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Abstract— Concrete, the most common material used in 

construction. Concrete has high compressive strength but it 

is weak in tension as the cement holding the aggregate in 

place can crack, allowing the structure to fail. Concrete 

when exposed to elevated temperatures become ductile and 

cracks. To improve the ductility we add basalt fibers can 

withhold the concrete without cracking at elevated 

temperatures due to their high elastic modulus, resulting in 

excellent tensile strength. The major objective of this 

research is to evaluate mechanical properties like 

compressive strength and split tensile strength of basalt fibre 

concrete at elevated temperatures expose to 27ᵒC to 600ᵒC 

for every 200ᵒC interval and is maintained for 3 hours 

duration. In this study M65 grade of concrete is considered 

and basalt fibers are added at 0.1, 0.2, 0.3 percent by 

volume. The parameters tested are compressive strength and 

split tensile strength. The specimens of size 100mm X 

100mm X 100mm cubes were casted for compression test 

and cylinders of size 300mm length X 150mm diameter 

were casted for split tensile strength test and are cured for 7 

and 28 days. The heated specimens are cooled to room 

temperature to determine the residual compressive strength 

and split tensile strength of basalt fibre concrete. Addition of 

basalt fibre in concrete reduces the compressive strength 

gradually and increases split tensile strength up to 0.2%  

addition of  basalt content at all temperatures, residual split 

tensile strength of basalt fibre reinforced concrete increased. 

Addition of 0.2% basalt fibre content resists the micro 

cracks which are developed under applied stress resulting in 

high tensile strength of concrete. By visual observation the 

spalling of basalt reinforced concrete is less when compared 

to conventional concrete. 
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I. INTRODUCTION 

Reinforced concrete is the most commonly used 

construction material worldwide due to its low cost, easy 

constructability, better mechanical and durability. High 

strength concrete (HSC) is a novel construction material 

with improved properties like higher strength and longer 

durability than conventional concretes. The need for high 

compressive strength concrete and increased service life of 

reinforced concrete structures, has led to the development of 

HSC in the past decades. 

During service life, the reinforced concrete (RC) 

structures experience various extreme events e.g., high wind 

pressure during cyclone, different chemical exposures, 

dynamic forces due to earthquake and accidental blast and 

fire accidents, etc. Fire poses as one of the most severe risks 

to buildings and structures. With development in materials 

and application of HSC, Even though concrete is good 

against fire loads, concrete subjected to temperature above 

500ᵒC significantly loses the strength and affects the 

durability of structures. The loss of mechanical strength at 

elevated temperatures is attributed to the formation of cracks 

and spalling of concrete due to deterioration of cement paste 

and its bond with aggregate. Hence it is important to study 

the thermal and structural behavior of concrete subjected to 

elevated temperature. This is a threat to HSCs application in 

many types of engineering structures such as high rise 

buildings, bridges, tunnels, offshore platforms, nuclear 

reactor, power industries, etc. and risk to the human society. 

As HSC is exposed to elevated temperatures in an accidental 

building fire, or a natural hazard and near furnaces, in 

atomic reactors, in pavements subjected to jet engine blast, 

fire chimneys, metallurgical or chemical industries, glass, 

cement industry, coke ovens and storage tanks for hot crude 

oil coal gasification, liquefaction vessels used in 

petrochemical industries, foundation for blast furnace and 

coke industries, furnace walls industrial chimney, air craft 

runway etc.,. Its mechanical properties such as concrete 

strength and tensile strength may decrease with increasing 

temperature remarkably. 

Construction industry currently utilizes many types 

of fibres within concrete in order to increase the strength 

and durability of concrete. The primary reason of addition of 

fibres is to improve the tensile and flexural strength of 

concrete and also to improve the post-cracking ductility of 

concrete. It has been found that different type of fibers 

added in specific percentage to concrete improves the 

mechanical properties, durability and serviceability of the 

structure. Several fibres have been used so far to improve 

these properties viz: Basalt, steel, glass, carbon, 

polypropylene, nylon etc. 

Basalt is an igneous rock, which means it began in 

a molten state. For many years, basalt has been used in 

casting processes to make tiles and slabs for architectural 

applications. Additionally, cast basalt liners for steel tubing 

exhibit very high abrasion resistance in industrial 

applications. In crushed form, basalt also finds use as an 

aggregate in concrete. More recently, continuous fibres 

extruded from naturally fire resistant basalt have been 

investigated as are placement for asbestos fibres, in almost 

all its applications. In the last decade, basalt has emerged as 

a contender in the fibre reinforcement of composites. Basalt 

is a type of igneous rock formed by the rapid cooling of lava 

at the surface of a planet. It is the most common rock in the 

Earth’s crust. Basalt rock characteristics vary from the 

source of lava, cooling rate, and historical exposure to the 

elements. High quality fibres are made from basalt deposits 

with uniform chemical makeup. The production of basalt 

and glass fibres is similar. Crushed basalt rock is the only 

raw material required for manufacturing the fibre. It is a 

continuous fibre produced through igneous basalt rock melt 

at about 2,700° F (1,500° C).Though the temperature 



Effect of Percentage Volume of Basalt Fibers on Mechanical Properties of High Strength Concrete at Elevated Temperatures 

 (IJSRD/Vol. 5/Issue 12/2018 /226) 

 

 All rights reserved by www.ijsrd.com 864 

required to produce fibres from basalt is higher than glass. 

The first use of fibres in reinforced concrete has been dated 

in 1870’s. Since then, researchers around the world have 

been interested in improving the tensile properties of 

concrete by adding iron and other wastes. It was observed 

that the use of continuous basalt fibres improved the tensile 

strength of concrete more than E glass fibres and gave a 

greater failure strain than the carbon fibres. 

Basalt rock can be used to make not only basalt 

bars but also basalt fabrics, chopped basalt fiber strands, 

continuous basalt filament wires and basalt mesh. Some of 

the potential applications of these basalt composites are: 

plastic polymer reinforcement, soil strengthening, bridges 

and highways, industrial floors, heat and sound insulation 

for residential and industrial buildings, bullet proof vests 

and retrofitting and rehabilitation of structures. Research is 

based on the investigation of the use of short fibres in 

structural concrete to enhance the mechanical properties of 

concrete. They are environmentally safe and non-toxic, 

possess high heat stability and insulating characteristics and 

have an elastic structure. When it is in contact with other 

chemicals they produce no chemical reaction that may 

damage the health or the environment. Basalt special 

properties reduces the cost of products and improves their 

performance. Basalt fibers are very good in tensile strength 

and can withstand a temperature of 1,4000C. Basalt fibres 

are used in textile applications for fire protection, High 

Temperature Insulation (HTI), as reinforcement in 

composite materials. 

Most notable among the improved mechanical 

characteristics of Fibre Reinforced Concrete (FRC) are its 

superior fracture strength, toughness, impact resistance, 

flexural strength resistance to fatigue, improving fatigue 

performance is one of the primary reasons for the extensive 

use of Basalt Fibre Reinforced Concrete (BFRC). Basalt is 

claimed to be the one of the strongest natural silicates and is 

widely available worldwide. 

II. EXPERIMENTAL WORK 

The major objective of this research is to evaluate 

mechanical properties like compressive strength and split 

tensile strength of basalt fibre concrete at elevated 

temperatures expose to 27ᵒC to 800ᵒC for every 200ᵒC 

interval and is maintained for 3 months duration. In this 

study M60 grade of concrete is considered and basalt fibers 

are added at 0.1, 0.2, 0.3, and 0.4 percent by volume. The 

parameters tested are compressive strength and split tensile 

strength. The investigations carried out on 150 specimens of 

size 100mm X 100mm X 100mm cubes were casted for 

compression test and 150cylinders of size 300mm length X 

150mm diameter were casted for split tensile strength test 

and are cured for 7 and 28 days. The heated specimens are 

cooled to room temperature to determine the residual 

compressive strength and split tensile strength of basalt fibre 

concrete. 

A. Materials and Mix Proportions of High Strength Fibre 

Reinforced Concrete 

1) Cement: 

The cement used was 53 grade ordinary Portland cement. 

The following table I is the various tests conducted as per 

IndianStandard to determine the properties of this cement. 

Sl.no properties of cement Value IS - CODE 

1 
Consistency of 

cement 
33% 

IS:4031(part-4)-

1988 

2 Initial setting time 28 
IS:4031(part-5)-

1988 

3 Final setting of time 260 
IS:4031(part-5)-

1988 

4 Specific gravity 3.14 
IS:2720(part-3)-

1988 

Table: Physical Properties of Cement 

B. Fine Aggregate (Sand) 

River sand was used as fine aggregate for the experiments. 

Various tests were conducted to determine the properties of 

sand which are shown in table. 

Sl.no 
Properties of 

aggregate 
Value IS - CODE 

1 Specific gravity 2.69 
IS:2386(part-3)-

1963 

2 Water absorption 0.3 
IS:2386(part-3)-

1963 

3 Fineness modulus 3.18 
IS:2386(part-1)-

1963 

4 Zone 2 
 

Table: Properties of Fine Aggregate 

C. Coarse Aggregate 

The aggregates occupy the major volume in the concrete 

mix. They will be around 75-80% of the total volume. In 

this study the natural coarse aggregates are used, which was 

bought from the nearby quarry. Aggregates of 20 mm and 

10 mm size were chosen for the experiment which is clean 

and free from deleterious materials. The following table III 

shows the tests conducted in order to determine the 

properties of this aggregate 

Sl.no 
Properties of 

aggregate 

Value 

IS - CODE 10 

mm 

20 

mm 

1 Specific gravity 2.71 2.73 
IS:2386(part-3)-

1963 

2 
Water 

absorption 
0.3 0.4 

IS:2386(part-3)-

1963 

Table: Properties of Coarse Aggregate 

D. Basalt Fibre 

Sl .no Properties of basalt fibre value 

1 Density, g/cm3 2.75 

2 Tensile strength, MPa 4840 

3 Compression, psi 550,000 

4 Elastic modulus, G Pa 89 

5 
Linear expansion coefficient, 

x10 /K 
5.5 

6 Elongation at break,% 3.15 

Table: Properties of Basalt Fibre 
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E. Mix Proportions 

Mix Design is done for M65 grade of concrete, concrete as 

per code specifications IS 10262-2009. 

Mix 

design

ation 

 

Basa

lt 

Cont

ent 

Cem

ent 

(Kg/

m3) 

FA 

(Kg/

m3) 

CA 

(Kg/

m3) 

W/

C 

Rat

io 

Wat

er 

(kg/

m3) 

Basa

lt 

(kg/

m3) 
 

M60 

 

 

 

0% 450 670 1249 
0.2

8 

126.

5 
0 

0.1% 450 670 1249 
0.2

8 

126.

5 
2.75 

0.2% 450 670 1249 
0.2

8 

126.

5 
5.50 

0.3% 450 670 1249 
0.2

8 

126.

5 
8.25 

0.4% 450 670 1249 
0.2

8 

126.

5 

11.0

0 

III. TESTING PROGRAMME 

A. Compression Test 

The compressive strength of any material is defined as the 

resistance to failure under the action of compressive forces. 

Especially for concrete, compressive strength is an 

important parameter to determine the performance of the 

material during service conditions. Compressive strength of 

a material is defined as the value of uniaxial compressive 

stress reached when the material fails completely. In this 

investigation, the cube specimens of size 100 mm x 100 mm 

x 100 mm of all the basalt mix concretes are tested for 7 and 

28 days in accordance with IS 516 – 1969. The testing was 

done on an automatic compression testing machine of 200 

KN capacity. The machine has a facility to control the rate 

of loading with a control valve. In each case the cube was 

positioned in such a way that the load was applied 

perpendicularly to the direction of casting with a loading 

rate of 140 Kg/cm2/min was maintained and it was 

continued till the specimen fails, i.e. with further increment 

of load, no resistance was offered by the specimen, that 

maximum load was recorded. The test was repeated for the 

three specimens and the average value was taken as the 

mean strength. Minimum 3 specimens should be selected at 

each age for each mix. If the strength of any specimen varies 

by more than 15% of the average strength, results of such 

specimen should be neglected. 

B. Split Tensile Strength Test 

Split Tensile strength of material is defined as It is the 

standard test, to determine the tensile strength of concrete 

in an indirect way. This test could be performed in 

accordance with IS : 5816-1970. A standard test cylinder of 

concrete specimen (300 mm X 150mm diameter) is placed 

horizontally between the loading surfaces of Compression 

Testing Machine (Fig-4). The compression load is applied 

diametrically and uniformly along the length of cylinder 

until the failure of the cylinder along the vertical diameter. 

To allow the uniform distribution of this applied load and to 

reduce the magnitude of the high compressive stresses near 

the points of appplication of this load, strips of plywood are 

placed between the specimen and loading platens of the 

testing machine. Concrete cylinders split into two halves 

along this vertical plane due to indirect tensile stress 

generated by poisson's effect. 

Tensile strength = 
2p

πLD
 

IV. RESULT AND DISCUSSION 

A. Compressive Strength Test Results  

The casted cubes of M65 grade concretes are cured, exposed 

to temperatures and tested for its compressive strength at 7 

and 28 days after cooling to room temperature. The 

temperatures ranges between 27°C, 200°C, 400°C, 600°C. 

The below Table represents the residual compressive 

strength of normal concrete and basalt fiber concrete at 7 

and 28 days. In every mix the compressive strength is 

increased at 2000C and then decreases. The compressive 

strength at 2000C is increased because of the evaporation of 

water and decrease in the pore water pressure from the 

concrete. 

TEMPER

ATURE(C

) 

0% 0.1% 0.2% 0.3% 

7d

ay

s 

M

Pa 

28d

ays 

MP

a 

7d

ay

s 

M

Pa 

28d

ays 

MP

a 

7d

ay

s 

M

Pa 

28d

ays 

MP

a 

7d

ay

s 

M

Pa 

28d

ays 

MP

a 

27 
51.

42 

70.

21 

49.

60 

66.

81 

48.

13 

64.

42 

45.

12 

58.

35 

200 
57.

7 

72.

82 

54.

12 

68.

11 

52.

40 

67.

12 

48.

50 

61.

41 

400 
47.

66 

64.

40 

46.

49 

60.

45 

43.

78 

58.

86 

39.

37 

52.

15 

600 
35.

11 

48.

54 

30.

59 

46.

43 

30.

95 

43.

68 

27.

85 

33.

48 

 
7days 

 
28days 
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B. Split Strength Test Results 

The casted cylinders of M60 grade concretes are cured, 

exposed to temperatures and tested for its split tensile 

strength at 7 and 28 days after cooling to room temperature. 

The temperatures ranges between 27°C, 200°C, 400°C, 

600°C.  The below Table shows split tensile strength of 

normal concrete and basalt fiber mix concrete at 7 and 28 

days. The table clearly shows that the strength increases till 

2000C and decreases in every mix. The highest tensile 

strength is obtained at 0.2% basalt fiber mix concrete at both 

7 and 28 days at 2000C temperature. The below results are 

clearly plotted on the graph and are mentioned below. The 

tensile strength of concrete with 0.1% and 0.2% of basalt 

increases when compared to normal concrete. Addition of 

basalt fibre help to improve the tensile characteristics of 

concrete. 

TEMPERA

TURE(ᵒC) 

0% 0.1% 0.2% 0.3% 

7d

ay

s 

M

Pa 

28d

ays 

MP

a 

7d

ay

s 

M

Pa 

28d

ays 

MP

a 

7d

ay

s 

M

Pa 

28d

ays 

MP

a 

7d

ay

s 

M

Pa 

28d

ays 

MP

a 

27 
3.

2 

3.9

2 

3.

38 

4.0

6 

3.

71 

4.2

7 

3.

24 

3.7

9 

200 
3.

63 
4.3 

3.

67 

4.4

8 

3.

94 

4.6

4 

3.

45 

4.2

7 

400 
3.

14 

3.5

8 

3.

24 

3.7

7 

3.

65 

3.7

7 

3.

14 

3.4

1 

600 
2.

53 

2.5

2 

2.

61 

2.8

1 

2.

78 

2.8

1 

2.

19 

2.3

7 

 
7days 

 
28days 

C. Weight loss 

Weight loss is observed at all the elevated temperatures for 

high strength concrete both with basalt and without Basalt 

fibers. This is due to evaporation of internal moisture in the 

concrete. The results are tabulated and mentioned in Table. 

It has been represented in which we can clearly observe 

increase in temperature results decrease in weight. Graphs 

are plotted and mentioned below. 

TEMPERATURE(ᵒC) 

0% 0.1% 0.2% 0.3% 

7days 

Kg 

28days 

Kg 

7days 

Kg 

28days 

Kg 

7days 

Kg 

28days 

Kg 

7days 

Kg 

28days 

Kg 

27 2.605 2.706 2.590 2.749 2.541 2.668 2.619 2.713 

200 2.577 2.651 2.563 2.722 2.588 2.651 2.580 2.660 

400 2.440 2.540 2.545 2.636 2.538 2.593 2.568 2.554 

600 2.420 2.575 2.503 2.611 2.474 2.580 2.511 2.546 

 
7days 

 
28days 

D. Weight Loss Percentage 

TEMPERATURE(ᵒC) 
0% 0.1% 0.2% 0.3% 

7days 28days 7days 28days 7days 28days 7days 28days 

27 0 0 0 0 0 0 0 0 

200 1.74 2.032 1.042 1.211 1.596 1.71 1.48 1.95 

400 6.33 6.134 1.737 5.577 3.498 5.33 3.867 5.84 

600 7.10 6.94 3.35 5.02 5.931 4.47 6.15 5.56 
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7days 

 
28days 

V. CONCLUSIONS 

1) The addition of basalt fibres reduced the spalling when 

exposed to elevated temperatures. 

2) Weight loss is more with increase in temperature. It 

varies from 0% to 7.67% from 27ᵒC to 800ᵒC.  Basalt 

fibre reduces weight loss in concrete at high 

temperatures compared to concrete without basalt 

content. 

3) Compressive strength of concrete is decreasing with 

increase in basalt fibre content at all temperatures. 

4) Split tensile strength of concrete is increasing with 

basalt content up to 0.2%. split tensile strength at 0.2% 

is found to be maximum whereas at 0.3% and 0.4% 

basalt fibre content split tensile strength reduced 

probably due to the presence of voids caused by the use 

of Basalt fibres in high volume. 

5) Compressive strength and split tensile strength for both 

basalt mix and conventional concrete of M65 grade 

increases up to 200°C due to evaporation of free 

moisture inside the concrete. 

6) The use of basalt fibres is good for obtaining tensile 

strength than compressive strength. 

7) It was found that the formation of cracks is more in the 

case of concrete without fibres than the basalt fibre 

reinforced concrete at high temperatures. It shows that 

the presence of fibres in the concrete acts as the crack 

arrestors. 

8) Basalt fibre has used as a cost effectively replace to 

fibreglass, steel fibre, polypropylene, polyethylene, 

polyester, and carbon fiber products in many 

applications. 

9) Basalt fibre in high strength concrete increases tensile 

strength and resists cracks is a good advantage. 
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