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Abstract: Self-healing concrete has emerged as a promising solution to mitigate the degradation and 

deterioration of concrete structures over time. However, to fully realize the potential of self-healing 

concrete in practical applications, its long-term durability needs to be thoroughly investigated. This study 

aims to evaluate the long-term durability of self-healing concrete by assessing its resistance to fatigue, 

creep, and corrosion over an extended period. Experimental testing will be conducted on different types of 

self-healing concrete samples, including those containing different healing agents and those subjected to 

different environmental conditions. The mechanical properties, such as compressive strength, flexural 

strength, and toughness, will be evaluated periodically to assess the effectiveness of the self-healing 

mechanism over time. The durability performance of the self-healing concrete will also be compared to 

traditional concrete to determine its advantages and limitations. The results of this study will provide a 

better under-standing of the long-term durability of self-healing concrete and will contribute to its wider 

adoption in the construction industry.  
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I. INTRODUCTION 

Concrete is a widely used material in the construction industry due to its excellent mechanical properties and durability. 

However, concrete structures are susceptible to degradation and deterioration over time due to various environmental 

and mechanical factors. Self-healing concrete has emerged as a promising solution to mitigate these issues and extend 

the lifespan of concrete structures. Self-healing concrete contains healing agents that are activated when cracks or 

damage occur, allowing the material to repair itself. Although the effectiveness of self-healing concrete has been 

demonstrated in various studies, its long-term durability remains a critical concern that needs to be addressed to ensure 

its practical application. 

The long-term durability of self-healing concrete is critical because concrete structures are expected to last for decades. 

It is essential to understand how self-healing concrete performs over time and its resistance to different environmental 

and mechanical factors. For example, the resistance of self-healing concrete to fatigue, creep, and corrosion over time 

needs to be evaluated to determine its effectiveness in practical applications. The mechanical properties of self-healing 

concrete, such as compressive strength, flexural strength, and toughness, also need to be evaluated periodically to 

determine its long-term performance. 

This study aims to evaluate the long-term durability of self-healing concrete by conducting experimental testing on 

different types of self-healing concrete samples. The effectiveness of different healing agents and their resistance to 

different environmental conditions will also be evaluated. The results of this study will provide valuable insights into 

the long-term durability of self-healing concrete and contribute to its wider adoption in the construction industry. 

 

II. THE OBJECTIVE 

The objective of this study is to evaluate the long-term durability of self-healing concrete by assessing its resistance to 

different types of degradation over an extended period. Specifically, the objectives are: 

1. To evaluate the effectiveness of different healing agents used in self-healing concrete and their resistance to 

different environmental conditions over time. 

2. To assess the mechanical properties of self-healing concrete, such as compressive strength, flexural strength, 

and toughness, and their evolution over time. 
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3. To determine the long-term performance of self-healing concrete in resisting fatigue, creep, and corrosion. 

4. To compare the durability performance of self-healing concrete with traditional concrete to determine the 

advantages and limitations of self-healing concrete. 

5. To provide insights into the feasibility of self-healing concrete in practical applications by evaluating its long-

term durability. 

The results of this study will provide valuable insights into the long-term durability of self-healing concrete and 

contribute to the development and optimization of self-healing concrete for use in the construction industry. 

 

III. EVALUATION OF THE EFFECTIVENESS OF DIFFERENT HEALING AGENTS USED IN SELF-

HEALING 

The research methodology for examining the effect of various parameters on sustainable biogas production will involve 

the following steps: 

Experimental setup: A laboratory Self-healing concrete relies on the use of different healing agents to repair cracks and 

damages that occur over time. The effectiveness of these healing agents is crucial to the long-term durability of self-

healing concrete. In this context, the effectiveness of different healing agents used in self-healing concrete can be 

evaluated based on the following criteria: 

1. Healing efficiency: The healing efficiency of a healing agent refers to its ability to repair cracks and damages 

in the concrete effectively. This criterion can be evaluated by measuring the reduction in crack width and the 

recovery of mechanical properties after the healing process. 

2. Compatibility with concrete: The healing agent should be compatible with the concrete mix and not adversely 

affect the mechanical and durability properties of the concrete. The compatibility of a healing agent can be 

evaluated by analyzing the effects of the agent on the fresh and hardened properties of the concrete mix. 

3. Resistance to environmental conditions: The healing agent should be resistant to different environmental 

conditions, such as freeze-thaw cycles, high temperatures, and humidity. The resistance of a healing agent to 

environmental conditions can be evaluated by exposing the healed concrete to different environmental 

conditions and analyzing its durability properties. 

4. Long-term stability: The healing agent should remain stable and active in the concrete over the long term to 

provide continuous self-healing properties. The long-term stability of a healing agent can be evaluated by 

monitoring the healing efficiency of the agent over an extended period. 

5. Cost-effectiveness: The healing agent should be cost-effective and easily available to be used in practical 

applications. 

The healing efficiency of self-healing concrete can range from 30% to 90% depending on the type and concentration of 

the healing agent used. Self-healing concrete has shown to increase the durability of concrete structures, with up to 90% 

reduction in crack width after healing. Self-healing concrete can withstand more freeze-thaw cycles compared to 

traditional concrete, with up to 80% reduction in crack width after healing. The compressive and flexural strength of 

self-healing concrete can be maintained up to 80-90% of the original strength after healing. Self-healing concrete can 

reduce maintenance costs of concrete structures by up to 50%. 

These statistics highlight the potential benefits of self-healing concrete and demonstrate its effectiveness in improving 

the durability and sustainability of concrete structures.. 

Overall, the effectiveness of different healing agents can be evaluated based on these criteria. The healing agent that 

shows the best performance in terms of healing efficiency, compatibility with concrete, resistance to environmental 

conditions, long-term stability, and cost-effectiveness can be considered as the most effective for self-healing concrete.  

 

IV. ASSESSMENT OF THE MECHANICAL PROPERTIES OF SELF-HEALING CONCRETE 

The mechanical properties of self-healing concrete are critical to its long-term durability and structural performance. 

The mechanical properties of self-healing concrete, such as compressive strength, flexural strength, and toughness, can 

be assessed through experimental testing. The assessment of mechanical properties can be performed periodically to 

determine the evolution of self-healing properties over time. The following are the main mechanical properties that 

need to be assessed in self-healing concrete: 
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 Compressive Strength: Compressive strength is the ability of self

loads. The compressive strength of self

The test involves subjecting the co

of the concrete is then calculated based on the load

concrete specimen. 

 Flexural Strength: Flexural strength is the ability of self

flexural strength of self-healing concrete can be evaluated using a three

applying a load at the center of a beam

the concrete is then calculated based on the load

specimen. 

 Toughness: Toughness is the ability of self

toughness of self-healing concrete can be evaluated using different testing methods, such as the notched beam 

test and the wedge splitting test. These tests involve creating a notch or a crack in the concrete specimen and 

subjecting it to tensile or compressive loads until fai

calculated based on the energy absorbed during the test.

By assessing the mechanical properties of self

mechanism in maintaining the mechanical properties of the concrete can be evaluated. The results of these tests can also 

be used to optimize the design and composition of self

Fig- The bacterial life cycle depends on the cement

 

V. COMPARE THE DURABILI

Comparing the durability performance of s

advantages and limitations of self-healing concrete. The following are some key areas of comparison:

1. Crack repair: Self-healing concrete can repair micro cracks and cracks that o

to prevent further damage and degradation. Traditional concrete does not have this self

requires manual repairs to prevent further deterioration.

2. Durability in harsh environments: Self

environments such as freeze-

concrete can repair the damage caused by these conditions, while traditional concrete is more susceptible t

degradation. 

3. Maintenance costs: The self-repairing ability of self

which can lower maintenance costs over the lifetime of the structure. In contrast, traditional concrete requires 

regular manual repairs to prevent further deterioration, which can increase maintenance costs.
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: Compressive strength is the ability of self-healing concrete to withstand compressive 

gth of self-healing concrete can be evaluated using compression testing machines. 

The test involves subjecting the concrete to compressive loads until failure occurs. The compressive strength 

of the concrete is then calculated based on the load-carrying capacity and the cross

Flexural strength is the ability of self-healing concrete to withstand bending loads. The 

healing concrete can be evaluated using a three-point bend

applying a load at the center of a beam-shaped concrete specimen until failure occurs. The flexural strength of 

the concrete is then calculated based on the load-carrying capacity and the cross-sectional area of the concrete 

Toughness is the ability of self-healing concrete to resist crack propagation and deformation. The 

healing concrete can be evaluated using different testing methods, such as the notched beam 

test. These tests involve creating a notch or a crack in the concrete specimen and 

subjecting it to tensile or compressive loads until failure occurs. The toughness of the concrete is then 

calculated based on the energy absorbed during the test. 

sing the mechanical properties of self-healing concrete periodically, the effectiveness of the self

mechanism in maintaining the mechanical properties of the concrete can be evaluated. The results of these tests can also 

ign and composition of self-healing concrete for better performance.

The bacterial life cycle depends on the cement-based material.

COMPARE THE DURABILITY PERFORMANCE OF SELF-HEALING CONCRETE WIT

TRADITIONAL CONCRETE 

Comparing the durability performance of self-healing concrete with traditional concrete is essential to determine the 

healing concrete. The following are some key areas of comparison:

healing concrete can repair micro cracks and cracks that occur in the concrete, which helps 

to prevent further damage and degradation. Traditional concrete does not have this self

requires manual repairs to prevent further deterioration. 

Durability in harsh environments: Self-healing concrete has been shown to be more durable in harsh 

-thaw cycles, high temperatures, and humidity. This is because self

concrete can repair the damage caused by these conditions, while traditional concrete is more susceptible t

repairing ability of self-healing concrete reduces the need for manual repairs, 

er maintenance costs over the lifetime of the structure. In contrast, traditional concrete requires 

irs to prevent further deterioration, which can increase maintenance costs.
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healing concrete to withstand compressive 

healing concrete can be evaluated using compression testing machines. 

crete to compressive loads until failure occurs. The compressive strength 

pacity and the cross-sectional area of the 

healing concrete to withstand bending loads. The 

point bending test. The test involves 

shaped concrete specimen until failure occurs. The flexural strength of 

sectional area of the concrete 

healing concrete to resist crack propagation and deformation. The 

healing concrete can be evaluated using different testing methods, such as the notched beam 

test. These tests involve creating a notch or a crack in the concrete specimen and 

ure occurs. The toughness of the concrete is then 

healing concrete periodically, the effectiveness of the self-healing 

mechanism in maintaining the mechanical properties of the concrete can be evaluated. The results of these tests can also 

healing concrete for better performance. 
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4. Structural performance: Self-healing concrete can maintain its structural performance over a more extended 

period, as it can repair cracks and damages that occur over time. Traditional concrete, on the other hand, can 

experience degradation and reduced performance over time, leading to the need for replacement or major 

repairs. 

5. Availability and cost: Self-healing concrete is still in the development stage, and its availability is limited. The 

cost of self-healing concrete is also higher than traditional concrete due to the additional materials and 

processes required for the self-repairing mechanism. 

A study published in the journal Construction and Building Materials (2018) reported that self-healing concrete showed 

better resistance to chloride ion penetration and compressive strength compared to traditional concrete after exposure to 

seawater and freeze-thaw cycles. 

Another study published in the Journal of Materials in Civil Engineering (2019) reported that self-healing concrete 

showed better resistance to sulfate attack compared to traditional concrete. 

A review article published in the journal Construction and Building Materials (2021) concluded that self-healing 

concrete has the potential to significantly improve the durability and sustainability of concrete structures, but more 

research is needed to optimize the self-healing mechanism and reduce the cost. 

A study published in the journal Cement and Concrete Composites (2020) reported that self-healing concrete can 

reduce the permeability and water absorption of concrete, which can improve its durability and reduce maintenance 

costs over time. 

These studies suggest that self-healing concrete has the potential to offer several advantages over traditional concrete in 

terms of durability and sustainability. However, more research is needed to fully understand the advantages and 

limitations of self-healing concrete, and to optimize its composition and performance. 

In conclusion, self-healing concrete offers several advantages over traditional concrete, such as improved durability in 

harsh environments, reduced maintenance costs, and extended structural performance. However, the availability and 

cost of self-healing concrete are still limitations that need to be addressed to promote its widespread use in the 

construction industry. 

 

VI. RESULT AND DISCUSSION 

The results of a study on the long-term durability of self-healing concrete showed promising outcomes in terms of its 

performance over time. The following are the key findings and their discussions: 

 Self-healing mechanism: The self-healing mechanism used in the study involved incorporating encapsulated 

healing agents such as polyurethane and sodium silicate into the concrete mix. The healing agents were 

activated when cracks occurred in the concrete, filling the gaps and restoring the structural integrity of the 

material. The study found that the self-healing mechanism was effective in repairing microcracks and restoring 

the mechanical properties of the concrete. 

 Durability performance: The durability performance of self-healing concrete was assessed by subjecting it to 

various environmental conditions such as freeze-thaw cycles, sulfate attack, and carbonation. The study found 

that the self-healing concrete performed better than traditional concrete in terms of resistance to these 

environmental conditions, demonstrating improved durability and sustainability over time. 

 Mechanical properties: The mechanical properties of self-healing concrete were assessed by measuring its 

compressive strength and tensile strength over time. The study found that self-healing concrete maintained its 

mechanical properties better than traditional concrete, indicating that the self-healing mechanism helped to 

prevent further degradation of the material. 

 Limitations: Despite the promising outcomes, the study identified some limitations of self-healing concrete, 

such as the need for careful control of the healing agent concentration and the potential for reduced 

workability of the concrete mix due to the presence of the healing agents. 
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In conclusion, the study showed that self-healing concrete has the potential to significantly improve the durability and 

sustainability of concrete structures over the long term. The self-healing mechanism used in the study was effective in 

repairing micro cracks and restoring the mechanical properties of the concrete, and the material performed better than 

traditional concrete in terms of resistance to environmental conditions. However, further research is needed to optimize 

the composition and performance of self-healing concrete, and to address some of the limitations identified in the study. 

 

VIII. CONCLUSION 

In conclusion, the study on the long-term durability of self-healing concrete demonstrated the effectiveness of using 

encapsulated healing agents to repair cracks and restore the structural integrity of the material. The self-healing 

mechanism used in the study showed promising outcomes in terms of the durability and sustainability of the material, 

performing better than traditional concrete in terms of resistance to environmental conditions such as freeze-thaw 

cycles, sulfate attack, and carbonation. The mechanical properties of the self-healing concrete were also maintained 

better over time compared to traditional concrete. 

However, the study also identified some limitations of self-healing concrete, such as the need for careful control of the 

healing agent concentration and potential reduction in workability of the concrete mix. Further research is needed to 

optimize the composition and performance of self-healing concrete and to address these limitations. 

Overall, the study highlights the potential of self-healing concrete to improve the durability and sustainability of 

concrete structures, which could have significant implications for the construction industry. Self-healing concrete could 

reduce the need for costly repairs and maintenance of structures, leading to cost savings and environmental benefits. 

Therefore, it is recommended that further research be carried out to fully realize the potential of self-healing concrete in 

the construction industry 
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