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Abstract In practice, concrete as a part of the structure is
exposed to various adverse atmospheric conditions, including
temperature variation, acid and alkaline environments, varied
humidity etc. Hence, its versatility in performance needs to be
studied for all such conditions. Conventional materials form
bacterial concrete with microbes, which lead to additional
cementation by producing insoluble organic and inorganic
compounds. This process of Microbe Induced Calcite Precipita-
tion (MICP) leads to the formation of dense microstructure of
concrete, forming a resultant concrete with higher compressive
strength and lower permeability. However, the performance of
microbial concrete under an aggressive environment needs to
be studied as the bacterial population is significantly affected by
it. In this study, the compressive strength of hardened concrete
added with Bacillus Subtilis has been taken under consideration.
The concrete specimens were prepared by adding Bacillus
Subtilis microbes during the casting phase. All specimens were
cured for 28 days under normal curing condition. Afterwards,
these samples were kept inside the acidic solution of H2SO4

and HNO3 in a molar ratio of 2:1, having pH value of 3. The
solution was prepared to keep simulation in view with the usual
acidic environment around the concerned industries. Six cubes
for each sample (with and without bacteria) were prepared and
tested for compressive strength and water absorption after 28
days normal curing. Further, these specimens were cured by
said acid solution for 45, 90 and 135 days and their compressive
strength and mass loss tests were conducted. Results reveal
that the compressive strength of bacteria treated concrete is
better than that of corresponding control concrete. Also, it
was observed that the specimens contain highest bacteria cell
concentration when exposed to acid environment undergo
minimum loss in compressive strength but the rate of loss
increases with increasing exposure days. In addition, the mass
loss study indicates higher resistance of microbial concrete
against the acid environment.

Keywords Microbial Concrete, Bacillus Subtilis, Compres-
sion Strength, Water Absorption

1 Introduction

Concrete structures have edge over other construction materi-
als since its inception due to some of its distinguished character-
istics. There have been several moments of glory where concrete
has shown its supremacy not only in substructures but also in su-
per structures [1]. Further, its unique property of elasticity and
mouldability when impregnated with reinforcement has shown
its versatility to be used in mega structures. Today, concrete
is one of the most popular construction materials, second after
water in consumption across the world [2]. However, despite its
versatility it has several limitations which make it a material to
be used wisely with proper blending of admixtures. It is weak
in achieving required tensile strength and also have limitation
in context of its ductility. The overall cost of a building and
life cycle cost depend on the properties and characteristics of
concrete [3]. Cement is manufactured in 3.5 billion tonnes per
year across the world [4]. Reinforced cement concrete is the
most flexible and possible building material among as all on
date. The main reasons behind the deterioration of concrete
structure are surrounding environment, temperature and moister
content. Furthermore, the formation of small voids and mi-
cro cracks on the concrete structures allow toxic gases to enter
due to which the structure get deteriorated [5] [6]. Concrete
has mainly four ingredients: namely cement, fine aggregate,
coarse aggregate, and water. Merely increasing the quantity of
cement increases its strength but adds some other problems like
shrinkage, creep etc. Further, it enhances the cost of concrete
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also. Various researches suggested the options to balance its
advantages and limitations by adding additives and admixtures
including microbial concrete to enhance its performance with-
out enhancing its cost of the construction. Several studies have
found a new type of concrete whose strength and durability
are much higher than normal concrete with same quantity of
ingredients, adding some special type of Microbes [7]. Micro-
bial mineral precipitation resulting from metabolic activities is
responsible for improving the salient properties of concrete, like
compressive strength, durability etc. Present paper is focused
on the study of the effect of acid environment on microbial
concrete for various cell concentrations of microbes. The result
shows that by adding microbes in concrete, the deterioration
of some of its salient mechanical properties e.g. compressive
strength, water absorption, mass loss etc. can be controlled [8].

2 Materials and Methods

2.1 Materials

The basic materials used in the preparation of specimen were
cement, coarse aggregate, fine aggregate, water, nutrient broth
and bacteria culture. The properties of these materials were
studied as per the concerned Indian standard codes.

2.2 Cement

Ordinary Portland cement of grade 43 was used for the
present study. To characterize various physical and mechan-
ical properties, concerned laboratory tests of cements were
conducted according to Indian Standard code [9][10] and the
results are shown in Table 1.

Table 1. Characteristic of Cement.

Characteristic Result Specific values
Consistency 27% -

Initial Setting time 62 minutes Should not less than 30min
Final Setting time 580 minutes Should not more than

600min
Fineness 5 % <10

Specific gravity 3.11 3.15

2.3 Fine Aggregate (sand)

Locally procure sand confirming to IS code grade zone II has
been taken as the fine aggregate for the present study. Sieve
Analysis and some standard physical tests were carried out in
the laboratory as per Indian Standard code [11] and results are
presented in Table 2.

Table 2. Characteristic of Fine Aggregate

Characteristic Values
Specific gravity 2.43

Fineness FA 3.18
Water absorption 1.89

Bulk density 1.46g/cc

2.4 Coarse Aggregate

Crushed stone aggregate having average 20 mm size was
used as coarse aggregate for the presented study. It was washed
to remove dust and dirts and was dried to surface dry condition.
The aggregate was tested as per Indian standard code [11]. The
test results of coarse aggregate are presented in Table 3.

Table 3. Characteristic of Coarse Aggregate

Characteristic Values
Description Crushed

Specific gravity 2.68
Absorption of water 0.59 %

Fineness of CA 6.47

2.5 Water

Water is one of the main ingredients of concrete which gives
workability to concrete and responsible for chemical reaction
of cement. Drinking water was used for casting and curing
of all concrete specimens. Water was free from odor and was
colorless. The amount of water needed for the experiment was
calculated according to the mix design. In fact, every 100 ml
of water contained 90 ml of water component and 10 ml of
bacteria.

2.6 Bacteria

A Bacillus Subtilis MTCC 1133 bacteria has been used for the
present study. Culture was prepared under proper precautions
and rules. 13 g of nutrient broth was mixed in 1000 ml of
distilled water, to bring the pH of the media in the range of 6.5
to 7.5. It was kept in autoclave for 30 minutes at 120°C, after
which media were taken out and left to cool at room temperature.
Bacteria colony was added to the sample and kept back to the
incubator for twenty four hours. With this process, culturing
of the bacteria sample has been completed. Bacteria specimen
of different cell concentrations planned to be used in the study
were prepared using McFarland Standard Test using optical
density spectrophotometer (OD600) is given in Table 4.

2.7 Preparation of specimen

The concrete specimens were made by using design mix M20
with ingredient ratio of 1:1.69:3.14, keeping water cement ratio
0.48. Control specimens were prepared as normal concrete cube
without adding bacteria for comparison purpose. Bacteria spec-
imen were prepared adding three bacteria cell concentrations
as shown in Table 4. The ratio of bacteria culture to cement
was kept constant at 0.48. Before making concrete specimens,
dry raw materials of concrete mix were prepared by mixing its
dry constituents with water and bacteria culture in liquid form
and mixed thoroughly. Then concrete mix was poured into the
steel mould of size 150mm×150mm×150mm and left to set.
The specimens were removed from the mould after 24 hours
and kept in water for curing till their assessment days. Total 24
sets of specimens (each six in number) were prepared for the
study as mentioned in Table 5. These specimens with normal
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Table 4. Method for Preparation of specimen

Specimen Name Specimen Preparation Cell concentration
M1 Control Specimen Mixed with drinking water and cured with drinking water No Bacteria were added

M2 Mixed with bacteria culture and cured with drinking water 1.5x107 cell/ml
M3 Mixed with bacteria culture and cured with drinking water 1.5x108 cell/ml
M4 Mixed with bacteria culture and cured with drinking water 1.5x109 cell/ml

Table 5. Details of sets of specimens prepared for test

Specimen Number of Specimen pre-
pared for water absorp-
tion test

Number of Specimen
prepared for compressive
strength test in normal
curing condition

Number of Specimen prepared for loss in
compressive strength test and mass loss in
acid exposer condition

28 days 7 days 28 days 45 days 90 days 135 days
M1 Control Mix 1 1 1 1 1 1
M2 1 1 1 1 1 1
M3 1 1 1 1 1 1
M4 1 1 1 1 1 1

curing were tested for compressive strength and water absorp-
tion after 7 and 28 days and the results are shown in Fig. 1 and
Fig. 2 respectively. Set of bacterial specimens shown in Table 5
were tested for loss of compressive strength after 45, 90 and
135 days (six specimen each) and cured in normal water for 28
days. There after specimens were taken out and weighed after
surface drying. The specimens were submerged in prepared
acid solutions to study loss in compressive strength and mass
loss and the test results are shown in Fig. 3 and Fig. 4.

2.8 Compressive Strength Test

Compressive strength test was carried out in laboratory by
using Indian Standard Code [12]. For this all 24 set of cubes
were submerged in normal water for curing. After 7 days, four
sets of specimens including one set of controlled specimen
were taken out and tested for compressive strength after surface
drying. After 28 days of normal curing another four sets of
specimens were tested for compressive strength and the results
are shown in Fig. 1.

Figure 1. Compressive strength results of 7 and 28 days.

2.9 Water Absorption Test

This test has been performed as per Indian Standard Code
[13]. The purpose to perform this test was to determine the
improvement in resistance of concrete towards the penetration

of water. 4 sets of concrete cubes prepared for this purpose (as
shown in Table 5) were taken out after 28 days and weighed
after surface soaking and kept in oven for 24 hours at 105°C.
After oven drying all specimens were dipped in normal water
absorption calculated after 0, 15, 30,60,180,480,1440 and 2880
minutes (48 hours) using the following Equation (Eq. 1) and
results are shown in Fig. 2.

˙WaterAbsorption(%) =
W1 −W2

W2
× 100 (1)

Where, W1= weight after 28 days in normal curing. W2=
weight after oven dry for 24 hours.

Figure 2. Water absorption test results.

2.10 Loss in Compressive Strength

12 sets of specimens (including 4 sets of control specimens)
were taken out from water and were dipped in prepared acid so-
lutions, pH level of the solution was monitored and maintained.
Four sets of specimens were tested for compressive strength
after 45, 90 and 135 days each and loss in compressive strength
was calculated using the following equation (Eq. 2) and results
have been shown in Fig. 3.
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˙LCS(%) =
Cbp − Cap

Cbp
× 100 (2)

Where, Cbp = Compressive strength of specimen before plac-
ing in acid solution and Cap = Compressive strength of speci-
men after placing in acid solution.

Figure 3. Loss in compressive strength due to acid exposure.

2.11 Mass Loss Test

Weight of all 12 sets of specimen was taken before compres-
sive strength test as mentioned in clause 2.10. The mass of each
specimen was measured after 45, 90 and 135 days and mass
loss was computed and results are given in Fig. 4. Percentage of
mass loss was calculated with respect to the respective specimen
of 28 days curing using the following equation (Eq. 3).

˙MassLoss(%) =
Mi −Mf

Mi
× 100 (3)

Where Mi is average initial weight in kg of three specimen
before immersion in acid solution and Mf is average initial
weight in kg of three specimen after it was immersed in acid for
required time.

Figure 4. Mass loss of specimens after acid exposure.

2.12 SEM and EDX normal curing condition

Scan Electron Microscopy image (SEM) for all tested speci-
men were taken to analyse the microstructure of the specimen

for calcite formation. Energy Dispersive X-ray (EDX) shows
the presence of specific element as well as the relative quantity
of that element in percentage of the given specimen. It is used
to generate the X-ray spectroscopy of scanned area of SEM
image.

Figure 5. SEM image of control mix M1 in Normal Curing.

Figure 6. SEM image of M2 mix in Normal Curing.

2.13 XRD anylasis

X-ray Diffraction Technique (XRD) analysis was performed
on all specimens to determine the type of the crystalline compo-
nents generated in the precipitated layer.

3 Test Results.
3.1 Results of concrete tests in normal curing condition

3.1.1 Compressive strength

Fig. 1 shows that the compressive strength of concrete at 7
and 28 days are 17.50 MPa and 25.42 MPa respectively. It
further indicates that 7 days compressive strength for microbial
concrete (M2, M3 and M4) are 23.70 MPa, 25.76 MPa and
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Figure 7. SEM image of M3 mix in Normal Curing.

Figure 8. SEM image of M4 mix in Normal Curing.

26.35 MPa respectively. Showing increase of 35.42%, 47.20%
and 50.57% compared to the control specimens. Similarly 28
days strength are 34.60 MPa, 36.70 MPa and 37.20 MPa which
are 36.11%, 44.37% and 46.34% higher than control specimens
respectively. Summarily, it may be stated that the compressive
strength of concrete increases significantly with increase in cell
concentration of added bacteria. The results indicate that the rate
of formation of calcite (responsible for increase in compressive
strength) is higher in initial days which reduces over the period.
Comparison of SEM image (Fig. 6, Fig. 7 and Fig. 8) of bacterial
specimen (M2, M3 and M4) with Fig. 5 (control specimen
M1) clearly shows that the calcite formation increases with
increase in cell concentration of bacteria. The finding is further
validated by EDX image shown in Fig. 9, Fig. 10, Fig. 11 and
Fig. 12 which indicate that the ‘Ca’ deposition is higher in the
specimen having higher bacterial concentration. XRD graph in
Fig. 13, Fig. 14, Fig. 15 and Fig. 16 also authenticate the same
observation.

3.1.2 Water absorption

Fig. 2 indicates that water absorption of microbial concrete
specimen vis a vis control specimen decrease with increase

in cell concentration of bacteria. The values of decrease for
M1,M2,M3 are 1.58%, 1.21% and 0.97% respectively over the
control specimen after 24 hours duration. It further observed
that the absorption after 48 hours remain same as that of 24
hours. The reason again is attribute to the increase calcite
formation with increasing bacteria cell concentration. Further,
with respect to time, water absorption of all specimen increase
but the rate of increase is less for bacterial concrete and least
for the sample having highest bacterial cell concentration.

3.2 Results of concrete tests in acid exposure
condition

3.2.1 Compressive strength

Close observation of Fig. 3 indicates that the compressive
strength of control and microbial specimen both decrease with
the increase of acid exposure but the rate of decrease is higher
in case of control specimens with respect to microbial concrete
specimen. Decrease in compressive strength of specimens after
45 days of acid exposure for M2, M3 and M4 are found 7.22%,
4.76% and 1.61% whereas the value of the same for 90 days
are 10.26%, 11.83% and 5.38% respectively and for 135 days
values are 14.30%, 13.76% and 7.53% respectively. Values
indicate that decrease in compressive strength is least in M4, for
higher duration of exposure with respect to control specimen.

3.2.2 Mass loss

Fig. 4 indicates that mass loss in control specimen is higher
than those of microbial concrete specimen. The mass loss in
microbial specimen M2, M3 and M4 with respect to control
specimen varies from 0.76% to 0.32% for 45 days which are
1.28%, 0.92% and 0.69% after 90 days and 3.45%, 2.36%, and
1.97% for 135 days indicating that the deterioration increase
with exposure time which is quite natural. Further the value
indicate that the loss decrease with increasing cell concentration
of bacteria which are 3.45%, 2.36%, and 1.97% in M2, M3
and M4 Specimens. The result can be justified with the higher
formation of calcite for higher cell concentration. SEM image
shown in Fig. 17, Fig. 18, Fig. 19 and Fig. 20 indicate that the
exterior surfaces of all specimens loose materials when exposed
to acid solution but the loss is higher in case of control specimen
(M1) and least in case of M4. The lesser rate of decrease of
compressive strength and mass loss in microbial concrete is
attributed. Calcite formation inside the specimen compensating
the surface loss of materials.

4 Conclusions
The salient conclusions of the present studies are outline

below:

• Increase in cell concentration of bacteria increases the com-
pressive strength of concrete. For the study undertaken,
the increase in compressive strength is observed 36.11%,
44.37% and 46.34% w.r.t control concrete for cell concen-
trations of 1.5 × 107, 1.5 × 108 and 1.5 × 109. Increase
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Figure 9. EDX of control specimen M1.

Figure 10. EDX of M2 specimen.

Figure 11. EDX of M3 specimen.

in compressive strength is due to higher Calcite formation
with increasing number of bacteria. This conclusion is
supported by SEM and EDX image (Fig. 6, 7, 8, 10, 11
and 12).

• Water absorption decreases with increase in cell concentra-
tion. The values are 1.58%, 1.21% and 0.97% w.r.t control
specimens for bacterial cell concentration of 1.5 × 107,

1.5 × 108 and 1.5 × 109 respectively. The reason for de-
crease in water absorption with increasing bacteria is due
to blockage of pores by Calcite formation.

• Rate of decrease of compressive strength for all specimens
due to acid exposure increases w.r.t time and is higher for
135 days. However, the rate of decrease decreases with
increasing cell concentration of microbes. The result for
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Figure 12. EDX of M4 specimen.

Figure 13. XRD graph of Control Specimen M1.

Figure 14. XRD graph of M2 Specimen.

decrease was found 3.45%, 2.36%, and 1.97% for bacteria
cell concentration 1.5 × 107, 1.5 × 108 and 1.5 × 109

respectively. Higher loss in compressive strength with
passage of time is due to higher mass loss of concrete
specimen with acid attack (Fig. 4).The reason for rate
of decrease of compressive strength is attributed to the
compensation of mass loss due to calcite formation by
bacteria.The rate of decrease of compresssive strength with
increasing bacterial concentration can be considered as the
most important outcome of the present research to make

Figure 15. XRD graph of M3 Specimen.

Figure 16. XRD graph of M4 Specimen.

the concrete acid resistant.The bacterial concentration may
be regulated as per the need of acid exposure to make the
structure safe.

Summarily it may mentioned that the addition of bacteria
results into increase of compressive strength, decrease in water
absorption and reduces adverse effect of acid exposure in
terms of reduction in compressive strength and mass loss of
concrete. The reason is attributed to the calcite formation by
added bacteria.
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Figure 17. SEM image of control mix M1 in acid exposure.

Figure 18. SEM image of M2 mix in acid exposure.

Figure 19. SEM image of M3 mix in acid exposure.
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