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Self Healing Concrete or Bacterial Concrete

Kaushik Bokarde

Abstract: Cementitious hollow tubes were made by extrusion and used as healing agent containers that were embedded within the
mortar matrix to get self-healing properties. Natural materials area unit remarkably economical as a result of they fulfill the advanced
needs posed by the biological functions and that they do thus mistreatment as very little material as potential. Most natural materials
area unit advanced composites whose mechanical properties area unit typically outstanding, considering the weak constituents from
that they're assembled. Moreover, most natural materials area unit property, utile and, once disposal is important, perishable, creating
them a model for environmentally acutely aware engineering. These advanced structures, that have up from many millions years of
evolution, area unit inspiring Materials Scientists within the style of novel materials. Most living tissues or organisms will heal
themselves, provided the incurred harm is moderate. Most designed materials area unit developed on the premise of the harm
interference paradigm and deteriorate with time irreversibly, that limits the lifetime of varied parts and generally causes ruinous harm.
it'd be then terribly fascinating to implement the power of self-healing in inorganic materials. thus there was a demand to develop
Associate in Nursing intrinsic bio-material, a self-repairing technique which might rectify the cracks and fissures developed in
concrete. Bio-concrete may be a material which might with success rectify cracks in concrete. this system is very fascinating as a result
of the activity of crack redress is eco-friendly and natural. The result on compressive strength, water absorption and water porosity of
cement concrete cubes because of the blending of microorganism is additionally mentioned during this paper. it had been found that the
utilization of true bacteria Megaterium improves the compressive strength and stiffness of concrete .Bactria improves the structural
properties like strength, water porosity, sturdiness and compressive strength of the conventional concrete that was found by the activity
style of experiment on too several specimens had variable sizes utilized by different researchers for his or her study of microorganism
concrete as compared with the traditional concrete and from the experiment it had been additionally found that use of sunshine weight
mixture together with microorganism helps in self healing property of concrete.
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admire the plant seeds. The spores area unit of terribly thick
wall and that they activated once concrete begin cracking
and water eliminate into the structure. The pH scale of the
extremely basic concrete lowers to the values within the
vary ten to eleven.5 wherever the microorganism spores
become activated. However, it's sensitive to crack formation
attributable to its restricted strength. These cracks endanger
the sturdiness of concrete buildings as aggressive liquids and
gases might penetrate into the matrix on these cracks and
cause additional harm. Hence, inspection, maintenance and
repair of concrete cracks area unit all indispensable. it's been

1. Introduction

In trendy days, the utilization of technology has taken the
standards of construction to a brand new high level.
differing types of procedures, strategies and materials area
unit wont to attain a awfully sensible, property and
economic concrete construction. however because of human
mistakes, incorrect handling and unskilled labors. Associate
in Nursing economical building is tough to sustain its
designed life. several issues like weathering, cracks, leaks
and bending etc., arises once the development. The common

downside found in buildings is Crack. Crack could also be

because of several reasons. Some reasons area unit listed

below, ¢ Concrete expands and shrinks because of

temperature variations. * Settlement of structure.

¢ Due to significant load applied.

e Due to loss of water from concrete surface shrinkage
happens.

o Insufficient vibration at the time of giving birth the
concrete.

e High water cement magnitude relation to create the
concrete feasible.

o Due to corrosion of reinforcement steel.

e Many mixtures with speedy setting Associate in strength
gain performance have an magnified shrinkage potential.

There area unit moderate techniques to repair the cracks in
concrete by itself referred to as Self-Healing Concrete. This
microorganism redress technique surpasses different
techniques because it is bio-based, eco-friendly, cost-
efficient and sturdy. Concrete may be a extremely basic
material, the microorganism value-added is capable of
withstanding alkali setting. Strains of the genus true bacteria
are found to achieve high basic setting. The microorganism
survive within the high basic setting that shaped spores

estimate that, in u. s. of America, the annual economic
impact is around at $18-21 billion, in Asia at $2 trillion, in
Europe, five hundredth of the annual construction budget is
spent on rehabilitation and repair of existing structures, and
for uk, almost 45%.

2. Detailed Description
2.1 Materials

Concrete is that the most generally used artifact within the
world however, however, encompasses a negative
characteristic. Concrete may be a product wherever cracks
will occur. The larger cracks produce a risk that reinforces
rust. Cracks thus need to be repaired, however this is often
dear and also the labor is intensive. there's analysis drained
European nation that is geared toward the probabilities of
Self-Healing Concrete, victimization carbonate
manufacturing bacterium. So as to create self-healing
concrete, Self-healing concrete is formed by causing
alkaliphilic bacterium into the concrete. as a result of the
high pH-value of concrete, solely alkaliphilic bacterium will
survive during this mixture.
e Cement — Cement may be a binder material, normal
hydraulic cement (OPC) of fifty three grade was used. The
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physical and chemical properties of cement area unit as
per 1S:12269 (1987b).

e Fine aggregate— Stream sand passing through four.75mm
IS sieve and confirming to zone-1 of 1S:383 (1987a) was
used. the precise gravity was found to be a pair of.3.

o Coarse aggregates — It's crushed stones of most size 20mm
and preserved on four.75mm IS sieves.

o Water — Potable water for typical concrete.

o Bacterial water - consisting of 105 cells of Bacillus
megaterium / millilitre of water.

o Metal sheet - skinny metal sheet of thickness 0.3mm to
introduce a synthetic crack within the brittle concrete
specimen up to a depth of 20mm.

2.2 Self-Healing Mechanism
Unlike regular concrete, self-healing concrete contains

microorganism known as true bacteria pasteurii, beside a
kind of starch that is food for the microorganism. These

Cracks is well by mistreatment carbonate causative micro-
organisms. These organisms are embedded within the
concrete matrix when immobilization on diatomite in
microcapsules or in SAP, and can begin the precipitation of
CaCO3 once a crack happens. Through this method the
microorganism cell are coated with a layer of carbonate,
leading to crack filling. customary procedures ar being
developed so as to check the effectiveness of various self-
healing approaches against each other. The aim of those
procedures is to analyse the regain in liquid tightness and
mechanical properties. Another procedure focuses on the
sturdiness of self-healing concrete with relation to
permeation and chloride ingress. In the case of dynamic
cracks in structures beneath cyclic load (e.g. because of
traffic or temperature variations), encapsulated elastic
polymers is used. whereas cracks well with CaCO3 would
open up upon reloading and new cracks would type within
the case of rigid polymers, elastic polymers ought to be
ready to bridge cracks of skyrocketing dimension. Thus, for
this explicit application, strength regain isn't as necessary as
an efficient waterproofing of cracks. Adhesive properties
and strain capability of elastic chemical compound healing
agents in commission ar assessed. While fly-ash and blast-
furnace dross concrete appear to be inferior with relevancy

microorganism keep dormant within the concrete till a crack
forms and air gets in. this alteration wakes up the
microorganism and leads them to eat the starch that has been
else to the concrete. because the microorganism eat, grow
and reproduce, they expel spar, that could be a kind of
carbonate. once the spar bonds to the concrete, it fills the
crack and seals it up Concrete has AN autogenic healing
capability as unhydrated cement is gift within the matrix.
once water contacts the unhydrated cement, any association
happens. moreover, dissolved carbonic acid gas reacts with
Ca2+ to make CaCO3 crystals. These 2 mechanisms,
however, could solely heal tiny cracks. to boost the healing
mechanism, microfibresar else to the mixture. By admixture
microfibres within the concrete, multiple cracking happens.
So, not one wide crack, however many tiny cracks are
fashioned, that shut a lot of simply thanks to autogenic
healing.

the first age microstructure and strength development, their
self-healing capability is abundant higher, exactly
attributable to the low association degree of the dross and
fly-ash particles. Upon cracking, the unreacted particles is
activated once more so as to shut the crack and to regain
water impermeableness and strength. The quality of various
kinds of alkali-activators (e.g. NaOH, KOH or salt solution)
has been investigated.
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2.3 Various types of bacteria used in concrete

o Bacillus pasteurizing
o Bacillus subtilis

o Bacillus pseudofirmus
o Bacillus pasteurii,
o Bacillus sphaericus
o Escherichia coli

o Bacillus subtilis

o Bacillus balodurans
o Bacillus cohnii,

Preparation of Bacterial Concrete

Bacterial concrete can be prepared in two ways,

e By direct application

¢ By encapsulation in lightweight concrete

In the direct application methodology, microorganism spores

and calcium lactate is further into concrete directly once
combining of concrete is completed. The employment of this

Bacterial spores

Organics

Among these two methods encapsulation method is
commonly used, even though it’s costlier than direct
application.

Chemical Process of Self Healing or Bacterial Concrete
Self-healing concrete may be a results of biological reaction
of non-reacted rock and a metallic element primarily based
nutrient with the assistance of microorganism to heal the
cracks appeared on the building.Special sort of bacteria's
referred to as Bacillus are used beside metallic element
nutrient referred to as Calcium lactate.

Also referred to as Bio-Concrete; this sort of concrete uses
an easy method to shut the shaped crack. The most
mechanism is achieved by creating a concrete mixture that
contains (i) a precursor like salt (Ca(C3H502)2) and, (ii)
microorganism planted in small capsules (or simply
additional tothe mixture) which will later germinate, once
the water reaches the crack.

As before long because the microorganism germinate, they
manufacture rock (CaCo3) caused by the multiplying
microorganism.When the water comes up-to-date with the
unhydrated metallic element within the concrete, lime
hydrate is made by the assistance of microorganism, that
acts as a catalyst. This lime hydrate reacts with
atmospherical CO2 and forms reaction .

microorganism and salt doesn’t modification the
conventional properties of concrete. once cracks ar occurred
within the structure thanks to obvious reasons.

The microorganism are exposed to environmental condition
changes. Once water comes in reality with this
microorganism, they germinate and go after salt and
produces stone. So protecting the cracks.

By encapsulation methodology the microorganism and its
food i.e. salt, are placed within treated clay pellets and
concrete is ready. Concerning 6 %of the clay pellets are
further for creating microorganism concrete.

When concrete structures are created with microorganism
concrete, once the crack happens within the structure and
clay pellets are broken and also the microorganism
germinate and eat down the salt and manufacture stone, that
hardens and so protection the crack. Minor cracks
concerning 0.5mm dimension are often treated by
microorganism concrete.

Ca0 +H,0 — Ca(0OH),

Ca(OH),+C0, — CaCly+ H,0

The limestone then hardens itself and seals the cracks in the
concrete.

The process of calcite precipitation is influencedby the
decomposition of urea by bacteria, with aid of thebacterial
urease enzyme. As a result of metabolism ofbacteria species
give urease, that catalyses urea toammonia and carbonate.
Further these componentshydrolyze to carbonic acid and
ammonium chloride thatleads to the formation of calcium
carbonate (calcitecrystal).

CO(NH2)2 + H20 — NH2COOH + NH3 (1)
NH2COOH + H20 — NH3 + H2CO3 (2)

H2CO03 <> HCO3 - + H+ (3)

2NH3 + 2H20 <> 2NH4 + + 20H- (4)

HCO3 - + H+ + 2NH4 + + 20H- <> CO3 2- + 2NH4 + +
2H20 (5)

Autonomous crack repair of bacterial self healing
concrete

Concrete take a look at specimens were ready during which
a part of the combination material, i.e. the 2-4 millimetre
size category, was replaced by equally sized expanded clay
particles loaded with the organic chemistry self-healing
agent. Before application, loaded expanded clay particles
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were oven-dried till no more weight loss because of water
evaporation was determined (one week at 40°C).
management specimens had the same combination
composition however these expanded clay particles weren't
loaded with the bio-chemical agent. each kinds of expanded
clay particles (empty for management specimens and loaded
for microorganism specimens) were Composition of
concrete specimens. The amount of sunshine weight
combination applied during this case represents five
hundredth of the entire combination volume. Replacement
of such a high fraction of sand and gravel for expanded clay
has consequences for strength characteristics of the derived
concrete. during this specific case a five hundredth decrease
in compressive strength was determined when twenty eight
days hardening compared to specimens of comparable
combination composition while not replacement of sand and
gravel fractions for expanded clay particles. though the
expanded clay-based specimens featured a considerable
decrease in strength, crack-healing capability of specimens
during which expanded clay particles were loaded with
bacterium and organic mineral precursor

Table 1: Composition of Concrete specimens. LWA refers
to Liapor Sand R % expanded clay particles

Compounds Volume (cm®) | Weight (g)
2-4mm LWA 196 167
1-2mm LWA 147 125
0.5-1mm Sand 147 397
0.25-0.5mm Sand 128 346
0.125-0.25mm Sand 69 186
Cement CEMI 42.5N 122 384
Water 192 192
Total 1001 1796
compound (calcium lactate) appeared considerably

improved. The self-healing capability of pre-cracked
concrete slabs sawed from 56 days (2 months) water cured
concrete cylinders make up my mind by taking light-weight
microscopic  pictures before and when porosity
quantification. For the latter, pre-cracked concrete slabs
were affixed in aluminiumring and mounted in a custom
created porosity setup. Crack formation in concrete
specimen slabs (10 cm diameter, 1.5 cm thickness) was
achieved by controlled application of compressive-tensile
stress (Fig. 3, left picture) at the two months cured
specimens. induced cracks featured crack length of eight cm
running from prime to bottom of specimen and a crack
breadth of zero.15 millimeter running utterly through the
one.5 cm thick specimen. when crack induction, each sets (6
of each) of management (added distended clay particles
neither loaded with microorganism spores nor with organic
compounds) and microorganism concrete specimens (added
distended clay particles loaded with each microorganism
spores and organic compounds) were submerged for 2
weeks in water at temperature. later on, porosity of all
cracked specimens was quantified by automatic recording of
water percolation in time throughout a twenty four hours
amount Comparison between microorganism and
management specimens discovered a major distinction in
porosity and so in self-healing capability. whereas cracks of

all six microorganism specimens were utterly sealed leading
to no measurable porosity (percolation of zero cubic
centimetre water /h), solely a pair of out of six management
specimens appeared absolutely cured. The four different
management  specimens  featured  porosity  (water
percolation) values between zero and a couple of mi/h.
Microscopic examination of cracks water discovered that in
each management and microorganism  specimens
precipitation of Ca carbonate-based mineral precipitates
occurred. However, whereas up to the mark specimens
precipitation mostly occurred close to the crack rim effort
major components of the crack sick, economical and
complete healing of cracks occurred in microorganism
specimen as here mineral precipitation occurred
preponderantly among the crack itself .

Compressive & Flexural test of Self-Healing or Bacterial
Concrete and Normal Concrete

Standard check were conducted on traditional concrete and
self-healing concrete. Check conducted were Compressive
and flexural strength tests on a concrete cube for seven and
twenty eight days.

Compressive Strength check result for seven and twenty
eight days for microorganism Concrete. once compressive
strength is compared, it's clear that microorganism concrete
performed higher than conventional concrete.

S.N | Days | Normal Concrete | Bacterial Concrete
(N/mm?) (N/mm?)
1 7 20.85 27.10
2 28 30.00 38.95

Compressive Strength Test

Flexural Strength take a look at result for seven and twenty
eight days of microorganism Concrete. From the results we
are able to see that each the compression strength and
therefore the flexural strength of the microorganism concrete
is larger than that of traditional concrete

S.N| Days |Normal Concrete| Bacterial Concrete
(N/mm?) (N/mm?)
1 7 3.90 4.6
2 28 7.05 7.80

Flexural Strength Test

3. Results

With the end to give answer to the objectives of this
research, it is report the best results achieved respecting to
flexural strength and elastic modulus recovery, was obtained
with Sodium Silicate solution.

In the Figure 1, there are results to Sodium silicate solution
with one month after damaging the samples, in this case the
specimens were broken with different breaking opening, and
in this way determined the best opening to output of the
healing agent was 800um.
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Sodium Silicate
(MS1)

LRI average: +12.93%
SRI average: +16.88%
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Results of Sodium Silicate solution with one month

The LRI were all positive, ranging from +8.3% to +27.6%;
to MS11 reach of +14.3% and to MS12 reach until +27.6%.
Similarly, the SRI ranged from +5.8%to +37.3%; to MS11
reach of +11.8% and to MS12 reach until +25.0%. These
results are showed, when the peaks of the re-loading stages
are verticals, demonstrating the recovery of the stiffness of
the samples. This is only visible in samples MS11 and
MS12.

Sodium Silicate
(MS2)

LRI average: +32.43%
SRI average: +28.67%

In the Figure 2, there are results to Sodium silicate solution
with six months after damaging the samples. It is possible to
see, the high stiffness recovery of the samples because the
peaks of the re-loading stages are verticals. The best
recovery of the 4 samples of MS2 were to MS23 and MS24.
The LRI was always positive, ranging from +17.1% to
+70.9%; the MS23 reach of +24.5% and MS24 reaches until
+70.9%.
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Advantages of Self Healing Concrete

Helps to fill the cracks.

Improvement in compressive strength of concrete.

Better resistance towards freeze thaw attack reduction.
Reduction in porosity of concrete.

Reduction in corrosion of concrete.

Helps to scale back maintance and repair.

Self-repairing of cracks with none external aide.
Significant increase in compressive strength and flexural
strength in comparison to traditional concrete.

Resistance towards freeze-thaw attacks.

Reduction in porosity of concrete.

Reduces the corrosion of steel because of the cracks
formation and improves the sturdiness of steel concrete.
Bacillus bacterium ar harmless to human life and thus it
may be used effectively.

Disadvantages of Self Healing Concrete

e Cost of microorganism concrete is double than typical
concrete.

Growth of bacterium isn't sensible in any atmosphere and
media.

The clay pellets holding the self-healing agent comprise
two hundredth of the quantity of the concrete. this might
become a shear zone or fault zone within the concrete.
Design of combine concrete with bacterium here isn't
obtainable any IS code or alternative code.

Investigation of spar precipitate is expensive.

Cost of self healing concrete is double than typical
concrete.

Stiffness Recovery Index SRI(%)

: ¢53.6% ]
------------ ORI SO R WUSRBUNNAS: SRRRRS. SR—
; 4 : :
5 * : §
o i i i i i
700 780 00 850 00 950 1000

Max. CMOD during pre-loading stage (jwm)
Stiffness Recovery Index

o Growth of any bacterium isn't sensible in any atmosphere
media.

e There isn't any is code or alternative code is out there.

o Investigation of spar precipitation is expensive studied.

o Skilled labour is needed.

4. Conclusion

Self-healing concrete is that the best resolution for the
demand of property concrete thanks to its ability of self-
repair and sturdiness. In future, self-healing concrete goes to
play the foremost necessary role in concrete technology.
Introducing the bacterium into the concrete makes it terribly
useful it improves the property of the concrete that is over
the standard concrete. bacterium repair the cracks in
concrete by manufacturing the carbonate crystal that block
the cracks and repair it. glass resolution work as healing
agent throughout six months when damaging was obtained
even 79% of flexural strength recovery, and 53.6% of
modulus recovery, being these a lot of satisfactory values.
Self-healing was measured in terms of decrease within the
crack dimension and depth via visual observation
mistreatment magnifier and digital imaging, camera
photograph and X-ray X-radiation. Researches on the
utilization of fungi to heal the concrete remains lacking.
Study shows that crack healing of microorganism concrete
supported distended porous clay particles loaded with
bacterium and salt, i.e. Associate in Nursing organic bio-
mineral precursor compound, is far a lot of economical than
of concrete of an equivalent composition but with empty
distended clay particles. the rationale for this could be
explained by the strictly chemical processes within the
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management and extra biological processes within the
microorganism concrete. Non-hydrated cement particles
exposed at the crack surface of concrete can bear secondary
association and additionally up to the mark specimens CO2
gift within the bulk water can react with gift portlandite
(calcium hydroxide) particles to supply Ca carbonate-based
mineral precipitates. Latter mineral precipitates can notably
kind close to the crack rim thanks to the comparatively high
solubility of hydrated lime. This method leads to the
precipitation of well higher amounts of Ca carbonate within
the crack as carbonate is during this case not solely directly
made from the conversion of salt in equimolar amounts of
carbonate, however additionally indirectly via the reaction
of metabolically made dioxide. As latter CO2 is made at the
surface of the crack interior itll directly react with
portlandite particles still gift within the crack interior. within
the latter case, portlandite doesn't dissolve and diffuse
removed from the crack surface, however instead reacts
directly on the spot with native bacterially made dioxide to
further carbonate. the method of microorganism salt
conversion so leads to the assembly of in total six carbonate
equivalents, leading to economical crack protection as is
seen in Figure 4B. during this study the potential result of
solely salt addition (without addition of microorganism
spores) on crack healing wasn't thought of. so as to ascertain
the strictly chemical result of salt additions on crack-healing
potential, experiments beneath utterly sterile conditions got
to be performed. The overall conclusion of this work is that
the projected 2 element bio-chemical healing agent,
composed of microorganism spores and an acceptable
organic bio-cement precursor compound, mistreatment
porous distended clay particles as a reservoir may be a
promising bio-based and so property various to strictly
chemical or cement-based healing agents, notably in things
wherever concrete components of a construction don't seem
to be accessible for manual review or repair. However,
before exercise becomes possible, any improvement of the
projected system is required. E.g., the quantity of healing
agent required ought to be decreased so as to become
economically competitive with presently existing repair
techniques and what is more to scale back consequences like
loss in compressive strength.
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