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Abstract 

Micro cracks formed in concrete allow moisture ingress to the central core and cause slow damage. It has been studied that a certain 

ureolytic bacteria called Bacillus Sphaericus, reacts with moisture to form CaCo3 which is used as a protective sealant against 

degrading factors. The objective of the present investigation is to study the influence of bacterial species i.e. B.sphaericus on the 

mechanical properties of baggage replaced concrete. Here we have made an attempt to incorporate dormant bacteria in the concrete 

matrix which will contribute to the strength of the concrete. Water which enters the concrete will activate the dormant bacteria 

which in turn will give strength to the concrete through the process of metabolically mediated calcium carbonate precipitation. In 

this work we have studied the effect of this bacterium in concrete by varying measures of bacteria in bagasse ash replaced concrete. 

Concentration of 105 cells/ml of bacteria was used in making the concrete mixes. Tests were performed for compressive strength, 

Split tensile strength at the age of 28 days.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

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 overall 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. 

Initiatives are emerging worldwide to control and regulate the management of sub-products, residuals and industrial wastes in 

order to preserve the environment from contamination. Concrete mixtures were made with fly ash additions of 0%, 20%, and 30%, 

and water–cement ratios of 0.35, 0.40, 0.45, and 0.50. Based on the test results, it was concluded that addition of fly ash as an 

admixture increases the compressive strength and long-term corrosion- resisting characteristics of concrete (Maslehuddin, 1989). 

A good solution to the problem of recycling of agro industrial residues would be by burning them in a controlled environment and 

use the ashes (waste) for more noble means (Ghavami et al., 1999). Utilization of such wastes as cement replacement materials 

may reduce the cost of concrete production and also minimize the negative environmental effects with disposal of these wastes. 

Silica fume, rice husk ash, fly ash, met kaolin and ground granulated blast furnace slag are well established wastes with pozzolana 

because of high silica content in their chemical compositions. Zhong and Yao (2008) reported that calcium carbonate precipitation 

by bacteria is an important strategy to remediate cracks in building materials. Bacterial deposition of calcite layer on the specimens 

resulted in a decrease of capillary water uptake and gas permeability. According to Sirirat and Supaporn (2010), the calcium 

hydroxide (unfavorable product from the cement hydration) released during the hydration of OPC reacts with silica present in the 

pozzolana and water to form additional calcium silicate hydrate which is responsible for the compressive strength in concrete. 
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Sugarcane is an important food crop for tropics and subtropics. It is the major raw materials used for sugar production. Sugarcane 

bagasse (SCB) is the waste produced after juice extraction from sugarcane. The Sugarcane bagasse ash (SCBA) is obtained as by 

product of control burning of sugarcane bagasse. In the present experimental work test were carried out to study the influence of 

bacillus Sphaericus bacteria on concrete with three percentage variation of bagasse ash content. Megat (2011) investigated the 

effect of silica fume, metakeolin; fly ash and granulated blast fume on workability, compressive strength, and elastic modulus sand 

porosity of high strength concrete. The paper presents the effect of Sphaericus bacteria, by varying the quantity of bacteria on the 

concrete replaced with different percentage of bagasse ash. Cement was replaced with bagasse ash by 10 and 20 % by weight. The 

cell concentration of 105 cells/ml of bacteria was used in making the concrete mixes. Tests were performed for compressive 

strength, and split tensile strength at the age of 28 days. The present work highlights the influence of bacteria on the properties of 

concrete made with supplementing cementing material. 

II. EXPERIMENTAL INVESTIGATION 

Concrete samples were made using ordinary Portland cement using M20 mix design. Mechanical properties such as compressive 

strength and split tensile strength are evaluated. Compressive strength and split tensile strength test were conducted for concrete 

with varying fly ash (0%, 10% and 20%) and bacteria (0%, 10% and 20%) after 28 days of curing. The different type of mix used 

for the study is mentioned below: 

 Bagasse ash 0 % and bacteria 0% (S0%B) 

 Bagasse ash 0 % and bacteria 10% (S10%B) 

 Bagasse ash 0 % and bacteria 20% (S20%B) 

 Bagasse ash 10 % and bacteria 0% (10%A0%B) 

 Bagasse ash 10 % and bacteria 10% (10%A10%B) 

 Bagasse ash 10 % and bacteria 20%(10%A20%B) 

 Bagasse ash 20 % and bacteria 0% (20%A0%B) 

 Bagasse ash 20 % and bacteria 10% (20%A10%B) 

 Bagasse ash 20 % and bacteria 20% (20%A20%B) 

 Material properties 

Properties of cement namely, specific gravity, consistency, and setting time were conducted and the values are tabulated in Table 

1. Similarly the properties of fine and coarse aggregate such as specific gravity, water absorption, fineness modulus, bulk density 

are reported in Table 2. The sugarcane bagasse consists of approximately 50% of cellulose, 25% of hemicelluloses and 25% of 

lignin. Each ton of sugarcane generates approximately 26% of bagasse (at a moisture content of 50%) and 0.62% of residual ash. 

The residue after combustion presents a chemical composition dominates by silicon dioxide (SiO2). In spite of being a material of 

hard degradation and that presents few nutrients, the ash is used on the farms as a fertilizer in the sugarcane harvests. In this 

sugarcane bagasse ash was collected during the cleaning operation of a boiler operating in the Sakthi Sugar Factory, located in 

Tamilnadu. The chemical composition of sugarcane bagasse ash is given in Table 3. 
Table - 1 

Cement properties 

S. No Properties of cement value 

1 Consistency of cement 36% 

2 Initial setting time 30 min 

3 Final setting time 305 min 

Table - 2 

Properties of fine and coarse aggregate 

Properties Fine aggregate Coarse aggregate 

Bulk density 1672 Kg/m3 1650 Kg/m3 

Specific gravity 2.15 2.7 

Water absorption 1.02 % 1.14 % 

Moisture content 0.16 % - 

Table - 3 

Properties of bagasse ash 

S.No Chemical composition Mass  % 

1 Silica (SiO2) 66.89 

2 Alumina and Ferric Oxide (Fe2 O3) 29.18 

3 Calcium Oxide (CaO) 1.9 

4 Magnesium Oxide (MgO) 0.82 

5 Sulphur Tri Oxide (SO3) 0.57 

6 Loss of Ignition 0.73 
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 Specimen Details 

The specimens considered in this study consisted of 36 numbers of 150mm side cubes, 27 numbers of 150mm diameter and 300mm 

long cylinders. The mix design of concrete was done according to Indian Standard guidelines 6-9 for M 20 grade for the granite 

stone aggregates and the water cement ratio are 0.48.  Details of the cubes casted with 20 % replacement of bagasse ash, with 

varying proportions of bacteria (0%, 10%, and 20%) are shown in Fig. 1. The curing of the concrete cubes is shown in Fig. 2. 

 
Fig. 1: Cubes with 20 % replacement of bagasse ash 

 
Fig. 2: Curing of concrete cubes 

 Test Methods 

Based upon the quantities of ingredient of the mixes, the quantities of SCBA for 10 and 20% replacement by weight were estimated. 

The ingredients of concrete were thoroughly mixed in mixer machine till uniform thoroughly consistency was achieved. Before 

casting, machine oil was smeared on the inner surfaces of the cast iron mould. Concrete was poured into the mould and compacted 

thoroughly using table vibrator. The top surface was finished by means of a trowel. The specimens were removed from the mould 

after 24h and then cured under water for a period 28 days. The specimens were taken out from the curing tank just prior to the test. 

The tests for compressive, split tensile strength were conducted using a 2000kN compression testing machineMechanical properties 

such as compressive strength and split tensile strength was evaluated. Compressive strength and split tensile strength test were 

conducted for concrete with varying bagasse ash (0%, 10% and 20%) and bacteria (0%, 10% and 20%) after 28 days of curing. 

 Compressive Strength Test  

Compressive strength test usually gives an overall picture of the quality of concrete because strength is directly related to the 

structure of the hydrated cement paste. The compression test is an important concrete test to determine the strength development 

of the concrete specimens. Compressive strength tests were performed on the cube specimens at the ages 28 days.  

 Splitting Tensile Strength  

The split tensile strength is a more reliable technique to evaluate tensile strength of concrete (lower coefficient of variation) 

compared to other methods. The split tensile strength of 150 mm diameter and 300 mm high concrete cylindrical specimens was 

determined to assess the effect of bacteria on the tensile properties of the concrete.  
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III. RESULT AND DISCUSSION 

The compressive strength of nine different types of concrete mix replaced with bagasse ash and Sphaericus bacteria are listed in 

Table 4 to Table 6. The compressive strength of standard concrete cube without ash and bacteria has a maximum value of 43 

N/mm2. With the addition of 10% and 20% of bacterial, the strength decreases to 41.9 and 34.6 N/mm2. The concrete mix with 10 

% replacement of cement with bagasse ash shows variation in compressive strength from 32.6, 34.8, 33 N/mm2 for addition of 0%, 

10 % and 20% bacteria respectively. The concrete mix with 20% replacement of cement with ash shows least compressive strength 

of 22.4 N/mm2, 21.6 N/mm2 and 17.6 N/mm2 for addition of 0%, 10 % and 20% bacteria respectively. The variation of compressive 

strength for three trial mix is shown in Fig. 3.  
Table - 4 

Compressive strength of bacterial concrete without bagasse ash   

Proportion Weight of the cube (kg) Load (kN) Compressive strength (N/mm2) 

S0%B 

 

8.140 840 37.33 

8.200 1035 46 

8.090 1030 45.77 

S10%B 

 

8.240 960 42.66 

8.160 900 40 

8.160 960 42.66 

S20%B 

8.020 770 34.22 

8.360 790 35.11 

8.100 800 35.55 

Table - 5 

Compressive strength of bacteria concrete with 10 % bagasse ash  

Proportion Weight of the cube (kg) Load (kN) Compressive strength (N/mm2) 

10%A0%B 

8.042 710 31.55 

8.237 660 29.33 

8.341 830 36.88 

10%A10%B 

8.810 780 34.66 

8.200 810 36 

8.320 760 33.77 

10%A20%B 

8.400 860 38.22 

8.042 660 29.33 

8.112 710 31.55 

Table - 6 

Compressive strength of bacteria concrete with 20% bagasse ash 

Proportion Weight of the cube (kg) Load (kN) Compressive strength (N/mm2) 

20%A0%B 

8.321 400 17.77 

8.341 480 21.33 

8.297 550 24.44 

20%A10%B 

8.157 440 19.55 

8.204 510 22.66 

8.999 510 22.66 

20%A20%B 

8.219 366 16.26 

8.197 430 19.11 

8.301 400 17.77 

 

    
   Fig. 3: Compressive strength of concrete cubes                               
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The split tesile strength of bacterial concrete is given in Table 7. The split tensile strength of standard concrete cylinder without 

ash and bacteria has a maximum value of 1.89 N/mm2. With the addition of 10% and 20% of bacterial, the strength is 1.89 N/mm2 

1.76 N/mm2 respectively. The concrete mix with 10 % replacement of cement with bagasse ash shows variation in tensile strength 

from 1.56 N/mm2, 1.56 N/mm2, and 1.69 N/mm2 for addition of 0%, 10 % and 20% bacteria respectively. The concrete mix with 

20% replacement of cement with ash shows tensile strength of 1.69 N/mm2, 1.56 N/mm2 and 1.41 N/mm2 for addition of 0%, 10 

% and 20% bacteria respectively. The variation of tensile strength for nine type of concrete mix is shown in Fig. 4.  
Table - 7 

Split tensile strength of bacterial concrete cylinder 

S. No Specimen identification Split tensile strength 

1 S0%B 1.89 

2 S10%B 1.89 

3 S20%B 1.76 

4 10%A0%B 1.56 

5 10%A10%B 1.56 

6 10%A20%B 1.69 

7 20%A0%B 1.69 

8 20%A10%B 1.56 

9 20%A20%B 1.41 

 

 
Fig. 4: Split tensile strength of cylinder       

IV. CONCLUSION 

The compressive strength of fly-ash based bacterial concrete was found to be lesser than that of the conventional cement based 

concrete.  With the addition of 10% bacterial solution the strength does not vary much but with the addition of 20 % bacteria the 

strength reduces significantly. The split tensile strength does not vary much for specimen without bagasse ash. For specimen with 

20% ash and 20% bacteria show the least tensile strength when compared to all other concrete mix which has more or less same 

value of split tensile strength. From the work it has been concluded that the concrete specimen with addition of bacteria does not 

show much improved mechanical strength. 
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