement. Fibre effect on workability, compressive strength, split tensile and flexural strength of concrete were also studied. 

Effort was set to identify the effect of basalt fibres on early strength reduction due to replacement of cement with fly ash. 

II. EXPERIMENTAL PROCEDURE 

 Materials Used 

1) Ordinary Portland cement, 53grade conforming to IS 12269: 1987[13] having a specific gravity of 3.1. 

2) Siliceous fly ash (Class F) conforming to IS 3812:1981 [14] of specific gravity 2.1, procured from Udupi Power Corporation 

Limited (UPCL) Plant. 

3) A combination of 20mm and 12.5mm single sized crushed aggregate in the ratio 60:40 conforming to Table 2 of IS 383:1970 

[15]. 

4) Locally available manufactured sand of maximum size 4.75mm conforming to zone II of Table 4 of IS 380:1970 [15]. 

5) Chopped basalt fibre of 12mm length. 

6) A sulphonated naphthalene polymer based superplasticizer, Conplast SP500 KL.  

7) Potable water free from dissolved salts, impurities and chemicals. 

III. MIX PROPORTION 

The mix design for conventional OPC concrete and fly ash concrete was prepared based on IS 10262: 2009 [16]. A control mix 

without fly ash was designed to attain a 28 days cube compressive strength of 30 MPa. The cement was then replaced with 35% 

of fly ash. Four different volume fractions (0.1%, 0.15%, 0.3% and 0.45%) of basalt fibre were added to cement replaced fly ash 

concrete mix to form basalt fibre reinforced concrete. To attain a steady workable mix with slump more than 100mm, the dosage 

of super plasticizer was increased to 0.6%, 0.8%, 1% and 1.3% for the fibre fractions of 0.1%, 0.15%, 0.3% and 0.45% respectively. 

The nomenclature adopted: R1 representing the plain concrete, R2 representing the fly ash concrete with 35% of cement replaced 

with fly ash, BF1 representing fly ash concrete with 0.1% volume fraction of basalt fibre, BF2 representing fly ash concrete with 

0.15% volume fraction of basalt fibre, BF3 representing fly ash concrete with 0.3% volume fraction of basalt fibre and BF4 

representing fly ash concrete with 0.45% volume fraction of basalt fibre. Mix proportions for R1, R2, BF1, BF2, BF3 and BF4 are 

tabulated in Table 1. 
Table - 1 

Mix Proportions for R1, R2, BF1, BF2, BF3 and BF4 
Material Quantity of materials for 1m3 (kg/m3) 

 R1 R2 BF1 BF2 BF3 BF4 

Cement 400 286 286 286 286 286 

Fly ash 0 154 154 154 154 154 

Basalt Fibre 0 0 0.1% 0.15% 0.3% 0.45% 

CA ( 20mm) 756 723.47 723.47 723.47 723.47 723.47 

CA ( 12.5mm) 500 478.94 478.94 478.94 478.94 478.94 

FA 625 592.71 592.71 592.71 592.71 592.71 

Water 230.96 225.46 225.46 225.46 225.46 225.46 

Super plasticizer 0.42% 0.4% 0.6% 0.8% 1.0% 1.3% 

w/c ratio 0.39 0.35 0.35 0.35 0.35 0.35 

IV. RESULTS AND DISCUSSIONS 

 Workability 

The slump and Vee Bee time for the various mix proportions are tabulated in Table II. From the results obtained, R2 was 

more workable than R1 which could be due to the ball bearing action of spherical particles of fly ash. As the basalt fibres 

were added the slump value showed a decreasing trend for BF1, BF2, BF3 and BF4 along with increase in Vee Bee time. 

Previous studies on fibre reinforced concrete also reported decreased slump value [1, 3, and 5]. Large surface area of fibres 

absorbs more cement paste to wrap around them and the increase of the viscosity of mixture leads to reduction in slump 

[7]. To attain the required slump of above 100mm, dosage of super plasticizer was increased in this work. Though Iyer et 

al. [1] has reported clumping of fibres at higher amount of basalt fibre, it was not observed in any of the mix in this work 

which may be due to the presence of high amount of spherical particles of fly ash along with super plasticizer. 
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Table - 2 

Slump and Vee Bee results 

Sl. No. 
Cement 

kg/m3 

Fly ash 

kg/m3 

w/c 

ratio 

Fibre 

% 

SP 

% 

Slump 

mm 

Vee Bee 

s 

R1 400 0 0.39 0 0.42 140 0.5 

R2 286 154 0.35 0 0.4 145 0.5 

BF1 286 154 0.35 0.1 0.6 120 11 

BF2 286 154 0.35 0.15 0.8 120 11 

BF3 286 154 0.35 0.3 1.0 120 11 

BF4 286 154 0.35 0.45 1.3 110 12 

 Setting Time of Concrete 

It was observed that, for higher volume fraction of basalt fibre the setting time required was more when compared to other 

specimens. For BF4 specimens with 0.45% volume fraction of fibre, the demoulding has to be delayed by few hours showing 

delayed setting. Usually as the fly ash content in concrete is more, setting time will be delayed compared to normal concrete. The 

retardation in setting of BF4 may be due to the higher dosage of super plasticizer added to the fly ash based higher volume fraction 

fibre concrete. 

 Compressive Strength 

The effect of 35% replacement of cement with fly ash on compressive strength compared with OPC is shown in Fig. 1. Reduction 

in the early ages of fly ash concrete was observed as reported by Rama Mohan Rao et al. [17], Siddique [2]. An increasing trend 

of strength gain was then observed for R2 due to the continued pozzolanic action of fly ash at later ages. The rate of increase from 

28 to 56 days is 42.62% for fly ash concrete while it is only 4.63% for normal concrete indicating significant improvement in 

compressive strength at the later ages for fly ash concrete. 

 
Fig. 1: Comparison of OPC and Fly ash concrete in terms of compressive strength 

The effect of basalt fibres on compressive strength is plotted in Fig. 2. The results showed improvement in the compressive 

strength of fly ash concrete for 0.1 to 0.3% volume fraction of fibre with a maximum improvement at 0.15% volume fraction of 

fibre. The results are comparable to that of Iyer et al. [1]. Basalt fibre inclusion showed 25% increase at 28 days while it was 20% 

for steel fibre and 10% for carbon fibre as reported by Mello et al. [18]. 

 
Fig. 2: Effect of basalt fibre on compressive strength 
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The characteristics of transition zone are very important in achieving the bond between concrete and fibre reinforcement. Some 

researchers have reported reduction in the compressive strength for fibre reinforced concrete. This may be due to the formation of 

large calcium hydroxide crystals in the interface of fibre and matrix during the hydration process, increasing the porosity of 

concrete weakening the bonding with reinforcement. With the presence of higher amount of fly ash, substantial utilization of 

calcium hydroxide takes place forming denser hydration products, thus causing stronger bond between matrix and fibre 

contributing to the increase in the compressive strength. The enhancement in compressive strength accounts to the physical 

properties of basalt fibre as well as the pozzolanic activity of fly ash that resulted in the micro structural modification and 

densification of the zone between the matrix and the fibres. Increase in compressive strength can be correlated to the statement 

that the presence of large quantity of fly ash could enhance the efficiency of fibre reinforcement as reported by Kayali [12]. 

 Split Tensile Strength 

The fly ash concrete showed 32% decrease in split tensile strength compared to normal concrete at 7 days of curing.  Improved 

strength was achieved at later ages. A comparison of split tensile strength of normal concrete and fly ash concrete is given in Fig.3. 

 
Fig. 3: Comparison of OPC and Fly ash concrete in terms of split tensile strength 

The inclusion of basalt fibre to fly ash concrete improved tensile strength for 0.1 to 0.3% volume fractions showing the 

effectiveness of the fibre, with maximum improvement at 0.3% volume fraction of fibre. The increase in split tensile strength may 

be due to the bridging action of distributed fibres across the crack as reported by Jiang et al. [7]. Fig. 4 shows the effect of basalt 

fibre on split tensile strength. 

 
Fig. 4: Effect of basalt fibre on split tensile strength 

 Flexural Strength 

A comparison of flexural strength of normal concrete and fly ash concrete is plotted in Fig. 5. 
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Fig. 5: Comparison of OPC and Fly ash concrete in terms of flexural strength 

The addition of basalt fibre showed tremendous improvement in the flexural strength of fly ash concrete. Fig. 6 shows the effect 

of fibres on flexural strength. The percentage increase of BFRC compared to fly ash concrete was found to be a maximum of 

29.3% at 28 days for a volume fraction of 0.3% which was only 16% for 0.3% glass fibre as reported by Rama Mohan Rao  et al. 

[17]. It can be clearly stated that the basalt fibre inclusion is effective for achieving the early age flexural strength. 

 
Fig. 6: Effect of basalt fibre on flexural Strength 

 Crack Pattern 

The BFRC showed hair line cracks when compared to fly ash concrete indicating better crack resistance of fibres which may be 

due the bridging action of fibres across the cracks as reported by Mehta et al. [19]. 

V. CONCLUSIONS 

The major findings can be concluded as follows. 

 Improved workability for fly ash concrete compared to normal concrete due to the spherical shape of fly ash. On addition of 

fibre, workability gets reduced especially at higher fibre fractions which could be retrieved by increasing the dosage of super 

plasticizer. 

 Setting time required was more for the higher percentages of fibre which can be attributed to increased dosage of super 

plasticizer in fly ash based higher volume fibre concrete. 

 Basalt fibres easily disperse and uniform mix was obtained without causing balling. This may be due to the smaller size and 

dimensional flexibility of the fibre. 

 Compressive strength of fly ash concrete was less compared to normal concrete but long term performances are comparable. 

On addition of basalt fibres, compressive strength increased significantly at early as well as later ages with a maximum increase 

at 0.15% volume fraction of fibre. 

 The optimum volume fraction of basalt fibre for increase in split tensile strength and flexural strength is 0.3%. 

 Drop in compressive, split tensile and flexural strengths at 0.45% volume fraction of fibre may be due to difficulty in dispersion 

of fibre with the high volume fraction. 
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The production of basalt fibre does not create any environmental waste and are non-toxic and bio-degradable. Replacement of 

cement with fly ash is an effective method of converting waste product to a resource material. The combination of the two materials 

can create positive impacts in the construction industry. 
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