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Abstract

The innovative technology of self-healing concrete allows the material to repair the open micro-cracks that can endanger
the durability of the structure, due to ingress of aggressive gasses and liquids. Various concepts of self-healing concrete
have been developed, with target on the recovery of water tightness after cracking. Among those, bacteria-based self-
healing concrete has shown promising results regarding the improvement of crack sealing performance. In this study, the
bacteria-based healing agent is incorporated into lightweight aggregates and mixed with fresh mortar. Autogenously
healing concrete is enhanced and upon cracking the material is capable to recover water tightness. The study focuses on
the investigation of the effect of healing agent when incorporated into the mortar matrix and the evaluation of the
recovery of liquid tightness after cracking. It was found that the compressive strength of the mortar containing
lightweight aggregates is not affected by the presence of the healing agent. The study also reveals that the recovery of
water tightness does not differ substantially either for specimens with or without healing agent when immersed
continuously in water. Conversely, the recovery of water tightness increases significantly for specimens containing the
healing agent compared to specimens without it. Oxygen concentration measurements and bacterial traces on calcite
formations confirmed the bacterial activity on specimens containing the healing agent.
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Introduction
Concrete is used more than any other man-made material in the world. There are many benefits of using
concrete to build commercial properties such as resource efficiency, durability, thermal mass, reflectivity,
ability to retain storm water, and minimal waste. But what makes concrete a worldwide used material is its
compressive strength. Concrete will continue to be the most important building material for infrastructure but
most concrete structures are prone to cracking. Tiny cracks on the surface of the concrete make the whole
structure vulnerable because water seeps in to degrade the concrete and corrode the steel reinforcement,
greatly reducing the lifespan of a structure. Concrete can withstand compressive forces very well but not
tensile forces. When it is subjected to tension it starts to crack, which is why it is reinforced with steel; to
withstand the tensile forces. Structures built in a high water environment, such as underground basements and
marine structures, are particularly vulnerable to corrosion of steel reinforcement. Motorway bridges are also
vulnerable because salts used to de-ice the roads penetrate into the cracks in the structures and can accelerate
the corrosion of steel reinforcement. In many civil engineering structures tensile forces can lead to cracks and
these can occur relatively soon after the structure is built. Repair of conventional concrete structures usually
involves applying a concrete mortar which is bonded to the damaged surface. Sometimes, the mortar needs to
be keyed into the existing structure with metal pins to ensure that it does not fall away. Repairs can be
particularly time consuming and expensive because it is often very difficult to gain access to the structure to
make repairs, especially if they are underground or at a great height.
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This is where self healing concrete comes into action. By introducing a proper healing agent, the cracks would
be healed by itself without any external care. The most appropriate healing agent was found to be bacteria.
The selection of the bacteria depends on the survival capability of bacteria in the alkaline environment. Most
of the microorganisms die in an environment with ph value of 10 or above.

Strains of the bacteria genus bacillus was found to succeed in high alkaline environment. The bacteria survive
in the high alkaline environment that formed spores comparable to the plant seeds. The spores are of very
thick walls and they activate when concrete start cracking and water transude into the structure. The ph of the
highly alkaline concrete lowers to the values in the range 10 to 11.5 where the bacterial spores become
activated.

Objectives

1. To explain the concept of self healing technology.
2. To narrate the mechanism of self healing.
3. To explain different methods adopted for self healing.
4. To depict the changes in the properties of concrete.

Methodology

The present paper is based on secondary data collected from journals, newspapers and articles. As the concept
of self healing technology is a relatively new one, internet has also been used for collecting information so as
to meet the objectives of the article.

Concrete is one of civilization’s most durable building materials. The ancient Romans used concrete 2,000
years ago to make structures that still stand today. People now use the material’s modern version—aggregates
such as sand or gravel held together by a cement and water paste—more than all other construction materials
combined. For all its strength and durability, though, concrete has problems. Stress from carrying loads
gradually creates microscopic fissures in the material that allow in water, salts, and ice. These fissures can
then turn into gaping cracks, exposing the steel bars often used to reinforce concrete to corrosive elements.
Our seemingly resilient infrastructure would crumble without routine, and costly, patching. To reduce those
maintenance costs and make buildings and bridges safer, researchers are now giving concrete the power to
heal itself. By extending the lifetime of structures, self-healing concrete could also reduce the use of concrete
for rebuilding and cut concrete’s impact on the environment.
Concrete constructions are designed according to set norms that allow cracks to form up to 0.2mm wide. Such
micro cracks are generally considered acceptable, as these do not directly impair the safety and strength of a
construction. Moreover, micro cracks sometimes heal themselves as many types of concrete feature a certain
crack-healing capacity. Research has shown that this so called ‘autonomous’ healing capacity is largely
related to the number of non-reacted cement particles present in the concrete matrix. On crack formation,
ingress water reacts with these particles, resulting in closure of micro cracks. However, because of the
variability of autonomous crack healing of concrete constructions, water leakage as a result of micro crack
formation in tunnel and underground structures can occur. By introducing the bacteria in concrete it produces
calcium carbonate crystals which block the micro cracks and pores in the concrete.

Size of cracks in concrete
According to the studies conducted by different authors, the cracks healed autogenously was observed in
various sizes such as 0.05 mm to 0.87 mm, 5 to 10μm, 100μm, 200μm, 205μm and 300μm.
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Effect of the pH on the growth of the bacteria
The bacterial growth is also depending upon the ph. Each microbial species have different range of ph. The
nutrient of different range of ph from 4 to 12 was prepared in test tube. Introducing the bacterial culture into it
and growth was observed, the test was carried out by measuring the turbidity of the sample using photo
calorimeter and it was observed that the growth in ph range 7.5-9.0. Bacillus pasteurii had the growth in ph
range of 7-9 and bacillus sphaericus was 8-9.

Encapsulation light weight aggregate
Light weight aggregate can be used for improving the self healing property of the concrete. The ordinary
aggregate of size 2-4mm which was replaced by the light weight aggregate of same size corresponding to a
healing agent content of 15 kg m-3 concrete this change will affect its compressive strength.Capacity to heal
cracks was substantially improved for concrete containing Light weight aggregate in encapsulated healing
agent.

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) will have a negative
effect on the compressive strength development as bacterial test specimen appeared almost weaker than
control specimen. Tensile strength is the ability of a material to withstand a pulling (tensile) force. Earlier
studies have proven that bacterial concrete shows the better tensile strength as compare to the conventional
tensile strength as shown below.

No of days Split Tensile Strength
of conventional

cylinders N/mm^2

Split Tensile strength
B.spaericus concrete

cubes, N/mm^2

% increase in strength

3 3.78 4.30 13.75

7 4.62 5.28 14.28

28 4.85 5.74 18.35

Capillary water suction
According to a study conducted by Willem de muynck et al increase in water penetration resistance can
determined by a sorptivity test. 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 proposed by. By performing the experiment on the
various specimens it was found that the conventional concrete shows the lower value of relative capillary
index.. 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.

Gas permeability
Rilem- cembureau method can be 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 measures the rate of flow of oxygen.
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Water permeability test
For self-healing nature of concrete water permeability is also an important factor. After the splitting test the
concrete specimen was broken completely. During the splitting test some fluid come out of the tube and
emigrated into the cracks and then the specimen put in the curing room to wait till the solution become gel and
the polyurethane foam formed after this cylinder were immersed into the water for 3 days. Take out cylinder
after 3 days and dried it. The dry cylinder was fitted inside the pvc ring. During the water permeability test the
vacuum saturation allows to establish a steady flow condition in a specimen which was first vacuumed in the
vacuum chamber for 2-3 hours and then de-mineralized water was added into the chamber. The cylinder was
kept immersed completely into the water for 24 hours due to the completely immersed specimen the vacuum
stopped. Then cylinder was taken out and prepare for the water permeability test.

The whole setup kept watertight so that the specimen was in saturated state throughout the whole process of
the measurement. The time for the decrease the water level from h0tillhfin the glass tube was measured for 30
days of testing this water related with the water permeability of the cracked specimen. By the help of the
darcy’s law, the coefficient of water permeability of the specimen can be calculated by the following equation:

Where k coefficient of water permeability (m/s); a is the cross-section area of the glass tube (m2); a is the
cross-section area of the cylinder (m2); t is the thickness of the cylinder (m); t is the time of water falling
from h0 to hf(s); h0 and hf are the initial and final water levels (cm).

After performing the experiment it was found thatthe value of k range from 4 x 10-6 m/s to 7 x 10-6 m/s and the
final k was 10-6 m/s which indicate that silica gel in the crack had limited capacity to decrease the water
permeability. The initial crack width was 0.5 mm and decreased to 0.35 mm.

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. 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.

Oxygen consumption measurement
Oxygen consumption measured when oxygen consumed by aerobic bacterial metallic conversion of calcium
lattice. For the study the optical oxygen micro sensors were used for quantification of water submerged
control and bio chemical healing agent containing mortar specimens and it can be calculated by calculating
the change in oxygen concentration in the linear part of the gradient in the diffusive boundary layer using
fick’s first law of diffusion.
J = -D(oxygen)*dC(z)/dZ

Where doxygen is the diffusion coefficient of o2 in water, and c(z) is the concentration of o2 at depth z.

Stress-strain behavior of concrete

The stress-strain behavior of concrete gives the value of toughness. According to a previous study, when a test
was performed on the cylindrical specimen prepared in universal testing machine of 3000kn capacity, the
following data was obtained.
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CONCLUSION
Concrete constructions are currently designed according to set norms that allow cracks to form up to 0.2mm
wide. Such micro cracks are generally considered acceptable, as these do not directly impair the safety and
strength of a construction. Moreover, micro cracks sometimes heal themselves as many types of concrete
feature a certain crack-healing capacity. Research has shown that this so called ‘autonomous’ healing capacity
is largely related to the number of non-reacted cement particles present in the concrete matrix. On crack
formation, ingress water reacts with these particles, resulting in closure of micro cracks. However, because of
the variability of autonomous crack healing of concrete constructions, water leakage as a result of micro crack
formation in tunnel and underground structures can occur. By introducing the bacteria in concrete it producing
calcium carbonate crystals which block the micro cracks and pores in the concretethe objective of this study
was to quantify the crack-healing capacity of concrete with embedded bio-chemical self-healing agent. The
phenomenon of self-healing in concrete has been known for many years. It has been observed that some
cracks in old concrete structures are lined with white crystalline material suggesting the ability of concrete to
self-seal the cracks with chemical products by itself. We also observed in the present study self-healing
capacity of cracks in control specimens immersed in tap water. However, quantification of crack-healing
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revealed that autogenous healing in the control specimens was limited to crack widths up to 0.18 mm only.
The maximum crack width which can undergo autogenous healing was in several reported studies estimated to
be between 0.1 and 0.3 mm, depending on exposure conditions.
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