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Abstract— The cementing properties of materials are 

responsible for the sustainability of any structure. In the 

present study gives a layout of the improvement of durability 

of a structure by introducing an ureolytic bacteria. The 

bacteria which are capable of CaCO3 production in a common 

metabolic process are called as Ureolytic bacteria. The 

Ureolytic bacteria having a special quality for healing the 

crack and can strengthen the structure to make it more 

durable. Different tests have conducted like consistency and 

initial setting time are done to discover the impact of bacterial 

arrangement on cement. Tests such as compressive strength 

and sorptivity test are utilized as a part of the present 

examination to recognize the variety in the mechanical 

properties of cement mortar. The UV- spectrophotometer is 

use to know the wave-length of the absorbance from that the 

beer Lamber’s law can be verified i.e. concentration is 

directly proportional to wave length. The bacteria which are 

introduced in the mortar by replacing the water with the 

bacterial solution can gives low sorptivity and high 

compressive strength at a particular range which has been 

founded during the investigation. 
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I. INTRODUCTION 

Cement is regarded as a standout amongst the most essential 

building materials in the development segment on the planet. 

It has the adhesive property which helps in gaining strength 

and durability. Now- a-days the construction industry is 

progressing and people are looking for more grounded and 

strong structures, the usage of cement is also increasing 

drastically. Thus the global productivity of cement increases 

and as a result, it increases carbon dioxide discharge to air. 

The researchers have to discover a method which will 

improve the strength and durability of structure, thereby 

limiting use of cement in future. Researcher found a calcite 

precipitating microscopic organisms which is in charge of the 

more prominent strength in cement adhesion. Ureolytic 

bacteria are the ones which through Bio-mineralization 

process seal the pores and splits of concrete and mortar. Bio-

mineralization can be illustrated as a naturally initiated 

precipitation in which a creature makes a nearby 

microenvironment with conditions that permit ideal 

extracellular concoction precipitation of mineral stages. This 

can be seen in numerous Biological species living in different 

common habitats, for example, soil, geographical 

arrangements, crisp water biofilms, hot springs, saline lakes 

and seas. To examine the impact because of expansion of 

Ureolytic microorganisms in the engineering property of 

cement and its impact on compressive strength and water 

absorption is our prior concern. Concrete is the most vital 

building materials consider in the construction part on the 

planet. Concrete properties can be refined through its 

distinction in strength and its redesign in durability utilizing 

pollution free and common process. According to the 

advancing is being appeared in construction industry, the 

utilization of cement is additionally expanded exponentially 

for strengthen and durable structures. 

 This expands the comprehensively efficiency of 

cement which can build the carbon dioxide outflow to the 

climate. The examination required a method that could 

expand the strength and durability of structures with no 

expansion in the utilization of cement for a superior future. 

The examination give a thought regarding, a calcite 

precipitating bacteria, Bacillus pasteurii, which is in charge 

of the coupling operator generation for this disscussion. For 

the fixing of pores and breaks of concrete and mortar the 

mineral affidavit strategy (the regular technique) is 

dependable. Organically instigated precipitation in which a 

life form can makes a nearby small scale - condition with 

conditions which permit ideal extracellular substance 

precipitation of mineral stages is called as Bio- 

mineralization. This can be found in different organic species 

living in numerous regular habitats, for example, soil, land 

developments, crisp water biofilms, hot springs, saline lakes 

and seas. The genuine system for the microbial calcium 

carbonate precipitation isn't found yet. The inspiration of this 

examination is to consider the impact on the expansion of 

Ureolytic microscopic organisms in the microstructure, in the 

mechanical properties (compressive strength and slim water 

ingestion) of bond mortar system (the common strategy) is 

dependable. Microorganism from numerous normal living 

spaces has consistently been represented to accelerate 

calcium carbonate both in regular and in research facility 

conditions [7]. A result can be get from preparatory research 

that showed a surface treatment in view of microbial 

carbonate precipitation (biodeposition) with unadulterated 

social orders of Bacillus sphaericus was extremely 

exceptionally successful in diminishing the pervasion 

properties of mortar and concrete contrasted with a treatment 

with ureolytic mixed social orders. 

 Bacillus pasteurii and Bacillus sphaericus produces 

urease, which catalyze urea to make alkali and carbon 

dioxide, which increments of pH in the encompassing where 

particles Ca2+ and CO3- accelerate as CaCO3. MICP (micro-

biological induced calcite precipitation) give realizes a 

movement of complex biochemical responses, which 

incorporates accompanying interest of Bacillus pasteurii, 

urease and high pH content. The method, an alkalophilic soil 

microorganism, B. pasteurii has a fundamental influence by 

delivering urease which hydrolyzes urea to smelling salts and 

carbon dioxide. The smelling salts expands the pH estimation 

of the environment, which thus instigates calcite precipitation 

[8] and Riding [9] itemized that microorganisms and parasites 

can initiate precipitation of calcium carbonate extracellularly 

by various systems which incorporate photosynthesis, 

ammonification, denitrification, sulfate diminishment and 

anaerobic sulfide oxidation [10]. The examination on 

Bacillus pasteurii a typical soil bacterium can actuate the 

precipitation of calcite. Yet, this, a durability contemplate on 
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concrete columns treated with microorganism, displayed to 

acid neutralizer, sulfate and freeze– defrost conditions were 

also analyzed. One of the engaging biomimetic shapes in 

nature is done by soil-thriving microbes [7]. 

 It changes over sand to sandstone. Subsequently, it 

was watched that, a calcite encouraging microscopic 

organisms, Bacillus pasteurii, was accountable for the 

coupling expert making of change. This is the mineral 

declaration methodology which is a characteristic system for 

the settling of pores and breaks of concrete and mortar. Bio 

mineralization is portrayed as a naturally activated 

precipitation in which a living thing influences a nearby small 

scale condition in conditions which to allow perfect 

extracellular chemical precipitation of mineral stages. With a 

specific end goal to conquer the deficiencies of ordinary 

fixing operators, materials with self-recuperating capacity 

can be utilized effectively. Use of urease creating microbes 

tends to these issues successfully, as these proceed to survive 

and develop inside the mortar structure after the underlying 

utilize. Urease helps in mineralization of calcium carbonate, 

by hydrolyzing urea exhibit in nature. It discharges carbon 

dioxide from urea that consolidates with calcium particles 

bringing about testimony of calcium carbonate as calcite. 

 Self-recuperating is portrayed by recovering 

execution after an imperfection happens. Harm directed in 

microbes based self-mending concrete especially identifies 

with expanded durability and spillage counteractive action 

and expanding administration life of concrete structures. 

Mending operator predominantly comprises of microscopic 

organisms and a mineral antecedent compound. To begin 

with critical thought was to pick concrete perfect 

microorganisms. Microscopic organisms ought to survive 

and stay dynamic in the profoundly antacid condition. 

 Since concrete structures are outlined to last no less 

than 50 to 100 years, microscopic organisms ought to stay 

suitable for a drawn out stretch of time. Consequently a 

particular gathering of alkaliphilic spore-shaping 

microscopic organisms was chosen. The thick cellwalled 

spores are delivered by microscopic organisms when living 

conditions turn out to be less great. Spores are portrayed by 

protection from high mechanical and chemical pressure [9] 

and have great degree long life expectancies in torpid state, 

for a few species up to 200 years. 

 The present investigation is done to study the effect 

in addition of Ureolytic bacteria in the microstructure of 

mechanical properties such as compressive strength and 

capillary water absorption of cement mortar. 

II. EXPERIMENTAL PROGRAM 

A. Materials 

1) Cement (OPC 53 grade) 

Ordinary Portland cement of grade 53 (IS: 12269-1987) is 

going to be used for the experimental work. The designed 

strength of OPC 53 grade cement in 28 days shall be 

minimum 53 Mpa or 530 kg/sq cm. Ramco OPC 53 grade 

cement is used for the experimental work which is being 

supplied from Vishal traders, Bhubaneswar. IS 650:1991 

specification is used for standard testing of cement. 

 

 

Compressive strength as per IS: 12269-1987 (N/mm2) 

7 Days 37 

28  Days 53 

Table 1: Compressive Strength of OPC 53 Grade 

2) Sand 

Sand passing through 4.75mm sieve having fineness modulus 

2.71 was used. The total % of sample of an aggregate retained 

on each of a specified series of sieves and the specific gravity 

was 2.64. 

3) Water 

Ordinary drinking water was used during the experimental 

investigation. 

4) Ureolytic bacteria 

Ureolytic bacteria samples of Bacillus cereus and samples of 

E.coli has been taken. The bacteria which are capable of 

CaCO3 production in a common metabolic process are called 

Ureolytic bacteria. Ureolytic bacteria were isolated by the 

inoculating 1ml of serially diluted soil suspension on 

modified urea agar. The Ureolytic bacteria having the healing 

properties to heal the cracks obtained in the structure. 

B. Experimental Process 

The experiments has been done in a proper schedule to study 

the effect of bacteria on the different mechanical properties 

of cement mortar. 

1) Culture of Bacteria 

The steps has to be followed during the experimental work 

are given below. 

1) 5.95gm of Nutrient broth was added to 450 ml water to 

prepare culture media for the bacteria. 

The sample was Autoclaved in autoclaving machine for 

sterilization of micro-organisms. The temperature was 

maintained at 120 ºC and 15 atm pressure for 15 mins. The 

sample was cooled down for further 30 mins and samples 

were taken out. 

 Two samples each of 100 ml Nutrient broth were 

taken separately in flasks. Samples containing E.coli and 

Bacillus cereus were passed through Laminated Air Flow 

chamber to remove air borne. 

 Contamination 1000 micro liter of bacteria was 

added in each flask. Keep it in mind that the chamber should 

not be open more 8 inch when it is used so that it will not 

effect the air flow level inside the chamber. Hands were 

washed through with Ethyl alcohol solution before 

performing the experiment to avoid the contamination. 

 Contamination 1000 micro liter of bacteria was 

added in each flask. Keep it in mind that the chamber should 

not be open more 8 inch when it is used so that it will not 

effect the air flow level inside the chamber. Hands were 

washed through with Ethyl alcohol solution before 

performing the experiment to avoid the contamination. 

2) Survival of Bacteria in Cement Mortar 

1) The Nutrient Broth kept at room temperature was 

transferred to 12 fresh clean oven dried test tubes of 

volume 10ml each. 

2) 10M NaOH was added drop wise to make the pH of 

sample 7-12 for first 6 test tubes containing E.coli and 

similarly for next 6 test tubes containing Bacillus strain. 

3) The samples were placed in incubator for 24 hours at 37 

ºC for 24 hours. 
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4) After incubation of 24 hours at various temperature and 

diverse pH level the development of the bacteria is tested 

for every one of 12 test tubes through turbidity of the 

arrangement. The aftereffects of this test are recorded as 

takes after: 

a) The growth can be visible in cultures with pH 8, 9 and 

10 as the other samples were less turbid. 

b) The pH of fresh concrete is 12. However it reduces and 

becomes 8.5-9.5 after few days. Thus the present sample 

was considered for further experiments. 

C. Fresh Concrete Test 

Standard tests on cement is led for the consistency of cement 

according to Indian standard IS 4031 Part 4 (1988). 

1) 300gm of OPC 53 grade cement was taken in an enamel 

tray and water, one third weight of cement was added. 

2) The paste was thoroughly mixed and placed in vicat’s 

mould. It should be noted that the mould was void free. 

3) The needle was touched to the top of the specimen and 

allowed free fall. The needle completely penetrates the 

mould. Hence sample was rejected. 

4) Another sample of 360gm of cement sample was taken 

and water was added. The above procedure was followed 

again. The depth was 5.5mm from bottom of mould 

which was acceptable. 

Consistency = (Weight of water) x 100/Weight of cement 

1) Centrifugation & UV-Spectrophotometer Test 

1) Six samples of Bacillus cereus eg. A1 (pH 9), A2 (pH 

12.3), A3 (pH 10.2), A4 (pH 11.2), A5 (pH 11.35), A6 

(pH 10.7) are centrifuged using centrifugation Machine 

to remove the unwanted suspended debris from the 

solutions. 

2) The centrifugation machine was operated at 300 rpm for 

5 mins duration. The settled debris were transferred to 

another tube shown in following diagram giving debris 

free solution for absorbance testing. 

3) Similarly, Six samples of E.coli i.e. B1 (pH 12), B2 (pH 

10.3), B3 (p/H 11.2), B4 (pH 11.1), B5 (pH 8.1), B6 (pH 

9.2) are centrifuged using centrifugation Machine to 

remove the unwanted suspends. 

4) In UV spectrophotometer, Ultraviolet and visible (UV-

Vis) absorption spectroscopy measures attenuation of a 

beam of light when it propagates through a sample or 

after reflection from a sample surface. Absorption 

measurements can be at a single wavelength. 

III. RESULT & DISCUSSION 

A. Absorbance vs Wavelength 

Absorbance vs wavelength was plotted using Software 

‘origin pro’ for different pH of bacteria E coli DH5-alpha. 

This shows sample B2 (pink) having pH 11.2 corresponds to 

higher absorbance. According to Beer Lambert law, 

a = k (c) l                         (1)  

Where a = Absorbance of solution & ‘k’ is a constant c = 

Concentration in mg/L 

l = Path length (10 mm in this case) 

 
Fig. 1: absorbance vs wavelength for E. coli DH-5 

 This law implies absorbance is directly proportional 

to concentration. In B2 sample higher absorbance indicates 

higher concentration of ethanol (as lambda max 240 nm falls 

this range) Fermented by E coli DH-5 alpha. Hence, sample 

B2 having high absorbance and pH 11.2 suitable for concrete 

like environment considered for further research. 

 
Fig. 2: Absorbance vs Wavelength for Bacillus Cereus 

 Similarly, for Bacillus cereus UV spectroscopy was 

tested and found that the sample A2 (12.3) has highest 

absorbance and thus by Beer lambert’s law has higher 

concentration of ethanol. Now to findout the best sample to 

be chosen for casting of mortar, we chose the best 3 samples 

from each bacteria and compared the result. Hence, we 

obtained that for sample A1(pH9), A2(pH12.3), A3(pH10.2) 

of bacillus cereus strain and B3(pH11.2), B4(pH9), B5(pH9) 

of E. Coli DH-5 sample to get the exact sample fit for further 

research. 

 The pH of fresh concrete is 12.However it reduces 

and becomes 8.5-9.5 after few days. Thus the present sample 

was considered for further experiments. 

 The properties of cement mortar can be improved by 

suitable choice of bacteria. For example, Bacillus cereus 

and E.coli DH-5 alpha bacteria both survived. However, 

E.coli was preferred as it could grow in high pH medium. 
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B. Compressive Strength Test 

 
Fig. 3: Compressive Strength Test for 7 Days 

 
Fig. 4: Compressive Strength Test for 28 Days 

With increase in bacteria concentration up to 107 cells/ml,the 

7 day and 28 day strength increases. However, it decreases 

thereafter. 

C. Water Absorption Test 

 
Fig. 5: Cumulative Water Absorption (mm) for Different 

Cell Concentration 

From the above graph, it is evident that the cumulative water 

absorption is minimum for the cell concentration 109 cells/ml. 

IV. CONCLUSION 

The aim of present study was to increase the mechanical 

properties of mortar such as compressive strength, water 

absorption using a suitable bacterial species that can survive 

in high pH medium. Bacillus cereus (Gram negative) and E. 

Coli DH-5 alpha (Gram positive) bacteria were grown and 

E.Coli DH-5 alpha was the best for the further research as it 

survives in highpH. Using this sorted bacteria, compressive 

test and water absorption were performed. 

 The properties of cement mortar can be improve by 

suitable choice of bacteria. For example, Bacillus cereus 

and E.coli DH-5 alpha bacteria both survived. However, 

E.coli was preferred as it could grow in highpH medium. 

 With increase in bacteria concentration up to 107 

cells/ml,the 7 day and 28 day strength increases. 

However, it decreases thereafter. 

 The optimum water absorption was found for a cell 

concentration of 108 cells/ml. 
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