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Abstract— Engineered Cementitious Composites abbreviated 

as ECC (also called Bendable concrete and Flexible 

concrete). The bending strength or tensile capacity of flexible 

concrete is in the range of 10 to 15 MPa and compressive 

strength is up to 70 MPa. It has a self-healing property as the 

cement particles make reaction with the rain water and makes 

some complex product that expands and fill the micro cracks 

that are developed in the flexible concrete. The flexible 

concrete is proved to be lighter and also proved to be 500 

times more flexible than normal concrete. Its ultimate tensile 
strain capacity is 3 to 5 %. Due to this the concrete is act like 

a flexible material such as metal. Poly vinyl alcohol fiber 

(PVA) is added up to 2% to enhance flexibility. A bendable 

concrete is composed of all the ingredients of a Conventional 

Mortar plus Fly ash and is reinforced with micromechanically 

designed poly vinyl alcohol fibers. ECC is class of ultra-

ductile fiber reinforced cementitious composites, 

characterized by high ductility and tight crack width control. 

A Polyvinyl alcohol (PVA) fiber is considered as one of the 

most suitable polymeric fibers to be used as the reinforcement 

of engineered cementitious composites (ECC), showing an 
extensive strain hardening behaviour of the composites, can 

be used to reduce resources and funds for rehabilitation of 

structure. 
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I. INTRODUCTION 

The common materials used in construction include cement, 

fine aggregate and coarse aggregate. But the concrete usually 
has brittle nature. Due to this, it doesn’t withstand impact 

tensile loads. When fiber is added in the concrete, it enhances 

flexibility of the concrete. Concrete consisting of cement, 

water, fine and coarse aggregates is widely used in civil 

engineering constructions. Though making concrete is 

convenient and inexpensive, its brittle behavior upon tensile 

loading is one of its undesirable characteristics so that leads 

to the development of fiber reinforced cementitious 

composites to improve this deficient. The brittle behavior of 

concrete is due to the fast growing of single crack 

consequences to the sudden failure of the specimen. This kind 
of failure mode is resulted from a low ultimate strain around 

0.01% and a sudden failure without warning. In order to 

improve the behavior of concrete, fiber reinforced concrete is 

made by adding discrete short fibers into the concrete matrix. 

Fibers which are currently used include steel, glass, carbon 

and polymer fibers. Development of FRCs started in the 

1970s. By that time, only glass fiber and steel fiber were 

investigated. During the past 10 years, polyvinyl alcohol 

(PVA) fiber has been introduced in the production of FRC, 

engineered cementitious composites’’. The ultimate tensile 

strain attained of ECC is between 2 to 6%, which is 200 to 

600 times greater than that of normal concrete. This new kind 

of material is very effective in transferring stress across the 

cracks and fractures and occurred with the formation of 

multiple cracks. 

II. LITERATURE REVIEW 

Dr. M. Rame Gowda , Ms Uma Devi et al carried out an 
experimental study on ECC by two different mineral 

admixtures such as fly ash and rice husk ash ECC mix 

consists of Ordinary Portland Cement(OPC),Sand, Poly vinyl 

alcohol fibres (PVA) ,fly ash and rice husk ash .The PVA 

fibres are added in the proportion of 1.2% to 2.2% in the 

interval of 0.2%.The beam specimens are casted in the size of 

304.8x76.2x12.2mm,for a particular mix of PVA and 

different admixtures were cured by Poly ethylene sheet 

covered for 48 hrs and then water cured for 14,28,56 days and 

mainly tested for flexure. They found that controlled mixes 

show no deflections, whereas fly ash based mix with fiber 
content of 1.4% resulted in best load carrying capacity and 

with maximum deflections, whereas rice husk based mix was 

resulted in taking up very less load and deflections. Dr. A. W. 

Dhawale et al carried out an experimental study on 

comparision on mechanical properties of normal concrete and 

ECC In this study cubes, cylinders and beams are casted for 

determining compressive, tensile capacity and flexural 

behaviours of specimens according to IS standards and cured 

for 7, 14 and 28 days. The mix design ratio of cement, sand 

and fly ash is in the ratio of 1:1:1 and fibres by 1.2%. The 

tests were indicated improvement in compressive, tensile and 

flexural behaviour compared with normal concrete mixes; 
hence they found the suitable mixes that can be incorporated 

for large volume structural applications without loss in any 

ductility. Srinivasa .C. H. et al. carried out an experimental 

study on various research activities that are going around the 

world on studying various rheological and hardened 

properties of Engineered Cementitious Concrete (ECC) The 

different researchers had proposed different mix proportions 

based on various rheological parameters of ECC. ECC design 

is mainly based on micromechanical modelling with strain 

capacity exceeding 3 to 5% compared to that 0.01% of normal 

concrete and volume fraction of fiber is less than 2% 
compared large amount of fiber say 5-10% in FRCC. 

III. OBJECTIVES 

 The main objective is to study the mechanical properties 

of ECC with conventional mortar.  

 To study the effect of replacement of PVA fibre in ECC. 

To investigate the strain hardening behaviour of ECC.  

 To check ECC under compression, split tensile, flexure 
and two point loading test. 
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IV. MATERIALS & METHODOLOGY 

The materials used in this project are Cement, Fine 

Aggregate, Fly ash, Water, PVA (Poly vinyl alcohol) fiber, 

Super plasticizer - HRWR (High Range Water Reducer 

containing poly carboxylate). The focus of the study was to 

identify the elements that influence the mix proportions and 

the mechanical properties of conventional mortar and 

Bendable concrete. 

The test procedure includes the initial steps of 

deciding the tests to be conducted. This was followed by 

conducting the mix design for conventional mortar and 
Bendable concrete .To determine the mechanical properties 

of conventional mortar and ECC, laboratory investigation is 

carried on standard hardened concrete tests like compressive 

,split tensile and flexure. 

V. RESULTS AND DISCUSSIONS 

Curing 

Period (days) 

Conventional 

Mortar (MPa) 
ECC(MPa) 

7 24.71 27.16 

14 33.69 35.28 

28 47.65 49.80 

Table 1: Compressive strength for conventional mortar 

specimens 

 
Fig. 1: Compressive Strength for conventional mortar & 

ECC specimens 

From Fig.1, it is inferred that the compressive 

strength obtained by 2% fiber incorporated specimens is 4.5% 

more than that of conventional mortar for 28 days. 

Curing period 

(days) 

Conventional Mortar 

(MPa) 
ECC(MPa) 

7 1.97 2.81 

14 2.45 4.33 

28 2.81 6.80 

Table 2: Indirect tensile strength for conventional & ECC 

mortar 

 
Fig. 2: Comparison of Indirect tensile strength for 

conventional & ECC 

From Fig.2, it is demonstrated that the tensile 

strength of ECC is 58% more than that of the conventional 

mortar. 

Curing period 

(days) 

Conventional Mortar  

(MPa) 

ECC 

(MPa) 

7 2.11 3.76 

14 2.59 4.83 

28 3.89 5.56 

Table 3: Flexural Strength for Conventional and ECC 

specimens 

 
Fig. 3: Comparison of Flexural Strength for conventional 

and ECC 

From Fig-3, it is observed that the flexural strength 

of ECC is 42% more than that of the conventional mortar. 

VI. CONCLUSIONS 

The compression, tensile and flexural strength values of 
bendable concrete are compared with conventional cubes, 

cylinders and slabs. From the results obtained, it is proved 

that ECC is better than conventional mortar and it is more 

flexible so that it resists cracks and acts with more efficiency 

in seismic regions. In failure pattern, it is observed that the 

CM fails into two parts where as in ECC only crack is 

developed which reflects its ductile behavior.  

The most important and significant characteristics of 

bendable concrete is high tensile strength and strain 

hardening effect which enhances the ductility and can be 

utilized for improving the mechanical properties of 

conventional concrete elements. The conventional concrete 
shows reduced workability due to addition of fly ash but it 

increased by addition of super plasticizer. It is observed that 

there was considerable increase in Flexural strength and 

Compressive strength when fiber content is increased. But 
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when it reaches up to its optimum value of 2 %, and it starts 

decreasing with the increasing content of fiber. It was noticed 

that fiber reduces the w/c ratio which leads to the low 
workability but the workability can be maintained by super 

plasticizers. 

It was observed that by physical appearance on 

PVA-ECC specimen has greater crack control as can be seen 

on surface reduction of crack widths and crack spacing. For 

conventional concrete it was observed that micro cracks and 

surface crack were more when compared to ECC. For 

conventional mortar, micro cracks and surface crack were 

more when compared to ECC. The cost of ECC is currently 

three times that of normal concrete per cubic metre compared 

to plain concrete, fiber reinforced concrete is much tougher 

and more resistant to impact. 
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