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Abstract — In recent years, there is increasing interest 
in the phenomenon of mechanical property recovery in 
concrete construction using self-healing concrete. The 
study was motivated by the need to find a solution for the 
problem of cracking approaching the concept of self-
healing concrete. The study was carried out on a bacteria 
based self-healing concrete using Bacillus Subtilis bacteria 
.An investigation on the strength assessment of the 
bacteria-based self-healing concrete by finding out the 
optimum amount of bacterial content to be added to 
obtain maximum strength. Bacterially induced calcium 
carbonate precipitation has been proposed as an 
alternative and environmental friendly crack repair 
technique. It is found that microbial mineral precipitation 
as a result from metabolic activities of favorable bacteria 
in concrete improved the overall behavior of concrete. It is 
expected that further development of this techniques will 
result in a more durable, sustainable and crack free 
concrete that can be used effectively for constructions in 
wet atmospheres where corrosion of reinforcement affects 
the durability, permeability and strength of concrete. 
Therefore, it is decided to carry out an investigation of 
determining optimum dosages of bacterial solution 
required for concrete by forming various concrete cube 
and Cylinder samples having variations of bacterial 
solution 20 ml, 30 ml,40 ml and 50 ml. Further these 
various samples are tested under various laboratory 
methods. Slump cone test, compressive strength testing, 
ultrasonic pulse velocity test, and scanning electron 
microscopes thereby an optimum dosage required is 
computed. Bacterial concrete is found to be superior as 
compare to that of conventional concrete in all the aspects 
of durability. Among the different specimen incorporated 
it shows that bacterial concrete containing 40ml solution 
is the optimum dosage required, after which the strength 
found to be stable or decreased. 

                  

Keywords: Bacillus Subtilis1, Mechanical Strength2, 
UPV3, SEM4. 
 

I. INTRODUCTION 

Concrete is a major material used in the construction 
field, from the foundation of buildings to the structures 
of bridges and dams. Several construction techniques 

without incorporating concrete have been developed but 
concrete still continues to be the most important 
building material for infrastructure. The major 
shortcoming of concrete is that it tends to crack when 
subjected to tension. Tiny cracks formed on the surface 
of the concrete make the whole structure vulnerable due 
to seepage of water into the concrete, promoting 
corrosion of the steel reinforcement, thus reducing the 
life span of the structure.  
 
Self-healing concrete is a solution to this problem of 
durability of concrete structures and has also received 
increasing attention as a smart material with interesting 
potential applications in civil infrastructure. Self-healing 
materials used in such type of concrete have the ability 
to heal the damage inflicted on the concrete partially or 
completely, there by restoring the original functionality 
of the structure. Self-healing system can achieve a 
tremendous cost reduction in terms of health 
monitoring, damage detection and maintenance of 
concrete structures, assuring a safe service life of the 
structure.  
 
Self-healing concrete is a product which biologically 
produces limestone by which cracks on the surface of 
concrete surface heal. Selected types of the bacteria 
genus Bacillus, along with calcium-based nutrient known 
as calcium lactate. The self-healing agents can lie 
dormant within the concrete for up to two hundred 
years. When a concrete structure damages and water 
starts to penetrate in the cracks present in it the bacteria 
starts to feed on the calcium lactate consuming oxygen 
and converts the soluble calcium lactate into insoluble 
limestone. Hence the durability of steel in construction 
becomes higher. 
 
Bacterial concrete refers to a new generation concrete in 
which selective cementation by microbiologically 
induced CaCO3 precipitation has been introduced for 
remediation of micro-cracks. A technique was proposed 
in remediating cracks and fissures in concrete by 
microbiologically inducing calcite precipitation. 
Microbes like Bacillus, can induce the precipitates of 
calcite. It can increase the durability performance of 
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concrete with increase in the concentration of bacteria 
Concrete has a large load bearing capacity for 
compression load, but the material is weak in tension. 
Because of this steel reinforcement is provided and the 
steel bars take over the load when the concrete cracks in 
tension. However, the cracks in the concrete pose a 
problem .Due to reasons like freeze-thaw reactions, 
shrinkage, low tensile strength of concrete etc, cracks 
occur during the process of concrete hardening and this 
ultimately leads to weakening of the buildings. If water 
droplets enter into the concrete structure, due to lack of 
permeability then it can damage the steel reinforcement 
present in the concrete member. 

II. REVIEW OF PREVIOUS WORK 

After researching and studying the previous literatures 
of various authors it is found that various works has 
been conducted in regarding with comparison between 
conventional and bacterial concrete. Also some literature 
express the maximum width of cracks healed by the 
bacterial concrete, some of them highlighted the effect 
on bacterial concrete in various environmental 
conditions. But no literature so far indicates the 
optimum dosage value of bacterial solution required 
after the insertion in concrete, therefore it needs to be 
addressed. 
 

III. MATERIALS USED 

A. Cement 
 
The OPC 43 grade which is used in the study conforming 
to IS12269:1987.  
 

B. Coarse Aggregate 
 
Coarse aggregate crushed granite of size 20 mm 12 mm 
used as coarse aggregate. The sieve analysis of coarse 
aggregates confirms to the specifications of IS 383:1970 
for graded aggregate and specific gravity 2.70, Water 
Absorption 1.70%, Fineness modulus 2.97, and Impact 
value 12.67%. 
 

C. Fine Aggregate 
 
M - Sand is used as a fine aggregate conforming to the 
requirements of IS: 383 – 1970. The M-Sand is artificially 
manufactured sand, consisting of particles of different 
sizes proportioned to suite the requirement of Fine 
Aggregates to be used in structural concrete. The M - 
Sand used in the mix has a specific gravity of 2.37, Water 
absorption of 8.5%, Loose Bulk Density of 1667kg/m3 
and Roded Bulk Density of 1860kg/m3, Sieve analysis 
(Fineness modulus) 2.72.  
 
 
 

 

D. Water  
 
The potable water available in the laboratory, satisfying 
the requirement of IS 456-2000 is used for mixing the 
HPC and also curing all the concrete specimens, PH of 
water used is almost neutral (7). 
 

E. Bacteria 
 
Bacillus Subtilis is a Surface cultured bacterium collected 
from Anand Agro Care, Nasik, Maharashtra. We have 
selected Bacillus Subtilis, since it produces Calcium 
Carbonate and due to ease of availability. It is also 
known as Hay-Bacillus or Grass Bacillus, is a gram-
positive, Catalane-positive bacterium, found in soil and 
the gastrointestinal tract of Ruminants and humans. 
 
A member of the genus Bacillus, B. Subtilis is rod-shaped, 
and can form tough, protective endow-spores, allowing it 
to tolerate extreme environmental conditions. This 
bacterium is considered as the best studied Gram-
Positive bacterium and a model organism to study 
bacterial chromosome replication and cell 
differentiation. 
 
Table No 1: Biochemical Characteristics Bacillus-Subtilis 

Sl. No Parameters Details 

01 Technology Surface Culture 

02 CFU 2x108 cells/ml 

03 pH 6.8-7.2 

04 Solubility Water Soluble 

05 Shelf Life 1 Year 

 

IV. METHODOLOGY  

A. Mix Design 

Concrete mix design M30 is defined as the appropriate 
selection and proportioning of constituents to produce a 
concrete with predefined characteristics in the fresh and 
hardened states. Mix design was carried out as per IS: 
10262-1982 with respect to the design stipulations and 
data mentioned. 
 

Table No 2: Mix Proportion 

Sl. No Material Quantity Kg/ m3 

01 Cement 465  

02 Water 186  

03 Fain Aggregate 642.14  

04 Course Aggregate 1176.39  

Proportion of cement: sand: aggregate = 1:1.5:3 
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Table No 3: Material required 

Materials Mix1 Mix2 Mix3 Mix4 Mix5 
Cement 
(kg/m3) 

465 465 465 465 465 

Water(ltr) 186 186 186 186 186 

F.A 
(kg/m3) 

642.14 642.14 642.14 642.14 642.14 

C.A 
(kg/m3) 

1176.3
9 

1176.3
9 

1176.3
9 

1176.3
9 

1176.39 

Microorga
nisms 

(ml/m3) 
0 20 30 40 50 

 

B. Mixing of Concrete 

 
The mixing of the ingredients of Bacterial concrete is 
done by Hand mixing. Hand mixing should be done in a 
Metallic tray of large size to take one bag of cement.  
 

C. Casting 

 
The cube specimens of 150x150x150 mm are cast for 
compressive strength test and cylinders of 100mm dia. 
and 300 mm height are cast for Split Tensile Test. The 
specimens are de-molded after 24 hours and immersed 
in water for curing as per the requirements of codes for 
7 days and 28 days of results and discussion.  

V. RESULTS  
 

A. Slump Cone Test 

The slump assessment is carried out for Normal concrete 
and for Bacterial concrete by varying the concentration 
of Bacterial solution. 

Table No 4: Results of slump cone test 
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Chart-1: Variation of slump with mixes 

B. Compressive stength 
The compressive strength of mixes of Concrete 
specimens is evaluated as per IS516:1959 (reaffirmed in 
2004). The results are recorded below. 
 

Table No 5: Results of Compressive Strength 

Type of 
Mix 

7 Days 
Compressive 

Strength in Mpa 

28 Days 
Compressive 

Strength in Mpa 
Mix 1 21.67 29.8 

Mix 2 22.8 32.2 

Mix 3 30.2 39.7 

Mix 4 34.6 44.3 

Mix 5 34.8 44.7 
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Chart-2: 7 Days Compressive Strength in Mpa 
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Chart-3: 28 Days Compressive Strength in Mpa 

C. Split Tensile Test 

Split- tensile strength is indirect way of finding the 
tensile strength of concrete by subjecting the cylinder to 
a compressive force. Split tensile test is carried out for 

Type of mix Slump (mm) 

Mix 1 68 

Mix 2 62 

Mix 3 59 

Mix 4 57 

Mix 5 56 
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Normal concrete and bacterial concrete by varying the 
concentration of bacterial solution. The results of Split 
Tensile test at different concentration of bacterial 
solution are tabulated below. 
 

Table No 6: Results of Split Tensile Test 
 

Type of Mix 
28 Days Splitting Tensile 

Strength in Mpa 

Mix 1 2.16 

Mix 2 2.17 

Mix 3 2.36 

Mix 4 2.52 

Mix 5 2.54 
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Chart-4: 28 Days Splitting Tensile Strength in Mpa 

D. Ultrasonic Pulse Velocity(UPV) 

The Dynamic Modulus of Elasticity is assessed using 
indirect method with the help of Ultrasonic Pulse 
Velocity (UPV) test. Ultra sonic pulse velocity test was 
carried out to know the presence of voids in the internal 
structure of the concrete cubes. The UPV method is a 
NDT – Non Destructive Test method, which determines 
the quality of concrete.The UPV test is conducted and the 
dynamic modulus of elasticity of Normal concrete and 
Bacterial concrete is calculated using formula as per IS 
13311(Part 1) – 1992.  Results of UPV test is tabulated 
below. 
 

Table No 7: Results of UPV Test 
 

Type of Mix Time(µs) Velocity (km/s) 

Mix 1 33.8 4.432 

Mix 2 33.6 4.464 

Mix 3 33.2 4.461 

Mix 4 30.3 4.950 

Mix 5 30.1 4.995 
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Chart-5: Ultrasonic Pulse velocity in (km/s) 
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Chart-6: Ultrasonic Pulse velocity in (km/s) 

Dynamic modulus of Elasticity 

The Dynamic Modulus of Elasticity is an important 
property of a concrete. The concrete becomes stiffer at 
higher value of modulus of elasticity. The Dynamic 
young’s modulus of elasticity is computed as per IS 
13311 (part 1) 1992. The equation used to calculate 
dynamic modulus of elasticity using UPV test results and 
Poisons ratio is 0.22. 
Ed =ρ *(1-2µ)(1+µ)V2/(1-µ),   

Where  

Ed  =  Dynamic Modulus of Elasticity  

ρ = Density, V = Pulse Velocity in m/ sec. 

 
Table No 8: Dynamic Modulus of Elasticity 

Type of Mix Dynamic Modulus of 
Elasticity (Gpa) 

Mix 1 42.49 

Mix 2 43.11 

Mix 3 44.16 

Mix 4 53.01 

Mix 5 53.25 
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Chart-7: Dynamic Modulus of Elasticity 

E. Water Absorption Test 

Water absorption has been used as an indicator for 
assessing the durability of concrete. The results of water 
absorption test at different concentration of bacterial 
solution are tabulated below. 
 

Table No 9: Results of Water absorption test 
 

Type of 
mix 

Dry 
weigh(kg) 

wet weight(kg) 
Water 

Absorption 
(%) 

Mix 1 8.1 8.46 4.44 

Mix 2 8.1 8.43 3.90 

Mix 3 8.2 8.482 3.32 

Mix 4 8.4 8.662 3.02 

Mix 5 8.4 8.662 3.02 
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 Chart-8: Water Absorption 

F. Chloride Attack 

Chloride Attack on concrete is one of the important 
aspects of Durability of concrete. Here the cubes are 
immersed in 5% of Nacl solution. 
 

G. Sulphate Attack 

Sulphate Attack on concrete is one of the important 
aspects of Durability of concrete. Here the cubes are 
immersed in 5% of H2SO4 solution. 
 
 

H. Scanning Electron Micrscopy (SEM) 
 
The Morphological and Mineralogical composition of the 
deposited calcium carbonate crystals were investigated 
using Scanning Electron Microscopy (SEM). 
 

 
Bacterial concrete 

 

 
 

Normal concrete 

VI. Conclusions 
 

 The experimental study shows that the addition 
of bacteria Bacillus Subtilis in concrete shows 
improvements in various properties of concrete 
in terms of compressive strength, split tensile 
strength, porosity, 

 As the bacteria can be produced in the 
laboratory, it could be proved to be safe and 
very cost effective. 

 Bacterial concrete with a concentration of 
bacteria of 2x108cells/ml was found to give best 
results out of the samples used.  

 Hence it could be concluded that this particular 
concentration give optimum results which is 
proven by 40% increase in compressive 
strength and  increase in split tensile strength 
when compared to conventional concrete. 

 Bacterial concrete exhibited lower rate of water 
absorption than conventional concrete. 

 This is due to the bacteria induced formation of 
Calcium Carbonate in the pores present in 
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concrete, leading to a lesser voids and hence a 
lesser permeability.  

 Bacterial concrete is less vulnerable. The study 
accomplishes that the use of bacteria in concrete 
enhances its strength and durability hence using 
this type of bacteria for self-healing mechanism 
in concrete can produce cost effective strong or 
durable structures. 

 The experimental study shows that the addition 
of bacteria Bacillus Subtilisin concrete as 0, 20, 
30, & 40 ml/ m3.Out of which 40 ml/m3is the 
optimum dosage. 
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