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Abstract— Engineered Cementitious Composite (ECC) is a 

class of High performance Fibre Reinforced Cementitious 

Composites (HPFRCC). It is characterized by high tensile 

ductility and tight crack width control. Substitution of 

concrete with ECC can avoid the cracking and durability 

problems associated with brittleness of concrete. Extensive 

inelastic deformation is achieved in ECC through 

Polyethylene fibre.  The aim of this paper is to study the 

flexural behavior of steel reinforced concrete beams 

partially strengthened with ECC. A total of twelve beams 

were cast and tested. Six beams were tested to study the 

effect of the length of plastic hinge and four beams were 

tested to study the effect of thick layers of ECC provided in 

the tension zone of beams. The remaining two beams acted 

as control beams. Two variations in reinforcement detailing, 

corresponding to the under and over-reinforced beam 

sections, were used for the expected flexural tension and 

compression failures. Along with beam specimens, 

compressive cylinders and cubes specimen were also cast 

and tested to evaluate the tensile and compressive 

characteristics of both ECC and concrete. All beams 

strengthened using ECC plastic hinges and layers were 

capable of taking more load than the corresponding control 

beams. In general, ECC application increased the ductility 

of RC beams. 
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I. INTRODUCTION 

Concrete is the most popular construction material because 

of its special properties such as versatility, durability and 

easy to handle. Ordinary Portland cement, though costly and 

energy intensive is the most widely used ingredient in the 

production of concrete mixes. By many measures, concrete 

is an excellent construction material. However, the 

mechanical properties and functional characteristics of 

concrete will have to be improved, in some ways drastically, 

and these improvements are already emerging in limited 

forms. These advancements are needed to address 

deficiencies in concrete infrastructure. 

 Engineered Cementitious Composites (ECC) is an 

ultra-ductile cement – based material reinforced with fibres, 

featuring high ductility and medium fiber content. The 

performance of ECC is measured in terms of tensile strain 

hardening capacity. ECC can be defined as a cement-based 

composite, which is tailored by the randomly oriented 

polymeric fibres. It can be developed using various 

polymeric fibres. When subjected to uniaxial tension, ECC 

exhibits tensile strain hardening with multiple micro-cracks. 

Typically, the tensile strain capacity of ECC is 1-2% at the 

fibre content of 2%. The strength and energy criteria of the 

fibre bridging govern the tensile behavior of ECC when the 

composite is loaded. This innovative material can be used in 

repair and rehabilitation works. 

II. LITERATURE REVIEW 

Chethan.V.R et al. 1 presents current scenario about various 

active research that are taking place around the world on 

study of behavior of Engineered Cementitious Composites 

(ECC) by incorporating Polyvinyl Alcohol (PVA) and other 

kinds fibers and by using various mineral admixtures. They 

showed that the volume fraction of the fiber used is also less 

than 2 percent and showing an extensive strain hardening 

behaviour of the composites 

 Victor and Li 2 Carried out an experimental study 

on the durable overlay system with ECC for repairing 

deteriorated structures.He noted significant improvement in 

the load carrying capacity and system ductility of ECC 

overlay over conventional concrete or steel fibre reinforced 

concrete overlays. 

 S.B. Singh, et al. 3 investigated the experimental 

study conducted on flexural behaviour of steel reinforced 

concrete beams partially strengthened with ECC. They 

concluded that all beams strengthened using ECC plastic 

hinges and layers were capable of taking more load than the 

corresponding control beams. 

 Dr. A. W. Dhawale et al. 4 Suggests the need for 

developing a new class of FRCs which has the strain-

hardening property but which can be processed with 

conventional equipment. It is demonstrated that, ECC can be 

designed based on micromechanical with strain capacity of 

about 3 to 5% compared to 0.01% of normal concrete. The 

result is a moderately low fiber volume fraction (<2%) 

composite which shows extensive strain-hardening 

 S Santhosh Kumar et al. 5 investigated the high-

performance cementitious composites with strain-hardening 

behaviour and excellent crack control. Substitution of 

concrete with ECC can avoid the cracking and durability 

problems associated with brittleness of concrete. Extensive 

inelastic deformation is achieved in ECC through Recron 

3’s fibre. 

 Maalej and Leong et al.6 conducted experiments to 

evaluate the performance of Fibre Reinforced Plastic (FRP) 

- strengthened RC beams incorporating ECC as a ductile 

layer around the main flexural reinforcement (ECC layered 

beams). They showed that ECC can indeed be used to delay 

the debonding of FRP. 

 Rokugo et al. 7 investigated applied ECC as a 

potential repair material to reduce the surface cracks. The 

observation made 12 months after patch- repairing a wall 

confirmed that the applied ECC repair material indeed 

reduced the surface crack width. They concluded that the 
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application of ECC increases both flexural strength and 

ductility. 

 In this paper, preliminary investigations on the 

flexural behaviour of RC beams strengthened by ECC are 

reported. In addition, the tensile and compressive material 

characteristics of ECC test specimens are also reported. 

III. MATERIALS USED 

A. Cement 

OPC 53 Grade is used for all concrete sample mixes. The 

cement used was fresh and without any lumps. Testing of 

cement was done as per IS:8112  - 1989. 

S.No Properties Test Results 

1 Fineness (By sieve Analysis) 2% 

2 Specific Gravity 3.15 

3 Normal Consistency 30% 

4 Initial Setting time 30 min 

5 Final Setting Time 230 min 

Table 1: Physical properties of cement 

B. Fine Aggregate 

The fine aggregate serve the purpose of filling all the open 

spaces in between the coarse particles. Thus it reduces the 

porosity of the final mass and considerably increases its 

strength.  In our work locally available river sand is used as 

a fine aggregate for preparing a concrete. 

S.No Properties Test results 

1 Specific Gravity 2.62 

2 Fineness 2.63 

3 Grading Zone –II 

4 Moisture Content Nil 

Table 2: Physical properties of FA 

C. Coarse Aggregate 

Ordinary blue granite crushed stone aggregate (Coarse 

aggregate) confirming IS 383:1970 is used as coarse 

aggregate in concrete. Crushed stones of size 20mm are 

used as coarse aggregate. In this study locally available 

coarse aggregate was used for making concrete. 

S.No Properties Test results 

1 Specific Gravity 2.869 

2 Fineness 7.54 % 

3 Water absorption 4.7% 

4 Moisture Content Nil 

Table 3: Properties of coarse aggregate 

D. Fly Ash 

It is defined as the “the finely divided residue from the 

combustion of ground or powdered coal and that is 

transported by the flue gases from combustion zone to the 

particle removal system”. In this work, Type C fly-ash was 

used because of its properties such as high performance, 

early strength gain and light color. ‘Class C’ Fly ash was 

obtained from the Mettur Thermal Power Plant, Salem. 
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Table 4: chemical properties of fly ash 

E. Super plasticizer 

This is used to control rheological properties of fresh 

concrete. Super plasticizers are additives to fresh concrete 

which help in dispersing the cement uniformly in the mix. 

Super plasticizer increases slump from 5cm to 20cm without 

addition of water. They can reduce water up to 15 to 20 

percent and hence decrease water to cement ratio by same 

amount. This results in increase in strength and other 

properties like density, water tightness. In this project, 

Glenium B233 is an admixture of a new generation based on 

modified poly carboxylic ether is used. 

F. Polyethylene fibre 

Polyethylene is a polymer. Many number of ethylene 

monomers join with each in the synthesis of polyethylene 

polymer. Polyethylene mono filaments were produced 

commercially on a small scale by conventional melt 

extrusion and drawing of polymers made by the high-

pressure type of polymerization process. Polyethylene also 

has good self-extinguishing properties and resistance against 

ultra violet. 
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Table 5: Mechanical properties of Polyethylene fibre 

IV. MIX PROPORTION 

A. Mix Design 

Mix design for M30 grade concrete by Indian standard 

recommended method of concrete mix design as per design 

code IS: 10262-2009. 

Water 

Liters 

Cement 

kg/m3 

FA 

kg/m3 

CA 

kg/m3 

160 380 714.8 1277.16 

0.42 1 1.88 3.360 

Table 6: Mix proportion for M30 Grade Concrete 

B. ECC Mix Design 

The mix design for ECC Concrete is basically based on 

Micromechanics design basis. Micromechanics are a branch 

of mechanics applied at the material constituent level that 

captures the mechanical interactions among the fiber, mortar 

matrix, and fiber–matrix interface. There is no definite 

procedure for the mix design of ECC. Hence the ideal mix 

proportion given in the literature of ECC-ECC Concrete is 

given below; 
Constituents Cement Fly Ash FA Water Super plasticizer PE fiber Vol  (%) 

Ratio 1 1 1 0.44 0.012 0.02 

Weight (Kg/m3) 452 452 452 199 1.2% of Total Volume of specimen 2% of Total Volume of specimen 

Table 7: Mix Proportion for ECC 
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V. CASTING AND TESTING OF TEST SPECIMEN 

A. Casting of Specimen 

The experimental investigation was carried out on casting 

Cubes, Cylinder and beam for both conventional concrete 

and Engineered Cementitious concrete (ECC). The slump 

cone of size 300 mm height x 100 mm top x 200 mm bottom 

was used to measure the workability of concrete. The cubes 

of size 150 mm x 150 mm x 150 mm were casted for 

compressive strength of concrete and cylinders having 

dimensions of 150 mm diameter and 300 mm length were 

casted to find out split tensile strength. For flexural strength 

the beam of size 1300 mm x 100 mm x120 mm was casted. 

B. Construction of ECC strengthened beams 

The construction and strengthening of RC beams with ECC 

plastic hinges took place in two stages. In the first stage, 

concrete was poured into the formwork at the designated 

place as shown in Figure. The side stoppers maintained the 

required geometry of the beam specimen. After 8 hours, 

ECC was poured at the remaining space, in the second stage 

of construction. Conventional formworks with additional 

side stoppers were used to cast the specimens. Before 

placing the ECC, the side stoppers were removed from the 

formwork. Corrugations present in the stoppers ensured a 

rough surface to make a proper bond between concrete and 

ECC. Similarly, RC beams with ECC layers were cast in 

two stages. The first stage saw the layer of ECC poured into 

the formwork and in the second stage, after 8 hours, 

concrete was placed over the ECC. It should be noted that, 

the ECC- concrete interface used no steel. 

C. Curing of Specimen 

A set of three samples for both ECC and concrete were 

casted and cured in ordinary water at the age of 7 and 28 

days. After de - moulding they were cured in water for 

required days. The samples are taken from curing tank and 

dried for one hour before testing. Totally 12 cubes were 

casted and cured to find compressive strength at the age of 7 

and 28 days and 12 cylinders were casted and cured for split 

tensile strength at the age of 28 days and 12 beams were cast 

and cured to find flexural Strength  at the age of 28 days. 

D. Testing of Specimen 

This deals with Tests and testing procedure for fresh & 

hardened concrete specimen. Investigations are carried out 

by testing cubes, cylinders and beams for 7 and 28 days. 

Cubes and cylinders were tested on Compression Testing 

Machine (CTM) and beams were tested on Universal 

Testing Machine (UTM). 

VI. RESULTS AND DISCUSSION 

A. Comparison of compressive& Split Tensile test 

The Experimental results of ECC concrete specimens have 

been discussed. The experimental results are compared with 

M30 grade conventional concrete. 

S.No 
Mix 

Name 

Compressive Strength 

(N/mm2) 

Split tensile test 

(N/mm2) 

7 Days 28 days 7 Days 28 days 

1 M 30 22.36 31.57 2.50 3.49 

2 ECC 34.09 48.70 3.71 5.11 

Table 8: Test results at 7 & 28 days 

 
Fig. 1: Compressive and Split tensile test results at 28 days 

curing 

B. Flexural Strength test 

The beam of size 1300 mm x 100 mm x120 mm was casted. 

Two variations in reinforcement detailing, corresponding to 

the under and over-reinforced beam sections, were used for 

the expected flexural tension and compression failures. 

1) Response of Plastic Hinge Beams: 

All the three beams were tested from zero to ultimate load. 

The ultimate failures of all over – reinforced beams 

ORPH200, ORPH400 and ORCB were governed by flexural 

compression, except ORPH600. The ultimate failure of 

under-reinforced beams URPH200, URPH400 and URPH 

governed by flexural tension. The ultimate failure of ORPH 

600 & URPH 600 was governed by one single flexural crack 

at tension side. The beam ORPH 600 had the highest load 

carrying capacity and ductility among the specimens tested. 

It can be observed that all beams strengthened with ECC 

plastic hinges are capable of taking more loads than the 

control beam. The normalized load carrying capacity of 

beams was 2.5, times more than that of the reference beams. 

 
Fig. 2 Response of over - Reinforced Beams 

 
Fig. 3 Response of Under – Reinforced Beams 

2) Response of layered ECC beams: 

The ultimate failure of all under –reinforced beams occurred 

due to the flexural tension accompanied by the yielding of 

internal steel re bars. Unlike ECC strengthened plastic hinge 
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beams, the layered ECC beams had no micro cracks. The 

ultimate failure of all over-reinforced beams occurred in 

flexural compression mode due to the crushing of concrete. 

Unlike, ECC strengthened over-reinforced plastic hinge 

beams; the crushing of concrete was brittle. This is 

attributed to the lower ultimate compressive strain of 

concrete than that of the ECC. The failure in these beams 

was governed by ordinary flexural cracks at the tension side. 

It can be observed that all the beams strengthened with ECC 

layers were capable of taking more loads than the control 

beams. The normalized load carrying capacity of ORLY 50 

and ORLY 70 more than that of the control beam. It is also 

observed that the 70 mm thick ECC layer was more 

effective in enhancing the ductility and load capacity of 

beams than the 50 mm thick ECC layer. 

 
Fig. 4: Response of Over- reinforced Layered beams 

 
Fig. 5 Response of Under - reinforced Layered beams 

VII. CONCLUSION 

This experimental study explores the possibilities of using 

ECC in structural rehabilitation applications by 

strengthening RC beams with ECC plastic hinges and ECC 

layers. The following conclusions can be drawn from the 

test data. 

 This experimental study explores the possibilities 

of using ECC in structural rehabilitation applications by 

strengthening RC beams with ECC plastic hinges and ECC 

layers. 

 All beams strengthened with ECC plastic hinges 

and ECC layers were capable of taking more loads than the 

corresponding control beams with significant increment in 

ductility 

 The cost of ECC is currently about three times that 

of normal concrete. However initial construction cost saving 

can be achieved through smaller structural member size, 

reduced or eliminated reinforcement elimination of other 

structural protective systems, 

 All beams strengthened with ECC plastic hinges 

and ECC layers were capable of 2.5 times more loads than 

the corresponding control beams with significant increment 

in ductility. 

REFERENCE 

[1] Chethan.V.R , Dr.M.Ramegowda , Manohara. H.E 

(2015) ‘ Engineered Cementitious Composites-A 

Review’, International Research Journal of Engineering 

and Technology (IRJET)  Volume :02 , Issue:5 

[2] Sathishkumar. P, Sampathkumar. P, Karthik. M and 

Vignesh. C, ‘Significance of Various Fibres on 

Engineered Cementitious Concrete,’ International 

Journal of Science, Engineering and Technology, 

Volume 4 Issue 1: 2014, pp. 284- 290. 

[3] Flexural response of ECC strengthened reinforced 

concrete beams by   S.B. Singh and Madappa V.R. 

Sivasubramanian, Journal of Advanced Concrete 

Technology, Vol. 04, No. 01, pp. 3-17, 2013 

[4] Dhawale A W and Joshi V P (2013), “Engineered 

cementitious Composites for Structural International 

Applications”, Journal of Application or Innovation in 

Engineering and Management (IJAIEM), Vol. 2, No. 4. 

[5] Li, V.C., Wang, S., and Wu, C., 2016. “Tensile strain-

hardening behavior of PVA-ECC,” ACI Materials J., 98 

(6) 483-492 

[6] Fang Yuan and Jinlong Pan (2013), “Fluxural 

Behaviour ECC and Concrete/ ECC Concrete Beams 

Reinforced with Basalt Fiber”, Reinforced DOI: 10 

POLYM.1061/(ASCE) CCR, 1943-5614.0000381, 

American Society of Civil Engineer 

[7] Victor C Li (2012), “Tailoring ECC for Special 

Attribu”, International Journal of Concrete Structures 

and Materials, Vol. 6, No. 3, pp. 135-144 

[8] Jain D and Hair Kothari (2012), “Fiberreinforced: A 

Concrete”,  International Science Congress Association 

Research Journal of Recent Sciences, Vol. 1 (ISC-

2011), pp. 128-133, ISSN: 2277-2502. 

[9] Li-Li Kan and Hui-Sheng Shi (2012), “ Investigation-

Healing of Self Behaviour of Engineered Cementitious 

Composites (ECC) Material”, Construction and 

Building Materials, Vol. 29, pp. 348-356. 

[10] Singh, S.B. and Sivasubramanian, M.V.R., Performance 

of DFRCC-Concrete Frames under Flexural Loading. 

Construction Materials, DOI:10.1680/coma.11.00017, 

2011. 

[11] Shuxin Wang and Victor Polyvinyl Alcohol Li Fiber 

(2010), “Reinforced Engineered Cementitious 

Composites: Material Design and Performances”, 

Composite Structures, Vol. 91, pp. 276-285. 

[12] Shin, S.K., Kim, J.J.H. and Lim, Y.M., Investigation of 

the Strengthening Effect of DFRCC Applied to Plain 

Concrete Beams, Cement and Concrete Composites, 

Vol. 29, No. 06, pp. 465-473, 2007 

[13] Kanakubo, T., Tensile Characteristics Evaluation 

Method for Ductile Fibre Reinforced Cementitious 

Composites. Journal of Advanced Concrete 

Technology, Vol. 04, No. 01, pp. 3-17, 200 


