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Self-healing concrete received an attention in last few decades. This paper reviews the research conducted on self-healing in
last few decades. Self-healing approaches, different types of healing agents used, incorporating procedures, and evaluation
techniques are highlighted in this paper. The phenomenon of cracking and crack-healing, materials used for crack-healing and
the methods and techniques employed during the process, the outcomes of experiments discussed by various researchers from
their work are highlighted. From the literature review, it was concluded that the crack width sizes up to 0.1mm can be healed
with autogenous self-healing mechanism, whereas, crack size up to 1mm can be healed with autonomous self-healing
mechanism. It was observed that the healing efficiency was wholly dependent on the concrete exposure to corresponding
environment, the type of healing agent used, procedures and techniques followed. 
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Introduction

Concrete is an artificial, man-made construction

material and is the second most usable material in the

world after water. It is known for its higher

compressive strengths because it resists compressive

forces unlike steel which strongly resist tensile forces

only. Therefore; the concrete in combination with steel

reinforcement is being used to resist both compressive

and tensile forces. Even though it becomes more

resistant to compressive and tensile loads but it faces

many problems such as shrinkage and cracking at early

ages and durability at later ages. Truly, there are several

causes which affect the durability of reinforced concrete,

some of them are water penetration, chloride penetration,

sulfate attack, carbonation, alkali aggregate reaction,

freeze-thaw reaction, frost etc. Water permeability of

concrete also play a risky role in controlling the properties

of concrete because it is directly related with the corrosion

of steel reinforcement in concrete. Also a high quantity

of water inside concrete make the concrete weak by

making it porous and will lead to shrinkage and

cracking behavior when this water is evaporated. The

cracks occur in concrete are of two types; micro and

macro cracks. Micro-cracks are very small in size and

can be controlled at early stages by repairing or self-

healing process of concrete but macro-cracks are very

hard to control and leads to proper destruction to

concrete structure. Micro-cracks not only allow water

to go inside the structure but also allow other harmful

gases and ions to ingress in concrete which initiate

many weaknesses in concrete [1, 2]. The concrete

structures which are in use for any purpose have to

crack because of direct and indirect stresses from

various sources such as, changes in atmospheric

temperature and humidity, and external loadings (dead

or live loads). For the serviceability and durability of

structures, it is necessary to remediate crack

propagation at any cost. Not all of the micro-cracks are

harmful because many of them auto-heal after some

time. To overcome early age cracks (micro-cracks),

self-healing concrete is suggested to be made. Self-

healing agents are mostly incorporated during mixing

time or after crack propagation. Self-healing materials

have the ability to restore the structure’s original

functionality as it was before occurring of the cracks

[3, 4]. Concrete structures obvious to marine

environments are prominent to be attacked by harmful

chloride and sulfate ions. These harmful agents cause

cracks and other damages in concrete to deteriorate it.

Therefore, repair and maintenance of such structures is

essential to increase service life of concrete structures

in such environments. Usually slag based blended

cementitious materials are used in such environments

to create autogenous healing in concrete to overcome

early age cracks [5]. Cracking is intrinsic characteristic

of cementitious materials however; these materials

have the capability to heal cracks wholly by

autogenous technique because when moisture or water

is entrapped into cracks, the un-hydrated cement

particles start hydrating which in result heal the cracks.

Once the water and carbon dioxide (CO2) appear in

crack surface, healing occurs due to carbonation of

trickled Ca(OH)2 [6]. Cracks rise permeability of

concrete which affect its durability. As the cracks

progress steadily, it is very hard to determine when to
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overhaul them. Self-healing materials are the solutions

to this because they repair cracks themselves

automatically [7]. Japan Concrete Institute (JCI)

defines the phenomenon of self-healing is defined as

“the process of filling and sealing of cracks that

automatically take place without any practical works

by workers” whereas; Reunion Internationale des

Laboratoires et Experts des Materiaux, Systemes de

Construction et Ouvrages (RILEM) defines the self-

healing as “any process by the material itself involving

the recovery and hence improvement of a performance

after an earlier action that had reduced performance of

the material” [8]. Self-healing of concrete is the ability

of concrete to repair its cracks by itself [9, 10].

Literature Review

There is a vast literature on this topic, because

today’s concrete is getting more interested due to its

most prominent behavior of crack-healing in 21st

century. Many researchers have researched and worked

a lot on this topic in recent decades and many of them

are still working on it to get more healable concrete. In

today’s research, most of the researchers are trying to

get rid of early micro-cracking which when grows in

high ratios and wider then cause many problems. These

micro-cracks not only allow water to go inside the

structure but also allow other harmful gases and ions to

ingress in concrete which initiate many weaknesses in

concrete [1, 2]. Not all of the micro-cracks are harmful

because many of them auto-heal after some time. To

overcome early age cracks (micro-cracks), self-healing

concrete is suggested to be made. Self-healing agents

are mostly incorporated during mixing time or after

crack propagation. Self-healing materials have the

ability to restore the structure’s original functionality as

it was before occurring of the cracks [3, 4]. Cracks in

concrete are the key reason for a declined service life

of concrete structures [11]. Bacteria-based self-healing

is an auspicious solution for sustainable concrete

maintenance [12]. Spore-forming alkali-resistant bacteria

were used for this research work. The used bacteria

(peptone and yeast) were cultivated in fluid medium

comprising of the dosage of 5 g/liter and 3 g/liter of

distilled water respectively. Mortar prisms were made to

measure the crack-haling of specimens. Artificially

cracks size (0. 1mm to 1 mm) were induced in mortar

specimens as shown in Fig. 1. After the followed

procedures and period, specimens were checked. The

analysis of precipitation of crack-healing was analyzed

by SEM, EDX and XRD. It was concluded that the

crack-healing ability of concrete depends on many

factors but the most prominent was crack-width size,

crack sizes of not more than 0.8 mm were able to be

self-healed by using bacteria-based healing agents by

precipitation of calcite as shown in Fig. 2 [13]. 

Cracks are hypothetical, and recognized to put in

danger the strength, service life, stiffness and durability

of reinforced concrete structures. The most common

degradation source of concrete is the transport processes.

The presence of cracks (micro and/or macro-cracks) will

increase the passage of damaging elements into the

concrete, thus resulting in the risk of degradation of

concrete. The crack filling with incorporation of self-

healing agent will finally contribute to better emblematic

performance of concrete and reduced cost as shown in

Fig. 3 and 4 [9, 10]. Self-healing concrete gives better

performance than the ordinary concretes. It gives no or

very less number of repairs at given strength and time

as compared to conventional concrete. Fig. 3a shows

the performance of normal and high quality concretes

with respect to time. In Fig. 3a, the alphabet A shows

the normal/conventional concrete whereas, B shows the

High quality concrete. It can be seen that the concrete

B requires less number of repairs than concrete A with

passage of time. Similarly, Fig. 3b shows the cost of

concrete with passage of time. It can be noted in Fig.

Fig. 1. Cracks formed on prismatic specimens by embedded
method [13].

Fig. 2. Surface images of self-healed mortar specimens with
different crack widths (2a) crack width initially 0.3 mm and (2b)
initial crack width 0.8 mm [13].
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3b, the initial cost of concrete B is higher than the

concrete A, but with the passage of time, this cost

decreases as compared to concrete A. It concludes that

concrete B requires less number of repairs or it requires

no/less maintenance after made but the concrete A

requires more repairs which will definitely increase

repair and maintenance costs. Similarly, Fig. 4 shows the

performance and cost of conventional concrete with the

self-healing concrete. Fig. 4a shows the performance of

conventional and self-healing concrete. In the Fig. 4a,

the light zig-zag line shows the performance of

conventional concrete and the bold line shows the

performance of self-healing concrete. It can be

observed that the conventional concrete requires many

repairs at a given strength whereas the self-healing

concrete does not require any repair or maintenance

cost. Hence self-healing concrete gives much better

performance than the conventional and high quality

concretes. Fig. 4b shows the cost of conventional and

self-healing concretes. The final cost is almost equal to

each other at a given time. Because the initial cost of

conventional concrete is very low but with passage of

time, it requires repair and maintenance, labor cost and

wastage of time, which indeed increases its cost

whereas in case of self-healing concrete, the initial cost

is very high than the conventional concrete because of

material cost, but finally it requires no repair and

maintenance which almost equals the final cost of both

concretes. Therefore, it is recommended to use self-

healing concrete to save time, energy, labor cost etc.

[10]. 

During this study autogenous repair of cracks was

studied. Cracks were produced in concrete specimen by

cutting it into two halves with fixed crack-widths. Tests

were examined on cutting specimens of sizes 38x13x6

mm3 concrete coupons. The surfaces of both cut

specimens were matched as shown in Fig. 5. and were

further studied in details. After appropriate curing

dates, results were of various specimens were taken. In

this case, only two types of repair/healing were

recognized. First, the partial filling of concrete cracks

and the second structural shear strength was completely

restored. SEM and EDS analysis were also carried out,

which indicated the appearance of magnesium silicate

material within the crack surfaces. Carbonation was not

noticed when cracks were sealed by the process

autogenous healing. Also with the autogenously healed

concrete, the chloride diffusion rate was not at the level

which was before healing in virgin concrete. However,

the water permeability and chloride ingress were

blocked by filling of cracks regardless of the obtained

strength [14]. 

For the preparation of specimens, slag-cement pastes

were made from CEM III/B 42.5 N cement type. the

slag percentage (%) in cement was 66%. The calcite %

in cement was observed from TGA analysis which was

3.5% and 0.3 was used as water/cement (w/c) ratio. A

series of two (02) specimens were made for various

tests. In this study, the healing agent used was

Ca(OH)2. Two series of test samples were prepared for

various tests. These specimens were prepared to check

the properties of healing products formed in this

process. The slag-cement pastes were first cut at the

curing age of 28 days. The size of each cut specimen

was 40 × 40 × 5 mm3. These cut specimens were then

prudently pulverized into powder form with sand

papers to assure the surfaces of slices were flat. After

that, these slices were cured in healing agent Ca(OH)2
solutions under sealed conditions. Reaction products

were precipitated inside the gaps of slices. After 200

hrs., these slices were separated and dried with

vacuuming for 2hrs. After that these sliced surfaces

were observed with SEM and the reaction products

were detected by EDS analysis. The detailed schematic

diagram is given in Fig. 6. The investigated properties

Fig. 3. and 4. The performance and cost analysis of normal, high
quality and self-healing concrete [10]. 

Fig. 5. Close-up of concrete test coupon with each other [14].
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of slag-cement pastes in this study were physio-

chemical properties. The cement containing a high

content of slag about 66% with saturated Ca(OH)2
solution as an activator, it was established that the

reaction products formed in cracks are composed of C-

S-H, ettringite, hydro-garnet and OH- hydrotalcite. It

was concluded that the crack-healing phenomenon of

this type of specimens was very fast in first 2days, after

2 days the process was very slow. After 10 days, crack

widths of about 10 micro-meters were filled 60% [15].

Cement pastes and mortar samples with varying

binder composition, type and w/c or water/binder (w/b)

ratios were prepared. In this study, three types of

cements (CEM I, CEM II/B and CEM III/B) were used

to make cement pastes. Cement pastes with different

amount and type of cements were used to make

specimens. The details about the number of mixes, mix

proportions, w/b, types of binder used, size of specimens

are given in [6]. After making the specimens for different

tests, they were allowed to be hardened for specific time.

Different types of test methods were conducted to

measure the behavior of specimens accordingly.

Autogenous healing was measured through microscopic

investigations. At the age of 28 days of casting

specimens, controlled-cracks were artificially created on

the surfaces of mortar prismatic specimens. After

creating cracks, they were analyzed using a stereo

Fig. 6. Schematic diagram of specimens along with two series
[15].

Fig. 7. Autogenous crack-healing of specimens with passage of time [6].
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microscope. Subsequently, cracked specimens were

immersed in water wholly to start healing process. At

submergence of different days, the specimens were

taken out from water and crack-healing was measured

as shown in Fig. 7. From the microscopic analysis, it

was concluded that the crack widths of about 0.2 mm

were easily filled with CaCO3 precipitation [6]. 

In this research, reinforced flexural mortar specimens

with different types of self-healing agents and chemical

admixtures were first made, then cured and cracked,

and finally left submerged in water at a room

temperature for 100 days to self-heal as shown in Fig.

8. The mortar samples were made with Portland

cement, silica sand. and three different types of self-

healing agents (1) chemical agents; namely calcium

lactate solution (C), (2) biological agent, bacteria and

yeast extract solution (B), and both combined chemical

and biological agents (CB). Each type of healing agent

has further three types as shown in Table 1 of [7].

Crack-healing performance is shown in Fig. 9. It was

observed from the results of image analysis, that the all

healing-agents increased the healing ability of

respective specimens. In addition, the specimens

containing combine self-healing agents gave better

results than the others. From the regression analysis it

was established that the chemical self-healing agents were

more prominent than the biological healing agents.

Furthermore, it was seen that the chemical admixtures

have no adverse effect on healing agents so they can be

used with healing agents. Also, the thermal analysis of

hent specimens after 100 days with an initial crack size

ranging from 0.08 mm to 0.22 mm [7].

ealing agents also proved the presence of CaCO3 in

cracks. Finally, it was concluded that the crack sizes

between 0.08mm to 0.22mm can be healed by using

chemical, biological or the combination of both healing

agents [7]. 

In this study, the used bacterial strain was B.

sphaericus LMG 22,557. This used strain had a high

urease activity about (40 mM urea hydrolyzed OD−1 h−1),

long existence time and can produce CaCO3 in a simple

and controlled way. The medium used to grow B.

sphaericus comprised of yeast extract and urea. The

yeast extract medium was first autoclaved for about 20

minutes at 120 oC and the urea solution was added

which was pasteurized by means of filtration through a

hygienic 0.22 lm Millipore filter. The final concentrations

of both yeast extract and urea were 20 g/L. Silica gel

and/or polyurethane was used as the carrier for protecting

the bacteria as shown in Fig. 10. Investigational results

revealed that the silica gel immobilized bacteria showed a

higher activity as compared to polyurethane immobilized

bacteria, and hence, more CaCO3 precipitated in silica gel

(25% by mass) than in polyurethane (11% by mass) based

on TGA analysis. However, healing of cracked mortar

specimens through polyurethane immobilized bacteria had

a higher strength regain up to (60%) and lower water

permeability coefficient (10−10-10−11 m/s), as matched

with the specimens healed by silica gel immobilized

bacteria which presented a strength regain of only 5%

and a water permeability coefficient of (10−7-10−9 m/s).

Finally, it was established from the results that the

polyurethane immobilized bacteria have more potential

to be used as a carrier for self-healing of concrete [11].

From their study, authors found concluded that the

specimens containing hydrogel-encapsulated spores have

healed cracks of widths 0.5 mm completely whereas,

Fig. 8. Reinforcement used in mortar specimens (a) flexural
reinforcement, (b) shear reinforcement and (c) surface finish [7].

Fig. 9. Self-healing of different specimens after 100 days with an
initial crack size ranging from 0.08 mm to 0.22 mm [7].

Fig. 10. Carriers for bacteria (10a) shows the silica gel as a carrier
for protecting bacteria (b) shows the polyurethane as a carrier for
bacteria [11].
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other specimens containing non-bacterial series have just

healed the cracks of size 0-0.3 mm [12]. In this study

authors used microcapsules to encapsulate bacterial

spores for self-healing of concrete. The complete process

was confirmed by SEM analysis. The outcomes of the

experiments showed that the specimens contained bio-

microcapsules in broken form had higher healing

capability (up to 80%) as compared to those which did

not contain any bacteria which had healing capacity

(up to 50%). The maximum crack width which was

healed in the specimens containing bacteria was

0.97mm as shown in Fig. 11 [16]. 

Portland cement confirming ASTM C150 and slag

were used as primary binding materials, natural sand

with fineness modulus (F.M) 2.65 was used as fine

aggregate and Ca(OH)2 and Na2SO4 were used as

activators in this research. By following an appropriate

method to get a healing agent, firstly, the activators

were granulated in granulation machine and then a

solution of ethanol and water with 10:1 was mixed

with granules to make a paste. This paste was allowed

to dry at 60 oC in oven. After that, dried specimen was

obtained and that was coated with Poly vinyl alcohol

(PVA) film with pan-coating technique to protect

activators during mixing as shown in Fig. 12. It was

concluded from the experiment results that the

specimens which did not contain any granulated

activators did not show any sign of healing till 60 days.

The specimens containing Ca(OH)2 granules gave

better results than the specimens containing Na2SO4

specimens. It was established from the outcomes of the

research that the healing products were C-S-H,

ettringite, brucite, calcite, gypsum and calcium chloride

(CaCl2) [5].

Self-healing Approaches/Mechanism

There are two approaches of self-healing in concrete

which are established on the approaches of healing;

autogenous healing and autonomous healing [17]. The

mechanism of autogenous and autonomous healing is

carried out with many ways like by natural methods or

by using artificial methods i.e. chemical or biological

Fig. 11. Self-Healing of bio-encapsulated concrete specimen up to
3-week period [16].

Fig. 12. Procedure for coating the granules [5].
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materials or processes [18]. Self-healing process is

categorized in two different ways i.e. natural healing

and artificial healing. Process of natural healing

happens is done in case of autogenous healing of

concrete whereas process of artificial healing is done in

autonomous healing according to their definitions.

Cracks in concrete are the major reasons for a

diminished service life of concrete. Therefore, it is

prudent and efficient to control or confine the

expansion of early age small cracks at the time when

they appear. Because it is best way to restrict them than

to repair them. To do so, the best way is to add healing

materials to the concrete at time of mixing so that they

work themselves automatically when small cracks

appear at the surface of concrete [11].

Autogenous healing
According to JCI, autogenous-healing is defined as

“a natural process of filling and sealing of cracks

without any external operations”. Whereas; RILEM

defined the term autogenic healing as “the recovery

process uses materials components that could otherwise

also be present when not specifically designed for self-

healing own generic materials”. Autogenous healing is

related with the phenomenon of self-healing which

results from physical and/or chemical composition of

cementitious materials in concrete itself. With the

phenomenon of autogenous healing, only the crack

widths up to of 0.2 mm to 0.3 mm are healed [19-22].

Autogenous self-crack-healing is related with the healing

process occurring naturally. Autogenous healing mainly

depends on the (1) formation of calcium carbonate

(CaCO3) from calcium hydroxide Ca(OH)2, (2) Blocking

cracks by impurities/debris already in mixing water (3)

hydration of unreacted cementitious materials in

presence of moisture and (4) furthermore swelling of

hydrated cementitious particles in concrete as shown in

Fig. 13 [22]. 

Autogenous self-healing is done naturally by physical,

chemical and mechanical methods. Physically, it occurs

as in form of swelling or expansion of hydrated cement

paste near the crack faces. Chemically, it occurs in two

ways, first in form of continued hydration of binder

which only happens when the hydration is not

completed at early ages due to absence of extra water

for complete hydration, and secondly the formation of

CaCO3 and appearance of crystals on the crack faces

this happens when calcium ions from pore water of

concrete react with carbonate ions of moisture/water in

cracks combines calcium and carbonates ions together and

form CaCO3 and finally it precipitates in the crack. This

mechanism/reaction depends on the pH, temperature and

concentration of reactants. Mechanically, it occurs in form

of fine particles from moisture or water comes from other

external sources to crack or in form of broken pieces/

particles from concrete [8]. Autogenous healing can only

occur when concrete repairs hair-line cracks by itself

through reaction with water/moisture available in it [14].

Autogenous healing can happen in different environments,

ranging from under-water immersion to cyclic wet–dry

experiences. These conditions are real-world conditions

for many systems, mainly for transportation infrastructure.

Therefore, in these situations self-healing can easily be

contented. Secondly, for autogenous self-healing, chemical

species with adequate concentrations are needed which is

readily satisfied. The third criteria for autogenous healing is

the crack width of size < 150 μm and preferably below

50μm which can easily be self-healed [23]. The concrete

specimens containing slag-cement with high % of slag in

it, have high healing ability than the cements which

contain no slag [16]. The effect autogenous crack-

healing was investigated by using substitute binding

materials, such as slag and fly ash. It is noticeable that the

slag and fly ash react slower than cement thus in result

more unreacted binding material remains in hardened

matrix which allows crack-healing with additional

hydration. CaCO3 precipitation was calculated with the

help of microscopic analysis. It was noticed that the

replacement of cement with slag/fly ash did not

increase crystal precipitation. In addition, it was

revealed that the smaller cracks closed entirely and

sooner than larger cracks. Also there was no difference

in strength gain of samples. Generally, it was

concluded from the study that the cement replacement

with slag and fly ash improves the autogenous-healing

by increasing later/further hydration [6].

Autonomous healing
JCI defines autonomous healing as “involuntary

healing of cracks that are provided by admixtures”.

Whereas; RILEM states the definition autonomous

healing as “the recovery process uses materials

components that would otherwise not be found in the

material”. The concrete is said to be autonomous healed

when this mechanism is done artificially by using some

external agents such as biological/chemical/mineral

agents in various forms [10, 24-32]. Autonomous healing

of concrete is named to concrete in which healing

mechanism is artificially stimulated in the matrix with

some chemical/biological materials or agents externally.

External agents can be used in form of spherical/

Fig. 13. Mechanism of autogenous healing (a) formation of
CaCO3 from Ca(OH)2, (b) settlement of loose cement particles and
debris in presence of water, (c) late hydration of unhydrated
cement particles, (d) excess swelling of hydrated cementitious
matrix [22].
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cylindrical capsules or by single-/multi-channel tubular

network. A short mechanism of autonomous healing is

given Fig. 14 [33]. 

Autonomous crack-healing is related with the

artificial process of healing. Artificially crack-healing

occurs in form of biological and chemical processes.

Biologically it occurs in form of precipitation of

CaCO3 and polymorphic iron-aluminum-silicates. In

these cases, precipitation reactions are caused by fungi

and bacteria [28-30]. Chemically self-healing is caused

by passive and active modes. With passive mode

methods, capsules and shallow pipettes are used and with

active mode vascular networks with supply glue are used

[10, 24, 32]. Super absorbent polymers (SAPs), mineral

admixtures, microbial induced carbonate precipitation

(MICP) and textile reinforced concrete are the artificial

processes to be used in autonomous healing process of

concrete [8]. 

Materials and Methods

As found in previous studies, self-healing agents can

be applied in concrete by two methods: Direct

application and Encapsulation. Direct application of

healing agents in concrete is done by either incorporating

bacteria in light weight aggregates (LWA) or in in

graphite Nano-platelets (GNP) whereas the encapsulation

method is done by mixing LWAs in bacteria solution and

then their encapsulation in a polymer based coating layer

for improving the self-healing performance of concrete

[34-36]. It was found that the expansive agents like,

mineral admixtures, hollow fibers, polymers, micro-

organisms and micro-encapsulation are enthusiastic for

developing self-healing phenomenon in concrete [24].

Furthermore, chemical admixtures, geo-materials and

CaCO3 precipitating micro-organisms, concrete containing

dissolved salts of calcium and magnesium were also found

to be the methods for healing of concrete cracks [37-39].

Moreover, synthetic fibers and cementitious materials

separately and reinforced with each other were also

found to be healing materials in concrete [40, 41].

Using engineered cementitious materials with and

without lime stone powder were also found to be

promising material for self-healing [42, 43]. Crack

widths of <0.06 mm can easily be healed naturally

[14, 23], crack width sizes <0.138 mm can be healed

by using polymers, crack widths <0.2 mm can be

healed by using SCMs [6, 15], crack sizes <0.22 mm

can be healed by using chemical and other biological

methods and by bacteria and encapsulations, crack

width size up to 0.97mm can be healed [11, 12, 16, 44].

Self-healing of concrete by precipitation of CaCO3

CaCO3 is precipitated by using the bacteria. A large

number of bacteria domains are found in literature [45-

55] to produce self-healing concretes. The selected

bacteria have to face the problem of high pH,

temperature and lack of available water in concrete

after its hardening. This will lead to improper growth

of mesophilic micro-organisms in these circumstances.

To overcome this problem [31], used thermophilic

bacteria to design concrete. During hydrolysis process

of urea, photosynthesis and sulfate reduction, microbial

calcium carbonate can be precipitated as a by-product

[56]. CaCO3 can be found in its three precipitated

forms of mineral crystals in shape of calcite, vaterite

and aragonite whereas, only calcite is of superior

attention in self-healing concretes [57]. There are

several factors which affect the precipitation rate of

biological calcite such as concentration of inorganic

carbon and calcium ions, pH and presence of

nucleation sites [58]. CaCO3 precipitation on concrete

surface can reduce the permeability of capillary water

uptake and gases. The most used methods for

precipitating CaCO3 are ammonification, sulfate

reduction, anaerobic sulfide oxidation, denitrification

and photosynthesis [46, 47]. XRD and SEM analysis

can be used for detecting biological precipitation of

calcite crystals [59]. 

Use of mineral admixtures
Incorporation of mineral admixtures in concrete

affect the hydration process, material characteristics

and the self-healing potential of concrete [36]. The

cementitious and pozzolanic reaction of mineral

admixtures i.e. Fly ash (F.A), granulated blast furnace

Fig. 14. Mechanism of Autonomous healing (a) round capsules, (b) tubular capsules, (c) single-channel tubular network, (d) multi-channel
tubular networks [33].
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slag (GBFS), silica fume (S.F), calcined clay etc. can

lead to delayed and continuous hydration of cement

particles for long-term calcium-silicate-hydrate (C-S-

H) development. It was observed that the hydration

process of binders was very low in first few weeks due

to the non-reactivity of mineral admixtures in early

ages. For that reason, alkali activators, alkaline

solution, high curing temperatures and accelerators

were used accelerate the rate of hydration for quick

early healing of concrete [60]. Concretes made with

F.A and GBFS, ionic solutions were used for faster

hydration reaction [15, 61]. Autogenous healing was

noted to be continuous when mineral admixtures were

added in concrete. Autogenous healing of concrete was

observed when cement was partially replaced by GBFS

and F.A. [6, 11, 61]. 

Use of super absorbent polymers (SAPS)
SAPs are synthetic cross-linked homo-polymers with

ability to absorb high capacity of fluids. The nature of

swelling capability depends on nature of monomers

and the density of cross-linking [62]. SAPs has two

major functions in concrete, first of all, when it is used

in concrete, it takes up mixing water during mixing and

after setting and hardening it starts shrinking which in

result leave small macro sized pores in concrete [63].

These pores are considered to be the weak points in

matrix [64], which allow the phenomenon of cracking

in matrix [65]. However, these macro-pores can be the

reason of reduction in concrete strength but using SAPs

as internal curing agent can further allow hydration of

cement which can increase the final efficiency of

matrix which is finally dependent on the type of SAPs

used, its amount/dosage, particle shape and size, w/c

ratio of mix and mixing techniques etc. [66-70].

Despite the concerns discussed above, mixes with high

w/c and high SAP content may affect the mechanical

properties. Research study [71, 72] showed that the

early swelling of SAPs can be overcome by coating the

SAPs by Wurster process.

The second purpose of SAPs in concrete is self-

sealing of cracks once crack occurred/appeared. The

crack-healing with the use of SAPs depend upon the

appeared crack width. SAPs can close cracks of size <

0.14 mm whereas the SAPs in combination with fibers

can easily heal the cracks sizes of 0.3 mm to 0.5 mm

[73, 74]. This self-crack-sealing is due to swelling of

SAPs in presence of moisture or water [64, 70, 75].

This moisture or water absorbed by SAPs can come

from itself because of available water inside in it

during mixing or can be extracted from humid

environment. The self-crack-sealing results in

formation of C-S-H and to the crystallization of CaCO3

[76-78].

Self-healing of concrete with non-absorbent polymers
JCI and RILEM included the non-absorbent

polymers (polymer modified/cement concrete) in the

category of engineered self-healing materials. It was

stated that the polymer and cement creat a vast network

by cooperation of these binding materials with

adhesion and results in enhancement of flexural and

tensile strengths and leads to self-healing of concrete.

Like SAPs, non-absorbent polymers can only be

beneficial as self-healing material when the selection of

polymer type, dosage,w/b ratio, type of binder is done

properly. Some researchers found that ethylene venyl

acetate and epoxy resin behave as self-healing

materials [37, 79-81].

Self-healing with encapsulation
Encapsulation is mainly divided into to two methods

micro and macr-encapsulation respectively. In

mechanism of micro-encapsulation, micro-capsules are

directly embedded into fresh concrete matrix, when

cracks appeared on the surface, these micro-capsules

start disseminating into cracks. In the recent past, a

wide range of new materials and methods for micro-

encapsulation have been studied by many researcher.

For better performances, many thermally stabled

encapsuled-materials such as polyurea-formaldehyde

and plyurea are used an agent for self-healing [26, 82-

87]. The liberation of encapsulated material in matrix

can cause unacceptable chemical changes in concrete

like dis-assembly of capsule shell. The main issue with

embedding other materials in concrete is the chances of

reduction in pH of concrete which will lead to acidity

and cause ingress of chloride and corrosion of steel

reinforcement. To tackle with this problem, high pH

materials have been proposed to embed in concrete for

healing [88-91]. Different new improved methods have

been proposed to employ for micro-encapsulation

process. Micro-fluidics is relatively a new technique

than previously commonly used techniques (chemical

and physio-chemical). A detailed micro-encapsulation

method is given in [92-94]. Whereas, macro-

encapsultion is usualy done with the materials of size

more than 1mm. Glass and polypropylene fibers were

proposed to be used as crack repairing/healing

materials. For proper crack-healing, the fibers in

combination with cheap encapsulation materials were

mixed together to get a proper solution before use.

They found that this technique gave better results/

output than the micro-capsules because this technique

of crack-healing was able to all of the stored healing

agent was able to show proper contribution in healing

of crack [95-97]. Hollow glass fibers filled with ethyl-

cyanoacylite glue and alkali-silica solutions were

studied the results showed recovery in crack-healing

[26, 98]. It was suggested that the incorporation of

glass fibers have negative impact on durability of

concrete because of possible alkali-silica-reactions

(ASR). To avoid ASR, it was suggested to use ceramic

capsules [33, 99-101].
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 Assesment techniquess of healing in self-healing
concrete

Studying the self-healing concrete, one must assess

the efficiency of healing approaches. The performance

of self-healing concrete is evaluated in many ways by

researchers, depending on the mechanism of healing of

concrete, specific property of healing concrete, technique,

availability of evaluation equipment, machine etc. some

of the evaluation techniques are given many international

renowned standards but some are created/discovered/

invented by researchers by themselves and claimed that

these methods or techniques gave best results as expected.

In their detailed study, and research in field of self-healing

concrete, a general classification of evaluating self-healing

concrete on basis of the properties of healed concrete was

proposed by [22]. They characterized the methods in

three (03) major groups, namely (1) visualization and

determination, (2) assessment of regained resistance

and (3) regained mechanical properties. Sub-sections of

the above three major groups are described below in

brief. 

Visualization and determination
In this section, mostly qualitative methods of

evaluating healing are described. The qualitative methods

show the mechanism that occur inside the self-healing

concrete structures, its composition, crystal deposition,

release of encapsulated healing agent and process of

crack-filling. 

Microscopy
For evaluation of cementitious materials, microscopic

techniques are mostly used. With the help of microscopy,

microstructure and structure of the specimens are

observed. The chief test techniques in this category are;

(1) petrographic inspections along with optical

microscopy, (2) scanning electron microscopy (SEM) and

(3) environmental SEM. In first case, a digital

microscope is used to detect the crack surface, contours

of crack surface, crystalline products and crack width

size [38, 101-104]. SEM and ESEM are most

commonly used techniques along with back-scattered

electron imaging (BSEI). These methods give statistics

about the crystallographic arrangement of the sample

and describe the shape and size, morphology of re-

hydrated products in cracks [6]. These test techniques

have been used widely to study self-healing approaches

in self-healing concrete. Numerous researchers have done

experiments on engineered cementitious composites

(ECC) to assess the effectiveness of the autogenous

crack-healing mechanism through microscopy [70, 102,

103, 105, 106]. Moreover, the usage of SAPs to increase

autogenous healing was checked by microscopic

evaluation methods [106]. Besides, the influence of

autogenous healing owing to continued crystallization

succeeding from use of extensive additives, geo-

materials and chemical agents were also assessed

through optical microscopy and SEM [107, 108]. Also,

petrographic investigations were carried out to

investigate the influence of compressive forces on

development of autogenous self-healing in hydrating

concrete [22]. With regards to autonomous healing,

autonomous healing mechanism was investigated by

optical microscope in the concretes containing gelatin

shelled-tung oil [25]. Microscopic analysis has also

been a common means to examine the autonomous

crack healing capability of bacteria-based concretes [3,

11, 50, 52, 104, 109-111]. Furthermore, microscopy

examination technique has been commonly used in

several researches to observe the capsule-based

autonomous healing. 

Imaging
Similar to microscopic technique, imaging has also

been used frequently to visualize the concrete structure

before and after healing. Though, visualization of

release of healing material from entrenched tubes/

capsules and few other quantification analyses are

likely to be seen from imaging. Key test methods for

imaging comprise BSE Imaging, X-ray tomography/

radiography, digital image correlation (DIC), neutron

tomography/radiography. The BSE Imaging is commonly

Fig. 15. Images of neutron radiograph, X-ray radiograph in 2D images [115] and 3D image tomography [17].
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carried-out with SEM but in case of SEM only low

atomic number elements can be visualized whereas, in

case of BSEI, the elements having high atomic

numbers can easily be visualized. The radiography is

used in visualization because it gives two dimensional

(2D) images of the structure of the sample as shown in

Fig. 15. Whereas, the tomography gives the three

dimensional (3D) images of structure. 

The DIC is an optical technique which precisely

detects changes in 2D and 3D images by tracing and

image registration practices. Also DIC helps in close

investigations of crack expansion and termination. DIC

analysis was used to calculate the crack stoppage because

of developed autogenous-healing by use of shrinkable

polymers [24]. The deformations, displacements and

optical flow were observed by thermography [112]. X-ray

radiography was conducted to examine the autonomous

healing in concrete which had encapsulated two-part

epoxy with urea formaldehyde formalin (UFF) and

two-part healing agent [99, 113]. Neutron radiography

and tomography was employed to visualize and

measure the capillary water up-take in healed cracks

owing to capsule-based healing setup [114].

Spectroscopy
Crystalline materials, precipitated products and

chemical composition in healed specimens were

determined through spectroscopic investigations. In

spectroscopic method, a beam of light is passed through

sample which store/record the spectrum of transferred

light. Molecular and atomic structure of the samples in

respective peaks, position and shape are collected with

the spectroscopy. Most commonly used spectroscopic

measuring methods are X-ray spectroscopy (XRS),

infrared spectroscopy (IS), Raman spectroscopy (RS)

and X-ray diffraction (XRD) analysis. XRS deals with

X-ray spectrum whereas, IS analysis feats light beams

in the infrared area of the electromagnetic spectrum.

Both of these methods assist in finding and resolving

of precipitated products in a healed sample [104]. In

addition, RS depends on scattering of mono-chromatic

light, usually from a laser source which gives

information on chemical composition of crystallization

products [102]. Whereas, XRD analysis gives 3D

images of the crystalline structure of a sample by

determining the characteristics of X-ray beams

diffracted because of the atomic structure of the

samples. Like so, the composition of the re-hydrated

product in self-healing region can be checked [108].

Resistance
Existence of cracks in concrete can govern to

discontinuity of matrix and as result in high risk against

permeation of fluids in it. During healing process these

cracks squeezes themselves to make concrete more

efficient. For this reason, important group of techniques

are working to self-heal the mechanism in concrete.

Most important signs of the regained resistances of

self-healing concretes are transport properties,

resistivity and continuity. 

Transport properties
Most common test methods in this group for

measuring self-healing in concrete are water and air

permeability, sorptivity, osmotic pressure and chloride

diffusivity. Water permeability and air permeability are

most commonly test techniques which are used in

almost every self-healing test method [17, 115-117].

Sorptivity test method deals with capillary water

suction [118]. Another transport characteristic in

concrete is dealing with resistance against chloride

ions. The degree of regained resistance against chloride

diffusion is assessed as an indicator of the effectiveness

of self-healing process. Osmotic pressure is dealt with

the selective perviousness of concrete with against

solutes, ions and water. Numerous researchers

conducted water permeability, water pressure test [119-

123] and transport of different chemicals [11, 124].

Permeability of concrete structures play a vital role in

controlling the properties of concrete. The performance

of concrete structures is also influenced by the

permeability. The corrosion of steel reinforcement is

directly related the water permeability of concrete.

Therefore, it is necessary to stop the permeability of

water in concrete to avoid corrosion and durability

problems. Water permeability test (WPT) was conducted

on concrete specimens. Different size of cracks was

produced on cement pastes, mortars, normal and high

strength concretes. The minimum and maximum crack

sizes were 50 microns 350 micron respectively. During

WPT, only the inflow was measured. It was observed

that the crack size <100 microns didn’t show any

permeability whereas the crack size >100 microns were

affected with permeability [1]. Fig. 16. Spectroscopy methods (a) XRS, (b) IS, (c) RS and (d)
XRD analysis [17].
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Resistivity and continuity
Resistivity is directly related with durability

properties of concrete structures because it belongs to

continuity of matrix. The most used tests in this

category are ultrasonic measurements, corrosion

resistance tests, frost/salt scaling. In case of ultrasonic

testing, short ultrasonic waves are passed from the

matrix to perceive internal defects and cutoffs. If there

is no blockage or defect in concrete, the waves pass

quickly as compared to defective concrete. There is one

disadvantage of ultrasonic testing because in presence

of moisture/water in concrete, it does not give true

result results whereas, the detection during autogenous

healing it is very necessary to notice the availability of

water [125]. Corrosion testing is necessary to know the

corrosion rate in steel. Because the reinforcement used in

concrete is very susceptible to corrosion. So it resistance

is necessary. Frost scaling states the exposure of concrete

to freeze-thaw action. This phenomenon mostly occurs in

case of roads and marine structures because the outer

environment changes with seasons and these structures

are facing more threat to this. Many researchers used

ultrasonic testing technique to investigate autogenous

healing effect in concretes containing polymers and

pozzolans [37, 125, 126]. Also few researchers investigated

corrosion transport in autogenous and autonomous

concretes containing calcium nitrate fibers and sodium

silicates. Frost scaling test was conducted by [97, 127, 128]

on autogenous healed concretes.

Strength performances
The presence of cracks in concrete matrix

significantly reduces the strength and stiffness of

concrete. For this reason, the key approaches of self-

healing concrete are to investigate the mechanical

characteristics of concrete after its healing. The

comparison of regained mechanical strength is

necessary to evaluate the difference between strength

regained and the strength before the appearance of

crack. The most commonly used mechanical

performance test techniques in self-healing concretes

are 3-point and 4-point bending tests, tensile tests,

horizontal deformation and impact loading tests. Two

more methods are also used to check performance

which are actually non-mechanical test that are

acoustic emission (AE) and resonance frequency (R.F)

analysis. 

Bending tests are most popular test methods to create

artificial cracks in a self-healing concrete specimens

mechanically. The procedure of this type of testing is

first create cracks and record the load. After that, allow

the specimens to heal-cracks itself. After a designated

period of time, the healed specimens are further loaded

in same way as earlier/before healing. Now both the

loading results will be compared and regain in

mechanical strength will be identified. A number of

researchers used bending tests to explore the improved

autogenous healing in concrete through restriction of

crack width [126, 129-131], adding of internal curing

agents and application of compressive forces [22, 78,

132, 133]. Autogenous self-healing effect in high

performance concrete was investigated by [133].

Another study used 4-point bending test for knowing

healing efficiency of concrete containing encapsulated

epoxy agent [134]. Also, several researchers examined

the self-healing efficiency of autonomous healing

concrete [127, 135-139]. Few researchers used

compression testing for analyzing self-healing effect in

concretes [40, 102, 137]. Capsule-based autonomous

healing was investigated by [133] following compression

test. 

During horizontal deformation test, horizontal load

with defined displacement is applied to the top of a

column-shaped sample to generate artificial cracks.

After the self-healing, the test was repeated again to

assess the healing productivity. Commonly, a concrete

Fig. 17. Ultrasonic testing technique of concrete samples [17].

Fig. 18. Bending test on self-healing concrete (a) before healing
and (b) after healing [115].

Fig. 19. Horizontal deformation test set-up [136].
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slab specimen is used for impact loading test and the

impact energy is examined upon drop of a heavy

weight from a constant height. These two (2)

mechanical test methods have been used to examine

the capsule-based autonomous self-healing mechanism

[134, 140]. In (AE) analysis, transient elastic waves are

produced because of sudden stress in the material.

Evolving micro-cracks in the matrix can release the

energy in shape of stress waves which then can be

recorded with sensors. Like so, some information will

be gotten about the healing mechanism inside the

specimen. Furthermore, regained internal energy can be

assessed in the healed concrete. The autogenous self-

healing in ECC was studied through AE analysis by [3].

Other researchers [11, 141] investigated the autogenous

healing effect in an UHPC using AE analysis. RF

analysis can be used to measure flexural, longitudinal and

torsional resonant frequencies in specimens. RF analysis

permits assessment of recovered stiffness, evaluation of

the degree of self-healing as well as the quantification

of the extent of damage and retrieval. More than a few

authors studied the regained mechanical characteristics

in healed concrete owing to autogenous self-healing

influence using RF analysis [142, 143].

It was observed that the mechanical strength was

regained in healed concrete after healing of crack. The

strength was much lower compared to the virgin

concrete. In general, it can be noted that small healed-

cracks have high strength as compared to larger one but

in this study it was not accordingly as shown in Fig. 20

[6].

Finally, it was established from the results of

specimens from this research that the CaCO3

precipitation will only contribute a little part in strength

gain in case of autogenous crack-healing [6]. It can be

seen in Fig. 14 that there was a strength gain up to 50-

60% in the specimens in which polyurethane was used

as a carrier as compared to reference sample. In the

specimens containing silica gel, strength gain was high

as compared to reference sample but strength was low

as compared to samples containing polyurethane. The

difference in both specimens containing carrier was

due to the type of carrier/material used. Because the

polyurethane is an organic material that has more

strength as silica gel.

Overview, Limitations and Recommendations

The concrete itself does not provide much healing to

heal its cracks. It only heals very small cracks by itself

by the mechanism of autogenous healing. The previous

studies show that the concrete with autogenous healing,

heals only very small crack widths but the size of crack

widths are varying. Because some studies show that the

crack widths of size 0.01 mm to 0.1 mm can be healed

easily in presence of moisture. Whereas, some studies

demonstrate the crack widths of 0.2 mm can also be

healed with presence of water. If there is no moisture

or water it will be very difficult to access autogenous

healing. So in this case, someone cannot depend on the

autogenous healing. For this reason, concrete is

engineered to trigger autogenous self-healing. The

triggered autogenous healing is further reliant on its

constituents specifically unreacted binding particles.

Similar to previous case, there will be no any

difference in size of crack-healing. In this case, the

addition of fibers in concrete can help in minimizing

the earlier appeared cracks, which will the easily be

healed with autogenous healing mechanism because

the crack sizes will be very small than that of without

fibers. The addition of mineral admixtures plays a

promising role in enhancing self-healing of concrete

because it promotes C-S-H gel in continued hydration

whereas, some studies show adverse effect of mineral

admixtures in concrete because precipitation of CaCO3

is stopped during dry-wet cycles. This influence in

concrete depends on the self-healing conditions and the

mix design which is being used for making concrete.

Also the healing mechanism in presence of mineral

admixtures like slag and fly ash is very slow takes long

time so heal cracks, to mitigate this problem, alkaline

Fig. 20. Strength gain after healing of crack [6].

Fig. 21. Strength gain after healing of crack [11].
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activators are suggested be used while making

concrete. These activators help in early hydration

reaction in concrete and in result Self-healing of cracks

occur earlier. The problem with using activators is the

cost. Because the cost of concrete increases while using

alkaline activators. Also the addition of fibers increases

the cost of concrete therefore it is suggested to use

natural fibers to reduce total cost. SAPs and porous

light weight aggregates LWA can be used for self-

healing mechanism in concrete. Because they contain

water inside it when a crack is appeared in concrete,

the internal water release to crack mouth in form of

moisture which then help in reaction of unhydrated

cement and with time that crack heals. So the use of

SAPs and LWA are encouraged to apply. Also the

combination of these both or different SAPS are

suggested to be used. But the mechanical and durability

problems should be kept in mind because no one can

compromise on these properties. One of the problem

with autogenous healing material is that they work only

for 1-3 years from casting date. It is recommended to

use liquid phase change materials (PCMs) for self-

healing concrete. These PCMs should only work when

cracks appear on surface. If there is no crack these

material should stop their work and remain in solid

form.

On the other hand, the autonomous self-healing

concretes are designed to heal the cracks of sizes up to

1mm. the materials for autonomous healing include

bacteria-based systems, micro-encapsulation with

minerals and polymers, macro-encapsulation minerals

and polymers. Encapsulation with shell materials was

investigated in literature, it was found that the concrete

was very hard and stiff, the bonding between cementious

matrix was improved, whereas, the mechanical strength

was reduced. With the encapsulation, cracks up to

1000µm were sealed. It was recommended to use a

dosage of 0.5 5 to 10% of cement to balance the

mechanical strength with other properties. Similar trend

(short-life span) was noticed in autonomous healing

concrete as it was noticed in autogenous healing system.

To overcome this problem enormous researchers used

mineral cargos or bacterial spores. They used these

systems to improve the life span of healing agents in

concrete so as there should be no further repair

problem in concrete in future but they were still unable

to get that, somehow they got good results in vascular

network system of autonomous healing in laboratory or

small levels. However, still there is a challenge to use

this system in large concrete works. The bacteria-

intervened systems have also their limitations as well.

Denitrification and aerobic oxidation systems have

negative impact on CaCO3 precipitation yields as

compared to ureolytic systems. However, in view of

environmental considerations, urea hydrolysis has

demerits because it produces ammonia as byproduct.

Also the aerobic and ureolytic self-healing mechanism

has disadvantage of creating corrosion in steel during

healing period. Both the bacterial self-healing and

stimulated autogenous healing work on similar

mechanism in which CaCO3 precipitation occurs but it

is very hard for them to get the lost strength which the

concrete had before appearing crack. In addition,

CaCO3 is soluble in acidic environment, and will not

give good results in the conditions where pH of the

system is low. To devastate these hitches, a system with

more power to resist acidic sources and a strong

material with low modulus elasticity will be required.

In addition, the forthcoming work should focus on

the self-healing agents/materials which to be used in

concrete (1) should be cheap (2) should be available in

local markets, (3) should be durable (4) should have no

adverse impact on strength, (5) should have long life-

span (6) should resist unwanted sources which are

harmful for concrete. 

Conclusions

In today’s modern world, in any field, everyone is

trying to get good output from the thing they have.

Like, doctors are trying to give that medicine to

patients by which patient becomes healthy as early as

possible, similarly teachers or professor are trying to

give lectures in a way by which students should learn

easily. Lawyers are presenting solid reasons or proofs

by which they are trying to win the cases. Engineers

are trying to quick application of the materials or ideas

they have. In the same way, a material engineer is

trying to make materials that can be used frequently

and have many advantages. Concrete is also one of the

materials that have many applications therefore it the

second most consumable material in the world after

water. Today more durable and high strength and high

performance concretes are made which have the life-

span more than 100 years. In this modern era of the

concrete technology, self-healing concrete has also

received response from clients and the engineers. The

major part of paper includes the introduction part,

reviewed literature, self-healing approaches/mechanism,

the methods and materials used for self-healing concrete

and assessment techniques of crack-healing. This paper

reviews the research work of numerous researchers in

this field. Literature is reviewed from almost 150

sources which include reach articles, conference

papers, written books, review papers and many more.

The aim of this paper is to enlighten the work of

numerous researchers who worked and studied about

self-healing concrete. It is observed from the reviewed

literature that the self-healing of concrete is much

necessary for today’s world. Many advantages were

observed during this study which are listed below;

saving money on further material for repair; as we

know, conventional concrete needs more money on

buying further new materials for repair, whereas, self-
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healing concretes do not need for this purpose. (2)

minimizes further usage of natural resources/materials;

no further extraction of natural resources for repair will

be needed, (3) saves further money on man-power;

because further repair will require man-power to repair

the concrete structure which in result will increase the

cost, (4) saves time; as we know time is precious, that

saved time we can use somewhere else, (5) saves

energy; mechanical power for repair will be reduced,

(6) minimizes the throwing of waste from construction

industry; because self-healed concrete takes more time

to demolish, in this way a delay in throwing waste will

be notified, (7) high performance; self-healing concrete

shows high performance as compared to conventional

concrete. Some demerits of self-healing concrete were

also observed during this study. Such as; 

increased initial cost; initial cost will be increased

because self-healing concrete needs extra materials, (2)

proper care; during mixing of concrete a proper care

will be needed to put proper dosage/amount of healing

agents in concrete, (3) short life span of healing agents;

healing agents does not live long, which again will

need repair in near future.

Furthermore, it was witnessed in the previous papers

that the most of researchers performed various test

methods to verify healing mechanism in concrete. Test

methods, such as (1) microscopy, which includes, optical

microscopic, SEM, ESEM, BSEI, (2) imaging, which

includes X-ray tomography/radiography, DIC, neutron

tomography and radiography, (3) spectroscopic, which

includes XRS, IR, Raman spectroscopy, XRD analysis, (4)

transport properties, which include water permeability, air

permeability, sorptivity, chloride diffusivity and osmotic

pressure, resistance permeability, ultrasonic measurements,

corrosion, frost scaling and (5) strength performance,

which includes 3-point and 4-point bending tests, tensile

tests, compressive tests, horizontal deformation and

impact loading tests, acoustic emission and resonance

frequency test analysis were used for that purpose.

Finally, it was concluded that the most of these

techniques were beneficial for assessing crack-healing

mechanism in self-healing concrete.

In addition, it is recommended to make concrete in real

level application because none of the researchers used

self-healing concrete in real application environment. Also

for this reason, the evaluation techniques which were used

in laboratory level specimens, can further be changed/

enhanced.
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