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Abstract  Concrete is the most widely used construction material around the globe due to its high strength,
durability, and relatively low cost. However, concrete cracks and their detrimental effects are inevitable even in
the early life of structures, thus emphasizing the necessity of repair. Given that in most cases, concrete appears
uncoated in the environment, and the environmental conditions significantly affect its longevity, application of
some specific methods to increase the durability and longevity of concrete stuructures is highly recommended.
According to the statistics, research findings, and objective observations, the cost of repairing a structure is
sometimes higher than that of construction itself. Concrete cracks significantly reduce the life time of concrete
structures. Therefore, it is more cost-effective to prevent the appearance and growth of small cracks from the
very first moments rather than repairing the cracks after their formation. To this end, it is recommended to add
repair materials to the concrete beforehand to improve premature cracking, a method called self-healing. For this
reason, self-healing concrete has found a special place in the construction industry in the world, especially in
recent years. The current study presented a review and made a comparison of some of these self-healing concrete
methods to find the method with the highest capability of industrialization.
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1. INTRODUCTION

Cementitious materials are widely used as the
constituent elements of structures. These structures are
always prone to the destruction and deterioration risks
that decrese their serviceability. Therefore, maintenance
of buildings, which is one of the most costly and difficult
tasks, is of high significance. Most materials are
destroyed by the development of structural microcracks.
The tip of each crack cuts the material like a knife, and
the formed crack moves through the piece, thus causing
mechanical damages to the piece and reducing its
strength over time. Self-healing is one of the most
valuable phenomena that can help overcome the
problem of reduced functional integrity caused by
material damage. In this respect, the self-healing process
should be automated immediately after the damage so
that the affected area can regain the integrity it used to
have before the damage [1]. In the last decade, a number
of researchers have increasingly conducted studies on
the self-healing process in concrete mainly due to the
increasing need for new materials and structures
characterized by the ability to self-repair, in addition to
the previous properties and behavior. Concrete is one of
the main materials in constructions due to its resistance
against compressive and heavy pressures. However, its

main drawback, i.e., low tensile strength, causes cracks
in the concrete which in turn shortens its life and reduces
its durability [2]. Given the key role of concrete cracks
in reducing the servicability of structures, it is
econimcally recommended to prevent or limit the
growth of small cracks at the early ages of the
construction so as not to spend the repair costs after their
formation. In other words, the best way is to pre-apply
the repair material to the concrete to heal the premature
cracks when they appear, the process called the self-
healing method [3].

2. MATERIALS AND METHODS

Cracking is a major danger to a majority of concrete
structures caused by low tensile strength of concrete. In
fact, internal and external changes, in the form of
processes, trigger the formation of thousands of fine
cracks in the inner areas of concrete. The movement of
harmful substances through small concrete spaces
gradually deteriorates the concrete structure and
intenfies the corrosion of the reinforcements exposed to
water and oxygen in the long run. The formed cracks
also affect the durability of strucytures by creating a
smooth path for the transfer of liquids and gases with
harmful substances. Therefore, the need for repairing
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cracks in the concrete structures is inevitable. In this
regard, different methods can be employed to repair the
concrete cracks including autogenous healing, hollow
mineral

fibers, microcapsules and nanomaterials,

addmixtures such as aluminum sulfate, and bacteria, all
symbolically shown in Figure 1. In the following, each
of these methods will be reviewed shortly.
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Figure 1. Schematic diagram of self-healing strategies in cementous materials

2.1. Autogenous healing

The first and most natural self-healing concrete
method with no external interference is the inherent self-
healing of concrete. As observed, some cracks in the old
concrete structures are covered with white crystalline
material, indicating the concrete ability to spontaneously
repair itself by inherently producing chemicals. Once
the cracks are repaired in cementitious materials, a
gradual decrease is observed in the permeability under
the hydraulic gradient (penetration of water and
invading ions) over time. In addition, in some cases,
complete crack closure is witnessed [4].

2.2. Hollow fibers

The current study highlights the idea of using hollow
fibers to hold some elements inside the pipes that are
held in place in a concrete structure. In the case of
damages or cracks in any part of the concrete, the
materials in the pipes, i.e., the restorative elements, are
released, thus reparing the cracks [5-6].

2.3. Microcapsules and nanoparticles

Nowadays, the idea producing intelligent self-healing
materials suggests the insertion of small capsules into
the structure of the used material (in the form of
particles, tubes, and sheets) to scratch or rupture the cell
body in the case of crack formation. The capsules are
released into the cracks and then hardened to close the
crack and perform the self-healing process or at least
stop the spread of cracks [7-8].

2.4. Mineral admixtures such as aluminum sulfate

Different forms of cementitious materials such as
hexacalcium Aluminate Trisulfate Hydrate (AFt),

Aluminate Monosulfate (AFm), and Calcium Carbonate
(CaCO3) can be found in the cracks and crystals of
calcium hydroxide in voids made by air bubbles. It was
assumed that these hydration products were washed in
the crack and recrystallized in the presence of water
flowing inside the crack. Based on this idea as well as
consideration of the development of self-healing
technology in the concrete, Kishi et al. conducted a
study on the effect of different elements of self-healing
on the self-healing behavior of concrete. The examined
samples included the expanding materials, minerals,
chemical additives, and several other combinations of
these materials. The results from an experimental
comparison between a reference sample and that
containing 10 % of cement with an expandable
compound composed of C4A3S, CaSQ4, and CaO ash
revealed that the crack with a width of 0.22 mm was
completely restored after one month. In this process,
re-crystallization products are observed between the
crack layers [9].

2.5. Bacteria

To date, in order to achieve the desired strength in a
majority of studies, several items such as ash, blast
furnace slag, silica fume, metakaolin, and other similar
materials have been used as additives to the concrete.
However, a new technology called bacterial mineral
sediment has been developed recently, originating from
the metabolic activities of specific microorganisms in
the concrete that can improve its durability, stability,
and properties in the long run. This process occurs inside
or outside the microbial cell or even at a distance from
it inside the concrete substrate. Most of the activities of
this type of bacteria are based on changes in the soluble
chemistry in the bacterial environment to facilitate
supersaturation and mineral deposition. Application of
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this technology (bio-mineral) to the concrete would lead
to new innovative potentials in the production of new
types of concrete such as bacterial concrete.

Bacterial concrete is designed based on the deposition
of calcite by bacteria which is called Microbially
Induced Calcium Carbonate Precipitation (MICP).
Calcium carbonate deposits, as a microbial sealant, can
fill cracks and crevices in granites, rocks, and sand [10].

3. COMPARING OF DIFFERENT SELF-
HEALING STRATEGIES

Table 1 shows different self-healing strategies for
comparison according to which, each of these self-
healing methods has its own advantages and
disadvantages.

Table 1. Comparison of different self-healing strategies [4, 11]

No. Method Advantages Disadvantages
1 - Natural method - Time-consuming and weak repair
Autogenous healing - Natural precipiation of calcium - Suitable for small cracks (10 to 100 micrometers)
carbonate - Inability to control the repair process
2 - Release of the healing agent when
necessary - Difficulty in casting or molding
- Need for medium amount of - Negative effect on the mechanical properties of the
Hollow fibers . . . .
healing agent cementitious matrix in the case of using a large number
- Possible effectiveness under of hollow fibers
multiple damage events
3 _ Release of the healing agent when - Difﬁculty. ofj preparing microcaPsules and casting
- Limited amount of healing agents
necessary .
. . - Concern about the connection between capsules and the
Microcapsules and - Simultaneous response to many :
. . cement matrix
nanoparticles damaged locations . . .
. . - Negative effect on the mechanical properties of the
- Possible effectiveness under . .
. . cementitious matrix if a large number of capsules are
multiple damage incidents
used
4 . -P d good heali . . .
Expansive agents rOpere?fl_lciiig calng - Unfavorable expansion in the case of improper repair
and mineral . y . - Not guaranteeing production of healing agents if
. - Proper compatibility with the
admixtures such as enerated healing products with the fecessaty
Aluminum sulfate g EP . - Effectiveness under different damage incidents
cement matrix
5 . - Need f isites to b t
- A natural and pollution-free eec for many prerequisttes fo ,e I?le
. . . . - Need for measurements to protect bacteria in concrete
Bacteria method characterized by biological . .
. - Concern for the recovery of mechanical properties
activities . ..
under multiple damage conditions
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Concrete (ISSC), resources, energy, and conventional
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A15(SO4); + 3Ca(OH), + 6H,0 — 2AI(OH); + 3(CaSO4-2H,0)
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A15(S04); + 6Ca(OH), + 26H,0 — 3Ca0-Al,05-3CaS04-32H,0
2A1(OH); + 3Ca(OH), + 3CaS04 + 26H,0 — 3Ca0-AL03-3CaS04-32H,0
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