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I. INTRODUCTION 
 

Concrete is considered as quite possibly the main 

structure material in the development area on the 

planet. Improvement in substantial innovation can be 

accomplished through its solidarity improvement 

and its upgrade in strength utilizing contamination 

free and normal strategies.  

 

As the development business is advancing, the 

utilization of concrete is likewise expanded 

dramatically as we are looking for more grounded 

and strong constructions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These build the concrete usefulness all around the 

world and thusly increment the carbon dioxide 

outflow to the environment. We want to find a 

procedure which can build the strength and 

sturdiness of constructions without expanding the 

utilization of concrete for a superior future. 

 

Beneficial establishing materials (SCMs) are regularly 

utilized in substantial blends to lessen concrete 

substance, further develop functionality, increment 

strength and improve solidness through water 

powered or pozzolanic movement. Silica smoke and 

fly debris are regularly consolidated in concrete as 
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incomplete concrete substitution. All structure 

materials are permeable. This porosity of the 

structure material alongside infiltration of dampness 

and other hurtful synthetics like acids, chlorides and 

sulfates unfavorably influence the substantial and 

diminish the designs strength and life.  

 

An added substance that seals the pores and breaks 

and subsequently lessens the porousness of the 

construction, would gigantically work on its life. 

Expectedly, an assortment of fixing specialists, for 

example, latex emulsions experience the ill effects of 

genuine limits of incongruent interfaces, vulnerability 

to bright radiations, unsteady atomic construction 

and significant expense. 

 

One of the encouraging biomimetic processes in 

nature is done by soil-thriving bacteria [15]. It 

converts sand to sandstone. Later, it was found out 

that, a calcite precipitating bacteria, Bacillus pasteurii, 

was responsible for the binding agent production for 

this conversion. This mineral deposition technique 

can answer for the natural method for the sealing of 

pores and cracks of concrete and mortar.  

 

Bio-mineralization is defined as a biologically 

induced precipitation in which an organism creates a 

local micro-environment with conditions that allow 

optimal extracellular chemical precipitation of 

mineral phases. This can be observed in many 

biological species living in various natural 

environments such as soil, geological formations, 

fresh water bio-films, hot springs, saline lakes and 

oceans.  

 

The exact mechanism behind the microbial calcium 

carbonate precipitation is not found till date. The 

motivation of the present work is to study the effect 

due to addition of Ureolytic bacteria in the 

microstructure, compressive strength and capillary 

water absorption of cement mortar 

 

II. EXPERIMENTAL WORK AND RESULTS 
 

1. Selection of Bacterial Species: 

Various bacterial species were accounted for in 

writing to work on various properties of cement and 

concrete mortar. In any case, the current review 

requires microbes which are non-infectious, that 

make due in the antacid substantial like climate and 

that should be equipped for delivering calcium 

carbonate through the digestion.  

The single celled eukaryotes like microscopic 

organisms and different microorganisms can live and 

repeat provided that they have specific scope of 

natural conditions.  

 

These are temperature, pH, osmotic strain, broken up 

gases and water accessibility. The pH of the new 

concrete is in the scope of 11.5 to 13 and there will 

be ascend in temperature on account of hotness of 

hydration. The ureolytic microorganisms utilized in 

this review ought to be alive in this basic climate and 

furthermore have temperature resistance. Two 

unique non-infectious ureolytic microscopic 

organisms (bacillus), in particular, Bacillus cereus and 

Bacillus sphaericus are tried in this review to actually 

take a look at its endurance in a substantial like 

climate. 

 

Testing of survival of Bacillus sphaericus at in 

concrete-like environment the trial of Bacillus cereus 

failed a different species of the Bacillus group 

Bacillus sphaericus was considered next. The same 

procedure described in the previous section was 

followed to test Bacillus sphaericus. Growth of 

bacteria was observed in the cultures incubated at 

both 37ºC and 50 ºC for all the pH value from 8 to 

12.5.  

 

Table 3.2 presents the temperature and pH tolerance 

of Bacillus sphaericus. It can be seen from the table 

that the bacteria could survive the pH range of 8 to 

12.5 at both 370C and 500C. Therefore it can be 

concluded that this Bacillus species can be suitable 

for fresh concrete (or cement mortar) which has pH 

about11.5 to 13. The above result shows that, this 

species can survive the temperature in concrete (or 

cement mortar) arising out of the heat of hydration. 

  

Test for CaCO3 precipitation in agar plate state 

Section 2.2 presents the mechanism of microbial 

precipitation of calcium carbonate (CaCO3) which is 

responsible for strength in concrete (or cement 

mortar). In order to confirm that selected bacterial 

species is capable of producing calcium carbonate, 

following standard test [23] has been undertaken 

using Calcite Precipitation Agar (CPA). CPA is a solid 

medium for screening of bacterial precipitation of 

calcium carbonate.  

 

Steps involved to carry out this test are as follows: 

 0.6g of Nutrient broth, 5.7g of CaCl2; 0.424g of 

NaHCO3; 2.0g of NH4Cl; 3.0g of Agar, 190ml of 
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distilled water was weighted and taken in a 

200ml conical flask 

 All media components were autoclaved 

 After autoclaving urea is added to the medium. 

 20µl of broth culture was inoculated in the 

center of a plate, and then incubated at 30°C for 

6 days. 

 

Fig. 3.1 presents the precipitation of some material 

on the plate at points A, B, C and D. To characterize 

this material, the precipitation is observed in a field 

emission scanning electron microscope (FESEM). Fig. 

3.2 presents the FESEM images of the precipitation. 

The rod shaped bacteria and the crystalline calcite 

produced by the bacteria are marked in Fig. 3.2. This 

proves the evidence of the formation of calcite 

precipitated by bacteria. 

 

As the trial of Bacillus cereus failed a different species 

of the Bacillus group Bacillus sphaericus was 

considered next. The same procedure described in 

the previous section was followed to test Bacillus 

sphaericus. Growth of bacteria was observed in the 

cultures incubated at both 37ºC and 50 ºC for all the 

pH value from 8 to 12.5. Table 3.2 presents the 

temperature and pH tolerance of Bacillus sphaericus.  

 

It can be seen from the table that the bacteria could 

survive the pH range of 8 to 12.5 at both 370C and 

500C. Therefore it can be concluded that this Bacillus 

species can be suitable for fresh concrete (or cement 

mortar) which has pH about11.5 to 13. The above 

result shows that, this species can survive the 

temperature in concrete (or cement mortar) arising 

out of the heat of hydration. 

 

2. Testing of Specimen for Mechanical Properties: 

Specimens were tested after 7-days and 28-days of 

curing for Compressive Strength and capillary water 

absorption and the effect of bacteria (Bacillus 

sphaericus) on these two mechanical properties are 

studied. The following section presents the results of 

these two tests. 

 

2.1 Compressive Strength Test on Cement Mortar: 

All the mortar cubes are tested in a load controlled 

universal testing machine to obtain the unidirectional 

compressive strength obtained at 7 days and 28 days 

as shown in Table 3.5. The same results are also 

plotted in Figs. 3.3 and 3.4 for 7-day and 28-day 

compressive strength respectively. It can be observed 

from the table and the figures that as the cell 

concentration increase the compressive strengths at 

both 7 days and 28 days increases initially and then 

decreases. The maximum strength occurs at a cell 

concentration of about 107 cells/ml and hence this 

cell concentration can be treated as Optimum 

dosage. 

  

 
Fig 1. Variation of compressive strength with 

variation in cell concentration – at 7 day. 

 

 
Fig 2. Compressive strength – cell/ml graph for 28 

day curing. 

 

 
Fig 3. Cumulative water absorption for various cell 

concentrations. 

was to rule out any possible effect of curing solution on the properties of specimen without 

bacteria. The test results indicate no significant differences in compressive strength and 

capillary water absorption among the two control specimens. 
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Fig 3.3 Variation of compressive strength with variation in cell concentration – at 7 day 
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was to rule out any possible effect of curing solution on the properties of specimen without 

bacteria. The test results indicate no significant differences in compressive strength and 

capillary water absorption among the two control specimens. 
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Fig 3.3 Variation of compressive strength with variation in cell concentration – at 7 day 
 

 

 

 

 

 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Control 

specimen 

 

 

 

 

 

 

 

 

 

 

 
 

10⁵  10⁶ 10⁷ 10⁸ 10⁹ 

Cell concentration (cells/ml) 

C
o

m
p

re
s
s
iv

e
 s

tr
e
n

g
th

 (
M

P
a
) 

C
o

m
p

re
s
s
iv

e
 s

tr
e
n

g
th

 (
M

P
a
) 



 Varugu. Kalpana.  International Journal of Science, Engineering and Technology, 2021, 9:6  

Page 4 of 5 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

III. CONCLUSIONS 
 

The significant ends drawn from the above study are 

recorded as follows: To work on the properties of 

concrete mortar or cement the fitting microscopic 

organisms ought to be chosen reasonably. For 

instance, Bacillus cereus couldn't get by in the given 

climate while another Bacillus species Bacillus 

sphaericus made due. 

 

Expansion of microscopic organisms alone can't work 

on the properties of cement/concrete mortar. An 

Ureolytic microorganism requires urea and a 

wellspring of calcium to create CaCO3. Bacillus 

sphaericus viewed as not changing the ordinary 

consistency and setting season of the concrete glue. 

Compressive strength (at 7-day and at 28-day) of 

mortar 3D shape viewed as expanding with the 

increment of microbes focus up to 107 cells/ml. 

Nonetheless, further increment of microbes focus 

found to lessen the compressive strength of concrete 

mortar. 

 

The ideal dosages of microbes found to build the 

normal compressive strength by 58% (at 7-day) and 

23% (at 28-day) over the control example. The more 

expansion in strength following multi day restoring 

might be because of the presence of supplement 

medium and it getting exhausted as it arrives at 28 

days and causing demise of microbes. [20] 

 

To check whether the increment in strength is 

because of the expansion of urea and calcium 

chloride in relieving water one bunch of control 3D 

squares were restored in a similar arrangement and it 

was viewed as that there was irrelevant (4%) variety 

in the strength. The base combined water 

assimilation is acquired for a cell grouping of 109 

cells/ml. Ideal portion of bacterial cell focus found to 

expand the total water retention over the control 

example. 

 

The morphology of the bacterial calcite was 

discovered by FESEM. It shows the immediate 

inclusion of microorganisms in calcite creation. We 

can see pole formed impressions which is reliable 

with the elements of the microscopic organisms on 

the calcite precious stones. This is coordinating with 

the past study [20, 12, and 18]. 

 

It very well may be seen that the calcite gems are 

lamellar rhombohedra or hexagonal in shape and 

thin molded aragonite precious stones of calcium 

carbonate which are the forerunners of calcite. This 

shows the framework takes into account the 

persistent development of calcite [20]. It tends to be 

plainly seen that the bar formed ones are more in 

multi day restored shapes and hexagonal ones are 

less and as days expands the hexagonal precious 

stone fixation increments. From the written works 

[20] it tends to be noticed that the bar molded 

constructions are aragonite gems of which are the 

forerunners of development of calcite precious 

stones. 

 

The XRD investigation was led for bacterial and 

control mortar solid shapes. The XRD result following 

multi day relieving shows the presence of more 

calcite tops in bacterial mortar test than the control 

example. Presence of more calcite tops means the 

presence of more calcite in the example [5]. 

 

A layer was seen to be shaped over relieving water of 

bacterial example following a couple of days. The 

XRD investigation of this layer affirmed that this layer 

is of calcite. This layer was not seen on the relieving 

arrangement with control example. It very well may 

be closed from this data that calcite was delivered by 

microscopic organisms which is answerable for the 

worked on compressive strength of mortar 3D shape. 
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