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ABSTRACT
A new technique in remediating cracks and fissures in concrete by utilizing
microbiologically induced calcite (CaCo3) precipitation is discussed. Microbiologically

induced calcite precipitation (MICP) is a technique that comes under a broader category
of science called Bio Mineralization. It is a process by which living organisms form
inorganic solids. Bacillus subtilis, a common soil bacterium can induce the precipitation of
calcite. The objective of the present investigation is to study the potential application of
bacterial species i.e. Bacillus subtilis to improve the strength of cement concrete. Here
we have made an attempt to incorporate dormant but viable bacteria in the concrete
matrix which  will contribute to the strength of the concrete. In this project, bacterial
concrete is prepared under grade of concrete M25.The design mix proportioning also
carried under IS code provision. Testing of specimens are carried at 7 days ,14 days and
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28 days of curing by Compression Testing Machine and Universal Testing Machine for
corresponding specimens. The  Compressive  Strength, Split Tensile Strength and
Flexural Strength of Bacterial Concrete are to be found and it compared with
conventional Concrete.
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l. INTRODUCTION

Concrete is the most widely used construction material. Despite its versatility in construction,
it is known to have sewveral limitations. It is weak intension, has limited ductility and little
resistance to cracking. Based on the continuous research carried out around the globe, various
modifications have been made from time to time to overcome the deficiencies of cement
concrete. The ongoing research in the field of concrete technology has lead to the development
of special concrete considering the speed of construction, the strength of concrete, the durability
of concrete and the environmental friendliness with industrial material like Fly Ash, Blast
Furnace Slag, Silica Fume, Metakeolin etc. Recently, it is found that microbial mineral
precipitation resulting from metabolic activities of favorable microorganisms in concrete
improved the owverall behavior of concrete. The process can occur inside or outside the
microbial cell or even some distance away within the concrete. Often bacterial activities simply
trigger a change in solution chemistry that leads to over saturation and mineral precipitation.
Use of these Bio mineralogy concepts in concrete leads to potential invention of new material
called Bacterial Concrete.

Classification of bacteria

Classification on the Basis of Shapes

Bacteria are usually classified on the basis of their shapes. Broadly, they can be divided into
Rod-shaped bacteria (Bacilli), Sphere-shaped bacteria (Cocci) and Spiral-shaped bacteria
(Spirilla).

Classification on the Basis of Gram Strain

This classification is based on the results of Gram Staining Method, in which an agent is used to
bind to the cell wall of the bacteria, they are Gram-positive and Gram-negative.

Classification on the Basis of Oxygen Requirement

This classification is based on the requirement of oxygen for the survival of the bacterium.
They are Aerobic (Use molecular oxygen as terminal electron acceptor) and Anaerobic
(Do not use molecular oxygen as terminal electron acceptor).

Various bacteria used in the concrete

The bacteria are,
i) Bacillus pasteurii
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if) Bacillue sphaericus iii) Escherichia coli
iv) Bacillus subtilis (used in the present study)

Bacterial concrete

Bacterial concrete refers to a new generation of concrete in which selective cementation by
microbiologically-induced CaCO3 precipitation has been introduced for remediation of micro
cracks. Considerable research on carbonate precipitation is done by selecting ureolytic bacteria
but very limited work has been reported on the application part of it.

Bacterial urease enzymes degrade urea into ammonia and carbon dioxide, which lead to
increase in pH of the media and carbonate precipitation. Various researchers have confirmed the
persistence of organic CaCO3 precipitate in the environment for an extended period of time
using Bacillus subtilis.

Chemistry of the process

Microbiologically induced calcite precipitation utilizes a biological by-product, CaCQO3. In
aqueous environments, the overall chemical equilibrium reaction of calcite precipitation can be
described as:

Ca +Cell = CellCa . ... (1)
Cl +HCO,, NH,—NH,Cl+CO, .. (2

Cell-Ca® +CO; — Cell-CaCO;) .. . (3)

Il. MATERIAL USED

The required materials are,

* Cement

* Coarse aggregate

* Fine aggregate

*  Water

* Bacteria

*  Aluminum Foil

Che micals used

* Potassium permanganate
Nutrient Broth

*  Urea

* sodium bicarbonate (NaHCO3)
* calcium carbonate (CaCl2)

* ammonium chloride ( NH4Cl)

94



- -

Nutnent Broth

, Further

Normal Water Bactenal Water

B sabtilis flg 1
fig 1.Process Flow Diagram for Production of Bacterial Water

111.PRODUCTION OF BACTERIAL WATER
The nutrient broth and other chemicals are mixed with required water. After that the mixed water
is boiled for autoclaving process. The boiled water should have the reddish color due to nutrient
broth and other chemicals. After the atmospheric cooling the required bacterial cell is transferred
from nutrient agar plate to that prepared liquid media. Then the liquid media should be
covered with aluminum soil and shake periodically

The reddish color should be changed into light yellow color after 36 — 48 hours which
shows the presence of bacillus subtilis in the liquid media. Before mixing into the concrete,
concentration of bacterial cell is tested.

Tablel. Composition of Culture media

SINO COMPONENTS GRAMS (PER
LITRE)

1 Nutrient Broth 2.10gm

2 NaHCo3 1.50 gm

3 NH4CI 7.00 gm

4 Urea 7.00 gm

5 CaCl2 5.00 gm

Mixing of concrete

The mixing process is carried out in electrically operated mixer. The materials are laid in
uniform layers, one on the other in the order — coarse aggregate, fine aggregate and cement. Dry
mixing is done to obtain a uniform color. Required amount of bacterial water is added. The
workability tests are carried out immediately after mixing of concrete using the compaction
factor testing apparatus in accordance with 1S: 10510-1983
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Mix design

MATERIAL

CODE PROVISI ON

PROPERTIES

Mix proportion (M25)

IS 10262-1982&1510262-
2009

1 :1.28:2.86 (w/c
=0.45)

IV. RESULT AND DISCUSSION
COMPRESSIVESTRENGTH OF CONCRETE
The investigation is carried out to study the compressive strength concrete. The results of the
Compressive strength of controlled and bacterial concrete at 7 days, 14 days and 28 days for M25
grade concrete are tabulated in Table 2

No. of Days Compressive Compressive
Strength of Strength of
Conventional Bacterial Concrete
Concrete N/mm_2 N/mm2
7 21.52 24.17
14 25.36 30.05
28 32.24 41.93

Table 2 Results of the Compressive Strength test with and without addition of
bacte ria for M25 Grade of concrete
In M25 grade of concrete the compressive strength at 7 days, 14 days and 28 days are given in
Table2. It is observed that with the additionof bacteria the compressive strength of concrete
showed significant increase by 12.32% ,18.49% and 30.05% at 7 days, 14 days and 28 days

respectively.

Table 3 Results of the Split Tensile Test with and without addition of bacteria for M25

grade of concrete

Spilt Tensile
Spilt Tensile Strength of
No. Of| Conventional Concrete Strength of
(N/mm2) Bacterial
7 2.78 3.16
14 3.62 4.14
28 3.85 4.56
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In M25 grade concrete the Split Tensile Strength on standard cylindrical specimens at 7 days,
14 days and 28 days are given in Table 3 It is observed that with the addition of bacteria there
is a significant increase in the spilt tensile strength by 13.80%, 14.38% and 18.45% at 7 days,
14 days and 28 days respectively.

Flexural tensile strength of concrete

The investigation is carried to study the flexural behavior of concrete. 3 simply supported
beams consisting of balanced section are cast and tested. The cross section of the beam
specimen is 150mm x 150mm x 700mm. The beams are cast using with bacteria and without
bacteria in M25 grade concrete. The flexural strength of both controlled and bacterial concrete
is calculated and the result is tabulated in Table 4

Table 4 Results of the Flexural Tensile Strength test with and without addition of Bacteria for M25
grade of concrete

Flexural Tensile Flexural Tensile
No. Of (Strength ofStrength  of  Bacterial
Days |Conventional ConcreteConcrete (N/mm2)
7 2.88 3.26
14 3.73 .28
28 3.92 A.53

Based on the experimental results the Flexural Tensile Strength is as shown in Table 5.3. It
is observed that with the addition of bacteria there is a significant increase in the Flexural
Strength by 13.19%, 14.74% and 15.56% at 7 days, 14 days and 28 days respectively
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V. CONCLUSION
The following conclusions are drawn from the detailed experimental investigations conducted
on the comparative behavior of M25 grade conventional and bacterial concrete.

e Bacillus subtilis of MTCC NO.113 is a soil bacterium which can utilize the urea
and continuously precipitate calcite which prevent the presence of air molecules
in the concrete.

e In M25 grade concrete, with the addition of bacteria the percentage of
improvement in the compressive strength is in the order of by 12.32%, to 30.05
% at different ages.

e In M25 grade concrete, with the addition of bacteria the percentage of
improvement in the spilt tensile strength is in the order of 13.80% to 18.45% at
different ages.

e In M25 grade concrete, with the addition of bacteria the percentage of
improvement in the flexural tensile strength is in the order of 13.19% to
15.56% at different ages.

e Cost of the bacterial concrete is 15% increased to that of conventional
concrete. But compare to other type of special concrete it should be very
economical.
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