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ABSTRACT 

Bendable Concrete also known as Engineered Cementitious Composites (ECC) is a new class of FRC which has strain 
hardening property and multiple cracking behavior in Tension and Flexure. It is an Ultra ductile concrete which can be 
designed with strain capacity of about 3 percent to 5 percent compared to 0.01 percent of conventional concrete.To improve the 
ductile property of normal concrete, Poly Vinyl Alcohol (PVA) fibers is used in place of coarse aggregates.Since bendable 
concrete is relatively costlier than the conventional concrete it is still under experimental stage in India. This study investigates 
the possibility of utilizing granulated blast furnace slag(GBS) in bendable concrete as a substitute for partial fine aggregate to 
reduce the environmental problems relating to fine aggregate mining and waste disposal of slag. The use of GBS will also make 
the bendable concrete more economical to be used in India. This investigation focuses on the comparison of compressive 
strength and flexural strength of normal concrete with bendable concrete. The percentage of GBS replacement considered is 
30%, 40%, 50%(%weight of binder) to fine aggregate for standard water cement ratio of 0.4. The optimum replacement of GBS 
is found to be 40% after the various tests that are carried out for bendable concrete. 
Keywords: PolyvinylAlcoholfiber (PVA), GBS,Engineered Cementitious Concrete(ECC),Bendable concrete. 
 
1.0 INTRODUCTION 
Bendable concrete is class of ultra-ductile fibre reinforced cementitious composites, characterized by high ductility and 
tight crack width control [1][2]. Conventional concretes are almost unbendable and have a strain capacity of only 0.1% 
making them highly brittle and rigid. This lack of bendability is a major cause of failure under strain and has been a 
pushing factor in the development of an elegant material namely, bendable concrete. This material is capable to exhibit 
considerably enhanced flexibility. A bendable concrete is reinforced with micromechanically designed polymer fibre. 
ECC is made from the similar basic ingredients as conventional concrete but with the addition of super plasticizersthe 
properties can be better improved.[3] 
However, coarse aggregates are not used in ECCs, the powder content is relatively high. The economical processing, 
ease of processing and isotropic mechanical properties of short-fiber composites is a significant advantage over 
continuous fibres[4]. So PVA fibers can be used in ECC. ECC incorporates silica sand and Polyvinyl Alcohol-fibres 
covered with a very thin (manometric thick), silk coating. This surface coating allows the fibre to begin slipping when 
they are over loaded so they are not fracturing. It prevents from rupturing which the fibre would lead to large cracking. 
Micromechanics of PVA fibres and cementitious materials influence the macroscopic strength parameters to the 
microstructures of a composite element, and forms the major supportof materials design theory. Thus an ECC deforms 
much more than a normal concrete but without fracturing. The behavior of ECC under flexural loading and it can be 
seen that the beam can deform sufficiently without direct failure. The unique feature of ECC is its ultra-high 
ductility.[5] 
1.1 RESEARCHES DONE ON THE SIMILAR FIELD 
Jian Zhou et.alin their research used limestone powder and blast furnace slag to develop ECC. The mix proportion is 
designed experimentally by adjusting the amount of limestone powder and BFS, accompanied by four-point bending 
test and uniaxial tensile test. The study resulted in an ECC mix proportion with the Portland cement content as low as 
15% of powder by weight. This mixture, at 28 days, exhibits a high tensile strain capacity of 3.3%, a tight crack width 
of 57 lm and a moderate compressive strength of 38 MPa. Also attempt is made to simplify the mixing of ECC with 
only two matrix materials, i.e. BFS cement and limestone powder, instead of three matrix materials. By replacing 
Portland cement and BFS in the aforementioned ECC mixture with BFS cement, the ECC with BFS cement and 
limestone powder exhibits a tensile strain capacity of 3.1%, a crack width of 76 micrometer and a compressive strength 
of 40 MPa after 28 days of curing. [6] 
Victor C. Li et.alin their report on ‘Field Demonstration of Durable Link Slabs for Jointless Bridge Decks Based on 
Strain-Hardening Cementitious Composites for Shrinkage control pointed out that High volumes of fly ash, shrinkage 
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reducing agent, and expensive cement reduced the shrinkage deformation of ECC and  controlled the crack width of 
ECC at early ages. Shrinkage deformation of the resulting LS-ECC was greatly reduced by about 50%both at early age 
and later age.It was concluded the resulting LS-ECC can be a potential material solution for future ECC link slab 
applications. [7] 
S.Uttamraj et.aldid a comparative study on conventional concrete and ECC with fly ash as a partial substitute material. 
They found that PVA-ECC specimen has a greater crack control compared to conventional concrete. [8] 
A.W. Dhawale et.aldemonstrated in their work using fly ash and PVA fibres that ECC’s can be designed based on 
micromechanical principles. They achieved a strain capacity of 3% to 5% compared to 0.01% of normal concrete with 
moderately low fiber volume fraction around 2% which showed extensive strain hardening. [9] 
K.B.Madhavi et.alin their study on ECC, used fly ash as a substitute  and found that 30% replacement with 3% volume  
of recron fibres gave the better results. [1] 
Victor C. Liopined that materials like ECC, having ultra-ductility and tight crack width control, show characteristics 
that may meet the demands of coming generation infrastructure. Also said that a large amount of research remains to 
be conducted to fill the knowledge gaps. [10]  
Victor C. Li in his review paper pointed out that attention is needed in following areas: developing standard mix design 
for ECC, Standardization of materials used in ECC, Pre-Mix ECC, Standardized test methods, material performance 
specifications. [11]  
It was found that not adequate research has been done on ECC with GBS for a partial  fine aggregate replacement with 
PVA fibres. To address this gap the present study is carried out with the following objectives 
1. To check the ductile behavior of the bendable concrete. 
2. To check the strength properties of bendable concrete under compression and flexure. 
3. To investigate the effect of GBS using fixed dosage of PVA fibres on the behavior of bendable concrete. 
 
2.0 METHODOLOGY 
2.1 MATERIALS 
Engineered cementitious composite is composed of cement, silica sand, GBS, PVA fibres, admixture and water. In the 
mix coarse aggregates not used because property of ECC concrete is formation of micro cracks with large deflection. 
Coarse aggregates increases crack width which is contradictory to the property of ECC.[9] 
2.1.1 CEMENT 
Cement used is ordinary Portland for adhering, or fastening materials, are called cements, but these are classified as 
adhesives, and term cement alone means a construction material. The color of the cement is due chiefly to iron oxide. 
In the absence of impurities, the color would be white, but neither the color nor the specific gravity is a test of quality. 
Ultra Tech Ordinary Portland cement (OPC)-43 grade is used. 

Table 1:Cement properties 
Specific gravity 3.11 

Fineness 2% 

Normal consistency 32% 

 
2.1.2 SILICA SAND 
Silica sand is a quartz that overtime, through the work of water and wind, has been broken down into tiny granule. 
Also called silica sand or quartz sand, silica is silicon di –oxide (SiO2). Silicon compounds are the most significant 
component of the earth’s crust. Since sand is plentiful, easy to mine and relatively easy to process, it is the primary ore 
source of silicon.  
Silicon (Si) is a semi metallic or metalloid, because it has several of the metallic characteristics. Silicon is never found 
in its natural state. Feldspar and quartz are the most significant silicate minerals. Silicon alloys include a variety of 
metals, including iron, aluminum, copper, nickel, manganese and ferrochromium.[9] 

Table2:Silica sand properties 

Specific gravity 2.81 

Fineness modulus 3.2 

Grading zone Zone –I 
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2.1.3GRANULATED BLAST FURNACE SLAG (GBS) 

Granulated blast furnace slag is a by- product of the steel industry. It is defined as “The non-metallic by-
product consisting essentially of calcium silicates and other bases that is developed in a molten condition 
simultaneously with iron in a blast furnace”. The iron ore, which is made up of iron oxides, silica and alumina comes 
together fluxing agents, molten slag and iron are produced. The molten slag then goes through a particular process 
depending on what type of slag it will become. GBS is produced when molten slag is quenched rapidly using a water 
jets, which produces a granular glassy aggregate. This glassy aggregate with little fines used as sand replacement in the 
present investigation.  

Table3: GBS properties 

 
 

2.1.4 POLYVINYL ALCOHOL (PVA) FIBRES 
The critical fiber volume fraction can be determined basedon knowledge of fiber, matrix and interface properties. that 
fiber/matrix interface properties have significant effects on the performance of a fiber-reinforced cement composite, 
including its fracture toughness, tensile and flexural strength and ductility. [10] 
However selecting the fibres for ECC, it was found that Polyvinyl Alcohol (PVA) Fibre was of low cost and high 
performance. The hydrophilic nature of PVA fibre imposed great challenge in the composite design, as fibres are 
susceptible to rupture instead of being pulled out because of tendency for the fibres to bond strongly to cementitious 
matrix.[3] 

Polyvinyl alcohol (PVA) fibres are a type of very strong synthetic fibres with a unique properties that offer advantages 
other fibres used in concrete countertops can’t provide. These advantages include very high tensile strength, low 
stretch, great mechanical and chemical bond with the concrete, and they nearly invisible when mixed and dosed 
properly. This product can be widely used in a Civil and industrial buildings, walls, roofing, flooring and roads, 
bridges, tunnels, reinforcement for embankment slopes.[9]  

Table 4:PVA fiber properties 

 
 

2.1.5ADMIXTURE 
Super plasticizer used is MYK-superplast 200 with specific gravity of 1.148. This is used to high performance water 
reducing and super plasticizing admixture for concrete. Super plasticizers are additives to fresh concrete which help in 
dispersing the cement uniformly in the mix. When used to achieve reduction in mixing water they can reduce water up 
to 10% and hence decrease the W/C ratio by same amount. This results in increase in strength and other properties like 
density, water tightness The MYK-superplast has many advantages such as, improved workability, increased strength, 
increased quality, higher cohesion, minimized bleeding and segregation. 
2.2 EXPERIMENTAL ANALYSIS 

Mix design of Conventional concrete is done for preparation of concrete as per IS10262:2009 and IS456:2000 

2.2.1 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. Typically, fibers are of the order of millimeters in length and tens of microns in 
diameter, and they may have a surface coating on the nanometer scale [12][13]. 
Matrix heterogeneities in ECC, includingdefects, sandparticles, cementgrains, and mineral admixture particles, have 
size ranges from nano to millimeter scale. However the micromechanics based mix design requires pull test to be 

Specific gravity 2.51 

Fineness modulus 3 

Length 12mm 

Diameter 39µm 
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carried on the PVA fibers, which is not possible in the laboratory. Hence the ideal mix proportion given in the 
literatures[1][3] of ECC used as the guidelines to determine the proportion of various constituents in the concrete. 
Design mix for bendable concrete referring to standard research literatures and IS10262:2009 and IS456:2000 
Specimens are casted and cured using the accelerated curing tank and tested to obtain desired strengthrequirement. 
Casting and curing of cubes of size 150 x 150 x 150(mm) and beams of size 500 x 100 x 30(mm) After testing cubes 
and beams the mix proportion was finalized as 1:0.8. The mix proportion adopted is 1:0.8, PVA fiber 2% and super 
plasticizer dosage is  250ml/bag and water to cementitious material ratio is 0.4. 

Table 5: Quantities for casting of 3 cubes of ECC 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6: Quantities for casting of 3 beams of ECC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2.2MIXING OF FIBRES 
The performance of ECC concrete was influenced by mixing.This means that a proper and good practice of mixing can 
lead to better performance and quality of ECC concrete. The quality of the concrete is also influenced by the 
homogeneity of the mix material especially when fibers are used .A proper mix of concrete is required to get better 
bonding of cement with PVA fibers and good strength of concrete. 
 
3.0 TESTING OF CONCRETE 
This deals with tests and testing procedure for fresh concrete and hardened concrete specimen. Investigations are 
carried out by testing cubes, beams for 7 days and 28 days cubes are tested on Compression Testing Machine and beams 
were tested on Universal Testing Machine. 
3.1COMPRESSIVE STRENGTH TEST  
The specimens used in the compression test are cubes of 150x150x150mm size. Apparatus and test procedure of 
compression test the apparatus and equipment’s used in compression test were according to IS:516-1959. The test 
procedure was according to IS:519-1959. 
3.2FLEXURE TEST 

Mixes Ceme
nt 

kg 

Sand 

kg 

GB
S 

kg 

PVA Fiber@ 
2% 

(gm) 

Water 

ml 

BC(0%) 10 8 0 200 4000 

BC1(30%) 10 5.6 2.4 200 4000 

BC2(40%) 10 4.8 3.2 200 4000 

BC3(50%) 10 4 4 200 4000 

Mixes Cement 

kg 

Sand 

kg 

GBS 

kg 

PVA Fibre@ 
2%(gm) 

Water 

ml 

BC(0%) 21.1 16.9 0 422 8440 

BC1(30%) 21.1 11.9 5 422 8440 

BC2(40%) 21.1 10.1 6.8 422 8440 

BC3(50%) 21.1 8.45 8.45 422 8440 
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Concrete is quite strong in compression and weak in tension. Hence in most of the design of concrete structures its 
tensile strength is ignored.However at certain situations like water retaining and pre stressed concrete structures the 
tensile strength of concrete is essential requirement.  ECC will address this problem. Various researches done shows 
that the most importantproperty of a fiber reinforced cementitious material is the property of fiber bridging across a 
matrix crack, generally referred to as the σ−δ curve. 

The Flexural strength is carried out as per IS:516-1959 

 
Figure 1 Flexural Testing Of Beam 

 
Figure 2 Flexural testing of beam pure bending without failure 

4.0 RESULTS AND DISCUSSION 
4.1 Compressive Strength  

 From the values of Compressive strength results (Table 1) it is evident that there is not much variation in the 
Compressive strength of ECC and for 40% replacement it shows greater value. The grain size and shape plays 
important role in increasing the strength. The increase in compressive strength can be attributed to the better 
interlocking of the GBS particles.(Fig 3)  
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Table 7: Compressive Strength Results 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Comparison of 28 days compressive strengths of bendable concrete with various percentage of replacements. 

4.2 Flexural Strength 
 The Flexural strength of bendable concrete is higher than the normal concrete [14]. From Table 2 it is evident 

that for 40% replacement the flexural strength is almost double the flexural strength of normal concrete. This 
shows that structural failure by fracture is significantlyless likely in comparison to normal concrete or FRC. It 
is because the σ−δ curve provides a link between composite material constituents – fiber, matrix and interface, 
and the composite tensile ductility [4]. The σ−δ curve provides a link between composite material  constituents 
– fiber, matrix and interface, and the composite tensile ductility(Fig 6).[7] 

 
 
 

Concrete mixes Curing days Average Compressive 
Strength 
(MPa) 

CC 
(Conventional concrete) 

7 29.18 
28 34.07 

BC 
(0% Replacement) 

7 28.80 

28 34 
BC1 
(30% Replacement) 

7 29.30 

28 35.50 
BC2 
(40% Replacement) 

7 
 

28.40 

28 36.10 
BC3 
(50% Replacement) 
 

7 27.26 
28 34.30 
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Table 8: Flexural Strength Results 
 

Concrete mixes Curing days Average Flexural Strength 
(Mpa) 

CC 
(Conventional 
concrete) 

7 2.89 

28 3.78 
BC 
(0% Replacement) 

7 5.92 

28 6.10 
BC1 
(30% Replacement) 

7 4.15 

28 6.28 
BC2 
(40% Replacement) 

7 6.21 

28 7.12 
BC3 
(50% Replacement) 
 

7 5.54 

28 6 
 

 
Figure 4Comparison of 28 day Flexural strengths of bendable concrete with various percentage of replacements 
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Figure 5 Comparison of Flexural strength of Conventional Concrete with Optimum mix of Bendable Concrete. 

 
 

 
Figure 7: The linkages between material constituents, crack bridging property and composite tensile ductility.[7] 

 

 

5.0 CONCLUSION 

 In bendable concrete the mix having 40% replacement of fine aggregates by GBS shows the best results with 
higher compressive and flexural strength. 

 When tested specimens were observed, ECC specimen showed better crack control due to surface reduction of 
crack widths and spacing(Fig 2). For normal concrete specimens it is observed that the crack width was more 
and the cracks were also more. 

 It can be concluded that 40% is the optimum % of replacement of fine aggregates by GBS with 2% PVA fibres 
to attain maximum flexural strength without compromising with the compressive strength (Fig 5). 

REFERENCES 
[1]Kallepalli Bindu Madhavi, MandalVenugopal,VRajesh, Kunchepu Suresh”Experimental Study on Bendable 

Concrete”, International Journal of Engineering Research and Technological(IJERT), Volume 5, Issue 10,October 
2016 

[2] Li, V. C., (1992b). “Post-crack scaling relations for fiberreinforced cementitious composites.” ASCE J. of Materials 
in Civil Engineering, 4 (1), 41-57. 

[3]K.Selvakumar,R.KishoreKumar,A.Deivasigamani,Ms.S.Amutha,” Experimental Study on Bendable Concrete”, 
International Journal of Civil Engineering(ICRTCETM),Special Issue ,April 2017 

[4]Li, V. C. and Leung, C. K. Y. (1992). “Steady state and multiple cracking of short random fiber composites.” ASCE 
J. of Engineering Mechanics, 118 (11), 2246-2264. 

[5]Victor C. Li, “On Engineered Cementitious Composites (ECC)A Review of the Material and Its Applications”, 
Journal of Advanced Concrete Technology Vol. 1, No. 3, 215-230 November 2003/ Copyright © 2003 Japan 
Concrete Institute. 

Micromechanic
s 

Steady-State Crack 
Analysis 

http://www.ijaiem.org
mailto:editor@ijaiem.org


International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 7, Issue 8, August 2018              ISSN 2319 - 4847 
 

Volume 7, Issue 8, August 2018                                                                                                                         Page  9 

[6] Jian Zhou, Shunzhi Qian, M. Guadalupe Sierra Beltran, Guang Ye, Klaas van Breugel,Victor C. Li, (2010) 
“Development of engineered cementitious composites with limestone powder and blast furnace slag”Materials and 
Structures (2010) 43:803–814, Springerlink.com 

[7] Victor C. Li (Principal Investigator), En-Hua Yang, and Mo Li, (2008), “Field Demonstration of Durable Link 
Slabs for Jointless Bridge Decks Based on Strain-Hardening Cementitious Composites – Phase 3: Shrinkage 
Control, The Advanced Civil Engineering Materials Research Laboratory Department of Civil and Environmental 
Engineering University of Michigan, Ann Arbor, MI 48109-2125, USA 

[8] S.Uttamraj, K. Ashwanth, Dr. Md.Rafeeq,’A comparative study on Conventional concrete and Engineered 
Cementitious Composites (ECC-PVA)- REVIEW’, IOSR Journal of Mechanical and Civil Engineering (IOSR-
JMCE) e-ISSN: 2278-1684, p-ISSN : 2320–334X PP 19-25 

[9] Dr. A. W. Dhawale,   Mrs. V. P. Joshi,” Engineered Cementitious Composites for Structural Applications”, 
International Journal  of application or innovation in Engineering and Management(IJAIEM), Volume 2, Issue 4, 
April 2013 

[10] Lin, Z., Kanda, T. and Li, V. C. (1999). “On interface property characterization and performance of 
fiberreinforced cementitious composites.” RILEM J. Concrete Science and Engineering, 1, 173-184. 

[11] Victor C. Li, (2003) “Reflections On The Research And Development Of Engineered Cementitious Composites 
(ECC)”, The Advanced Civil Engineering Materials Research Laboratory Department of Civil and Environmental 
Engineering University of Michigan, Ann Arbor, MI 48109-2125, USA. 

[12]Ganesh S. Ghodke1,Nilesh S Daphal2, YogeshS.Bandgar, “Experimental study of Bendable Concrete by using 
Admixture and Fiber”, International Journal For Technological Research In Engineering, Volume 4, Issue 9, May-
2017. 

[13] Li, V.C., “Engineered Cementitious Composites (ECC) – Material, Structural, and Durability Performance,” in 
Concrete Construction Engineering Handbook, Chapter 24, Ed. E. Nawy, published by CRC Press, 2008. 

[14]B.D.Gohil, K.B.Parikh,”Study on Engineered cementitious composites with different fibers: A critical Review”, 
International Journal of application or innovation in Engineering and Management (IJAIEM), volume 6, Issue 3, 
February 2016. 

 
 
 

http://www.ijaiem.org
mailto:editor@ijaiem.org

