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Abstract

This paper presents the results of an experiméntaktigation carried out to evaluate the influente
Bacillus sphaericus bacteria on the compressiength, split tensile strength, flexural strengthea strength,
water absorption and chloride permeability of cetermade without and with fly ash. Cement was eula
with two percentages (10 and 20) with fly ash byighe Three different cell concentration (0,31@,10’
cells/ml) of bacteria were used in making the cetemixes. Tests were performed at the age of 8. dast
results indicated that inclusion of B. sphaeriquély ash concrete enhanced the compressive strergticed
the water absorption and chloride permeabilitylpfalsh concrete. Maximum increase in compressirgngth
15.47% was observed with ®@lls/ml of bacteria. This improvement in strengtas due to deposition on the
bacteria cell surfaces within the pores.

The present work highlights the influence of baeteon the properties of concrete made with
supplementing cementing material such as like §ly. &Jsage of bacteria like B. sphaericus improvesngth
and durability and strength of fly ash concretetigh self-healing effect.

Keywords: Bacterial concrete, Bacillus sphaericosnpressive strength, water absorption, chloridefration.

1 Introduction
Concrete is the most widely used man made congiruntaterial in civil engineering world. It has sgdty of
being cast in any desirable shape but plain com¢r@vever possesses very low tensile strengthiglthductility
and little resistance to cracking. As a matterauftf advancement in concrete technology has besgrajey on
the strength of concrete. It is now recognized #te¢ngth of concrete alone is not sufficient, tlegree of
harshness of the environmental condition to whiohccete is exposed over its entire life is very antant.
Therefore, both strength and durability have tatesidered explicitly at the design stage. To ds thdurable
structure needs to be produced. For concrete bgidione of the major forms of environmental atteck
chloride ingress, which leads to corrosion of thmforcing steel and a subsequent reduction insthength,
serviceability and aesthetics of the structure.sTiiay lead to early repair or premature replacernérthe
structure. A common method of preventing such dmtion is to prevent chlorides from penetratimg t
structure by using relatively impenetrable concrete

The inclusion of supplementary cementing matendtsch serve to refine the pore structure and the
degree of hydration of the concrete. The highlyedeped pore structure occurs due to greater anafurgat of
hydration which inturn depends on the age of cdrcréhis is especially true for concrete containghgwer
reacting supplementary cementing materials sudly ash require a longer time to hydrate. Fly aslyénerally
used as replacement of cement, as an admixture@norete, and in manufacturing of cement. This study
explores the possibility of replacing part of cetneith fly ash as a means of incorporating sigrificamounts
of fly ash. All building materials are porous. Tluerosity of building material along with ingresEroisture
and other harmful chemicals such as acids, chlsrad@ sulfates affect the material and seriousiucge their
strength and life. An additive that seals the paned cracks and thus reduces the permeabilityeotthucture
would immensely improve its life. Conventionally,variety of sealing agents such as latex emulsent
epoxies and surface treatments with water repslleoth as silanes or siloxanes are used to enhhace
durability of the concrete structures. However ytseaffer from serious limitations of incompatibletérfaces,
susceptibility to ultraviolet radiations, unstabdelecular structure and high cost. They also eneataic gases.

In order to overcome the shortcomings of convemticsealing agents, materials with self-healing
capability can be used effectively. Use of ureaselpcing bacteria such as Bacillus sphaericus addsethese
problems effectively, as these continue to sunaméd grow within the concrete structure after thiéahuse.
Urease helps in mineralization of calcium carbonbyehydrolyzing urea present in the environmetnteleases
carbon dioxide from urea that combines with calciioms resulting in deposition of calcium carbonatghe
form of calcite.
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2MATERIALS

2.1 Cement

In this experiment 43 grade ordinary Portland cen{@PC) with brand name JK was used for all
concrete mixes. The cement used was fresh and wtithoy lumps. The testing of cement was done asSer
8112-1989. The specific gravity of cement was fotmbe 3.15.

2.2 Fine aggregate
The sand used for the experimental program wagalaiuer sand (Badami sand) locally procured and
was confirming to zone-Il of IS 383:1970. The sfie@ravity of fine aggregate was found to be 2.54.

2.3 Coarse aggregate
Locally available coarse aggregate having the masinsize of 20 mm and down as per IS 383:1970
were used in the present work. The specific gravityoarse aggregate was found to be 2.78.

2.4 Fly ash

Fly ash has been shown to be an effective addfttorconcrete providing increased cohesion and
reduced sensitivity to changes in water content. &8h used in the experiment was obtained from Heaic
(Karnataka). The class c type of fly ash is used.

2.5 Water
Clean water available in the laboratory, was usedHfe preparation of specimens and for the cusing
specimens.

2.6 Bacteria

The pure culture of Bacillus sphaericus NCIM NO 24¥as obtained from National Collection of Induedtri
Microorganisms, Pune. The sub culture of Bacillpba®ricus was made in a laboratory of Department of
Biotechnology.

3 Resultsand discussion
3.1 Compressive strength

Effect of Bacillus sphaericus bacteria on the 28-dampressive strength of all concrete is given in
Table 7.13 and graphically represented in Fig. [f.ls observed that compressive strength of norcoakrete
and fly ash concrete increased with increase inebiaccell concentration up to X@lls/ml and then there was
reduction in the strength at t@lls/ml. Maximum compressive strength was achieatetifcells/ml for normal
and all fly ash concretes. For reference conci@¥ fly ash) with 18cells/ml bacterial cells, there was 15.47%
improvement in the compressive strength (40.37 MWi#) respect to compressive strength (34.96 MHa) o
reference concrete without bacteria cells. In flgh dbacterial concrete, there was 11.16% and 11.26%
improvement in compressive strength of concreté(l@hd 20% fly ash) with the inclusion of *t8lls/ml
bacterial cells. The improvement in compressivergjth by B. sphaericus is probably due to depasitib
CaCO on the microorganism cell surfaces and withinpgbees, which plug the pores within the binder matri
The results from the study showed that due to sichuof bacteria in normal and fly ash concretengessive
strength was improved which would in-turn incredise overall durability performance of the concretbe
increase in compressive strengths is mainly duélliog of the pores inside the cement mortar cubeéth
microbiologically induced calcium carbonate pret@pon.

A Bacillus sphaericus bacterium for a cell concation of 16 cells per ml of mixing water is obtained
in the time range of 18-22 hours. At this stage growth phase hence it is active and precipiiadee calcite.
Bacterial concentration 1@ells per ml of mixing water are obtained in taege between 22-24 hours. At this
stage, microbes are entering the death phase. Hiemericrobes are not active and they do not pitatgmuch
calcite.
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Table 1: Effect of bacteria (B. sphaericus) on coragive strength of fly ash concrete
L Bacteria Average
Description of . .
concrete concentration compressive
(cells/ml) strength (Mpa)
0 34.96
Concrete with 0% 1073 38.59
fly ash 1075 40.37
107 39.19
0 33.85
Concrete with 10% 1073 36.48
fly ash 1075 37.63
1077 36.67
0 32.22
Concrete with 20% 1073 3341
fly ash 1075 35.85
1077 34.22
Compressive strength
//"'/_,__l—__:—'.
5 i’/'

25 —+—0%fly ash
—B-10%fly ash
20%fly ash

Compressive strength (MPa)

0 1043 1045 1047

Bacterial concetration cells/ml

Fig 1: Effect of bacteria (B. sphaericus) on corspiee strength of fly ash concrete

3.2 Water absorption

The influence of bacteria on the water absorptibeancrete is given in Table 7.65 and graphically
represented in Fig. 7.5. It can be seen from tigisré that with the inclusion of bacteria, watesatption
capacity of normal and fly ash concretes decreasi¢ld the increase in bacteria concentration. Maximu
reduction in water absorption was observed witfcdlls/ml for all normal and fly ash concretes. Howare
concrete with 10% fly ash concrete give 5.20 wateorption (minimum). The presence of bacterialtedin a
significant decrease in the water uptake compawecbntrol specimens. The deposition of a layeraé€iam
carbonate on the surface and inside pores of therete specimens resulted in a decrease of waser@ion
and permeability. Once the pores are sealed, rneduat water ingress is observed. This bacterialoac
deposition can seal the pores, voids and microksraghere other sealants are unable to work throdghce,
from this experiment, it is clear that the preseoica layer of carbonate crystals on the surfacbdmnterial cells
has the ability to improve the resistance of ceitiens materials towards degradation.
Bacterial concentration 1@ells per ml of mixing water is obtained in thexge between 22-24 hours. At this
stage, microbes are entering the death phase. Hiemericrobes are not active and they do not pitatgpmuch
calcite.
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Table 2: Effect of bacteria (B. sphaericus) on slsg@ngth of fly ash concrete

Description Bacteria concentration (cells/ml) Average \{vater
of concrete absorption
0 6.63
Concrete N 6.39
with 0% 10%3 :
fly ash 1075 5.83
107 6.35
0 5.76
Concrete N 553
with 10% 10%3 :
fly ash 105 5.20
1017 5.27
0 6.15
Concrete A 576
with 20% 1073 '
fly ash 1075 5.46
107 5.65
Water absorption
4
6 ._\\ /A
.\.\*.“w""—_—.
5
4 —4—0%fly ash
~=10%fly ash

Water absoption

20%fly ash

0 1043 1045 1047

Bacterial concetration cells/ml

Fig 2: Effect of bacteria (B. sphaericus) on watlesorption of fly ash concrete

3.3 Chloride penetration test

The influence of bacteria on the chloride penairatif concrete is given in Table 7.91 and graphical
represented in Fig. 7.7. It can be seen from flisré that with the inclusion of bacteria, chlorigenetration
capacity of fly ash concretes decreased with tloeease in bacteria concentration. Maximum reduction
chloride penetration was observed witl’cis/ml for all normal and fly ash bacterial costes. However,
concrete with 20% fly ash bacterial concrete ga¥é.23 mg/lit chloride penetration (minimum). Thegence
of bacteria resulted in a significant decreasehie thloride uptake compared to control specimere T
deposition of a layer of calcium carbonate on timage and inside pores of the concrete specimendted in a
decrease of water absorption and permeability. @me@ores are sealed, reduction in water ingseebserved.
This bacterial action deposition can seal the poreils and micro cracks, where other sealantunable to
work through. Hence, from this experiment, it isarl that the presence of a layer of carbonateatsysh the
surface by bacterial cells has the ability to inyerthe resistance of cementitious materials towdedgadation.
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Bacterial concentration 1@ells per ml of mixing water is obtained in thexge between 22-24 hours. At this
stage, microbes are entering the death phase. Hieericrobes are not active and they do not pitatgmuch

calcite.

Table 3: Effect of bacteria (B. sphaericus) on ahl®penetration of fly ash concrete

ra
=
=]

Chloride content at
Description of concrete Bacteria concentrationl¢émll) 30mm depth
(mg/lit)
0 509.33
. 1073 466.00
Concrete with 0% fly ash
1075 340.33
1077 409.67
0 436.00
. 1073 406.33
Concrete with 10% fly as
1075 307.00
10°7 350.33
Concret 0 416.00
e with 1073 387.00
20% fly 1075 277.33
ash 1007 317.00
Chloride penetration
600
500 e
N\ ,.
E \\ré. —4—0%fly ash
2 300 =
2 ——10%fly ash

100

103 1015 1007

Bacterial concetration cells/ml

20%fly ash

Fig 3: Effect of bacteria (B. sphaericus) on clderpenetration of fly ash concrete

3.4 Scanning electron microscopy

Calcite precipitation in concrete was carried optSEM analysis. The specimens with bacteria diddeselop
any micro cracks, as they did not expand much anléference specimens. Furthermore, many calojsadr
faces show hollow, rod-like impressions of B. Splwaes, where bacteria in contact with the calciteifered
with normal crystal growth. These microscopic oliagons serve to confirm the mechanism of microbédtite
precipitation in concrete. Fig.4 shows the SEM wyietof normal concrete, where in, pores can bdyessen
inside it. Fig.5 and fig.6 shows the presence g$talline calcium carbonate associated with baatdihe SEM
analysis of concrete with Bacillus Sphaericus la®aled distinct calcite crystals embedded in aarcHigh
calcium amounts in it confirmed that calcite wasgant in the form of calcium carbonate due to bect@he

deposition of calcite serves as barrier to harmfilstances and thus improves impermeability.
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Figure 6: SEM picture of Concrete showing bacteridlced calcite deposition in micro cracks
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4, Conclusions

Bacteria Bacillus sphaericus plays a significam iia increasing the compressive strength of normal
concrete by up to 15.47% and fly ash concrete uplté6% and 11.26% for 10% and 20% fly ash as
replacement of cement respectively as compareefémance concrete at a particular cell concentratio
i.e. at 10 cells/ml.

The increase in compressive strength is mainlytdumnsolidation of the pores inside the normal and
fly ash concrete with bacteria induced calcium oagie precipitation.

Bacillus sphaericus causes reduction in water ghisor, and chloride penetration which could in turn
increase durability of concrete structures.

5. Suggestions for futureresearch

This study could also be conducted for other tygfeement.
Long term investigation of the properties couldoatse carried out. For which, investigations are
already in progress and would be communicatedturdéupublications.
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