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Abstract

The purpose of this literature review is to analyses various work
conducted on concrete that heals itself formed by incorporation of
bacteria. Self-healing concrete utilizing bacteria is a noteworthy
development in the field of sustainable construction technology. This
literature review synthesizes findings from a range of recent studies on
the mechanisms, performance, and challenges of bacteria-based
self-healing concrete systems. Research indicates that incorporating
specific bacterial strains predominantly from the Bacillus genus into
concrete enables the material to autonomously repair cracks through the
Calcium carbonate precipitation caused by microbes, which efficiently
seals fractures and restores integrity. Multiple papers demonstrate
enhancements in mechanical properties, such as compressive strength
and durability, along with the ability to heal cracks under various
environmental conditions. Key factors influencing self-healing
performance include the choice of bacterial species, nutrient availability,
crack size, and the highly alkaline environment of concrete; advances in
encapsulation methods and genetic engineering further enhance
bacterial viability and healing efficiency. Despite demonstrated benefits,
challenges remain in optimizing economic feasibility, ensuring long-term
viability of bacteria, and scaling the technology for widespread
application.  Collectively, the reviewed literature highlights
bacteria-powered self-healing concrete as a promising, environmentally
aligned material poised to transform the maintenance and resilience of
infrastructure.

Introduction

The idea of bacterially self-healing concrete has

The most popular building material is concrete,
but over time, its ability to crack may affect
durability and structural integrity. Conventional
repair techniques are frequently expensive,

time-consuming, and could not offer lasting fixes.

© 2025 The Authors. Published by MRI INDIA.

gained traction recently as a viable, sustainable
substitute. This new technique utilizes selected
bacterial strains like those in the Bacillus genus,
that, when activated by water intrusion, can
precipitate calcium carbonate (CaCO3) to close

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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gaps on their own. In addition to restoring
concrete's mechanical qualities, the bio
mineralization process increases the material's
resistance to chemical and water penetration,
extending its lifespan and durability. The
process, known as bio mineralization, not only
restores the mechanical properties of concrete
but also enhances its resistance to water and
chemical penetration, thereby improving
durability = and lifespan. Encapsulation
techniques, such as embedding bacterial spores
in microcapsules or expanded perlite, have been
developed to protect the bacteria until cracks
form, ensuring effective healing even under
challenging conditions. Research demonstrates
that bacterial self-healing can significantly
reduce permeability, heal cracks up to nearly 1
mm wide, and increase compressive strength. As
the field advances, optimizing bacterial strains,
nutrient delivery, and encapsulation methods
remains crucial for large-scale, cost-effective
implementation.

“In this review, the mechanisms, efficiency, and
practical  challenges  of  bacteria-driven
self-healing concrete are analysed, with
attention to its promising role in advancing
construction technology.”

Literature Review

Pui Yan Wong! (2024) The author aims to
highlight the potential of bioconcrete, which
uses microbial metabolic processes to self-heal
cracks by precipitating calcium carbonate
(CaCO0s3). While the method enhances durability
and is eco-friendly, the author identifies key
challenges like microbial viability and high costs.
The paper calls for further research into diverse
biological agents (including fungi and algae),
improved microbial ecosystems, advanced
encapsulation methods, and the wuse of
computational tools (ANN, ML) to optimize the
healing process. Encouraging the creation and
broad use of self-healing bioconcrete for
sustainable infrastructure is the aim.

Yasmeena Javeed? (2024) The current research

examines several methods for concrete
self-healing, emphasizing the drawbacks of
autogenous repair, which works best on

extremely small cracks. Using species like B.
subtilis and S.

pasteurii, it highlights the potential of bacterial
self-healing to fix cracks up to 1 mm,
particularly when the bacteria are encapsulated
and mixed with organic calcium sources like
calcium lactate. The pH, temperature, and
moisture levels all affect how well this approach
works, and natural curing conditions
significantly enhance healing results. The study
also supports the use of macroscale modeling
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for real-world applications and observes that
different bacteria provide varying strength
enhancements. The study concludes that
microbial self-healing concrete is a viable, a
method that can be scaled up to improve
longevity of concrete constructions.

Alireza Soleimanbeigi3 (2025) When paired with
silica fume (SF), the addition of Sporosarcina
ureae bacteria late in the mixing process
maintains activity and greatly increases the
strength and  durability of concrete.
Encapsulation is less effective than direct
bacterial addition. Through calcium carbonate
precipitation, which fills holes and densifies the
concrete, the mix repairs cracks up to 1 mm in
28 days. SF increases durability by improving
microstructure and lowering water absorption.
Gupta Souradeep* (2017) The author reviewed
the use of bacteria based method for repairing
cracks in concrete , focusing on how bacteria are
added either directly or via encapsulation. The
paper examines four main factors affecting
bacterial healing effectiveness: the materials and
methods used for encapsulating bacteriathe
ability of bacteria to seal cracks and restore
mechanical and durability performance, the
impact of incorporating bacteria or capsules on
concrete traits, and the survival of these
capsules during mixing.

Ali Raza> (2022) The main conclusions of this
study demonstrate how well Microbially
Induced Calcium Carbonate Precipitation (MICP),
which uses calcium lactate and Bacillus pumilus,
heals fractures and increases the lifespan of
concrete, surpassing or matching traditional
restoration techniques. Treatments such as BSF
and BSC demonstrated near-complete crack
closure (99-100%) and significantly reduced
permeability for cracks up to 1.55 mm in size.
The MICP process improves compressive
strength by promoting calcite precipitation,
which bridges cracks and densifies the concrete
matrix. Microstructural analyses confirmed that
the dense formation of calcite is the primary
factor behind the observed healing and
durability enhancements. Additionally, this
biological repair approach is environmentally
friendly and free from pollution. Ongoing
research focuses on optimizing MICP for healing
larger cracks, assessing durability under various

environmental stresses, and evaluating
mechanical properties such as fatigue
resistance.

Ismael Justo-Reinoso® (2024) “The study
highlights that BBSHC currently has an

environmental impact roughly 85% higher than
conventional concrete, primarily due to the
energy-intensive nature of chemical production
and bacterial encapsulation.” However, using
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BBSHC selectively, such as in the concrete cover
zone, can reduce overall structural impacts by
12-50%. Improving sustainability requires more
renewable energy, fossil-free raw materials, and
optimized transportation. Although long-term
data is limited, if BBSHC effectively reduces
repair needs by healing cracks autonomously, its
environmental benefits will grow.

Mahmoud A. Elshazly?” (2025) The author
wanted to see how two bacterial strains, Bacillus
Megaterium (BM) and Bacillus Sphaericus (BS),
performed as self-healing agents in mortar at
low and sub-zero temperatures. They
investigated various bacterial concentrations to
see how they affected the mechanical qualities of
mortar, crack healing abilities, and bacterial
survival. The study also includes microstructure
analysis to better understand how bacteria help
with recovery. Finally, the author wanted to
know which bacteria are competent at
self-healing concrete in cold situations and how
temperature influences their performance.
Mohamed Alazhari® (2018) This research
explores optimizing bacterial self-healing
concrete by focusing on the right balance of
bacterial spores, nutrients, and precursors.
Using coated expanded perlite as a carrier for
spores and nutrients separately, the study
shows that effective crack healing requires not
only sufficient healing compounds like calcium
acetate but also a minimum number of bacterial
spores (about 8 x 10° spores per gram of
calcium acetate).Healing was observed under
moist and humid conditions over 165 days, but
faster healing might occur under wet/dry cycles.
Lei V. Zhang® (2021) The author demonstrates
that Sporosarcina pasteurii bacteria, carried by
recycled expanded glass granules, can effectively
heal cracks in eco-friendly alkali-activated
concrete. The bacteria survive the alkaline
environment, producing calcium carbonate that
fills cracks up to 111 um within 90 days,
reducing water absorption and improving
durability. Higher temperatures and wet-dry
cycles boost healing. PVA fibers also aid calcite
formation. This biogenic self-healing approach
shows promise for increasing the strength and
sustainability of green concrete built from
recycled resources.

Kunamineni Vijay!0 (2021) The author wants to
highlight that using urease-producing bacteria
like Bacillus subtilis and Bacillus pasteurii in
concrete can naturally heal micro-cracks
through calcite (CaCO3) precipitation. This
self-healing process improves the concrete’s
strength, durability, and reduces water and
chloride penetration. The study emphasizes that
encapsulating bacteria yields better results than
direct application.
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Zinab Helal, Hani Salim!! (2021) This study
shows that adding bacteria and steel fibers to
concrete greatly improves its strength and
ability to heal cracks. Adding 2.5% bacteria
improved compressive strength in both fresh
and sulfate water. Combining bacteria with steel
fibers further enhanced strength in multiple
ways. Microscopic analysis confirmed bacteria
produce calcium carbonate, which helps fill
cracks. Overall, bacteria-based bio-concrete with
steel fibers is a sustainable way to make
stronger, more durable concrete.

Shoib Wani'?2 (2021) The author wants to
communicate that this study examined how
different concentrations of Bacillus megaterium
(BM) and Bacillus sphaericus (BS) affect
concrete’s strength, durability, and self-healing
abilities. The optimal concentration for BM was
found to be 10° CFU/mL,

which significantly improved compressive,
tensile, and flexural strengths compared to
control samples after curing. BM also showed
higher urease activity than BS, aiding mineral
precipitation that fills cracks. The bacteria
effectively healed cracks up to 0.8 mm wide,
with the best results (92% repair) for cracks
between 0.1 and 0.3 mm.

Hayeon Kim, H.M. Son3 (2021) The author
explains that bio-mineralization—a process
where bacteria produce carbonate minerals to
fill cracks—is a promising, eco-friendly method
to improve concrete durability. However,
bacterial survival and activity, which are crucial
for effective self-healing, can be negatively
affected by harsh conditions inside concrete
during curing. To overcome this, advanced
techniques like encapsulating bacteria in
protective carriers have been developed,
improving their viability and repairs cracks up
to 1.2 mm

After studying the paper it is concluded that,
bacterial concrete can successfully repair cracks,
with some papers reporting almost 100%
closure for cracks up to 1.55 mm. This capability
doesn't just seal the surface; it restores the
material's compressive strength and durability,
making it a more robust and long-lasting
structure. The research has explored various
techniques for adding bacteria, concluding that
the method of incorporation is critical
Encapsulating the bacteria in protective carriers,
such as expanded perlite or recycled glass, has
proven to be the most effective strategy. This
protective "house" defends bacteria from the
severe alkalinity of the concrete, ensuring they
remain dormant and ready to spring into action
when a crack appears. Gupta Souradeep et.al the
key healing process, according to the article, is
Microbial Induced Carbonate Precipitation
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(MICP). Bacteria present in concrete produce
calcium carbonate (CaCOj3) to seal micro-cracks.
This is considered an environmentally friendly
and autonomous method. The authors
emphasize four critical variables that influence
the effectiveness of this bacterial self-healing:
encapsulation, bacterial survival, impact on
concrete, and healing ability. Ali Raza et.al The
paper focuses on Microbially Induced Calcium
Carbonate Precipitation (MICP) as the main
mechanism. It specifically uses the bacterium
Bacillus pumilus along with a nutrient source
(calcium lactate) to initiate this process.
Bacterial activity causes calcium carbonate to
form, sealing gaps and densifying the concrete..
Shoib Wani et al. The study found that there is
an optimal concentration for each bacterial
species to be effective. For Bacillus megaterium,
the best concentration was 10° CFU/mL, while
for Bacillus sphaericus, it was 10° CFU/mL. The
self-healing process was effective for narrow
cracks, with the best results (up to 92% repair)
observed for cracks between 0.1 and 0.3 mm
wide. The healing efficiency decreased for cracks
wider than 0.8 mm. Mohamed Alazhari et al. The
authors' key contribution is their method for
implementing the healing agents. They used
coated expanded perlite as a carrier, but
crucially, they separated the bacterial spores
from the nutrients by encapsulating them in two
different components. The aim was to prevent
the bacteria from germinating and producing
healing agents prematurely during the concrete
mixing process.

Specimen And Material

Researchers studied, the phenomenon about the
sample and cubes were used, firstly the cubes
without bacteria and the second one is the cube
with bacteria were casted. Taking the cube of
size 150x150x150mm, cylinder of size 1509 x
300mm with add mixture of cement, sand and
aggregate ration is grade M25. Concrete mix
were prepared properly and the concrete cubes
and cylinder were casted. After the curing
process various test are carried in the cubes and
cylinder i.e. compressive strength test, Split
tensile strength test, tensile strength test. Other
literature paper also explain the about the
cracking process that is the minimum crack can
heal is 0.3mm and the maximum crack can heal
is up to Imm-1.55mm. The controlled cracking
and healing methodology is used to study the
self-healing
capabilities. The method used are 1. Casting of
cube specimens with pre-induced cracks. 2.
Observation and tracking of crack healing over a
set time period. 3. Assessment of healing
performance based in reduction in crack width.
4. Measurement of healing efficiency using
image analysis techniques and microscopy. 5.
Statistical analysis was conducted to evaluate
the relationship between healing time and crack
size. Crack healing typically began around three
weeks after crack formation, with full healing

concrete's  bacterially-induced

observed within 21 to 30 days.

Author Bacteria Various Tests oo
Name Used Conducted Key Finding and Result
At room and freezing temperatures (24°C and 0°C),
Bacillus Compressive & Bacillus megaterium and Bacillus sphaericus (at
Elshazly et | megateriu p 2.5%) showed complete crack healing (100%) and
) flexural strength, | . .
al. (2025) m, Bacillus improved mechanical strength. At sub-zero
. SEM, EDS, XRD ° .

sphaericus temperatures (-16°C), only B. megaterium
remained active with a healing efficiency of 38.37%,

highlighting its suitability for cold climates.
According to the life cycle evaluation of
Justo-Reino Non-ureol bacteria-based self-healing concrete (BBSHC), the
o ytic Life Cycle environmental effect of its manufacture is 85%
etal bacterial Assessment higher because of the additional materials used, its
(202'3) endospore | (LCA) selective use in reinforced concrete structures can
S reduce non-structural steel and improve
sustainability by up to 50%, leading to CO2 savings.
Raza & Bacillus lelct:islirgage Using Bacillus pumilus with calcium lactate,
Khushnood umilus germeabiﬁ’t 99-100% healing was achieved for cracks ranging
(2022) P SEM EDX X}IIQID between 0.29-1.55 mm. The technique, verified
’ ’ through digital image processing and SEM-EDX,
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also resulted in enhanced water tightness,
recovered compressive strength, and permeability
improvements comparable to traditional methods.
The integration of Sporosarcina ureae in
Compressive concrete—both directly and encapsulated—along
Soleimanbe strength, with silica fume, led to complete healing of small
igi Sporosarci | Flexural cracks (< 0.3 mm) and significant healing of larger
etal. na ureae strength, Water | ones (0.3-1.0 mm). Mechanical strength, shrinkage
(2025) absorption, SEM, | resistance, and water absorption were also
XRD, FT-IR improved, with microstructural analysis confirming
CaCO3 deposition.
Bacillus
aerius, B. Compressive Multiple Bacillus strains (B. aerius, B. subtilis, B.
subtilis, B. strer? th acetophenoni, B. odysseyi, S. pasteurii) enhanced
acetophen gt compressive, tensile, and flexural strength by up to
Javeed et al. . Flexural .
oni, B. 42.8%, 35.2%, and 29.1% respectively. Results
(2024) . strength, ; ;
odysseyi, L . show  that Dbacterial concentration and
. | Splitting tensile . . ,
Sporosarci environmental conditions like pH and temperature
strength L : .
na are critical for optimal self-healing outcomes.
pasteurii
This review found that combining bacteria and
. fungi in concrete could yield robust self-healing
. Review of . . : .
Multiple . systems. It emphasized the importance of microbial
Wong . mechanisms, A . .
strains . viability, encapsulation techniques, and
etal. . . encapsulation, . " S
including 8 environmental conditions. Encapsulation improves
(2024) . field : :
fungi erformance delivery but faces challenges in large-scale use.
p Fungi offer promise due to better durability in
extreme environments.
pH tolerance,
Shaheen et Baa{h.ls CaCQ3. . Alkaliphilic strains like B. pumilus show effective
al. (2022, subtilis, precipitation : . . C o
: . - calcite formation at high pH, indicating strong
cited by Bacillus efficiency, suitability for concrete applications
Razaetal) | pumilus alkaline Y PP '
resistance

Research Gap

1. One of the most significant materials for
construction, concrete is subjected to rapid
deterioration and cracking, which may threaten
structural integrity and necessitate costly
maintenance or repairs. Conventional repair

techniques are frequently time-consuming,
labour-intensive, and only offer short-term
respite. The creation of bacteria-based

self-healing concrete has become a novel and
environmentally friendly solution in recent
years, with the potential for autonomously heal
cracks, increase durability, and prolong the life
of structures.

2. There is little knowledge about which
bacterial strains work best and at what doses to
maximize self-healing effectiveness.

3. The influence of external parameters such as
humidity, temperature, and pH on bacterial
survival and their ability to induce self-healing

in concrete. Healing efficiency is not yet fully

established.

4. There is a lack of robust predictive models
capable of accurately forecasting the mechanical

behaviour and service life extension

concrete that heals spontaneously by utilizing ba

cteria.

5. Insufficient experimental data are available
on bacterial activity's influence on critical
tensile

mechanical properties, including
strength, stiffness, and ductility.

6. Further investigation is required

understand how bacterial-induced mineral
concrete’s
and

precipitation influences
microstructure, long-term durability,
resistance to aggressive environments.

7. Currently, no standardized testing protocols

or regulatory
Conclusion
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Evaluating concrete's self-healing potential in
real-world constructions is crucial to assure
safety, resilience, and longer service life. While
concrete possesses a natural ability, known as
autogenous healing, to seal micro-cracks, this
phenomenon is limited to very fine cracks and is
highly dependent on external conditions such as
humidity and temperature. Research indicates
that exposure to water accelerates the healing
process, with immersion environments
demonstrating greater effectiveness.

The integration of bacteria into concrete
presents a breakthrough solution by overcoming
the  shortcomings of natural healing.
Bacteria-based self-healing concrete offers
significant advantages, including enhanced
durability, longer structural lifespan, reduced
maintenance requirements, and improved
sustainability. This novel technique has the
potential to transform the building industry by
providing infrastructure that is not only
stronger and more lasting, but also more
ecologically friendly.
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