ISSN: 2582-7219

International Journal of Multidisciplinary
Research in Science, Engineering and Technology

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.206 Volume 9, Issue 4, April 2026



©2026 IJMRSET | Volume 9, Issue 4, April 2026 | DOI:10.15680/IJMRSET.2026.0904340

IBNNEPE R/ EN | www.ijmrset.com | Impact Factor: 8.206)| ESTD Year: 2018|

34 . s ws s __me .
1»‘15" International Journal of Multidisciplinary Research in
,‘-;QE. o .
a1 Science, Engineering and Technology (IJMRSET)
IIMBSET (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Self-Healing Concrete

Shaik Sania Tazeen, Mohamed Naveeth M, P Mohamed Maitheen P, Mohamed Thalha S,
Rajalakshmi B

Department of Civil Engineering, Aalim Muhammed Salegh College of Engineering, Chennai, Chennai,
Tamil Nadu, India

ABSTRACT: Self-healing concrete is an innovative construction material designed to automatically repair cracks
without the need for human intervention. In conventional concrete, cracks are inevitable due to factors such as
shrinkage, temperature variations, and mechanical loads.

These cracks reduce durability, allow water and harmful chemicals to penetrate, and eventually lead to corrosion of
reinforcement, compromising the structural integrity. To overcome these challenges, self-healing concrete has been
developed using advanced techniques and materials. This type of concrete incorporates healing agents such as bacteria,
polymers, microcapsules, or chemical additives that activate when cracks form. For example, certain bacteria can
produce calcium carbonate, which fills and seals the cracks effectively. Similarly, polymers and encapsulated resins can
flow into damaged areas and restore strength. As a result, self-healing concrete significantly enhances the lifespan,
durability, and sustainability of structures while reducing maintenance costs. This review focuses on the various
mechanisms, materials, techniques, advantages, limitations, and recent advancements in self-healing concrete
technology, highlighting its potential to revolutionize modern construction practice

KEYWORDS: Self-healing concrete, crack repair, autonomous healing, autogenous healing, bacterial concrete,
microcapsules, polymer-based healing, calcium carbonate precipitation, durability, sustainable construction, smart
materials, structural integrity.

I. INTRODUCTION

Concrete is one of the most widely used construction materials in the world due to its strength, versatility, and cost-
effectiveness. However, it is inherently prone to cracking as a result of factors such as shrinkage, thermal variations,
mechanical loads, and environmental conditions. These cracks, even when small, can allow the ingress of water,
oxygen, and harmful chemicals, which ultimately lead to the corrosion of steel reinforcement and deterioration of the
structure. As a result, the durability, safety, and service life of concrete structures are significantly reduced, leading to
increased maintenance and repair costs.

To address these challenges, the concept of self-healing concrete has emerged as a promising and innovative solution in
the field of civil engineering. Self-healing concrete is designed to automatically repair cracks without the need for
external intervention, thereby enhancing the longevity and performance of structures. This is achieved by incorporating
healing agents such as bacteria, microcapsules, polymers, or chemical additives into the concrete matrix, which
become active when cracks occur.

The development of self-healing concrete not only improves structural durability but also contributes to sustainable
construction by reducing resource consumption, maintenance efforts, and environmental impact. This review paper
aims to explore the mechanisms, materials, techniques, advantages, limitations, and recent advancements in self-
healing concrete, highlighting its potential to transform modern infrastructure systems.

II. PROBLEM STATEMENT

Concrete structures, despite their widespread use and high compressive strength, are highly susceptible to cracking due
to environmental conditions, mechanical stresses, shrinkage, and thermal variations. Even minor cracks can
significantly compromise the durability and performance of structures by allowing the penetration of water, oxygen,
and harmful chemicals. This leads to reinforcement corrosion, structural deterioration, and a reduction in the overall
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service life of the structure. Traditional repair and maintenance methods are often costly, time-consuming, and require
continuous human intervention, making them inefficient for long-term infrastructure management.Moreover, with the
increasing demand for sustainable and durable construction, there is a critical need for innovative materials that can
reduce maintenance costs and enhance structural lifespan. Conventional concrete lacks the ability to autonomously
repair damage, resulting in increased environmental impact due to frequent repairs and material consumption.

Therefore, there is a need to develop advanced concrete systems capable of self-repairing cracks effectively and
efficiently. Self-healing concrete emerges as a potential solution to address these challenges by improving durability,
reducing maintenance efforts, and contributing to sustainable infrastructure development.

III. REVIEW OF LITERATURE

Several researchers have contributed significantly to the development and understanding of self-healing concrete. Early
studies focused on the limitations of conventional concrete, particularly the formation of cracks that lead to durability
issues and structural deterioration. To address these problems, different self-healing techniques have been explored,
including autogenous and autonomous healing methods.

Recent studies emphasize the effectiveness of bacterial self-healing concrete, where microorganisms precipitate
calcium carbonate to seal cracks. Research shows that bacteria- based healing improves mechanical strength and
durability by reducing internal defects and enhancing compaction. Furthermore, the use of Bacillus species has been
widely studied due to their ability to survive in highly alkaline environments and effectively reduce water absorption
and crack width.

Recent advancements also highlight the integration of multiple healing approaches, including microbial, chemical, and
polymer-based systems, to enhance efficiency. Modern research focuses on improving healing performance under
different environmental conditions and developing sustainable and eco-friendly materials.

Moreover, emerging studies explore advanced concepts such as fungi-based healing systems and computational
modeling to better understand healing mechanisms and optimize performance. Overall, the literature indicates that self-
healing concrete has strong potential to improve durability and reduce maintenance costs, although challenges such as
high cost, scalability, and long-term performance still require further research.

IV. OBJECTIVES OF THE STUDY

1. To study the fundamental concept of self-healing concrete and understand its significance in modern construction
practices

2. To analyze different self-healing mechanisms, including autogenous (natural) and autonomous (engineered) healing
processes, and how they function in crack repair.

3. To evaluate various healing agents such as bacteria, microcapsules, polymers, and chemical additives, and
understand their roles in enhancing healing efficiency.

4. To examine the impact of self-healing concrete on durability, strength, and overall structural performance under
different environmental conditions.

5. To identify future scope, challenges, and potential developments for large-scale implementation in the construction
industry.

V. RESEARCH METHODOLOGY

The methodology adopted for this review paper is based on a comprehensive analysis of secondary data collected from
various reliable and scholarly sources. Relevant research articles, journals, conference papers, and review publications
related to self-healing concretewere studied to gain a thorough understanding of the topic. Sources such as scientific
databases, including peer-reviewed journals and online academic platforms, were used to gather up-to-date and
credible information.

The collected literature was carefully analyzed and categorized based on different aspects of self-healing concrete, such
as healing mechanisms, types of healing agents, performance evaluation, advantages, limitations, and applications.
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Comparative analysis was carried out to understand the effectiveness of various self-healing techniques, including
bacterial, microcapsule-based, and polymer-based methods.

In addition, recent advancements and emerging trends in self-healing concrete technology were reviewed to identify
current research directions and future scope. The information was then systematically organized and synthesized to
present a clear and comprehensive overview of the subject. This methodology ensures that the review paper is based
on accurate, relevant, and well-structured data, providing meaningful insights into the development and potential of
self-healingconcrete.

In addition to the literature-based analysis, this study also emphasizes the evaluation of data from multiple sources to
ensure consistency and reliability of findings. Various case studies and experimental results reported by different
researchers were examined to validate the effectiveness of self-healing techniques under diverse conditions. Special
attention was given to factors such as environmental influence, crack size variation, and long-term performance of
healing agents. The collected information was critically compared to identify similarities, differences, and research
gaps in existing studies. This approach helps in providing a more comprehensive understanding of the practical
applicability and limitations of self-healing concreteinreal-worldconstructionscenarios.
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Fig. 1 Mechanism of Bacterial Self-Healing in Concrete

Figure 1 shows the bacterial self-healing process in concrete. Initially, bacteria remain dormant within the concrete
matrix. When cracks form and water enters, the bacteria get activated and start multiplying. They produce calcium
carbonate, which fills and seals the cracks, restoring the concrete’s strength.

a. Research Design

This study adopts a qualitative and descriptive research design based on a systematic review of existing literature on
self-healing concrete. The research focuses on collecting and analyzing secondary data from reliable academic
sources such as journals, conference papers, and technical reports. The design involves identifying key themes
including healing mechanisms, types of materials used, performance evaluation, and applications of self- healing
concrete.

A comparative approach is used to evaluate different self-healing techniques such as bacterial, microcapsule-based,
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and polymer-based methods. The selected studies are critically examined to understand their methodologies, findings,
and limitations. The research design ensures a structured and comprehensive analysis of available knowledge, enabling
the identification of trends, gaps, and future research directions in the field of self-healing concrete.

b. Dormant Stage of Bacteria

In self-healing concrete, bacteria and nutrients are embedded within the concrete during the mixing process. These
bacteria remain in a dormant state inside the concrete matrix because there is no moisture or crack formation at this
stage. They can survive for a long time without activity until suitable conditions arise.
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Interpretation - From Figure 2, The image represents the composition of self-healing concrete and the role of each
component. It shows that aggregates make up the largest portion (around 40%), providing strength and filling voids,
while cement (35-45%) acts as the primary binding material. Water (10-15%) is essential for hydration and
workability of the mix. A small proportion (1-5%) of healing agents, such as Bacillus subtilis, is added to enable
the self-healing property by producing calcium carbonate (CaCOs). Overall, the diagram highlights how a minimal
addition of healing agents can significantly enhance the functionality of conventional concrete without altering its basic
composition.

C. Activation of Bacteria
When cracks develop in the concrete, water and oxygen enter through these cracks. The presence of moisture activates
the dormant bacteria, allowing them to start multiplying and reacting with the nutrients available within the concrete.

d. Crack Healing Process
After activation, the bacteria produce calcium carbonate (limestone) as a by-product of their metabolic activity. This
mineral gradually fills and seals the cracks in the concrete, restoring its strength and preventing further penetration of
water or harmful substances.

VI. RESULTS AND DISCUSSION

The review of various studies on self-healing concrete indicates that it significantly enhances the durability and
performance of concrete structures. Among the different techniques, bacterial self-healing has shown highly effective
results due to its ability to produce calcium carbonate, which naturally fills cracks and improves structural integrity.
Microcapsule-based methods also demonstrate efficient crack sealing, especially for early-stage damage, while
polymer-based techniques contribute to reducing water permeability and improving flexibility.

The findings reveal that self-healing concrete can effectively reduce crack width, restore a considerable amount of
strength, and minimize water infiltration, thereby preventing reinforcement corrosion. However, the efficiency of
healing largely depends on factors such as crack size, environmental conditions, and the type of healing agent used.
Smaller cracks tend to heal more completely compared to wider cracks.

Despite its advantages, certain limitations were observed, including higher initial cost, limited large-scale application,
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and uncertainty in long-term performance. Overall, the results suggest that self-healing concrete is a promising and
sustainable solution for modern construction, with the potential to reduce maintenance costs and increase the lifespan
of structures, although further research is needed to improve its practical implementation.

VII. CONLUSION

Self-healing concrete represents a significant advancement in the field of construction materials by addressing one of
the major drawbacks of conventional concrete, which is crack formation. This review highlights that the incorporation
of healing agents such as bacteria, microcapsules, and polymers can effectively repair cracks, improve durability, and
extend the service life of structures. Among the various techniques, bacterial self-healing has shown promising results
due to its natural ability to produce calcium carbonate and seal cracks efficiently.

The study also reveals that self-healing concrete reduces maintenance costs, enhances structural performance, and
contributes to sustainable construction practices. However, challenges such as high initial cost, limited large-scale
application, and the need for further research on long-term performance still exist.

Overall, self-healing concrete has great potential to revolutionize modern infrastructure by providing a more durable,
reliable, and eco-friendly solution, making it a key material for future construction developments.

VIII. SUGGESTIONS FOR FUTURE STUDIES

1. Overall, self-healing concrete has great potential to revolutionize modern infrastructure by providing a more
durable, reliable, and eco-friendly solution, making it a key material for future construction developments.

2. To focus on reducing the cost of self-healing materials for large-scale and practical applications.

3. To explore the combination of multiple healing methods (biological, chemical, and polymer-based) for better
performance.

4. To conduct long-term field studies to assess the durability and reliability of self-healing concrete in real conditions.
5. To establish standard design codes and testing procedures for wider industrial acceptance.

IX. LIMITATIONS OF THE STUDY

1. Variations in experimental conditions across different studies may affect the consistency of results and
comparisons

2. Limited availability of long-term performance data on self-healing concrete affects the accuracy of conclusions.

3. The study does not include practical or experimental validation due to time and resource constraints.

4. Some recent advancements may not be fully covered due to rapid developments in this field.

5. Environmental and site-specific factors influencing self-healing efficiency are not deeply analyzed.

X. IMPLICATIONS OF THE STUDY

1. The study demonstrates that self-healing concrete can significantly enhance the durability and service life of
structures by reducing crack-related damage

2. It highlights the potential to minimize maintenance and repair costs, making construction more economical in the
long term.

3. The study provides a foundation for further research to develop more efficient and cost- effective self-healing
techniques.

4. The results encourage the development of standard guidelines and policies for the implementation of self-healing
concrete.

5. It contributes to the advancement of innovative and resilient infrastructure systems for future development.

Performance Evaluation and Survey Analysis

The performance of self-healing concrete has been evaluated based on various parameters  such as crack healing
efficiency, compressive strength recovery, water permeability, and durability. Studies indicate that self-healing
concrete can effectively reduce crack width and restore a significant portion of its original strength. Bacterial-based
healing methods show better performance in sealing cracks through calcium carbonate formation, while
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microcapsule and polymer-based techniques provide faster crack filling in early stages. Overall, self-healing concrete
demonstrates improved resistance to water penetration and environmental damage compared to conventional concrete

Quantitative Performance Evaluation Table 1: Survey-Based Quantitative Results
Parameter Conventional Concrete Self-Healing Concrete
Crack Width Healing No self-repair Up to 0.1 — 0.5 mm
healed
Healing Efficiency 0% 80% — 90% (approx.)
Compressive Strength No recovery Up to 70% — 90%
Recovery
Water Permeability High Significantly reduced
Durability Moderate High
Maintenance Frequent Reduced
Requirement
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