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Abstract: 

Concrete is a main building material which is an essential component of infrastructure and buildings. Due to its brittle nature with low 

tolerance for strain, the chance for cracking is more. These cracks expose the steel reinforcement to the atmosphere, leading to 

corrosion which increases the maintenance costs and also losing the structural integrity over long periods of time. Self-healing 

concrete consists of a bacterium (Bacillus Subtilis) which heals the damage done and can also reduce the amount of damage sustained 

by the concrete structure. Fly ash continues the hydration after 28 days and also produces secondary C-S-H gel very slowly. So the 

hydrated products from fly ash modify the microstructure and seal the crack. An innovative approach of microbial calcite precipitation 

in fly ash concrete needs to be investigated. The fly ash microbial concrete is to be made by adding 10
5
cells/ml Bacillus Subtilis 

bacteria solution concentration, at the fly ash concentrations of 10%, 20% and 30% of cement replacement. The study includes finding 

the optimum percentage of fly ash in microbial concrete containing Bacillus Subtilis JC3 to achieve the best strength properties.  
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I. INTRODUCTION 

 

Concrete is considered to be the most important building 

material for infrastructure but most of the concrete structures are 

prone to cracking. Tiny cracks on the surface of concrete make 

the whole structure vulnerable to cracking because water seeps 

into the concrete to degrade and corrode the steel reinforcement, 

thereby greatly reducing the life span of a structure. Concrete can 

withstand the compressive forces very well but not the tensile 

forces. When it is subjected to tension it starts to crack, which is 

why it is reinforced with steel; to withstand tensile forces. 

Structures built in marine environment are particularly 

vulnerable to corrosion of reinforcement. Self-healing concrete 

consists of a mix with bacteria (Bacillus subtilis) incorporated 

into the concrete and calcium lactate food to support those 

bacteria when they become active. The bacteria heal the damage 

done and can also reduce the amount of damage sustained by the 

concrete structure in place. Fly ash has medium self healing 

effect since it produces C-S-H gel very slowly. Research works 

based on fly ash modified bacterial concrete with other bacteria 

like Bacillus megaterium ATCC has already reported [6]. But the 

bacteria available in Kerala, the Bacillus subtils needs to be 

investigated. As an initial step for this is to optimize the fly ash 

content based on strength properties of fly ash microbial 

concrete. This paper aims to find the optimum percentage of fly 

ash in microbial concrete containing Bacillus Subtilis JC3 to 

achieve the best strength properties. 

 

II. EXPERIMENTAL DETAILS 

 

Materials and Mix-proportions 

The materials used in this study were commercially available in 

Ernakulam. In the present experimental work, OPC 53 was used.  

The aggregates were m-sand and crushed granite of maximum 

nominal size of 20mm. Locally available M sand passing through 

4.75mm sieve was used as the fine aggregate for the 

experiments. The gradation of M sand was found using sieve 

analysis and was confirming to zone –II as per IS 383:1970.  

Specific gravity of fine and  coarse aggregate were 2.75 & 2.78 

respectively. In this study, fly ash was collected from Hindustan 

Newsprint Limited, velloor, kottayam.The specific gravity of fly 

ash was 2.30.  The bacteria, Bacillus Subtilis was collected from 

the department of Agricultural Microbiology, College of 

Horticulture, Vellanikkara, Trissur. Bacillus subtilis JC3 is a 

laboratory cultured soil bacterium.  Calcium lactacte is used as 

nutrient for bacteria which acts as a Calcium source for calcium 

carbonate formation and thus self- heals the cracks. The Indian 

Standard code used for concrete M30 mix proportioning is 

10262:2009. Cement content and w/c ratio are 437.1 kg/m
3  

and 

0.35 respectively. The Conplast 430 @ 0.6% of cementitious 

material is used as the superplasticizer for the concrete.  

 

Specimen preparations 

 

Microbial concrete is made by adding 10
5 

cells/ml bacterial 

solution to mixing water. Fly ash was added by replacing the 

cement at concentrations of 10%, 20%, and 30%.  Eight sets of 

concrete mixes were made  as Fly ash concrete, microbial fly 

ash concrete and conventional concrete and were designated as 

M, F-10,F-20,F-30, MF-10,MF-20,MF-30 ,CT. 

 

Testing program 

 

Various tests to find out the fresh and hardened properties of 

concrete at various percentages of fly ash and bacteria were 

conducted. Fresh state properties of the mixture were assessed by 

conducting workability test- slump test. Hardened properties like 

compressive strength, split tensile strength and flexural strength 

were carried out to assess the strength parameters related to 

varying percentages of fly ash with and without Bacillus subtilis. 
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The compressive strength test was performed on standard cubes 

of size 150 mm using 2000 kN  compression testing machine in 

ref erence with IS: 516 -1959. The compressive strength was 

then found for 7, 28 and 56 days respectively. The Split Tensile 

Strength of concrete at 28 days was performed on cylindrical 

specimen of 150 mm diameter, 300 mm height using 2000kN 

compression testing machine. The Flexural Strength was 

performed on beams of size 100×100×500 mm after 28 days of 

curing. The test was done in accordance with IS: 516-1959 using 

1000 kN universal testing machine.  

 

III. RESULTS AND DISCUSSIONS 

 

Fresh concrete properties 

 

Workability of concrete assesses the behaviour of fresh concrete 

from mixing upto compaction. The ease of mixability, 

transportability, mouldability and compactability represent 

workability. Slump test was performed to measure workability of 

concrete and the effects of fly ash and bacteria on workability 

properties of concrete were studied. The bacteria solution of 10
5
 

cells/ml
 
concentration was used instead of water to mix the 

concrete. The slump value had no change and was the same as 

that of the conventional concrete. But when adding fly ash, the 

slump increases and thus the workability of concrete increases. 

 

Compressive strength 

 

Compressive strength test was conducted according to IS 

516:1959. The cube specimen of size 150 mm was used. The test 

was done after 28 and 56 days of water curing. The improvement 

of compressive strength from a period of 28 days to 56 days for 

mixes with varying percentages of fly ash and bacteria is 

presented in table. 1. Maximum compressive strength is obtained 

for 10% of fly ash. But in case of microbial concrete, 28th day 

strength obtained is 53.95MPa which is 26.64% higher than 

ordinary M30 concrete. 

 

TABLE.I. 28
TH

 DAY AND 56
TH

 DAY COMPRESSIVE 

STRENGTH 

Specimen 
28

th
 day 

Compressive 

strength(N/mm
2
) 

56
th

 day 

Compressive 

strength(N/mm
2
) 

CT 42.6 47.33 

F-10 38.32 48.6 

F-20 35.3 41.2 

F-30 32.6 37.87 

M 53.95 55.79 

M F-10 51.87 57.41 

M F-20 45.46 52.39 

M F-30 38.59 49.47 

 

After 56
th

 day curing, the strength of MF-10 reaches maximum 

strength compared to other mixes. MF-10 got 17.87% higher 

strength than CT and 2.90% higher than microbial concrete.   

 
Figure.1. 28

th
 day and 56

th
 day compressive strength 

 

Split tensile strength 

Split tensile strength test was conducted on cylinders of size 150 

mm diameter and 300 mm height. Test was conducted as per IS 

5816:1999. The 28
th

 day split tensile strength test on concrete 

was performed on compression testing in accordance to the 

relevant Indian standard. 

 

TABLE.II.28
TH

 DAY SPLIT TENSILE STRENGTH 

Specimen 

 

28
th

 day  Split tensile 

strength(N/mm
2
) 

 

CM 4.47 

F-10 3.98 

F-20 3.67 

F-30 3.48 

M 6.23 

M F-10 
 

5.86 

M F-20 
 

5.09 

M F-30 
 

4.21 

As compressive strength, split tensile strength also follows same 

variation. 10% fly ash concrete shows maximum tensile strength. 

Microbial and MF10 has maximum value and is 39.37% and 

31.0% higher than ordinary M30 mix. When the percentage 

replacement of Fly ash was increased, the split tensile strength of 

Fly ash concrete was also found to be increasing slowly, up to 

nearly 10% replacement and then it decreased. Graph between 

split tensile strength and curing period for varying percentage of 

fly ash is shown in figure 2. The increase in strength of microbial 

concrete is mainly due to filling of the pores and voids with 

microbiologically induced calcium carbonate precipitation. 

 

 
Figure.2.28

th
 Day Split Tensile Strength 
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Flexural strength 

Flexural test was conducted as per IS 516:1959 .The test was 

conducted on beams of size 100 mm x 100 mm x 500 mm after 

28 days of water curing. The change in flexural strength with 

respect to different percentages of fly ash (at 10
5 

Bacillus 

Subtilis) is represented in Fig. 3, which shows that maximum 

Flexural Tensile Strength was reached corresponding to 10% 

addition of fly ash. Flexural strength decreases with increase in 

percentage of fly ash since slow hydration process of fly ash. 

 

TABLE.III. 28
TH

 DAY FLEXURAL STRENGTH 

Specimen 
28 day Flexural 

strength(N/mm
2
) 

CM 6.12 

F-10 5.76 

F-20 5.52  

F-30 5.35 

M 7.85 

M F-10 7.51 

M F-20 6.65 

M F-30 5.88 

 

As the percentage replacement of fly ash increases, there was 

also a gradual increase in the flexural strength of Fly ash 

concrete up to nearly 10% replacement and then it decreases.  

 

 
Figure.3.28

th
 Day Flexural Strength 

M concrete reaches maximum 28
th

 day flexural strength value of 

7.85N/mm
2
 which is 4.53% higher than MF-10 and 28.3% higher 

than conventional concrete. The increase in strength of microbial 

concrete is mainly due to filling of the pores and voids with 

microbiologically induced calcium carbonate precipitation. 

 

IV. CONCLUSIONS 

 

The present work optimizes the percentage of Fly ash as cement 

replacement in Bacillus Subtilis microbial concrete.  

Strength properties like compressive strength, split tensile 

strength and flexural strength properties were evaluated. 

 In case of microbial concrete, 28th day compressive 

strength obtained is 53.95MPa which is 26.64% higher than 

ordinary M30 concrete. MF10 concrete has no remarkable 

change by adding fly ash 10%. After 56
th

 day curing, the strength 

of MF-10 reaches maximum strength compared to other mixes. 

MF-10 got 21.3% higher strength than CT and 2.90% higher than 

microbial concrete.   

 As compressive strength, split tensile strength also 

follows the same variation. 10% fly ash concrete shows 

maximum tensile strength. Microbial and MF10 has maximum 

value and is 39.37% and 31.0% higher than ordinary M30 mix. 

When the percentage replacement of Fly ash was increased, the 

split tensile strength of Fly ash concrete was also found to be 

increasing slowly, up to nearly 10% replacement and then it 

decreased.  

 As the percentage replacement of fly ash increases, 

there was also a gradual increase in the flexural strength of Fly 

ash concrete up to nearly 10% replacement and then it decreases. 

M concrete reaches maximum 28
th

 day flexural strength value of 

7.85N/mm
2
 which is 4.53% higher than MF-10 and 28.3% higher 

than conventional concrete. The increase in strength of microbial 

concrete is mainly due to filling of the pores and voids with 

microbiologically induced calcium carbonate precipitation. From 

the experimental investigation it was found that optimum 

replacement of Fly ash in microbial concrete was near to 10% in 

terms of strength properties.  
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