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Abstract    

In this research work is to study the Durability characteristics of basalt fiber reinforced concrete with addition 

of polymer under acid environment with various percentage as 0% to 3% with increment of 0.5% by weight 

of cementations material and 1% of basalt fiber with 12mm length of basalt fiber is throughout random mix 

constant in concrete. Durability properties were studied on Compressive, split tensile, flexural, shear and 

impact strength for M30 grade concrete under effect of acidic condition. Specimens were prepared and 

normal curing for 28 day is adopted. After that all specimens’ were kept in acid media at 180days with pH 

was maintained to be 2.5. Workability decreases with increases the polymer content. The performance of 

BFRPC was found better than the control concrete. The increases in compressive strength is 40Mpa for 1.5% 

of  Polymer, Split Tensile, Flexural and Shear strength are 4Mpa, 8.46MPa,  20.00Mpa for 2% of Polymer 

respectively and Impact Strength for 2% of polymer first Crack appears 809.16N-m and Final crack is 

926.74. Under the acid media the durability properties of basalt fiber reinforced concrete with addition of 

polymer are better strength properties with respect to reference concrete.   
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1 Introduction  

Concrete is a composite materials having high 

compressive strength but poor in split tensile 

strength. Presence of fiber in concrete improves 

the physical properties as well as it acts as crack 

arresters [2]. Fibers were used in concrete to 

improve its tensile strength, flexural strength, 

toughness, impact, abrasion resistant fatigue and 

durability study. All basalt fiber an inert mineral 

fiber is gaining more important properties in 

resistance corrosion and low thermal conductivity 

[6]. The most commonly used fibers are steel, 

glass, carbon, polypropylene, polyester, nylon and 

basalt fibers. The properties of concrete depend on 

the type of fiber, orientations, geometries and 

densities. In recent years, basalt fiber in concrete 

is found to be cost effective having an excellent 

harden properties than other type of fibers. Basalt 

is igneous rock is generally found near East Asian 

countries[6]. Among which Russia has abundant 

reserves. In India, basalt rocks are found near 

deccan plateau and basalt fiber in concrete 

performs good tensile, flexural strength, young’s 

modulus and stiffness to the concrete and better 

acid resistance than the alkaline solution [4]. 

Basalt fibers also have excellent insulating 

properties, resistance to heat chemicals to the 

other fibers. Basalt fiber is a ceramic fiber is 

dispersed easily when mixed in concrete. The cost 

of the basalt fiber is relatively higher than other 

fibers. Basalt fiber is more stable than organic and 

synthetic fibers. In early 1980s the research on 

and development of basalt fiber and its 

composites were started. But in the last few years 

there is extensive research on mechanical 

properties and durability study on basalt fiber 

reinforced concrete (BFRC). It is found that basalt 

fibre possess relatively good resistance to water 

and salt corrosion, moderate resistance to acid 

corrosion in an alkaline environment [17]. 

  

2 Experimental Program  

2.1 Materials  

The Binding material of Ultra Tech 43 grade OPC 

were used for the mixes and casting of all the 

specimens. The specific gravity and water 

absorption of fine aggregate is 2.6 and 2% 

respectively, it was confirming to Zone II as per 

IS 383 -2016 [24].The maximum size of coarse 

aggregate used here is below 20mm. Specific 

gravity and water absorption of coarse aggregates 

are 2.72 and 0.61% as per IS 383-2016 [24]. Both 

coarse and fine aggregate used here is in surface 

dry condition. Chopped basalt fiber is procured 

from akurli industrial estate, Mumbai, with a 

length of 12mm and randomly distributed fibers 

were used in the concrete mix. Styrene butadiene 

rubber latex polymer is used in this work. The 

quantity of polymer used in the experimentations 

is 0% to 3% by weight of cementitious materials 

with an increment of 0.5%. Specific gravity of 

polymer is 1.02 with white colour. Conplast 

SP430 is used as a superplastisizer. Portable water 

is used for the preparation of concrete specimens 

and curing is used. Hydrochloric acid (HCL) 

solution with pH is 2.5 was regularly maintained 

in the present work.  

  

2.2 Mix Design   

The design mix procedure used in the present 

research work & to make M30 grade concrete as 

per the guidelines of IS 10262-2016 [23]. Mix 

proportion ratio is 1: 1.96: 3.59:0.44  

  

2.3 Casting procedure of concrete specimen  

The concrete mix proportion used in this research 

work is 1: 1.96: 3.59. This is obtained by mixing 

cement: fine aggregate: coarse aggregate which is 

obtained for M30 grade concrete mix proportion 

[17]. For a total volume of concrete, 1% of basalt 

fibers are added in all these mixes. Homogenous 

dry mixing is done for all these ingredients. Water 

is added as per the calculations W/CM= 0.44 for 

all the mixes and 1% of superplasticizer was 

added by weight of cementitious materials. At this 

point polymer is added into the system as per 

calculations from 0 to 3% with an increment of 

0.5% by weight of cementitious materials. Freshly 

prepared mix concrete was poured into the moulds 

and they were compacted by using tamping rod in 

three layers and also with vibrators. All the 

specimens were removed from the table vibrators. 

All the specimens were taken out of the mould 

after 24 hours and they were kept in curing tank 

and allowed for different curing periods for 

durability tests [18]. For each of the mix 

designation, three specimens were casted for 

different tests. All the specimens were taken out 

of the mould after 24 hours and they were kept in 

curing tank they will under curing for the 28days 

period. Acid media having pH 2.5 was prepared 

separately using hydrochloric acid and after 

28days of normal curing, all the specimens were 

kept in that acidic media for 180 days. To 

determine compressive strength, tensile strength, 

flexural strength, shear strength and impact 

strength of three specimens for each mix were 

casted. They were tested once the specimen 

completes the curing procedure [19].  
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3. Test Result and discussion   

3.1 Fresh properties   

Fresh properties of concrete can be determined by 

using workability test with respect to slump cone 

and compaction factor. Table 3.1 gives the slump 

cone and compaction factor test values for basalt 

fiber reinforced concrete with addition of different 

percentage of polymer in it. The results obtained 

from workability test clearly mention that 

increases the polymer content it decreases the 

workability. From the result of slump cone test, it 

is noticed that addition of 1.5% polymer in 

concrete will lead to collapsible slump and it will 

continue till 3% polymer addition. From the 

experimental results is observed that there is 

gradual decreases in the slump with an increase an 

increases basalt fiber.  

  

Table 3.1: Slump cone and compaction factor test for basalt fiber reinforced concrete with addition of 

polymer 

Percentage of Polymer  Slump value  Compaction factor  

0 100 0.98 

0.5 95 0.97 

1.0 80 0.96 

1.5 Collapsible Slump 0.96 

2.0 Collapsible Slump 0.95 

2.5 Collapsible Slump 0.94 

3.0 Collapsible Slump 0.93 

  

3.2 Durability Properties of Concrete under 

acid Attack  

3.3.1 Compressive strength test results of Acid 

attack  

Compressive strength of concrete for cube with a 

size of 150mm×150mm×150mm specimen was 

prepared.  The compressive strength tests were 

carried out as per IS 516-1999 [21] on concrete 

cubes in universal compression testing machine 

with a capacity of 3000kN.   

 

Table 3.2: Compressive Strength test for acid attack 

Mix proportion Percentage of Polymer Compressive Strength (Mpa) 

A 0 30.36 

B 0.5 32.59 

C 1.0 34.67 

D 1.5 40.00 

E 2.0 34.51 

F 2.5 27.11 

G 3.0 25.03 

  

 
 

Fig. 3.1: BFRPC Compressive Strength test for acid attack 

  

Compressive strength test results shows that the 

addition of polymer to BFRP Concrete maintained 

a pH of 2.5 for 180 days when subjected to acid 

attack. Percentage of polymer increases and its 
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compressive strength also increases. When 

compared to the concrete's reference mix, Mix D, 

which contains 1.5% polymer and 1% basalt fiber, 

achieves the highest compressive strength of any 

of the other mixes by 31.75%. Nevertheless, the 

requirements for the pioneer stage compressive 

strength (> 20 MPa) and lost stage compressive 

strength (> 40 MPa at 28 days and 90 days) of 

maximum performance concrete [14] were 

fulfilled for all high performance self-compacting 

concretes.  When 1.5% polymer is added to BFRP 

concrete, the compressive strength also increases, 

reaching its maximum value when the reference 

mix compressive strength is decreased [17].  

3.1.2 Split Tensile strength test results of acid 

attack   

Split tensile strength of concrete for cylinder with 

a size of 150mm×500mm specimen was prepared.  

The tensile strength tests were carried out as per 

IS 5816-1999[21] on concrete cylinder in 

universal compression testing machine with a 

capacity of 3000kN.  

  

Table: 3.3 Split Tensile Strength test for acid attack 

Mix proportion Percentage of Polymer Split Tensile Strength (Mpa) 

A 0 3.06 

B 0.5 3.43 

C 1.0 3.62 

D 1.5 3.67 

E 2.0 4.00 

F 2.5 2.44 

G 3.0 2.16 

 

 

 
Fig. 3.2: BFRPC Split Tensile Strength test for acid attack 

  

Split tensile strength test results shows that the 

addition of polymer to BFRP Concrete maintained 

a pH of 2.5 for 180 days when subjected to acid 

attack. Muhit et al. [15] reported the effect by 

adopting quarry dust as partial replacement of 

cement and sand on the crushing and tensile 

strengths of concrete material. They found a 

positive improvement in these strength 

characteristics over the control mix. Percentage of 

polymer increases and its split tensile strength 

also increases. When compared to the concrete's 

reference mix, Mix E, which 2.0% polymer and 

1% basalt fiber, achieves the highest Split tensile 

strength of any of the other mixes by 30.91%. 

When 2.0% polymer is added to BFRP concrete, 

the split tensile strength also increases, reaching 

its maximum value when the reference mix split 

tensile strength is decreased [19].  

  

3.1.3 Flexural strength test results of acid 

attack  

Flexural strength of concrete for beam with a size 

of 100mm×100mm×500mm specimen was 

prepared.  The Flexural strength tests were carried 

out as per IS 516-1959 [22] on concrete beam 

under two point loading for effective span of 

400mm.  
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Table: 3.4 Flexural Strength test for acid attack 

Mix proportion Percentage of Polymer Flexural Strength (Mpa) 

A 0 6.20 

B 0.5 6.80 

C 1.0 7.06 

D 1.5 7.33 

E 2.0 8.46 

F 2.5 4.13 

G 3.0 3.60 

  

 
Fig. 3.3: BFRPC Flexural Strength test for acid attack 

 

  

Flexural strength test results shows that the 

addition of polymer to BFRP Concrete maintained 

a pH of 2.5 for 180 days when subjected to acid 

attack. Percentage of polymer increases and its 

Flexural strength also increases [19]. When 

compared to the concrete's reference mix, Mix E, 

which 2.0% polymer and 1% basalt fiber, achieves 

the highest Flexural strength of any of the other 

mixes by 36.51%. The concretes of electrical 

resistivity maximum are 10 kΩ/cm exhibits less 

chloride ion permeability and reduction in 

corrosion rate [16]. When 2.0% polymer is added 

to BFRP concrete, the Flexural strength also 

increases, reaching its maximum value when the 

reference mix Flexural strength is decreased.  

  

3.1.4 Shear strength test results of acid attack  

To conduct shear strength of concrete by using L 

shaped specimens were casted. The specimens 

were tested in compression testing machine of 

capacity is 3000kN. Where shear force is applied 

(150mm × 60mm) [10].  

Failure load (F) = Pl1 / (l1 + l2)  

Where, P = Maximum load carried by the 

specimen in kN  

l1 = 25mm & l2 =25mm  

The shear strength can be calculated by using this 

equation   

Shear Strength = F /A  

Where, F = Failure load, N.   A = Area of cross 

section   

  

 
Fig. 3.4: Diagrammatic representation of L shaped shear specimen 
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Shear strength test results of BFRPC which 

contains different percentage of polymer. When 

they are subjected to acid attack of pH is 2.5 [16]. 

the total age of concrete is 208 days (28 days of 

normal curing and 180days acid solution curing) 

is as shown in table 3.5.  

  

Table 3.5: Shear Strength test for acid attack 

Mix proportion Percentage of Polymer Shear Strength (Mpa) 

A 0 12.59 

B 0.5 14.82 

C 1.0 17.22 

D 1.5 18.34 

E 2.0 20.00 

F 2.5 16.67 

G 3.0 12.41 

  

 

 
Fig. 3.5: BFRPC Shear Strength test for acid attack 

  

Shear strength test results shows that the addition 

of polymer to BFRP Concrete maintained a pH of 

2.5 for 180 days when subjected to acid attack. 

Percentage of polymer increases and its Shear 

strength also increases. When compared to the 

concrete's reference mix, Mix E, which 2.0% 

polymer and 1% basalt fiber, achieves the highest 

Shear strength of any of the other mixes 58.9%. 

When 2.0% polymer is added to BFRP concrete, 

the Shear strength also increases, reaching its 

maximum value when the reference mix shear 

strength is decreased.  

  

3.1.5 Impact strength test results of acid attack 

experiment  

To conduct impact strength of concrete cylindrical 

specimens were casted of dimensions 150 mm 

diameter and 60mm height. Schrader’s impact 

testing machine was used to conduct the test [16]. 

First crack appearance and final crack appearance 

on the concrete specimens were observed and the 

number of blows at which these cracks appear are 

recorded. Following is the equation used to 

calculate impact energy which is done with the 

help of number of blows [11].   

Impact energy = m × g × h × n  

= w/g × g × h × n  

= w × h × n  

Where, w = weight of the hammer = 4.54 kg = 

45.4 N  

h = height of the fall = 45.7cm = 0.457 m n = 

number of blows required to cause first cracks or 

final failure.  
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Table 3.6: Impact Strength test for acid attack 

 Mix 

Proportion  

Polymer 

Percentage  

Average impact energy 

required to cause first crack 

(N-m)  

Average impact energy 

required to cause final failure 

(N-m)  

A 0 553.27 643.18 

B 0.5 663.90 746.92 

C 1.0 705.43 802.25 

D 1.5 781.50 878.32 

E 2 809.16 926.74 

F 2.5 636.27 740.00 

G 3 539.44 657.01 

  

 

Fig. 3.6: BFRPC Impact Strength test for acid attack 

 

 

4. Conclusion   

Based on the durability tests result can be 

obtained from basalt fiber reinforced with 

addition of different percentage of polymer the 

following conclusions can be drawn.  

1. The result obtained from workability tests 

increasing in polymer content decreases the 

workability.  

2. From slump cone test it is noticed that addition 

of 1.5 % polymers will lead to collapsible 

concrete up to 3% of polymer.  

3. Compressive strength of basalt fiber reinforced 

concrete with addition of 1.5% polymer mix is 

increased by 40Mpa under acid media for 180 

days with regularly maintained pH 2.5.  

4. Tensile strength of basalt fiber reinforced 

concrete with addition of 2% polymer mix is 

increased by 4Mpa under acid media for 180 

days with regularly maintained pH 2.5.  

5. Flexural strength of basalt fiber reinforced 

concrete with addition of 2% polymer mix is 

increased by 8.46Mpa under acid media for 

180 days with regularly maintained pH 2.5.  

6. Shear strength of basalt fiber reinforced 

concrete with addition of 2% polymer mix is 

increased by 20Mpa under acid media for 180 

days with regularly maintained pH 2.5.  

7. Impact strength of basalt fiber reinforced 

concrete with addition of 2% polymer mix first 

crack is developed on 809.16 N-m and final 

failure crack is 926.74 N-m at 28 days. Impact 

strength has significance effect on basalt fiber 

reinforced concrete.  
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