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ABSTRACT
This is the review based study which is beneficial and development step that include bacteria, types of bacteria on the
basis of classification and effects of microbes on different conditions in concrete on the basis of its properties like
strength, durability, absorption of water, insertion of chloride and mineral precipitates of bacteria are good techniques
for the development of bio concrete. This also includes the harmful effects of bio-concrete and the diseases which are
caused by microorganisms. The self-healing ability is not comprehensively tested or analyses at micro, macro and Nano
scale. In macrostructure, self-healing ability is based upon durability criteria of absorption of water, resistance with
chloride and acid. Microstructure level’s tests are done to maximize the validity of consequences. Nanostructure based
study is few but it’s important to review that all the ways of self-healing efficiency of cement depending material is for
developing the new and fresh experimental techniques. Effective self-healing is usually occurred due to the use of
polymers, microorganism and additional cementing material. It is the key issue to find out the self-healing efficiency’s
effect to sealing the crack width successfully. It is reported so far that at least crack of 0.97 mm is healed. Only in one
paper it is reported that the depth of healing of maximum size of crack is 5 mm.

Keywords: Bio concrete, Self-healing concrete, Bio sealant.
INTRODUCTION
Concrete is world-wide used construction material for making different buildings, roads, dams, bridges, storage
tank and many other purposes. Concrete is usually a combination of cement, coarse particles (Crash and Sand) and
water. It is used to design and improve the infrastructures. Concrete has many advantages and disadvantages. Due to
the strength, durability and permeability of concrete, its demand is increasing year by year (Talaiekhozan et al.,
2014). Its demand also increases due to availability, low price and possibility to make the desired size and shape.
Concrete has an age of about 50 year normally, after that because of the effect of weather (effect of sunlight and
rain) it forms cracks. It is impossible to prevent the cracks formation. These cracks allow different chemicals to
entered or penetrate in its structure. In the result of cracks, it loses its durability. Cracks are seen in both plastic and
hardened conditions. In plastic state, cracks are due to shrinkage, settlement and rapid loss of water while in
hardened state, it is due to weather effects, thermal effect and absence of water content (dryness) and many other
reasons (Samani and Attard, 2014; Achal et al., 2011; Warscheid and Braams, 2000; Le Métayer-Levrel et al., 1999)
The bacterial self-healing efficiency of concrete material has an important topic for researchers in
biotechnology and civil engineering (Balazs, 2007; Nosonovsky and Bhushan, 2008). In 1980s, there are few article
related to the concrete self-healing property but after 1990s, a series of papers were published. There are two types
of cracks repairing including active and passive. In Passive treatment only outer surface cracks are sealed while in
active treatment, both outer and inner cracks are healed (Pacheco-Torgal and Labrincha 2013). Chemical compound
used as sealers, such as waxes, siloxane, chlorinated rubbers, polyurethane, epoxy resins and acrylics. These sealers
have some limitations which are as follows; weather effects resistant (moisture sensitivity, poor heat resistant), weak
bonding with concrete material and thermal coefficient between sealers and concrete (Dhami et al., 2012; Van
Tittelboom et al., 2010; De Muynck et al., 2010;De Muynck et al., 2008). Self-healing techniques or active
treatment was occurring independently or spontaneously in many conditions according to crack’s position. It has a
capability of rapid activation upon crack’s formation and its sealing. Bacterial self-healing efficiency of concrete by
the production of calcium carbonate (CaCO3) and for the bacterial self-healing efficiency, there are three main
themes which are as follows;
i.
Bacterial production of calcium carbonate
ii.
Autogenous action.
iii.
By the encapsulation of polymeric compounds (Wu et al., 2012).
Autogenous action is the natural process by which cracks are repaired by water or moisture content. Cracks are
healed by hydration of cemented material or carbonation of calcium hydroxide (Edvardsen, 1999; Ramm and
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Biscoping, 1998). Cracks of about 0.1 to 1.3 mm can be healed by this treatment (Qian et al., 2010; Ahn and Kishi,
2009; Şahmaran et al., 2008; Reinhardt and Jooss, 2003; Clear, 1985). When calcium oxide is mixed with water it
forms calcium hydroxide which will react with atmospheric carbon dioxide and forms calcium carbonate as shown
in equations (1) and (2) which is the greatest source for crack’s healing.
𝐶𝑎𝑂+ 𝐻2𝑂→𝐶a (𝑂𝐻)2
(1)
𝐶a (𝑂𝐻)2+𝐶𝑂2→𝐶𝑎𝐶𝑂3 + 𝐻2𝑂 (2)
BIOMINERALIZATION
It is a phenomenon in which living organism produce mineral ions to stiffen or harden the existing tissues.
These tissues are known as mineralized tissue. Examples are carbonate produced from invertebrates, silicate from
algae and calcium carbonate and phosphate from vertebrates. This process is occurred through biologically
controlled mineralization, it proceed in open environment as a result of bacterial metabolic activity. Biominerals are
produced by the combination of microbial metabolic waste and surrounding environment as shown in Fig 1.
(Rivadeneyra et al., 1994).

Fig 1. (a) bacterial Structure. (b) cell membrane (Negatively charged) surrounded by cell wall (positively charged). (c)
Production of bio minerals by combination of cell wall ions and surrounding ions (Rivadeneyra et al., 1994).

Bio mineralization takes place in anaerobic conditions or in oxic-anoxic surface. It is highly affected by
temperature, nucleation site, concentration of inorganic carbon (dissolved) and Hatree energy (Eh). It was noted that
the production of precipitates of calcium carbonate is interested because of its effective capacity of bonding with
concrete material (Barton and Northup, 2011; Hammes and Verstraete, 2002).
UREOLYTIC EFFECTS AND REMEDIATION OF BACTERIA
The ureolytic effect of bacteria is involved in bio mineralization. Biologically induced mineral precipitation
resulting from metabolic activity plays a vital role in improving the behavior of concrete material. The process of
precipitation of carbonate is quiet clear but all bacteria have an ability to produce the precipitates of calcium
carbonate (Boquet et al., 1973). It is the unique technique for improvement of formation of structural damages in
concrete by injecting or insertion of selective bacteria, by which precipitation of calcium carbonate enhanced in the
form of calcite (which is produced by metabolic activity of bacteria). Bio mineralization is best technique for
remediation (improvement) of cracks in concrete used for building material. The metabolic processes involve in
precipitation occurred are urea hydrolysis, photosynthesis and sulfate reduction (Hammes et al., 2003). Hydrolysis
of Urea, which is biologically controlled reaction that produce carbonate ion without generating protons, is
controlled with the help of enzyme urease. Solid crystalline material is formed when the urea hydrolysis is occurred
in calcium carbonate precipitates. The bonding capability of calcium carbonate precipitated crystals are depending
upon the rate of formation of carbonate and also depend upon the appropriate conditions which is possible to control
the reaction or to produce tight bonding of calcite with concrete (biocement or bioconcrete). Ureolysis is influenced
in the presence of urea in laboratory conditions and (Urea amido hydrolase, EC 3.5. 1.5) is used as a urease enzyme
(Jugnia et al., 2008). Following are steps, (Siddique and Chahal, 2011).
1.

CO(NH2)2+H2O NH2COOH+NH3.
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NH2COOH+H20 H2CO3+NH3.
H2CO3 HCO3-+H+.
2NH3+2H20 2NH4+2OH- (pH INCREASED).
5. HCO3+H++2OH- CO3 2- +2H2O.
6. CO32-+Ca2+ CaCO3 (Carbonate ppt).
7. CO(NH2)2+2H20+Ca2+ 2NH4++CaCO3 (OVERALL REACTION)
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Fig. 1. Research based taxonomy of cement material (Muhammad et al., 2016).
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In the end of reaction, we observed the production of calcium carbonate. Calcium carbonate is used as a suitable
mineral which minimize the pores from deep formations by different reasons. In underground level of water,
calcium is used as important cation where carbonate and bicarbonates are most important anions (Thomas, 2003).
The calcium carbonate precipitation occurring by two ways
i.
Active Nucleation:
In active nucleation bacterial cell’s surface is used as an active site for nucleation. The clusters of cell have a net
electronegative charge which results in the adsorption of calcium ions. The attraction of calcium ion with carbonate
and bicarbonate results in the precipitation of calcium carbonate (Schultze-Lam et al., 1996; Hammes et al., 2003;
Thomas H, 2003; Mitchell and Ferric, 2006).
ii.
Passive Nucleation:
It occurs due to metabolically changes present in the bulk fluid environment surrounding the bacterial cells.
This increases the mineral saturation and induces nucleation (Schultze-Lam et al., 1996). In the ureolysis, this
process occurs from an increase in pH due to ammonification (Stocks-Fischer and Galinat, 1999).
Bio remediation is the process in which we use of either deliberating or naturally introduced bacteria to treat the
contaminated media like subsurface material, soil and water. In many conditions, it is feasible, less expensive and
renewable technique. In bio remediation process, we use bacteria which are highly efficient and minimize the need
of adding costly reagents (Stocks-Fischer and Galinat, 1999).
SELF-HEALING TECHNIQUES AND MEASURED VARIABLE
Van Tittelboom et al (2012) reported that supplementary material is used to improve the micro cracks in
concrete by self-healing effect. This supplementary concrete material has two advantages, decreases the amount of
cement material and increases the repairing efficiency of cracks. Parks et al (2010) found that if bulk quantity of
water which has dissolved calcium, magnesium and sulphates are used to prepare concrete material so this has
ability to heal the crack at micro level. Ahn et al (2012) reported that there was better self-healing effect than the last
studied or it was observed that when sea water and oil are merged with concrete so, the cracks under 50µm were
repaired successfully. Siad et al (2015) was observed when limestone (powdered) used in concrete, it recover or
attain their functionality. Pang et al (2016) have reported that the steel slag (carbonated) act as a greatest self-healing
effects and repaired the cracks of 5mm in length and 20µm in width.
Table 1. Measured variables (width of cracks) and Self-healing techniques (Muhammad et al., 2016).
Techniques

Measured
cracks)

variables

(width

of

References

Bacteria and encapsulation
Immobilization

Healing of 0.970 mm

Qian et al., 2014; Dong et al., 2013

Natural

Healing of 60 µm

Yang et al., 2011; Parks et al., 2010

Polymer

138 µm was completely filled

Snoeck et al., 2014; Elmoaty and
Elmoaty, 2011

Supplementary material

below 200 µm

Huang and Ye, 2014;
Tittelboom et al., 2012

Other (biological & chemical)

Healing of 0.22 mm

Stuckrath et al., 2014

Van

CALCIUM CARBONATE PRECIPITATION IN CONCRETE
Microorganisms which help in the production of biominerals like Bacillus sphaericus and Bacillus peusturii
through metabolic pathway. These are urease positive bacteria which follows the nitrogen cycle. Precipitation of
calcium carbonate crystals by B. subtilis and B. sphaericus are shown in Fig. 2. (Wiktor and Jonkers, 2011; Jonkers
et al., 2010).
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Fig. 2. (a) Scanning Electron Microscopy (SEM) image that shows the formation of calcite precipitate by Bacillus
sphaericus. (b) SEM image that shows the formation of calcite precipitate by Bacillus subtilis . (Wiktor and Jonkers,
2011; Jonkers et al., 2010).
Table 2. Bacterial study for bio concrete (Muhammad et al., 2016).

Metabolic
conversion of
organic acid

Bactreria

Nutrient

Bacillus pseudofirmus

B.cohnni

Calcium lactate, calcium
glutamate, yeast extract and
peptone
Calcium lactate, calcium
glutamate,Yeast extract and
peptone
Calcium lactate and yeast extract.

Bacillus alkalinitrilicus

Calcium lactate and yeast extract

Immobilized

Bacillus spaericus

Urea and calcium chloride

Direct

Bacillus spaericus

Urea, calcium chloride, calcium
nitrate and yeast extract
Urea, Calcium acetate and calcium
chloride
Urea and Calcium chloride

Immobilized

Urea and calcium acetate

Direct

Urea and calcium chloride

Direct

Urea and calcium chloride

Immobilized

S. pasteurii

Urea and calcium nitrate

-

Bacillus amyloliquedaciens

Urea, calcium acetate yeast extract
and glucose
Urea and calcium chloride

Direct

Park et al.,
2010

Immobilized

Ersan et al.,
2015

Bacillus pseudofirmus
B.cohnni

Ureolysis

Bacillus spaericus
S. pasteurii,
Pseudomonas aeruginosa
Bacillus sphaericus,
S. pasteurii
S.pasteurii, pseudomonas
aeruginosa
S. pasteurii

Denitrification

Sporosarcina soli, Bacillus
massiliensis, Arthrobacter
crystallopoietes,
Lysinibacillus fusiform
Diaphorobacter
nitroreducens, Bacillus
sphaericus

Urea, calcium acetate, calcium
formate and yeast extract

Injected in
concrete
Direct

References

Direct

Jonker et al.,
2010.

Immobilized

SierraBeltran,2014.
Wiktor and
Jonker,2011
Achal et al.,
2011
Van Tittelboom
et al., 2010
De Muynck et
al., 2008
Ramachandan
et al., 2001
Kim et al.,2013

Direct
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These techniques are successful but still some drawbacks are present which needs to be studied. Ureolytic
activity causes ammonium ions (NH4+) production which is the main drawback because it is directly emitted in
atmosphere. The excess amount of ammonium ion in concrete enhances the salt damage property by convert into
nitric acid. It is estimated that 4.7 g of nitrogen was produced by 10 g/L of urea which is required to remediate of
one m2 of concrete. This amount is about three times less that is produced by human every day Hence, it is necessary
to optimize the beneficial amount of urea that is released (De Muynck et al., 2010).
For the production of bio minerals, another pathway is used which is also called as denitrification or
dissimilatory nitrate reduction. Denitrification defines as a respiratory process that results in reduction of nitrate
(𝑁𝑂3−) to nitric oxide (𝑁𝑂), nitrite (𝑁𝑂2−), nitrogen gas (𝑁2). nitrous oxide (𝑁2𝑂), and denitrifying bacteria
precipitate minerals through oxidation of organic compounds by the reduction of nitrate (NO 3-). The most important
view of this method is its use in anaerobic conditions. Such bacteria (for example Archomobacter, Alcaligenes,
Denitro bacillus, Micrococcus species Spirillum, Thiobacillus, Pseuodomonas) play a necessary role in
denitrification process (Eq. 1). According to Eq. 2 which shows the production of carbonate and bicarbonate due to
the increase in pH which is occurred by the consumption of H+ during the dentrification process. The final reaction
of calcium source and carbonate results in precipitation of calcium carbonate (Eq. 3) (Erşan et al., 2015). Table 2
shows the use of various nutrients by different bacteria for healing of concrete.
𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 +𝑎 𝑁𝑂3− +𝑏 𝐻+𝐷𝑒𝑛𝑖𝑡𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 →𝑐 𝐶𝑂2 +𝑑 𝐻2𝑂 +𝑒 𝑁2
𝐶𝑂2 +2𝑂𝐻− → 𝐶𝑂3 2− +𝐻2𝑂
(2)
𝐶𝑎2+ +𝐶𝑂3 2− → 𝐶𝑎𝐶𝑂3
(3)

(1)

STRUCTURE TESTS FOR EVALUATING SELF-HEALING EFFICIENCY AT MACRO, MICRO AND
NANO SCALE
The three different tests are conducted to describe the quality criteria of concrete in hard state. These are macrostructure test, micro-structure test and Nano-structure tests. Literature review revealed that maximum test are
conducted at macro level while the micro level test are presented to the reliability for the consequences and only few
tests are conducted for Nano scale. Tables (3, 4, 5) are enlisted which describe the evaluating based self-healing
efficiency on macro, micro and Nano structure tests (Muhammad et al., 2016):
ADVANTAGES DISADVANTAGES OF USING BIOCONCRETE
Table 6 describes the advantages and disadvantages of biologically prepared concrete with references
(Mohanadoss et al., 2015).
HARMFULL EFFECTS OF BIOCONCRETE
There are many harmful effects of bio-concrete on human life. Studies also show that bio-concrete was caused
negative effect on human phycology and also causes the diseases. Some microorganisms produce ureases which
play a very necessary role in the discovery of pathogenesis of animals and human and causes diseases including
Proteus mirabilis.
Table 3. Approach and measured variables.
Approach

Measured variable (crack,depth and length)

References

Microencapsulation

Maximum depth of 32 mm crack was
successfully filled

Mostavi et al., 2015.

Bacteria

Maximum depth of 27.2mm was successfully
filled

Achal et al., 2011

Carbonated steel slag

Maximum depth of 5mm was successfully
healed.

Pang et al., 2016.
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Table 4. Scale of structural tests conducted using various approaches for evaluation of self-efficiency (Muhammad
et al., 2016):
Test conducted
Scale of test
References
Ultrasonic
pulse
velocity, Macrostructure test
Yildirm et al., 2015; Yang et al.,
Stiffness,Flexual,
compressive
2011; Elmoaty and Elmoaty, 2011;
strength, Toughness,
Mostavi et al,.2015; Bang et al.,
2001; Talaiekhozani et al., 2014;
Cao et al. 2014; Xu and Yao 2014.
Water
permeability,
sulphate Macrostructure & Durability tests
Yildirm et al.; Soeck et al 2014;
compressive
strength,
chloride
Aldea et al. 2000; Dong et al. 2013;
permeability,
ultrasonic
pulse
Sangadji et al. 2013; Sarkar et al.
velocity, water absorption.
2014.
Rapid chloride penetration, Porosity, Macrostructure,
Durability
& Siad et al. 2015; Aldea et al. 2000;
SEM, compressive strength, water Microstructure tests
Achal et al. 2011.
absorption chloride permeability.
Water absorption
Microscopic & Durability
Snoeck et al. 2014; Feiteira et al.
2014.
Esem, Xrd, SEM.
Microstructure & Microscopic tests
Ahn et al. 2012; Pang et al. 2015;
Liu et al. 2015; Luo et al. 2015
Visual observation
Microscopic tests
Hosoda et al. 2009; Virginie and
Junker 2011.
Flexual &Stiffness test
Macrostructure & Microscopic
Granger and Loukili, 2005
Flexural tensile splitting, ftir, Air Microstructure&
Macrostructure Struckrath et al. 2014; Huang and
permeability, eds, Xrd, fesem
tests
Ye, 2014; Rahman et al. 2015;
Khaliq and Ehsan, 2016
Water
absorption,
capillary Microstructure & Durability
Li et al. 2013; Kanellopoulos et al.
coefficient, Xrd,
sorptivity, gas
2015.
permeability,
ftir,
chloride
diffusion, SEM
Flexual, upv, Nanoscale mechanical Macrostructure & Nanostructure Xu and Yao 2014.
measurement.
tests
Water
permeation
coefficient, Durability tests
Qian et al. 2014; Wikto and Jonkers
Thaw/Freezing,
Coefficient
of
2015.
capillary suction.
Table 5. Macro, micro and nano structure tests (Muhammad et al., 2016):
Tests
DEPENDENT
STANDARD
BEST RESULTS
VARIABLE
METHODS
Mechanical and Sorptivity,
METHANOL
Sorptivity
Permeability
Stiffness,
LIQUID,
(18% decreases),
properties
Chloride penetration,
RILEM25
PEM Gas permeability
Porosity,
ultrasonic (11-6),
(69% decreases),
pulse velocity,
ASTMC1585,MIP, Compressive strength
Chloride permeability, ASTMC1202,
(9.8% Increases),
flexural
and JSCE-G571-2003,
Water (60% recovery of
compressive strength,
CEMBUREU,
compressive strength),
Gas permeability,
RILEM
Water permeability
split tensile,
(68% decrease),
Compressive strength
(40% retrieve than the
control speciman),
Compressive strength
(12% improvement & also
the faster retrieval of global
stiffness
than
control
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SEM,EDS,XRD.

Nanostructure
concrete’s Fabrics

Not specified

Nano structure
measurement

Nano-mechanical value

Nano cavity

Table 6. Advantages disadvantages of using bioconcrete.
Advantages
References
Significant increase in Mikkola et al., 2004; Bou
terms of compressive et al., 2008; Talaiekhozani
strength and concrete
et al., 2014.
stiffness with effect of the
bacterial concrete for the
remediation of cracks.

sample).
Significant betterment of
some used method, mainly
from optimum hydration
rate.
Nano mechanical values
(20%
increases)
in
transition zone, (intermix
the concrete with deposited
material) compared to the
deposited layer.

Sarkar et al.,
2014; Huang and
Ye, 2014; Dong et
al., 2013; Bekas et
al., 2015.
Xu and Yao,
2014.

Disadvantages
Cost of bacterial concrete
is 7 to 28% more than the
conventional one; however,
it can help to reduce the
cost
of
repairing
afterwards, which normally
cause more than installing
the bacterial
concrete.

References
Worlitzsch et al., 2002

Good resistance is shown
towards the
freeze and thaw attack due
to the bacterial chemical
process.

Cappitelli et al., 2007;
Jonkers et al., 2010.

Bacteria
growing
in
concrete are not good for
the human health and
atmosphere.
Its
usage
needs to be limited to the
structure does not involve
near to human life, such as
houses or apartments.

Facklam and Elliot, 1995

The higher amount of
carbonation in bacterial
concrete can help decrease
the porosity and
permeability which are due
to
surface
treatment
resulting in
increased
resistance
towards carbonation and
chloride attack.

Mikkola et al., 2004;
Worlitzsch et al., 2002

There are no standard
designs in practice for the
bacterial concrete design
mix to obtain the optimum
performance. The suitable
amount of
bacteria and its type is
always changing
depending
on
the
applications.

Talaiekhozan et al., 2013

The effect of bacterial
usage in concrete can
reduce the process of
reinforcement
bar
corrosion,whereby
the
formation of calcite
assists in terms of sealing
the path
of ingress at the same time
providing longer lifespan
to the bar.

Baumann et al., 1991;
Rowan et al., 2003;
Stevens et al., 2009.

This method was used to
investigate the studies
related
to
calcite
precipitation are always
costly because it used in
techniques like Scanning
Electron
Microscopy
(SEM) which is costly and
requires a skilled personnel
to run the tests.

Buu-Hoi, et al., 1985;
Worlitzsch et al., 2002.
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Table 7. Diseases related to the microorganism (Mohanadoss et al., 2015)
Bacteria used in bio- Aerobic & Anaerobic
Diseases
concrete.
Bacillus sphaericus
Aerobic
Non-Pathogenic
Bacillus amyloliquefaciens Aerobic
Nervous
diseases
&
Respiratory
tract
infections.
Bacillus lentus
Aerobic
Non-Pathogenic
Bacillus pasteurii
Aerobic
Non-Pathogenic
(Sporosarcina pasteurii)
Pseudomonas aeruginosa
Aerobic
Effect the damaged tissues
or those which are
immuno-deficient
Proteus mirabilis
Facultative Anaerobic
Stones formations and
Urinary Tract
Infections
Proteus vulgaris
Facultative Anaerobic
Wounds & Urinary Tract
Infections
Acinetobacter species
Aerobic
Caused a large variety of
diseases
including
pneumonia,
blood
infections
&
wound
infections.
Deleyahalophila
Anaerobic
In dialysis patients caused
Bactremia
Myxococcus xanthus
Aerobic
Non-Pathogenic
Escherichia coli
Aerobic
Urinary Tract
Infections
Leuconostoc
Anaerobic
Affected the
mesenteroides
Immune-compromised
peoples
Shewanella species
Facultative Anaerobic & Gastro-Intestinal diseases
Aerobic
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CONCLUSION
All the bacteria have ability to produce carbonate mineral precipitates as a result of its metabolic activity
specially Bacillus specie. Sometime, the metabolic activity of specific bacteria helps to the improvement in the
behavior of concrete material. Whenever we use the bio-concrete (which is prepared by mixing the bacteria or its
spores to the concrete) using for construction sector helps in the self-healing mechanism which have greatest effects
on compressive strength, permeability workability etc. The tests which discussed in this review have been conducted
at macro, micro and Nano levels which increase the reliability of results. These tests are either for characterizing or
identifying the deposited layer present within the concrete after self-healing mechanism including X-ray diffraction
(XRD), scanning electron microscope (SEM), and field emission scanning electron microscope (FESEM). This
review also shows that “the coin has two sides” means bio-concrete has advantages and disadvantages as well. Bio
self-healing mechanism is more long-standing and sustainable technique. While it has produced several negative
effects on human health and causes many diseases so, some people assuming that to live in environment of bioconcrete is not safe in term of physiology. Further research is needed. Advantages overcome the disadvantages and
researcher takes keen interest in using bio concrete.
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