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Abstract 

The effect of polyester resin on durability of concrete is been studied for 

varying percentages of resin from 10% to 100% by volume of coarse 

aggregate, with a variation of 10% (10%, 20%, 30%, 40%, 50%, 60%, 70%, 

80%, 90% and 100%). The properties of polyester resin concrete have been 

studied for durability. The grade of concrete considered is M30. Tests are 

being carried out as per recommended procedures of relevant code. The 

results are compared with conventional concrete. It has been found that with 

the replacement of coarse aggregate by polyester resin varying percentage of 

resin from 10% to 100%, the weight of polyester resin concrete reduces 

varying from 2% to 23.8%. The durability of polyester resin is tested for 

chemical resistance of sulphate, chloride acid. 

 

Keywords: - Polyester resin, Polyester resin concrete (PRC), conventional 

concrete, durability. 

 

INTRODUCTION 

In the world, all countries are racing to be 

on the list of developed countries. To 

become a developed country, the main 

contribution is from the construction 

industry as the infrastructure plays an 

important role, due to this the consumption 

of construction material like cement mint 

coarse aggregate fine aggregate are also 

increasing in the meantime the cost of 

construction material will also increase.  

To maintain the economic balance in the 

construction industry, it is important to 

search for some alternatives for 

construction materials.  In the present 

study alternative used is Polyester resin as 
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a replacement for coarse aggregate. The 

naval industry uses polyester resin in large 

quantities; the ships and yachts are built-in 

composites that intern uses polyester resin.  

 

Polyester resin is liquid with a pale colour 

and high viscosity, and it consists of a 

solution of polyester in a monomer, which 

is commonly styrene. To reduce the 

viscosity of polyester resin, styrene can be 

added up to 50%, which makes it easy for 

handling. Also, styrene helps polyester 

resin to change from solution to gel form 

by cross-linking the molecular chains of 

the polyester without producing any by-

product. As the polyester resin changes to 

gel form, it can be moulded into any shape 

without any external pressure. Hence these 

are called low-pressure resins. The 

limitation of this polyester resin is that it 

cannot be preserved in gel form for a long 

time as it turns to a solid-state. 

 

NEED FOR THE PRESENT WORK 

The research work is carried out to 

produce the sustainable concrete by 

replacing natural coarse aggregate with 

polyester resin concrete mix proportion for 

M30 grade concrete with polyester resin as 

coarse aggregate is obtained by trial mix 

method once attaining the desired strength 

casting of the specimen was carried out 

with a varying percentage of polyester 

resin from 10 % to 100% and tested at 28 

days of curing period. The concrete was 

tested for 2.5% and 5% solution of 

suphate, chloride and acid, respectively. 

 

OBJECTIVE  

Knowing the properties of windmill waste 

polyester resin, which will act as good 

coarse aggregate material, the present 

study focuses on replacing 100% of coarse 

aggregate with polyester resin in concrete. 

In this research work, the main findings 

are the strength and durability properties 

of polyester resin concrete. 

 

EXPERIMENTAL INVESTIGATION 

Experimental work is carried out to 

investigate the strength and durability 

properties of polyester resin concrete. 

 

Materials 

1. Cement- Ordinary Portland cement of 

53 grade, specific gravity-3.15. 

2. Fine aggregate- Locally available 

manufactured sand conforming to 

grading zone II of IS 383-1970 and 

specific gravity -2.65. 

3. Coarse aggregate- Locally available 

crushed granite stones of size passing 

through 20mm sieve and retained on 

4.75mm sieve. 

4. Water- Ordinary portable water. 
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5. Polyester resin- The material is 

obtained from windmill waste. 

6. Chemicals- Magnesium sulphate, 

Sodium chloride and Sulphuric acid. 

 

 

Figure 1: Polyester Resin 

 

Mix Proportions 

For the present study, concrete of grade 

M30 is adopted. The mix design obtained 

is 1:1.57:2.15 as per the standard 

procedure as outlined in IS 10262:2009. 

 

Quantities of Different Materials 

Required 

The quantities of different materials such 

as cement, fine aggregate, coarse 

aggregate, polyester resin& water for M30 

grade concrete, considering for 1m
3
, have 

been tabulated as mentioned in Table 1. 

 

Table 1: Quantities of Materials required per m
3
 of Concrete 

Designation 

Percentage 

of Resin 

(%) 

Cement 

(Kg) 

Fine 

aggregate 

(Kg) 

Coarse 

aggregate 

(Kg) 

Water 

(lts) 

Polyester 

Resin (Kg) 

CC 0 414 652.23 1089.20 186.0 0 

R1 10 414 652.23 980.28 186.0 52.96 

R2 20 414 652.23 871.36 186.0 105.92 

R3 30 414 652.23 762.44 186.0 158.88 

R4 40 414 652.23 653.52 186.0 211.84 

R5 50 414 652.23 544.6 186.0 264.82 

R6 60 414 652.23 435.68 186.0 331.26 

R7 70 414 652.23 326.76 186.0 397.23 

R8 80 414 652.23 217.84 186.0 463.43 

R9 90 414 652.23 108.92 186.0 529.64 

R10 100 414 652.23 0 186.0 595.85 
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Casting and Curing of Specimens 

The size of the cubes cast is 150mm x 150mm x 150mm. 

 

Table 2: Total Number of specimens Casted 

Specimens R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 Total 

Cube 24 24 24 24 24 24 24 24 24 24 240 

 

Testing of Cubes 

After the completion of the curing period in water, concrete cubes are again cured in a 

solution of 2.5% and 5% solution of sulphate chloride and acid. 

 

5. RESULTS AND DISCUSSIONS 

The test results obtained are tabulated in Tables 3 to 5. The table contains the average values 

of compressive strengths of concrete specimens after 28 days of normal curing followed by 

chemical curing. 

 

Table 3: Compressive Strength of conventional concrete and polyester resin concrete cubes 

cured for 28 days in 2.5% chemical solution 

 

T
y
p
e 

o
f 

m
ix

 

%
 R

es
in

  

C
C

 

2.5% MgSO4 2.5%NaCl 2.5%H2SO4 

C
o
m

p
re

ss
io

n
 

st
re

n
g
th

 (
M

P
a)

 

%
 d

ec
re

as
e 

in
 

st
re

n
g
th

 

C
o
m

p
re

ss
io

n
 

st
re

n
g
th

 (
M

P
a)

 

%
 d

ec
re

as
e 

in
 

st
re

n
g
th

 

C
o
m

p
re

ss
io

n
 

st
re

n
g
th

 (
M

P
a)

 

%
 d

ec
re

as
e 

in
 

st
re

n
g
th

 

CC CC 0 44.6 42.56 4.57 43.95 1.45 33.33 25.26 
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R1 10 43.7 41.63 4.73 42.98 1.64 28.88 33.91 

R2 20 33.03 31.83 3.63 32.65 1.15 25.33 23.31 

R3 30 32.73 31.21 4.64 31.95 2.38 23.11 29.39 

R4 40 31.25 29.52 5.53 30.42 2.65 22.66 27.48 

R5 50 27.10 25.45 6.08 26.35 2.76 20.88 22.95 

R6 60 24.74 22.95 7.23 23.87 3.51 20.00 19.15 

R7 70 24.74 22.85 7.63 23.85 3.59 20.44 17.38 

R8 80 24.14 22.63 6.25 23.35 3.27 19.55 19.01 

R9 90 22.67 21.23 6.35 21.75 4.05 19.11 15.70 

R10 100 18.21 17.62 3.23 17.41 4.39 15.11 17.02 
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Table 4: Compressive Strength of conventional concrete and polyester resin concrete cubes 

cured for 28 days in 5% chemical solution 
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R1 10 43.7 40.35 7.66 42.39 2.99 29.33 32.88 

R2 20 33.03 30.95 6.29 32.14 2.69 23.55 28.70 

R3 30 32.73 30.12 7.97 31.26 4.49 20.44 37.54 

R4 40 31.25 28.35 9.28 29.87 4.41 19.11 38.84 

R5 50 27.10 24.35 10.14 25.89 4.46 19.11 29.48 

R6 60 24.74 21.63 12.5 23.19 6.26 18.66 24.57 

R7 70 24.74 21.96 11.2 23.01 6.99 17.77 28.17 

R8 80 24.14 21.87 9.4 22.74 5.79 16 33.71 

R9 90 22.67 20.35 10.23 20.96 7.54 15.11 33.34 

R10 100 18.21 16.86 7.41 16.23 10.87 11.11 38.98 

 

Sulphate Attack 

The compressive strength test is conducted on a specimen of size 150mm x 150mm x 

150mm. Compressive strength is recorded for 28 days of normal curing followed by curing in 

2.5% and 5% solution of sulphate. 

 

Fig. 2: Compressive Strengths of conventional concrete and polyester resin concrete cubes 

cured in 2.5% solution of MgSO4 
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Fig. 3: Comparison of Compressive Strengths of concrete cubes cured in water and in 

2.5% solution of MgSO4 

 

A marginal decrease in strength of conventional concrete and polyester resin concrete for 

10% to 100% replacement of CA by polyester resin concrete cured in 2.5% solution of 

MgSO4 is observed. The reduction for 10% to 100% variation of polyester resin is less than 

10%. However, up to 20%, it shows a marginal decrease of 3.63%. The maximum decrease in 

compressive strength is observed for 70% replacement of coarse aggregate by polyester resin 

concrete of 7.63%. 

 

 

Fig. 4: Compressive Strengths of conventional concrete and polyester resin concretes cubes 

cured in 5% solution of MgSO4 
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Fig. 5: Comparison of Compressive Strengths of concrete cubes cured in water and in 5% 

solution of MgSO4 

   

Marginal decrease in strength of conventional concrete and polyester resin concrete for 10% 

to 100% replacement of CA by polyester resin concrete cured in 5% solution of MgSO4is 

observed. The reduction for 10% to 100% variation of polyester resin is less than 13%. 

However, up to 20%, it is a marginal decrease of 6.29%. The maximum decrease in 

compressive strength is observed for 60% replacement of CA by polyester resin concrete of 

12.5%. 

 

Chloride Attack 

The compressive strength test is conducted on a specimen of size 150mm x 150mm x 

150mm. Compressive strength is recorded for 28 days of normal curing followed by curing in 

2.5% and 5% solution of chloride. 

Fig. 6: Compressive Strengths of conventional concrete and polyester resin concretes cubes 

cured in 2.5% solution of NaCl 
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Fig. 7: Comparison of Compressive Strengths of normal concrete cubes and cubes cured in 

2.5% NaCl solution 

 

A marginal decrease in strength of conventional concrete and polyester resin concrete for 

10% to 100% replacement of CA by polyester resin concrete cured in 2.5% solution of NaCl 

is observed. The reduction for 10% to 100% variation of polyester resin is less than 5%. 

However, for 20%, it is a marginal decrease of 1.15%. The maximum decrease in 

compressive strength is observed for 100% replacement of CA by polyester resin concrete of 

4.39%. 

 

 

Fig. 8: Compressive strengths of conventional concrete and polyester resin concrete cubes 

cured in 5% solution of NaCl 
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Fig. 9: Comparison of Compressive Strengths of concrete cubes cured in water and in 5% 

solution of NaCl 

 

A marginal decrease in strength of conventional concrete and polyester resin concrete for 

10% to 100% replacement of CA by polyester resin concrete cured in 5% solution of NaCl is 

observed. The reduction for 10% to 100% variation of polyester resin is less than 11%. 

However, for 20%, it is a marginal decrease of 2.69%. The maximum decrease in 

compressive strength is observed for 100% replacement of CA by polyester resin concrete of 

10.87%. 

 

Acid Attack 

The compressive strength test is conducted on a specimen of size 150mm x 150mm x 

150mm. Compressive strength is recorded for 28 days of normal curing followed by curing in 

2.5% and 5% solution of Acid. 

 
Fig. 10: Compressive strength of cubes of different types of concrete after curing in 2.5% 

solution of H2SO4 
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Fig. 11: Comparison of Compressive Strengths of normal concrete cubes and cubes cured 

in 2.5% H2SO4 solution 

 

Comparatively, more reduction in strength of conventional concrete and polyester resin 

concrete for 10% to 100% replacement of CA by polyester resin concrete cured in 2.5% 

solution of H2SO4 is observed. The reduction for 10% to 100% variation of polyester resin is 

less than 35%. However, for 20%, it is a marginal decrease of 23.31%. The maximum 

decrease in compressive strength is observed for 10% replacement of CA by polyester resin 

concrete of 33.91%. Conventional concrete and polyester resin concrete cubes are affected 

most by sulphuric acid curing, and the strength decreases almost by 35%.   

Fig. 12: Compressive strength of cubes of different types of concrete after curing in 5% 

solution of H2SO4 
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 :  

Fig. 13: Comparison of Compressive Strengths of normal concrete cubes and cubes cured 

in 2.5% H2SO4 solution 

  

Comparatively, more reduction in strength 

of conventional concrete and polyester 

resin concrete for 10% to 100% 

replacement of CA by polyester resin 

concrete cured in 5% solution of H2SO4 is 

observed. The reduction for 10% to 100% 

variation of polyester resin is less than 

35%. However, for 20%, it is a marginal 

decrease of 28.70%. The maximum 

decrease in compressive strength is 

observed for 10% replacement of CA by 

polyester resin concrete of 32.88%. 

Conventional concrete and polyester resin 

concrete cubes are affected most by 

sulphuric acid curing, and the strength 

decreases almost by 35%. 

 

CONCLUSIONS 

1. The water absorption of polyester resin 

is almost zero. 

 

2. The polyester resin concrete is lighter 

compared to conventional concrete. 

 

3. The polyester resin concrete with 

varying percentage of resin from 10% 

to 100% when cured in 2.5% and 5% 

solution of MgSO4 and NaCl for 28 

days compared with conventional 

concrete, the compressive strength of 

polyester resin concrete reduces by less 

than 13%, it varies from 3.63% to 

12.5%, shows a marginal decrease in 
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compressive strength when affected by 

sulphate and chloride attack.  

 

4. The polyester resin concrete with 

varying percentage of resin from 10% 

to 100% and conventional concrete 

when cured in 2.5% and 5% solution 

of H2SO4 for 28 days. The 

compressive strength of polyester resin 

concrete compared with conventional 

concrete reduces by a maximum of 

40% varying from 24.57% to 38.98%. 

The polyester resin concrete affects 

highly when cured in a solution of 

sulfuric acid. 

 

5. It can be a good alternative material for 

normal coarse aggregate. 

 

6. The inherent properties of natural 

waste and industrial waste can be 

effectively utilized in increasing the 

strength of concrete efficiently instead 

of destroying its useful inherent 

properties. Also, intern reducing the 

problem of disposal. 

 

REFERENCES 

I. Williams F.N, Ijigah E.A Anum, 

Isa R.B and Obanibi, “Suitability 

of palm kernelshell as coarse 

aggregate in lightweight concrete 

production”. Civil and 

Environmental Research ISSN 

2224-5790 (Paper) ISSN 2225-

0514. Vol.6, No.7, 2014. 

II. Daniel Yaw Osei, Emmanuel Nana 

Jackson. “Experimental Study on 

Palm Kernel Shells as Coarse 

Aggregates in Concrete.” 

International Journal of Scientific 

& Engineering Research, Volume 

3, Issue 8, August-2012 1 ISSN 

2229-5518. 

III. Vikas M, Tripathi and Amarnath 

Reddy. “Study On use of Polyester 

Resin as coarse aggregate in 

concrete”. International journal of 

earth sciences and engineering 

ISSN 0974-5904, Volume 08, 

IV. Mandavi H., Srivastava V., and 

Agarwal V., “Durability of 

Concrete with Ceramic Waste as 

Fine Aggregate Replacement”. 

International Journal of 

Engineering and Technical 

Research (IJETR) ISSN: 2321-

0869 (O) 2454-4698 (P), Volume-

3, Issue-8, August 2015.  

V. Chi Sun Poon and Dixon 

Chan.“use of recycled concrete 

aggregates and crushed clay brick 

as unbound road sub-

base”.Vol.15,3 may 2007 

VI. Mohammad Abdur Rashida, et al. 

“Properties of higher strength 



 
 
 

75 Page 63-75 © MANTECH PUBLICATIONS 2021. All Rights Reserved 
 

Journal of Ceramics and Concrete Technology 

Volume 6 Issue 1 

ISSN: 2457-0826 (Online) 

 

 
concrete made with crushed brick 

as coarse aggregate”. IEB, Vol.14, 

received on 14, 2008. 

VII. Sekar, M., “Partial Replacement of 

Coarse Aggregate by Waste 

Ceramic Tile in Concrete” 

International Journal for Research 

in Applied Science & Engineering 

Technology. Issue III, March2017 

IC Value: 45.98, ISSN:2321-9653.  

VIII. Muhammad, A., “Ceramic tiles 

waste as concrete aggregates 

partial replacement for concrete 

production” (2014). Concrete”. 

Materials and Structures DOI 

10.1617/s11527-010-9616-6 21 

April 2010.  

IX. IS: 456-2000. “Indian standard 

Plain and reinforced concrete code 

of practice”, Bureau of Indian 

standards 

X. IS: 10262-2009. Indian standard 

recommended guidelines for 

“concrete mix design -code for 

practice”, Bureau of Indian 

standards 

XI. IS: 516-1959. Indian standards 

“Method of tests for strength of 

concrete”, Bureau of Indian 

standards 

XII. IS: 12269-1987, “Specifications for 

53 grade ordinary Portland 

cement”. Bureau of Indian 

standards 

XIII. IS: 383-1970. “Specifications for 

coarse and fine aggregate from 

natural source for concrete”. 

Bureau of Indian standards 


