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ABSTRACT 
Concrete is the most widely used construction material in the world due to its high compressive strength, 

availability of raw materials, and versatility in structural applications. However, conventional concrete 

exhibits inherently brittle behavior with low tensile strength and limited strain capacity, which often 

leads to cracking, durability issues, and premature structural failure. To overcome these limitations, an 

innovative material known as bendable concrete or Engineered Cementitious Composite (ECC) has 

been developed. Bendable concrete is characterized by high ductility, strain-hardening behavior, and the 

ability to undergo significant deformation without sudden failure. This research presents a 

comprehensive comparative study between bendable concrete and normal concrete, focusing on their 

material composition, mechanical properties, flexural behavior, crack control mechanisms,  durability, 

sustainability, and practical applications. The methodology adopted in this study is primarily based on an 

extensive review of published research papers, experimental studies, and recent advancements in ECC 

technology. Key performance parameters such as compressive strength, tensile strength, flexural 

strength, ductility, crack width, and durability under environmental exposure are critically analyzed. The 

comparison reveals that while normal concrete performs adequately under compressive loads, it exhibits 

brittle failure under tensile stress. In contrast, bendable concrete demonstrates superior tensile strain 

capacity, controlled micro-cracking, and enhanced durability, making it particularly suitable for 

seismic-resistant structures, pavements, and repair works. The study concludes that although bendable 

concrete involves higher initial material costs, its long-term benefits in terms of service life, reduced 

maintenance, and structural resilience justify its adoption in modern infrastructure development. 

1. INTRODUCTION 

Concrete has been an indispensable material in the construction industry for centuries, forming the 

backbone of modern infrastructure such as buildings, bridges, pavements, dams, and tunnels. Its popularity 

stems from its excellent compressive strength, moldability, fire resistance, and relatively low cost. Despite 

these advantages, conventional concrete suffers from several inherent drawbacks, the most significant 

being its low tensile strength and brittle nature. Under tensile or flexural loading, normal concrete tends to 

crack easily and fails abruptly without sufficient warning, which compromises structural safety and 

durability. 

Cracking in concrete structures is a critical issue that affects both serviceability and durability. Cracks allow 

the ingress of water, chlorides, and other aggressive agents, leading to corrosion of reinforcement, loss of 

cross-sectional area, and eventual structural deterioration. To mitigate this problem, steel reinforcement is 

commonly used to carry tensile stresses. While reinforced concrete improves structural performance, 

cracking cannot be completely eliminated, and maintenance costs remain high over the structure’s lifespan. 

In recent decades, significant research has been directed toward developing advanced cementitious 

materials with improved tensile behavior and ductility. One of the most promising developments in this 

field is bendable concrete, technically known as Engineered Cementitious Composite (ECC). Unlike 

conventional fiber-reinforced concrete, ECC is designed based on micromechanical principles to achieve 

strain-hardening behavior under tensile loading. This enables the material to sustain multiple micro-cracks 

with tightly controlled crack widths rather than forming a few large cracks.  

Bendable concrete typically incorporates fine aggregates, a high cementitious content, supplementary 

cementitious materials such as fly ash, and a small volume fraction of high-performance fibers, commonly 

polyvinyl alcohol (PVA) fibers. These fibers play a crucial role in bridging cracks and distributing stresses 
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uniformly across the material. As a result, ECC exhibits tensile strain capacities several hundred times 

greater than that of normal concrete, along with exceptional energy absorption capacity. The growing 

demand for resilient infrastructure capable of withstanding extreme loading conditions such as 

earthquakes, heavy traffic, and environmental degradation has increased interest in bendable concrete. Its 

superior crack control and durability make it particularly suitable for applications such as bridge decks, 

pavement overlays, seismic dampers, and repair and rehabilitation works. However, despite its advantages, 

bendable concrete is not yet widely adopted due to factors such as higher material costs, lack of 

standardized design codes, and limited awareness among practicing engineers. 

This research aims to provide a detailed comparative study between normal concrete and bendable 

concrete by examining their fundamental properties, performance characteristics, and practical 

implications. By critically analyzing existing literature and experimental findings, this study seeks to 

highlight the potential of bendable concrete as a viable alternative to conventional concrete in future 

construction practices. 

2. OBJECTIVES OF THE STUDY 

The main objectives of this research paper are: 

 To study the fundamental properties and behaviour of normal concrete. 

 To understand the concept, composition, and working mechanism of bendable concrete (ECC). 

 To compare the mechanical properties of normal concrete and bendable concrete. 

 To evaluate crack behaviour, ductility, and durability characteristics of both materials. 

 To review recent research and developments in bendable concrete technology. 

 To assess the advantages, limitations, and practical applications of bendable concrete. 

3. METHODOLOGY 

The methodology adopted for this comparative study is primarily based on an extensive review of existing 

literature, research papers, technical journals, conference proceedings, and experimental studies related to 

bendable concrete and normal concrete. The study follows a qualitative and analytical approach, focusing 

on understanding material behaviour rather than conducting laboratory experiments. 

The methodology includes the following steps: 

1. Collection of data from published research papers on normal concrete and bendable concrete. 

2. Study of material composition, mix design principles, and mechanical properties. 

3. Comparative analysis of tensile strength, compressive strength, flexural strength, ductility, and crack 

control behaviour. 

4. Review of durability aspects such as resistance to corrosion, shrinkage cracking, fatigue, and 

environmental exposure. 

5. Examination of recent innovations and sustainable approaches in bendable concrete. 

6. Compilation and interpretation of findings to draw meaningful conclusions. 

4. OVERVIEW OF NORMAL CONCRETE 

Definition 

Normal concrete is a composite material composed of cement, fine aggregates (sand), coarse aggregates 

(gravel or crushed stone), and water. It may also include admixtures to improve workability, setting time, 

and strength. Normal concrete is designed primarily to resist compressive stresses and is widely used in 

buildings, bridges, pavements, dams, and other infrastructure projects. 

Properties of Normal Concrete 

 High compressive strength: Typically, 20–40 MPa at 28 days. 

 Low tensile strength: About 8–12% of compressive strength. 

 Brittle behaviour: Low ductility and strain capacity. 

 Durability: Good when properly mixed, placed, and cured. 

 Fire resistance: Offers good protection against fire. 

 Workability: Depends on water–cement ratio and aggregate quality. 

 Permeability: Higher crack widths increase permeability, reducing durability. 

 Economical and readily available material. 

Failure Behavior of Normal Concrete 

 Brittle failure: Sudden cracking and loss of load-carrying capacity under tensile stress. 

 Elastic behaviour: Up to a certain stress level before cracking. 

 Cracking: Initiates as microcracks due to shrinkage or thermal stresses; propagates rapidly under load. 
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 Compression failure: Crushing accompanied by diagonal cracks. 

 Tension/flexure failure: Sudden and brittle with wide crack formation. 

 Durability impact: Cracks allow ingress of water and chemicals, accelerating reinforcement corrosion and 

shortening service life. 

5. OVERVIEW OF BENDABLE CONCRETE (ECC) 

Definition 

Bendable concrete, also known as Engineered Cementitious Composite (ECC), is a high-performance 

Fiber-reinforced cementitious material that exhibits exceptional ductility and strain-hardening behaviour. It 

is designed using micromechanical principles to control crack formation and propagation. 

Composition of Bendable Concrete 

The typical composition of bendable concrete includes: 

 Ordinary Portland Cement 

 Fine aggregates (usually silica sand) 

 Fly ash or supplementary cementitious materials 

 Water 

 Chemical admixtures 

 Microfibers (such as Polyvinyl Alcohol (PVA), polyethylene, or steel Fibers) 

Unlike normal concrete, ECC does not use coarse aggregates. The absence of coarse aggregates helps 

in achieving uniform Fiber distribution and enhanced ductility. 

Mechanism of Bendability 

The bendability of ECC is achieved through the interaction between fibers and the cement matrix. When 

tensile stress is applied, multiple micro-cracks form instead of a single large crack. The fibers bridge these 

cracks, preventing sudden failure and allowing the material to undergo large deformation while sustaining 

load. 

6. COMPARISON BETWEEN NORMAL CONCRETE & BENDABLE CONCRETE 

Point Normal Concrete Bendable Concrete (ECC) 

Definition Traditional concrete made of cement, 

sand, aggregate, and water 

Special concrete that can bend without 

cracking 

Flexibility Very low (brittle in nature) Very high (can bend up to 3–5%) 

Crack Behavior Forms wide cracks suddenly Forms many very fine micro-cracks 

Tensile Strength Low High 

Compressive Strength High Comparable or slightly lower 

Ductility Very low Very high 

Use of Aggregate Coarse aggregate used No coarse aggregate (only fine sand) 

Reinforcement Need Steel reinforcement required Requires less steel reinforcement 

Durability Moderate Very high (self-healing cracks) 

Earthquake Resistance Poor Excellent 

Maintenance High Low 

Cost Low High 

Life Span Normal Longer than normal concrete 

7. LIMITATIONS OF BENDABLE CONCRETE 

 High initial cost 

Bendable concrete is more expensive than normal concrete due to the use of special fibers (PVA, PE) and 

admixtures. 

 Limited availability of materials 

Required fibers and ingredients are not easily available in all regions, especially in developing areas. 

 Complex mix design 

The mix proportion is sensitive and needs precise control during batching and mixing. 

 Skilled workmanship required 

Proper mixing, placing, and curing need trained labor and technical supervision. 

 Lower compressive strength than high-grade concrete 
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Although ductility is high, compressive strength may be lower compared to high-strength conventional 

concrete. 

 Lack of standard design codes 

Design guidelines and codes are still limited compared to conventional RCC. 

 Not suitable for all structures 

Due to cost and complexity, it is generally used only in special structures like bridges, seismic zones, and 

repair works. 

 Quality control issues 

Small errors in mixing or fiber distribution can significantly affect performance. 

8. STRESS–STRAIN BEHAVIOR OF NORMAL CONCRETE AND ENGINEERED 

CEMENTITIOUS COMPOSITE (ECC) 

 

9. ADVANTAGES OF BENDABLE CONCRETE 

1. High ductility (flexibility) 
 Can bend and deform without sudden cracking or failure 

 Strain capacity is 100–500 times greater than normal concrete 

2. Crack control 

 Forms many tiny, hairline cracks instead of large visible cracks 

 Crack widths typically stay under 0.1 mm, which improves longevity 

3. Improved durability 
 Small cracks limit water and chemical penetration 

 Better resistance to corrosion, freeze–thaw cycles, and chemical attack 

4. Earthquake resistance 

 Absorbs and dissipates energy during seismic events 

 Reduces structural damage and risk of collapse 

5. Higher tensile strength 

 Performs well under tension without needing heavy steel reinforcement 

 Ideal for thin or lightweight structural elements 

6. Self-healing capability 

 Microcracks can close over time through hydration and mineral precipitation 

 Extends service life with less maintenance 

7. Reduced maintenance costs 

 Fewer repairs due to controlled cracking and durability 

 Lower life-cycle cost despite higher initial material cost 

8. Better impact and fatigue resistance 

 Suitable for bridges, pavements, and industrial floors exposed to repeated loading 

9. Design flexibility 

 Enables slimmer sections, curved forms, and innovative architectural designs 

10. CONCLUSION 

Bendable concrete, commonly referred to as Engineered Cementitious Composite (ECC), represents a 

significant advancement over conventional concrete by addressing its inherent brittleness and low tensile 
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capacity. Through the incorporation of high-performance fibers and optimized mix design, bendable 

concrete exhibits strain-hardening behavior, multiple micro-cracking, and superior ductility compared to 

normal concrete. These characteristics result in enhanced tensile strength, improved energy absorption, and 

exceptional crack control, which collectively contribute to increased durability and service life of 

structures. 

The research clearly indicates that bendable concrete offers remarkable resistance to cracking, corrosion, 

fatigue, and seismic forces, making it highly suitable for applications in earthquake-resistant structures, 

bridge decks, pavements, retrofitting works, and thin structural elements. Although the initial material cost 

of bendable concrete is higher than that of conventional concrete, its long-term economic benefits—such 

as reduced maintenance, lower repair costs, and extended structural lifespan—justify its use in critical and 

high-performance infrastructure. 

From a sustainability perspective, bendable concrete demonstrates potential for reduced environmental 

impact due to lower repair frequency and the possible use of industrial by-products such as fly ash. Despite 

certain limitations related to cost, fiber availability, and skilled workmanship requirements, ongoing 

research and technological advancements are expected to overcome these challenges. 

In conclusion, bendable concrete is a promising construction material that combines strength, ductility, 

durability, and sustainability. Its adoption in modern infrastructure can significantly enhance structural 

performance and resilience, indicating a strong potential for widespread application in future civil engineering 

practices. 
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