IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 13 Issue: X Month of publication: October 2025

DOIl: https://doi.org/10.22214/ijraset.2025.74406

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue X Oct 2025- Available at www.ijraset.com

Self Healing Concrete: The Future of Dureble
Structure

Prof. Shahrukh Kureshi', Kiran Kumbhare®, Ayush Guntiwar®, Rohit Duble*, Aditya Mahakalkar®
!Assistant Professor, 2 ** °B.Tech (Civil Engineering) Students at J D COLLEGE OF ENGINEERING AND MANAGEMENT,
NAGPUR (440002), INDIA

Abstract: Concrete is the most common building material in the world, but it has one big weakness: it cracks easily. These cracks
may look small at first, but over time they allow water, chemicals, and air to enter, which reduces strength and durability.
Normally, repairing cracks takes time, money, and effort, and repeated maintenance is not sustainable. To solve this problem,
researchers have developed self-healing concrete—a type of concrete that can repair its own cracks without human help. This
paper reviews the different methods, benefits, challenges, and future possibilities of self-healing concrete.

There are two main ways self-healing works. The first is natural (autogenous) healing, where tiny cracks close by themselves due
to leftover cement reacting with water or due to natural chemical processes. However, this only works for very small cracks. The
second method is engineered (autonomic) healing, where scientists add special agents into the concrete. These may include
bacteria that produce calcium carbonate, tiny capsules filled with glue-like or mineral materials, or tiny hollow tubes (vascular
systems) that release healing agents when cracks appear. Among these, the bacterial method is very promising because it is eco-
friendly and can heal wider cracks, though capsules and vascular systems also show good results in controlled conditions.

How well self-healing concrete works depends on factors such as the width of cracks, the surrounding environment (humidity,
temperature, and exposure to chemicals), and the type and amount of healing agents used. Modern testing methods, such as
advanced imaging and permeability checks, help scientists measure the healing ability more accurately. New approaches, like
nanotechnology and engineered bacteria, are making healing more reliable and effective.

The biggest advantage of self-healing concrete is that it makes structures last longer, need fewer repairs, and reduce
maintenance costs. This also supports sustainability because it reduces waste, energy use, and carbon emissions linked to
repairing or rebuilding structures. In short, it is a step toward greener and longer-lasting infrastructure.

At the same time, there are challenges. Self-healing concrete is still more expensive than normal concrete. There are doubts
about how it will perform over many decades in real-life conditions, and large cracks remain difficult to heal completely. Also,
there is no global standard yet for testing or measuring its healing power. More research, field trials, and collaboration between
engineers, scientists, and industry are needed to make this material practical for everyday construction.
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I. INTRODUCTION
Concrete is the most common material used in construction today. From houses and roads to bridges and dams, almost every
modern structure depends on it. The reason is simple—concrete is strong, durable, and relatively cheap. However, concrete also has
a weakness: it cracks. Cracks may form because of shrinkage, changes in temperature, heavy loads, or other environmental factors.
Even small cracks can allow water and harmful chemicals to enter, which weakens the concrete over time and can damage the steel
inside. If not repaired, these cracks may lead to bigger problems and even shorten the life of a structure.
Traditionally, we repair cracks using methods like sealing, patching, or applying protective coatings. While these methods work,
they are often expensive, time-consuming, and need to be repeated many times during a structure’s life. This increases the cost of
maintenance and puts extra pressure on the environment by consuming materials and energy. As cities grow and infrastructure gets
older, there is a strong need for smarter and more sustainable solutions.
This is where self-healing concrete comes in. As the name suggests, self-healing concrete is designed to repair its own cracks
without the need for human intervention. The idea is inspired by nature—just like the human body heals cuts or bones repair
themselves, concrete can be designed to heal small cracks on its own. This makes structures more durable, reduces repair costs, and
helps the environment by cutting down on waste and emissions.
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There are two main types of healing in concrete. The first is natural or autogenous healing, which happens when leftover cement in
the concrete reacts with water or when minerals deposit inside the crack. However, this can only close very tiny cracks. The second
type is engineered or autonomic healing, where scientists add special materials into the concrete to trigger healing. For example,
some methods use bacteria that produce limestone to fill cracks, others use tiny capsules that release glue-like materials, and some
even use small tubes (vascular systems) that release healing agents when cracks form. Each method has its own advantages, but all
aim to make concrete last longer and repair itself more effectively.

The idea of self-healing concrete is also important for sustainability. Repairing and rebuilding structures consumes a huge amount
of money, energy, and natural resources every year. If concrete can repair itself, it would reduce the need for frequent repairs and
lower the overall environmental impact. This makes self-healing concrete an important step toward greener, more sustainable
construction.

At the same time, there are still challenges. Self-healing concrete is currently more expensive than normal concrete, and its long-
term performance in real-world conditions is not yet fully proven. Also, there are no standard tests to measure its healing ability.
More research and collaboration between engineers, scientists, and industries are needed to bring this technology from laboratories
to everyday use.

In this review paper, we will explore how self-healing concrete works, the different methods used, its advantages, challenges, and
possible future developments. By bringing together recent research and practical insights, the paper highlights how self-healing
concrete could change the way we build and maintain our structures, making them stronger, smarter, and more sustainable.
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Il. LITERATURE REVIEW
1) Bacterial Concrete — Healing Cracks with Living Microorganisms
Jonkers & Schlangen (2010)
This study introduced the idea of adding special bacteria (Bacillus species) into concrete. The bacteria are stored in tiny capsules
along with nutrients. When cracks form and water enters, the bacteria “wake up” and eat the nutrients, producing limestone that fills
the crack. The method worked well for cracks up to 0.8 mm wide and restored about 80-90% of the original strength. It showed
great potential for places like water tanks, dams, and marine structures. However, the cost and the lifespan of the bacteria inside
concrete are still challenges to solve.

2) Encapsulation — Tiny Capsules of Healing Agents

Van Tittelboom& De Belie (2013)

Here, researchers added microscopic capsules filled with healing liquids, like epoxy or sodium silicate, into the concrete mix. When
a crack appears, the capsules break open and release the liquid, which hardens and seals the crack. Tests showed that the method
restored up to 75% of the lost strength and greatly reduced water leakage. The downside is that some capsules can break during
mixing, which reduces effectiveness. Also, the size and strength of the capsules need to be carefully designed.

3) Natural or “Autogenous” Healing

Edvardsen (1999)

Concrete naturally has some ability to heal itself without any special additives. This happens when unhydrated cement particles and
calcium hydroxide react with water entering small cracks, forming new materials like C-S—H gel and calcium carbonate to seal
them.
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The study showed that this works best for cracks smaller than 0.3 mm in wet conditions. If the environment is dry, the healing is
minimal. This method is simple and cheap but depends heavily on the concrete mix and moisture availability.

4) Using Mineral Additives to Boost Healing

Qian & Zhou (2014)

This research looked at adding materials like fly ash and slag to concrete. These materials react with calcium hydroxide in the
concrete to produce more C-S—H gel, which helps fill cracks. In their tests, mixes with 30% fly ash reduced water flow through
cracks by over 60% after just 28 days compared to normal concrete. The improved healing also made the concrete more resistant to
chemical attack, making it suitable for marine or industrial environments.

5) Real-Life Testing in a Water Reservoir

Wiktor & Jonkers (2016)

Instead of just lab experiments, this project tested bacteria-based self-healing concrete in a real water reservoir. After six months,
most cracks up to 0.5 mm had sealed, and leakage dropped by 90%. This proved that the method can work in real-world conditions,
even with changes in weather and moisture levels. The main challenge was still the cost and ensuring the bacteria survive for many
years.

6) Combining Two Healing Methods for Better Results

Ferrara, Krelani & Roig-Flores (2016)

This study combined crystalline additives with encapsulated polymers. Crystalline materials grow into solid crystals that block
cracks, while polymers act like glue to seal them. Together, they worked better than either method alone, closing cracks up to 1 mm
wide. The system was also more effective during wet—dry cycles, which is important for outdoor structures.

1l. HOW SELF HEALING WORK
1) Natural Healing
Concrete already has a small ability to fix itself. When tiny cracks form, water can seep inside. If there is still some unreacted
cement in the concrete, it reacts with this water and produces new material that fills the crack. Also, chemicals inside the concrete
can react with carbon dioxide from the air to form crystals that block the crack. This process works, but only for very tiny cracks—
the kind you might not even notice with your eyes.

2) Engineered Healing

For bigger cracks, scientists have found creative ways to help concrete heal itself:

e Bacteria method: Special bacteria are mixed into the concrete. These bacteria “wake up” when water enters a crack. They then
produce limestone, which fills the crack and seals it shut. It’s like having tiny builders living inside the concrete.

e Capsule method: Tiny capsules filled with healing liquid are added to the concrete. When a crack appears, the capsules break
open, releasing the liquid, which hardens and seals the crack—Iike glue spilling out exactly where it’s needed.

e Vascular method: In some designs, small hollow tubes are placed inside the concrete, similar to blood vessels in our body.
When cracks appear, healing liquid flows through these tubes and fills the cracks.

3) Other Smart Additives
Some versions of self-healing concrete use special materials that expand when they come in contact with water, which helps close
cracks automatically.

IV. TESTING SELF-HEALING CONCRETE
Engineers check healing performance by:
e Measuring water leakage before and after healing
e  Testing strength recovery
e Using microscopes to see crack closure
e Running durability tests like freeze-thaw and chemical resistance
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V. CONCLUSION
Concrete is the most widely used material for construction, but its biggest problem is that it cracks. These cracks allow water and
chemicals to enter, which slowly damage the concrete and the steel inside. Normally, fixing these cracks requires repairs that are
expensive, time-consuming, and harmful to the environment because they use a lot of materials and energy. This is where self-
healing concrete comes in. It offers a new and smarter way to make structures stronger and longer lasting by letting concrete repair
itself.
Self-healing concrete works in two main ways. The first is natural healing, where tiny cracks close on their own because of chemical
reactions that already exist in concrete. This happens only for very small cracks and under the right conditions. The second way is
engineered healing, where scientists add special materials to help concrete repair larger cracks. This includes using bacteria that
produce limestone, capsules filled with glue-like liquids, or tiny tubes that release healing agents when cracks form. These methods
make concrete much more durable than ordinary concrete.
The benefits are clear. Self-healing concrete reduces the need for frequent repairs, saves money over the life of a structure, and is
better for the environment because it cuts down on waste and carbon emissions. It can also make important structures like bridges,
tunnels, and dams safer and longer lasting, which is essential as infrastructure around the world continues to age.
At the same time, there are challenges. Right now, self-healing concrete is more expensive than normal concrete. There are also
questions about how well it will work in real-world conditions over decades, not just in laboratory tests. Another problem is that
there are no standard tests to measure how well it heals, which makes it harder for industries to adopt it. Also, there have been only a
few large-scale projects so far, so more real-world applications are needed.
Looking to the future, researchers are working to make self-healing concrete cheaper and more reliable. New technologies, like
nanomaterials and smart additives, may improve its performance. At the same time, cooperation between scientists, engineers, and
industries is needed to create testing standards and bring this material into mainstream construction.
In simple terms, self-healing concrete has the potential to change how we build. Instead of relying on constant repairs, we could
have structures that take care of themselves, just like living organisms do. While there are still hurdles to overcome, this technology
could make construction more sustainable, cost-effective, and resilient, helping us build stronger and smarter infrastructure for the
future.
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