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Abstract— The concrete of fiber reinforced bendable 

concrete like regular concrete, but is 500 time more resistant 

to cracking and 40% lighter in weight. The detailed 

characteristics of the cement matrix and role of fiber in the 

formation of the composite properties are described. 

Bendable concrete designed to be micromechanical with 

strain capacity of about 3 to 5 percent compared to 0.01 

percent of normal concrete. Bendable Concrete also known 

as Engineered Cementitious Composites with ultra-ductile 

fiber reinforced cementitious composites, characterized by 

high ductility and crack width control. 

Key words: ECC, PVC, high performance fibre 

reinforcement cement concrete (HPFRCC), reactive powder 
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I. INTRODUCTION 

Engineered Cementitious Composite (ECC) also known as 

bendable concrete, ECC has a strain capacity in the range of 

3 to 7%, compared to 0.01% for ordinary Portland cement. 

ECC there acts more like a ductile metal than a brittle glass. 

Cementitious materials, such as fly ash, silica fume, blast 

furnace slag, may be used in addition to cement to increase 

the past content (1, 2). The material is capable to exhibit 

considerably enhanced flexibility. A bendable concrete is 

reinforced with micromechanically designed polymer fibres. 

Engineered Cementitious Composite uses low amounts, 

typically 2% by volume, discontinuous fiber (1, 3 and 4). 

ECC incorporates very fine silica and tiny Polyvinyl 

Alcohol fibers covered with a very thin, smooth coating. 

Fibers are mixed in the concrete to the water in the drum 

after adding aggregates and cement and allowed to set after 

casting (5, 6). However, in such poly silicate matrix, being 

made from cement it is less likely that the fiber set 

completely in the poly silicate matrix made on setting of 

cement with hydration and therefore, deterioration of 

concrete occurs at a relatively quicker rate resulting in the 

formation of discontinuities, micro cracks, voids leading to 

shrinkage cracks and lesser concrete strength and flexibility. 

The high performance concretes led to the determination of 

the composition of reactive powder concrete (RPC) and 

bendable concrete know as ECC (2, 3 and 4). RPC with 

short steel fiber and ECC with polyvinyl alcohol (PVA) 

fiber constitute a high performance fibrous cementitious 

composites, apart from high durability, ultra high 

compressive strength and ultra high durability in the case of 

ECC (6,7). The development of an individual mix design of 

ECC requires special efforts by systematically engineering 

of the material at micro and composite scales. These 

materials may be considered a class of materials separate 

from FRC in those different degrees of tensile ductility is 

achieved, often accompanied by a strain hardening response 

distinct from the tension-softening response of FRC (8, 9, 

and 11).   

 
Fig. 1: Conventional Concrete and Bendable Concrete under 

the flexural loading (ref. 18) 

II. GENERAL CHARACTERISTICS 

A. Engineered Cementitious Composites materials 

Bendable Concrete also known as Engineered Cementitious 

Composites (ECC) is a fiber reinforced cement based 

composite material systematically engineered to achieve 

high ductility under tensile and shear loading. By employing 

micromechanics-based material design, maximum ductility 

in excess of 3% under uniaxial tensile loading can be 

attained with only 2% fiber content by volume. Recent 

research indicates that ECC holds promise in enhancing 

safety, durability and sustainability of infrastructure. 

A physical property of ECC is Table 1. This property 
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Table 1: Physical property of ECC 

The very high strength and modulus version was 

attained by kamal et al (2007). The very high tensile 

ductility version was reported in Li et al (1996). The super 

light-weight version was described in Wang and Li (2003) 

fibers with certain properties, however, may meet the 

criteria for tensile strain-hardening at a lower volume 

fraction. Decisions on what fibers to use will depend on 

their natural characteristics, including mechanical, diameter 

ranges, and surface characteristics, on resulting ECC 

mechanical, durability, and sustainability performances and 

on economics. The performance characteristics exhibited by 

ECC include extreme flexibility, high fatigue, very low fluid 

permeability, and compressive strength similar to that of 

high strength concrete. 



Fibre ReinFored Bendable Concrete 

 (IJSRD/Vol. 5/Issue 01/2017/099) 

 

 All rights reserved by www.ijsrd.com 377 

B.  Porpertices Of Ecc 

A major driver of next generation infrastructure resistant to 

seismic loading is performance-based earthquake 

engineering. Its implementation eases the adoption of new 

high performance material such as ECC. In addition to 

collapse resistance, Billington in reviewing this subject 

suggested that the use of ECC could lead to highly damage 

tolerant structures with limited residual crack widths such 

that post-earthquake repair costs could be minimized. RPC 

is characterized not only by ultra –high compressive 

strength (200MPa), but also by other advantageous 

mechanical properties: flexural strength–above 20 MPa, 

tensile strength–about 10 MPa, high resistance to impact and 

abrasion. The research on the behavior of RPC during 

tension has shown the formation of a large number of tiny 

cracks, but not big ones. Moreover, in RPC subjected to 

bending, no single, wide cracks have been observed, but 

many dispersed microcrecks. Tiny cracks do not adversely 

affect the durability of the composite. RPC the increase in 

load capacity after the first crack during bending, i.e. 

hardening after cracking and therefore it belongs to the 

group of deflection-hardening composites. 

III. DURABILITY OF ECC 

The cause of infrastructure deterioration, under combined 

environmental and mechanical loads, is complex. In bridges 

and roadways, deterioration often begins with cracking due 

to thermal movement or restrained drying or autogenously 

shrinkage cracking. These cracks are escalating by fatigue 

loading due to moving traffic. As a new construction 

material, it is not enough to have excellent mechanical 

performance compared with conventional concrete or FRC. 

The influence of this material on structural durability 

performance of ECC must also be confirmed. Since the 

greatest value of ECC lies in its superior tensile ductility, 

this material will likely be used in structures that impose 

large deformations on the material. This implies that the 

structure must remain serviceable even if the material 

undergoes tensile strain hardening accompanied by multiple 

micro cracking. For this reason, the examination of ECC 

material durability should be carried out in the deformed 

cracked state. That is the ECC specimen should undergo 

preloading to varying strain level in order to deliberately 

create micro crack damage, prior to accelerate exposed test. 

Experimental data thus determined from preloaded 

specimens may be considered as material durability 

properties under combined mechanical and environmental 

load. It should be noted, however, that most of these 

experiments were undertaken with cracked specimens in the 

unloaded state for experimental testing convenience. On 

unloading, crack widths in ECC tend to reduce by 10-20% 

from the loaded state. 

 
Fig. 2: Typical tensile stress-strain curve and crack width 

development of ECC. 
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Table 2: Comparison between ECC, FRC and HPFRCC 

 

                                IV. CONCLUSSION 

In the development concept of able ECC, micromechanics is 

adapted to properly select the matrix, fiber, and interface 

properties to exhibit strain-hardening and multiple cracking 

behaviors in the composites. The metal like behavior of 

ECC is achieved without depending on high fiber content, 

thus breaking the conventional wisdom of the need for high 

fiber volume fraction to achieve high material performance. 

Compared with the standard mixing sequence, by adjusting 

mixing sequence increases the tensile strain capacity and 

ultimate strength of ECC and improves the fiber 

distribution. The compared with the standard mixing 

sequence, by adjusting mixing sequence increasing the 

tensile strain capacity and ultimate the tensile strength of 

ECC and improved the fiber distribution. 
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