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Abstract :  In the concrete mix PVA (polyvinyl alcohol) fibre can be used as cement replacement. Enhancement of the 

compressive as well as tensile strength of concrete with retrofitting method using the SHCC (strain hardening cement based 

composite) is used in this paper. Polyvinyl alcohol fibre concrete is an ideal material for achieving goals like controlling thermal 

cracking, plastic shrinkage, durability, toughness and abrasion resistance. There are two critical issues with this type of cement 

replacement i.e. the changes in physical properties of concrete with respect to compressive, tensile strength and cost analysis of 

alternatives. The result from this research shows a linear diminution in strength with linear increase in the relative % age of PVA 

fibre to cement. Experiments were performed on concrete mixtures with varying PVA fibre contents i.e. 0%, 1%, 2%, 3%, 6% 

and 9%. The optimum level of PVA fibre was determined as 1% based on the compressive strength and tensile strength. For 

SHCC the cubes specimens for compressive strength of size (150mm×150mm×150mm) with mild steel rods were used to early 

setting and hardening and in tensile strength the dumble shape moulds were used. The compressive strength at 3days, 7days and 

28days  has been checked after the curing of sample and tensile strength is checked at 28 days. 

 

IndexTerms - PVA fibre, SHCC, Retrofitting, Compressive strength, Tensile strength. 

  

I. INTRODUCTION 

A structure is supposing various loads like wind, seismic, dead load, live load etc. The reinforced concrete (RC) structures lying 

in the seismic zones are still being designed only for gravity loads. The conventional approach to earthquake resistant design of 

buildings depends upon the strength, durability, stiffness and inelastic deformation. In most cases, those structures are highly 

vulnerable to any moderate or major earthquake. Retrofitting and strain hardening to the concrete to enhance the compressive 

strength and tensile strength of concrete structure as to make it less unviable to earthquakes.  

Retrofitting means modifying structures with additional or new components or members. It refers to the addition of new 

technology or features to older system. It adopts new technology and provides better features to older systems. Retrofitting is the 

modification of existing building to resist seismic activity, soil failure due to earthquakes and grounds motion. After year of 

research, the retrofit and rehabilitation has been found and used across the world. After the construction of building, installation of 

retrofitting occurs. In retrofitting system, upgrade the energy performance of commercial building and improve energy efficiency 

reduce the operational costs or decrease the energy demands. Seismic retrofit strategies have been developed in the past few 

decades following the introduction of new seismic provisions and the availability of advanced materials( e.g. fibre reinforced 

polymers (FRP),  fibre reinforce concrete,  SHCC, Ferro cement,  Steel plate bonding).  

Retrofitting can be classified into two main types.  One is Global-retrofitting techniques and other is Local-retrofitting 

techniques. Local retrofitting techniques are the most popular method for strengthening of building columns. The global retrofitting 

techniques are following  (a) Adding Shear walls  (b) Adding Infill walls (c) Adding Bracings (d)  Adding Wing walls (e) Wall 

Thickening (f) Mass Reduction (g) Base Isolation (h)  Mass Damper.  

Strain Hardening Cement base Composites (SHCC) is a new retrofitting material because of its tensile hardening behaviour up 

to several percent strain accompanied by the formation of fine multiple cracks. Their tensile ductility is governed by the spacing 

and opening of cracks, which depend on the stress transfer between the fibres and the matrix. It is a new class of engineering 

material which provides high tensile strength to the specimen under consideration. SHCC reinforced by short PVA fibres constitute 

a relatively new class of building material. They give the material a marked potential for use in application in which high non-

elastic deformability is needed. Materials used making of SHCC is fibre, cement, fine aggregates, coarse aggregates, water. PVA 

Fibre concrete has so far been successfully used in slabs on grade, shotcrete, architectural panels, precast products, offshore 

structures, structures in seismic regions, thin and thick repairs, crash barriers, footings, hydraulic structures and many other 

applications. 

II. LITERATURE REVIEW 

Dr. M. Devi (Devi, Kannan, Ganeshkumar, & Venkatachalam, 2017) presents a brief state-of-the-art report on flexural behavior 

of polyvinyl alcohol fibre reinforced concrete. The PVA fibre used in the concrete specimen is 0%, 0.1%, 0.2%, 0.3% and 0.4% by 
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its cement weight. The optimum level of PVA fibre was determined as0.3 based on the compressive strength, split tensile strength 

and modulus of rupture. The beam was casted with size of 125×150×1800mm with 0.3% of PVA Fibre. Ming Kun Yew (Yew, 

Mahmud, Ang, & Yew, 2015) presents the effects of low volume fraction ofpolyvinyl alcohol (PVA) fibres on the mechanical 

properties of oil palm shell (OPS) high strength lightweight concrete mixtures. The results indicate that an increase the amount of 

PVA fibres decreases the density slightly and workability of the concrete. Gideon (Gideon & Wittmann, 2010) discussed strain-

hardening cement-based composite (SHCC) resists, increased tensile stress, after first crack formation. Effective crack achieve the 

increased strain capacity and strength by fibre, across multiple cracks of width in the micro-range. These small cracks width are 

maintained under cyclic and sustained or other load, concluding that the crack widths are not independent of the loading path. 

Magalhaes (Magalhaes, Filho, & Fairbairn, 2015) investigated on the mechanical behavior of PVA strain hardening cement-based 

composites (PVA-SHCC) by using, bending and compression and uniaxial tensile tests. In this study the specimen is unheated and 

heated from 90 to 250 .temperature affects the mechanical properties of SHCC after exposure to temperatures up to 250°C. At the 

temperature of 250 the composite specimen is reduces its bearing capacity due to its decomposition and melting of PVA fiber. The 

cracking density and toughness were reduced as compare to unheated specimen because of fibre microstructure. Qian (Qian, Zhou, 

Rooij, Schlangen, Ye, & Breugela, 2009) studied the self-healing behavior of a series of pre-cracked fibre reinforced. He used to 

pre crack the beam at 28 days for four different point bending tests. The stiffness of self-healed specimen is much larger compared 

with that of the air cured specimen due to the presence of healing products formed inside the crack and strengthened the bridging 

fibre. Choi (Choi, Yun, Kang, & Kim, 2012) used the alternative recycled materials – sand, fly ash, and polyethylene terephthalate 

(PET) fibres are used to partially replace silica sand, cement, and polyvinyl alcohol (PVA) fibres, respectively in SHCC specimens. 

A flexure beam 100×100×400 mm and cylindrical specimen 100×200 mm and were used for the compressive strength and flexural 

beam test and a dumbbell-shaped specimen was prepared for the uniaxial tensile strength test. Test results indicate that fly ash 

improves both the bending and uniaxial tensile performance of SHCC due to an increase in chemical bond strength at the interface 

between the PVA fibres and cement matrices. Mechtcherine (Mechtcherine, Silva, Butler, Mobasher, Gao, & Mader, 2011) 

discussed in this research project the behavior of strain-hardening cement–based composites (SHCC) subjected to low and high 

strain rates was studied. Tension test on dumbbell-shaped SHCC specimens were performed at rates ranging from 10-5s-1 to 50s-1. 

When tested for higher strain rate from 10 to 50s-1 a considerable increase in tensile strain and strain capacity was measured. The 

average fibre pullout length of 300-micron meter was much shorter. 

III. METHODOLOGY 
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In this paper following methodology is used to study the SHCC with fibre specimen casting and testing. In Concrete design, 

there are two methods first, Mix Design and second Nominal Design. Mix Design is used in this paper as a concrete design. 

Batching of samples can be accomplished by weight or by volume. Here batching by weight is used for the samples. Mixing of 

samples can be accomplished by hand mixing, mixture mixing and ready mix concrete. Here hand mixing method is used for 

concrete mixing. Placing of concrete sample can be accomplished  by Tremie Method , Pump Method and Bage Work. Here trowel 

method is used for concrete placing. Compacting  of concrete sample can be accomplished by hand compacting and vibration 

compacting . Here hand compacting is used for compaction of concrete. Finishing of concrete sample can be done by Edging, 

Broom,Salt and Stamped method . Here stamped method is used for finishing. Curing of concrete specimen done by ponding,  

steam, sprinkling, membrane method. Here ponding curing is used . testing of compressive strength is done by Compressive 

Testing Machine and testing of tensile strength is done by Universal Testing Machine. 

IV. OBJECTIVE OF RESEARCH 

The primary object of the work is to develop strain hardening cement-based composite using PVA fibres. The compressive 

strength, tensile strength, durability, toughness and abrasion resistance property of the developed SHCC are tested so as to full fill 

the purpose of effective retrofitting. Following are objectives of this study: 

1. To study the compressive strength of specimen. 

2.To study the tensile strength of specimen. 

3.To study the relationship between the PVA fibre sample and cement sample. 

4.To enhance the physical properties of specimen while using PVA fibre in study with varying of percentages 1%, 2%, 3% ,6%, 

9%. 

V. EXPERIMENTAL WORK 

5.1 Materials: In this research work the ordinary Portland cement (OPC) 43 grade is used and the design strength of 28 days 

shall be minimum 43 MPa or 430 kg/sq.cm. Specific gravity of cement 3.12. Coarse aggregate have use angular shape because 

angular aggregate give higher strength. They are grey in colour. The aggregates size is vary from 10mm to 20mm. fine aggregate 

size vary from 0.25mm to 0.06mm. fine and coarse aggregate was used with specific gravity of 2.65 and 2.68. Locally available 

portable water (drinking water) having the pH value is 7.0 preferable and the pH value of water should not less than 6.    

This special type of fibre is used in study. The abbreviation of PVA is polyvinyl alcohol fibre. It is also known as the Poval. 

PVA fibre has the idealized formula [CH2CH(OH)]n. 

Table 1: Properties of PVA fibre (Noushini, Vessalas, & Samali, 2013) (Noushini, Samali, & Vessalas, 2013) (Link, Hwang, & 

Lin, 1994) (PVA Fiber RECS 7) 

Properties Value 

Young’s modulus 32.6 GPa 

Density 1.19-1.31 g/cm3 

Filament Diameter 8 Denier (38 Microns) 

Specific Gravity 1.3 

Tensile Strength 1600 MPa 

Flexural Strength 40 GPa 

Melting Point 225℃ 

Boiling Point 228℃ 

Colour White 

Water Absorption Less than 1% by weight 

Alkali Resistance Excellent 

Concrete surface Not fuzzy 

Corrosion resistance Excellent 

Fibre Length 12mm 
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Modulus of elasticity 42.8 

Reduction in water <2 

Flash point 79.44℃ 

Poisson’s ratio 0.42 – 0.48 

Breaking elongation <7-15 

 

 
Figure 1: Poly Vinyl Alcohol Fibre 

PVA other names is PVOH, Poly(Ethanol), Ethanol, Homopolymer, Gelvatol, Lemol, Mowiol, Nelfilcon A, Polyviol, Vinol, 

Alvyl, Alcotex, Covol, Mowiflex, Alcotex, Elvanol, and Rhodoviol. Polyvinyl alcohol fibre or PVA is water soluble – soluble 

synthetic polymer. 

5.2 Mix Design : We have used the design mix M20 grade of concrete using 43 grades OPC in our study.The Mix design was 

performed as per IS 10262: 2009. The following mix proportion was obtained from the mix design. The water cement ration for 

mix is 0.50. 

 

 

  

 

Table 2: Composition by weight of ingredients used in study 

Sample Designation Cement (kg) 
Fine aggregates 

(kg) 

Coarse 

aggregates (kg) 

PVA fibre 

(kg) 

CL-0 100 % cement 
1 

 
1.89 2.89 0 

CL-1 
99% cement, 1% 

fibre 
0.99 1.89 2.89 0.01 

CL-2 
98% cement, 2% 

fibre 
0.98 1.89 2.89 0.02 

CL-3 
97% cement, 3% 

fibre 
0.97 1.89 2.89 0.03 

CL-6 
94% cement, 6% 

fibre 
0.94 1.89 2.89 0.06 

CL-9 
91% cement, 9% 

fibre 
0.91 1.89 2.89 0.09 

 

5.3 Strength tests on SHCC 

5.3.1 Compressive Strength : Compressive strength is the maximum compressive stress that, under a gradually applied load, a 

given solid material can sustain without fracture. Compressive strength is carried on cubes i.e. 150×150×150mm specimens. 

Concrete’s compressive strength mostly depends on the concrete mix design, quality of concrete, cement strength, water cement 

ratio, curing etc. It is also affected by other factors such as mixing of concrete, placing of concrete, curing of concrete as well as 

quality of concrete ingredients. The compressive strength of concrete was found by compression testing machine of 1000 kN 

capacity. 

Compressive Strength = P/A 

Where,   P is the Compressive load in KN and A is the Area of cube in mm. 

Cement Fine aggregate Coarse aggregate W/C  ratio 

1 1.89 2.89 0.50 
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5.3.2 Tensile strength (Split tensile Strength) : The tensile strength is the resistance of materials to breaking under tension. 

Capacity of a material or structure to withstand loads tending to elongate, resist tension (being pulled apart), measured by the 

maximum stress that a material can withstand while being stretched or pulled before breaking . Universal Testing machine was 

used for this test. Specimens are placed in the grips of a Universal Test Machine at a specified grip separation and pulled until 

failure (1 to 10 minutes). A typical test speed for standard test specimens is 2 mm/min. The machine had a stroke rate of 10 kN and 

a maximum capacity of 1000 kN. 

5.4 Casting & Curing : The SHCC mixture was prepared with varying PVA fibre contents in concrete i.e. 0%, 1%, 2%, 3%, 6% 

and 9%  by weight of cement then the SHCC will be placed by trowel on moulds. For compressive strength the standard size of 

cube mould is 150mm×150mm×150mm used. After casting, leave the mould completely undisturbed for some time and each cubes 

should be marked with a legible identification on the top of cubes. Leave the sample undisturbed for 24 hours. After the 24 hours, 

the mould is opened and immersed in water for curing till the day of testing. Ponding method was used for curing. Testing is done 

after 3, 7, 28 days. Three cubes were prepared for each specimen.   For tensile strength SHCC mix was injected in a dumble shaped 

mould without any compaction. Three dumble shaped mould was prepared for each specimen. The hardened samples were de-

mould after 2 days and stored into plastic bags at room temperature. The hardened samples were removed from the plastic bags 

after 28-day of casting. The tensile strengths of the samples were determined at 28 day of casting. 

 
Figure 2: Dumble shape mould 

VI. RESULTS AND DISCUSSION 

Compressive strength of the SHCC specimen was measured after 3, 7 and 28 days is shown in Table 3. 

Table 3: Compressive strength variation in 3, 7 and 28 days 

Sr.

No 

Mix Designation Compressive 

strength (MPa) at 

3 days 

Compressive 

strength (MPa) at 

7 days 

Compressive 

strength (MPa) at 

28 days 

1 CL0 9.20 15.91 20.50 

2 CL1 10.40 17.00 26.70 

3 CL2 10.20 13.77 18.50 

4 CL3 10.00 13.40 16.80 

5 CL6 6.44 12.14 12.59 

6 CL9 6.00 8.22 10.66 

 

From the Table 3, compressive strength of SHCC specimen after the curing following cases occurs. 

In case of CL0 - 0% PVA fibre used is by weight of cement in SHCC specimen compressive strength increases 72.90% from 3 

days to 7 days and compressive strength is increases about 28.89% from 7days to 28 days. 

In case of CL1-1% PVA fibre is used by weight of cement and its compressive strength increase percentages from 3 days to 7 

days is 63.46% and from 7 days to 28 days is 57%.Thus, it can be said that with the increase in percentage of PVA fibres the 

compressive strength increases. 
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In case of CL2-2% PVA fibre is used by weight of cement, its compressive strength increase percentage from 3 days to 7 days 

is 35% and from 7 days to 28 days is  34.35%. 

 
Figure 3: Compressive strength at various percentages of PVA fibre for SHCC 

In case of CL3-3% PVA fibre is used by weight of cement, its compressive strength increase percentage from 3 days to 7 days 

is 34%, and from 7 days to 28 days is 25%. 

In case of CL6-6% PVA fibre is used by weight of cement, its compressive strength increase percentage from 3 days to 7 days 

is 88.5%. and from 7 days to 28 days is 3.7%. 

In case of CL9-9% PVA fibre is used by weight of cement, its compressive strength increase percentage from 3 days to 7 days 

is 37%, and from 7 days to 28 days is 29.68%. 

Tensile strength of the SHCC specimens was measured after 28 days is shown in the following Table 4. 

Table 4: Tensile strength variation in 28 day 

Sr. NO MIX Tensile strength (MPa) 

1 CL0 1.70 

2 CL1 4.10 

3 CL2 3.32 

4 CL3 2.90 

5 CL6 1.90 

6 CL9 1.10 

 

From the above SHCC specimen CL0 with 0% PVA fibre the tensile strength after 28 days is 1.7 MPa, for CL1 with 1% fibre 

the tensile strength is 4.1 MPa, for CL2 with 2% the tensile strength  is 3.32 MPa, for CL3 with 3% PVA fibre the tensile strength  

2.9 MPa, for CL6 with 6% PVA fibre the tensile  strength  is 1.9 MPa and for CL9 with 9% PVA fibre the tensile strength is 1.10 

MPa. 

Lastly the increase percentage of tensile strength from CL0 to CL1 is 98% and CL1 to CL2 is less as compare to the CL0 to 

CL1.Then it is going to be decrease when the percentage of fibre is increase more than 2%. From the above recorded values it can 

be seen that for Mix CL0, CL1 CL2, CL3, CL6, and CL9 with w/c ratio = 0.50 with 10% of loss of water. 
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Figure 4: Comparison of Casted sample of SHCC for tensile strength 

 
Figure 5: Tensile strength at various percentages of PVA fibre for SHCC 

VII. CONCLUSIONS 

The experimental results conclude that strain hardening cement composite (SHCC) is only 1% of PVA fibre to gain the higher 

compressive strength and tensile strength as compare to other percentage of PVA fibre. SHCC specimens attain 26.70 MPa, higher 

compressive strength and 4.10 MPa, higher tensile strength. Higher the volume of polyvinyl alcohol (PVA) fibre percentage in 

cement based composites compressive strength is decreasing after 1% by weight of cement. Addition of 3%, 6% and 9% of PVA 

fibre in specimens it will start decrease the compressive strength, tensile strength and workability of SHCC. PVA fibre with 

concrete products use for purpose of controlling thermal cracking, plastic shrinkage, enhances durability, toughness excellent and 

improving abrasion resistance. The PVA fibre develops the chemical and molecular bond with the cement during hydration. 

From the above study, it is suggested that further work could be done on SHCC as started below: 

Work can be extended to study different properties like flexural strength, modulus of rupture thermal cracking, plastic shrinkage, 

enhances durability of SHCC, toughness excellent and improving abrasion resistance. Work can also be extended to study like 

effect of replacement of conventional building material by industrial waste product in higher percentage can be investigated. 
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