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Abstract— The review presents a new insight into the 

research for the treatment of unexpected cracking of 

concrete. As time crack formation is very common 

phenomenon in concrete structure which allows the water 

and different type of chemical into the concrete through the 

cracks and decreases their durability, strength and which 

also affect the reinforcement when it comes in contact with 

water, CO2 and other chemicals. For repairing the cracks 

developed in the concrete, it requires regular maintenance 

and special type of treatment which will be very expansive. 

So, to overcome from this problem autonomous self-healing 

mechanism is introduced in the concrete which helps to 

repair the cracks by producing calcium carbonate crystals 

which block the micro cracks and pores in the concrete. The 

selection of the bacteria was according to their survival in 

the alkaline environment such as B. pasteurii, Bacillus 

subtilis and B. spharicus which are mainly used for the 

experiments by different researchers for their study. The 

condition of growth is different for different types of 

bacteria. For the growth, bacteria were put in a medium 

containing different chemical at a particular temperature and 

for a particular time period. Bactria improves the structural 

properties such as tensile strength, water permeability, 

durability and compressive strength of the normal concrete 

which was found by the performing different type of 

experiment on too many specimens had varying sizes used 

by different researchers for their study of bacterial concrete 

in comparison with the conventional concrete and from the 

experiment it was also found that use of light weight 

aggregate along with bacteria helps in self-healing property 

of concrete. For gaining the best result a mathematical 

model was also introduced to study the stress-strain 

behavior of bacteria which was used to improve the strength 

of concrete. Self-healing concretes are being widely 

recognized as a remedial technique to improve the durability 

of concrete. Although, few review papers on self-healing 

concrete were published, a strong review on all aspects of 

self-healing concrete cannot be found. In this paper, natural, 

chemical and biological processes of self-healing concrete 

technologies were completely reviewed. The main focus of 

the study is for the biological processes. The review presents 

a new insight into the research for the treatment of 

unexpected cracking of concrete. 
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I. INTRODUCTION 

Concrete is very good material to resist the compressive 

load to a limit but if the load applied on the concrete is more 

than their limit of resisting load, it causes the strength 

reduction of concrete by producing the cracks in the 

concrete and the treatment of the cracks in very expensive. 

Some of the property like durability, permeability ad 

strength of the concrete structure is also decreases. Due to 

increase in the permeability of the concrete the water easily 

pass through the concrete and come in the contact with the 

reinforcement of the concrete structure and after some time 

corrosion start due to this strength of the concrete structure 

will decreases so it will be necessary to repair the cracks. By 

introduce the bacteria in concrete it producing calcium 

carbonate crystals which block the micro cracks and pores in 

the concrete. In concrete micro cracks are always avoided 

but to some extent they are responsible to their failure in 

strength Self-healing concrete is mostly defined as the 

ability of concrete to repair its small cracks autonomously. 

Several processes are proposed for the design of self healing 

concrete. This paper reviewed all processes of self-healing 

concrete technologies containing natural chemical and 

biological processes. Figure 1 shows the comprehensive 

taxonomy for self-healing concrete research. 

 
Fig. 1.Taxonomy for self-healing concrete research 

A. Advantages of self healing concrete 

 Improvement in compressive strength of concrete 

Reduction in permeability of concrete Reduction in 

corrosion of reinforcement The self-healing bacterial 

concrete helps in reduced maintenance and repair costs of 

steel reinforced concrete structures. Oxygen is an agent that 

can induce corrosion, as bacteria feeds on oxygen tendency 

for the corrosion of reinforcement can be reduced. Self-

healing bacteria can be used in places where humans find it 

difficult to reach for the maintenance of the structures. 

Hence it reduces risking of human life in dangerous areas 

and also increases the durability of the structure. Formation 

of crack will be healed in the initial stage itself thereby 

increasing the service life of the structure than expected life. 

II. SELF-HEALING PROCESS OF CONCRETE 

A. Natural Self-healing process 

As shown in Fig. 2, several natural process can partially 

repair concrete cracks as shown in Fig. 2(A). In natural 

processes, four following processes can block crack the 
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formation of calcium carbonate or calcium hydroxide is 

another process to block crack. Crack is blocked by 

impurities in the presence of water as shown in Fig. 2(B). 

Crack is further blocked by hydration of the unreacted 

cement or cementitious material (Fig. 2(C)). Crack is 

blocked by the expansion of hydrated cementitious matrix in 

the crack flanks (swelling of calcium silicate hydrate gel) as 

shown in Fig. 2(D). In many cases, more than one of these 

process or mechanisms (Fig. 2A to 2D) can happen 

simultaneously. In fact, most of these mechanisms can only 

partially fill the entrance of some cracks and cannot 

completely fill the cracks. This will be useful to prevent the 

development of cracks or prevention of deep penetration of 

harmful chemicals such as acids into the crack.Among the 

proposed self-healing mechanisms in the natural process, 

formation of calcium carbonate and calcium hydroxide 

(Figure 2A) are the most effective methods to heal concrete 

naturally. This view is supported by the fact that some white 

residue can be found on the outer surface of the concrete 

cracks. This white residue is found to be calcium carbonate 

and has been widely reported including Wu et al. The 

fundamental mechanisms for the formation of calcium 

carbonate and calcium hydroxide are represented in Eqn. (1) 

to (3). At the first step, carbon dioxide is dissolved in water.   

H2O + CO2 ↔H2CO3 ↔ H+ + HCO3
- ↔ 2H+ +CO3

2-              

Eqn. (1) 

Free calcium ions are released as a result of cement 

hydration and dissipatation through concrete as well as 

along the cracking surfaces, reacts with and . As a result, 

calcium carbonate crystals are formed. Reaction (2) and (3) 

can only happen at Ph above 8 or between 7.5 and 8. The 

crystals grow both at the surface of the cracks and finally 

fills the gap.    

Ca2+ + CO3
2+ ↔ CaCo3                  Eqn(2) 

Ca2 +HCO3 ↔ CaCO3 + H+           Eqn.(3) 

 
Fig. 2: Possible mechanisms for natural self-healing in cementations materials 

B. Chemical self-healing process   

Chemical healing process mainly refers to the artificial 

healing by injecting chemical compounds into the crack for 

healing. Self-healing concrete is designed by mixing 

chemical liquid regents (i.e. glue) with fresh concrete in 

small containers. This paper explains the two common 

chemical methods that make use of glue addition to the 

concrete for healing purposes:  

 Hollow pipettes and vessel networks containing glue  

 Encapsulated glue.  

1)  

Hollow pipettes and vessel networks containing glue The 

chemical self-healing mode for concrete can be divided into 

two categories: a) active mode b) passive mode. Active 

mode uses vessel network linked with external supply of 

glue for the distribution of glue whereas the passive mode 

uses hollow pipettes, capsules or vessel network to distribute 

glue that is not linked to an external glue source. Either the 

hollow pipettes or the vessel networks can be used to design 

a self-healing concrete based on the active or passive mode. 

Hollow pipettes have been applied at different length scales 

by various researchers to design different self-healing 

materials such as polymers and polymeric.Hollow pipettes 

contain glue that can be mixed with fresh concrete (Figure 

3a) and will be ruptured during crack propagation and the 

glue is released into the cracks and finally it heals the crack. 

Self-healing concrete containing hollow pipettes is inspired 

from blood vessels in creatures. According to Wu et al. 

(2012), suitability of hollow pipettes to release glue into 

cracks were proven in many cases (Figure 3b). Pang and 

Bond improved the current practice on the self-healing 

processes using hollow pipettes where the pattern of glue 

distribution within the cracks was monitored, when a 

mixture of glue and fluorescent dye was released following 

the rupture of hollow pipettes. 

 
Fig. 3: (a) Hollow glass fibers (b) damage visual 

enhancement in composite laminate by the bleeding action 

of a fluorescent dye from hollow glass fibers 
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2)  

Encapsulated glue Encapsulation of glue is evolved from the 

eggs of bird (in macro-scale) or cells (in micro-scale). The 

size for capsules containing glue used for self-healing 

concrete varies from microcapsules to nanocapsules. 

Microencapsulation was developed beginning with the 

preparation of capsule containing dyes. These capsules 

containing dyes were introduced into paper for copying 

purposes and were eventually replaced. White et al.  

introduced the application of microcapsules containing glue 

for designing self-healing concrete and the concept is shown 

in Figure 4. Normally cracks would rupture the embedded 

microcapsules hence the glue is released into the crack faces 

through capillary action and the crack gets filled Micro-

capsules containing epoxy resin (as glue) and acrylic resin 

(as a hardener) were used by Nishiwaki (1997) to research 

on the improved materials for selfhealing concrete . Both 

splitting and compression tests were carried out. The results 

elaborated that: (a) two healing agents are difficult; (b) very 

small amount of healing agent could be filled in one 

microcapsule; (c) the bonding strength between the 

microcapsules and the cementitious matrix had to be 

stronger than the strength of the microcapsules 

 
Fig. 4: Crack-healing mechanisms using encapsulated glue 

C. Biological self-healing process 

Bacillus subtilis, also known as the hay bacillus or grass 

bacillus, is a Gram- positive, catalase-positive bacterium, 

found in soil and the gastrointestinal tract of ruminants and 

humans. A member of the genus Bacillus, B. subtilis is rod-

shaped, and can form a tough, protective endospore, 

allowing it to tolerate extreme environmental conditions. B. 

subtilis has historically been classified as an obligate aerobe, 

though evidence exists that it is a facultative anaerobe. B. 

subtilis is considered the best studied Gram-positive 

bacterium and a model organism to study bacterial 

chromosome replication and cell differentiation. It is one of 

the bacterial champions in secreted enzyme production and 

used on an industrial scale by biotechnology companies. 

 It is able to adjust to alkaline atmosphere in concrete for 

the production of calcium carbonate. 

 It produces copious amount of calcium carbonate 

without being affected by calcium ion concentration. 

 It is able to withstand high pressure and it is oxygen 

brilliant to consume much oxygen and minimize 

corrosion of steel. 

 It is gram-positive bacteria having an ability to form 

spores when subjected to unfavorable conditions. This 

spore formation provides its protection against high 

mechanical pressure and alkaline environment, making 

it ideal selection 

1) Working Process 

 In bio-concrete when water seeps through the cracks ,the 

bacteria get activated from its stage of dormancy and the 

bacteria starts to feed on calcium lactate and in turn 

produces calcium carbonate through its metabolic activities 

which acts as a healing material. 

 Ca(C3H5O2)2 + 7O2 → CaCo3+5Co2+5H20  

 Where, Ca(C3H5O2) is Calcium lactate; and CaCo3 is 

lime 

III. TEST 

A. Effect on the Strength Test 

As amalgamation of healing agent to concrete may have 

unwanted negative effects on the mechanical properties. The 

consolidation of a high number of bacteria (5.8 X 108 cm-3 

cement stone) shown to be negative effect on the 

compressive strength development as bacterial test specimen 

appeared almost weaker then control specimen. Tensile 

strength is the ability of a material to withstand a pulling 

(tensile) force. The tensile strength of the specimen was 

found to be 0.007 N/mm2. It is observed that bacterial 

concrete shows the better tensile strength as compare to the 

conventional tensile strength as shown in table 2. 

S.No. 

No. 

of 

days 

Split tensile 

strength of 

conventional 

concrete 

cylinders, 

N/mm2 

Split tensile 

strength 

B. sphaericus 

concrete 

cubes, 2 

N/mm 

% 

increase 

in 

Strength 

1. 3 3.78 4.30 13.75 

2. 7 4.62 5.28 14.28 

3. 28 4.85 5.74 18.35 

Table 2: Comparison of compressive strength of 

conventional concrete and bacterial concrete 

B. Treatment Procedure 

For the treatment procedure the specimen is immersed in the 

0.3 and 0.6 L of a 1 day old stock culture of B. sphaericus 
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prior to submerge in the nutrition solution for 24 days due to 

this ureolytic activity primarily result from bacteria inside 

the specimens. Selection of the treatment based on the 

commercial availability according to their different 

mechanisms in table 3 

Group Subgroup 

Composition of 

conventional 

technique/nutrient solution 

Biodepositio 

n treatment 

Ureolytic 

mixed 

cultures 

  

1. Urea, NBP 

2. Urea, calcium acetate 

3. 
Urea, calcium 

chloride 

4. 
Urea, NBP calcium 

acetate 

5. 
Urea, NBP calcium 

chloride 

Bacillus 

sphaericus 

1. Ureas, NBP 

2. Urea, calcium acetate 

3. 
Urea, calcium 

chloride 

4. 
Urea NBP, calcium 

acetate 

5. 
Ureas NBP, calcium 

chloride 

Table 3: The different type of treatment according to the 

mechanism and composition 

C. Capillary Water Suction 

Increase in water penetration resistance was determined by a 

sorptivity test, based on the RILEM 25 PEM (II-6) was 

carried out. Capillary water suction used to find out the 

absorption capacity of the bacterial concrete as compared to 

the conventional concrete. The value lower than 1 shows the 

relative decrease of water absorption and the value greater 

than 1 indicates the relative increase in water absorption. 

The result was expressed as the relative capillary absorption 

index as proposedby. By performing the experiment on the 

various specimens it was found that the conventional 

concrete shows the lower value of relative capillary index. 

Willem De Muynck et al. also compare the pure culture and 

uerolytic mixed culture from his study it was found that the 

pure culture of B. Sphaericus had value of relative capillary 

index was lower as compare to the uerolytic mixed culture 

due to addition of the soluble calcium ions. 

D. Gas Permeability 

RILEM- CEMBUREAU method was used to find the Gas 

permeability using the principal as the Hagen- Poiseuille 

relationship for laminar flow of a compressible fluid through 

a porous body having small capillaries under steady state. 

Martin Sommer oxygen permeability experiment used 

measure the rate of flow of oxygen. It was found that the 

reduction of permeability in bacterial concrete as compare to 

the conventional concrete 

E. Compressive Strength 

Compressive strength of the concrete is the capacity of the 

structure to resist the load acting on them. By the adding of 

bacteria to the concrete it improves the compressive strength 

of concrete as compare to conventional concrete. The 

compressive strength of concrete was improved by 14.92% 

by adding Bacillus subtilisJC3 as compare to the 

conventional concrete [18]. It was found that B. sphaericus 

improved the compressive strength of concrete by 30.76% in 

3 days, 46.15% in 7 days and 32.21% in 28 as compared to 

conventional concrete shown in table 4 

S.No. 

No. 

of 
days 

Compressive 
strength of 

conventional 
concrete 

cubes, 
N/mm2 

Compressive 
strength of 

B.sphaericus 
concrete 

cubes, 
N/mm2 

% 

increase 
in 

Strength 

1. 3 19.24 25.16 30.76 

2. 7 23.66 34.58 46.15 

3. 28 34.52 45.72 32.21 

Table 4: Comparison of compressive strength of 

conventional concrete and bacterial concrete 

IV. CONCLUSIONS 

This paper reviews intensively about the great potential of 

biological method, using the bacteria capable of 

precipitating calcite, as providing the way forward for 

developing biological self-healing concrete Introducing the 

bacteria into the concrete makes it very beneficial it 

improves the property of the concrete which is more than 

the conventional concrete. Bacteria repair the cracks in 

concrete by producing the calcium carbonate crystal which 

block the cracks and repair it. Many researchers done their 

work on the self healing nature of concrete and they had 

found the following result that bacteria improves the 

property of conventional concrete such as increase in 

13.75% strength increased in 3 days, 14.28% in 7 days and 

18.35% in 28 days. The development of calcium carbonate 

crystal Decreases the water permeability by decreasing the 

width of cracks from 0.5 mm to 0.35 mm. Compressive 

strength was increases by 30.76% in 3 days, 46.15% in 7 

days and 32.21% in 28 days and in mathematical modal it 

was found that the bacterial concrete shows the better value 

of stress and strain as compared to controlled concrete for 

the high strength grade of concrete. According to De 

Muynck the regular inspection for the concrete will be less 

need due to use of self healing material used in the concrete.  

Quantified the cracks healing capacity of the concrete 

containing LWA (light weight aggregate) Encapsulation self 

– healing agent. They observe that the width of the cracks 

was less than 0.46 mm for bacteria- based specimens,as 

providing the way forward for developing biological self-

healing concrete . . From the capillary water suction test it 

was found that the bacterial concrete shows the lower values 

of relative capillary index as compare to the uerolytic mixed 

culture and from the gas permeability tests it was found that 

the permeability decreases in bacterial concrete as compare 

to the conventional concrete. 
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