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Abstract: A polymer binder is used to bond the aggregate in a matrix to create polymer concrete, a 

composite material. Due to its excellent impact resistance, quick curing time, and high compressive, 

tensile, and flexural strengths, it is becoming more and more popular as a new building material. This 

study examines a research project that aims to enhance basic comprehension of the subject matter and 

supply the information needed for widespread application. As a result, a comparison has been done 

between polymer concrete and traditional concrete using different amounts of resin and fibre. The mix 

design of M25 grade concrete is determined and the material amount is estimated in accordance with 

IS10262:2009. When carrying out an experimental programme Conventional concrete is tested using 

methods like compressive strength, flexural strength, and workability tests. Polymer resin concrete 

with fly ash and resin percentages of 3% and 5% is tested, and the results are compared to polymer fibre  

concrete with glass fibre percentages of 0.5% and 1%.Polymer concrete was created in this 

experimental programme using glass fibre, epoxy resin, fly ash, and sand. The impact of fly ash and resin 

(binder) on the hardness, split tensile strength, flexural strength, and compressive strength of epoxy 

resin-based polymer filler is documented. Epoxy composites provide significant benefits over 

traditional structural materials, much like any other fiber-reinforced polymer composite. High specific 

strength, good toughness, strong insulating properties, and good corrosion resistance characterise these 

materials. Their employment in a variety of applications related to civil, aerospace, transportation, and 

marine engineering has been promoted by these qualities. Unfortunately, these materials have a 

substantial absorption of moisture, which can come from ambient moisture as well as direct immersion 

in regular or seawater while being used. 

 

Keywords: characterize, structural, absorption, moisture 

 

1. Introduction 

A composite material is created when two or more materials with various qualities are mixed together. 

Composite materials have several advantages over their individual elements in terms of characteristics. 

This has served as the primary driving force behind composite material research and development. The 

component materials can be divided into two categories: reinforcement and matrix. While the 

inclusion of fibres or particles in a composite enhances its mechanical qualities like strength, stiffness, 

etc., the matrix's main purposes are to transmit stresses between the reinforcing fibres or particles and 

to protect them from mechanical and/or environmental damage. The goal is to leverage both materials' 

better qualities without sacrificing each one's shortcomings. Ceramic, polymeric, or metallic materials 
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can all be used as the matrix material. The composite is referred to as a polymer matrix composite 

when the matrix is made of polymers. The resin, the reinforcement—such as fibres and particles—and 

the interface between them are the three constituent parts that primarily define the characteristics of 

polymeric composite materials.    

    

1.1 Classification of Composites 

There are several ways to classify composite materials. Since the geometry of the reinforcement is 

what gives composites their excellent performance and mechanical qualities, it makes sense to classify 

materials based on the geometry of a typical unit of reinforcement. There are two main categories of 

composites: 

• Fibrous composites 

• Particulate composites 

1.2 Components of a Composite Material 

In its most basic form, a composite material is one that is made up of two or more components that 

combine to provide distinct material qualities from what would be produced by those elements alone. 

In actuality, the majority of composites are made up of a bulk material, or "matrix," and some sort of 

reinforcement that is added mainly to boost the matrix's strength and stiffness. 

1.3 Role of Matrix in a Composite 

Many materials have extremely high strengths when they are fibrous, but in order to have these 

qualities, the fibres need to be linked together by an appropriate matrix. In order to stop abrasion and 

the development of new surface imperfections, the matrix separates the fibres from one another and 

serves as a bridge to keep the fibres in place. A good matrix should be able to transmit the load onto 

the fibres, deform readily when given force, and concentrate stress equally. According to a research on 

the nature of bonding forces in laminates, there is a chance that the adhesive bond holding the 

reinforcement and matrix together will break during early stress. The laminates' high strength 

characteristics can be attributed to the frictional forces that exist between them. A very large number 

of polymeric materials, both thermosetting and thermoplastic, are used as matrix materials for the 

composites. Some of the major advantages and limitations of resin matrices are shown in Table-1.1 

 

Table 1.1: Advantages & Limitation of Matrices 

Advantages Limitations 

Low densities Low transeverse strength 

Good corrosion resistance Low operationsal temp limits 

Low thermal conductivities Low operationsal temp limits 

Low electrical conductivities Low operationsal temp limits 

Translucence Low operationsal temp limits 

 

Generally, factors like adhesive strength, fatigue resistance, heat resistance, chemical and 

moisture resistance, etc. are taken into consideration while choosing resinous binders, also known 
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as polymer matrices. The mechanical strength of the resin ought to match the reinforcement's. It 

must withstand the service conditions and be simple to employ in the chosen fabrication method. 

In addition to these qualities, the resin matrix has to have the ability to penetrate and wet the fibre 

bundles that serve as reinforcement, filling in any dead air gaps and providing the physical attributes 

that can improve the performance of the fibres. 

1.4 Classification of Polymer Concrete 

There exist three principal classes of polymer concrete materials: 

• Polymer-Portland Cement Concrete [PPCC] 

• Polymer impregnated Concrete [PIC] 

• Polymer Concrete [PC]  

• Polymer Portland Cement Concrete [PPCC] : A monomer, pre polymer of dispersed polymer is 

incorporated into a Portland cement mix and a polymer network formed in situ during curing of the 

concrete. 

• Polymer-Impregnated Concrete [PIC]: Previously formed concrete is impregnated with a monomer 

which is subsequently polymerized in situ. Polymers enhances the Strength Characteristics of the 

original concrete. 

• Polymer Concrete [PC]: It is also known as Resin Concrete. A polymer is used to bind an aggregate 

together. 

1.5 Epoxy Resin 

Epoxy resin is a prepolymer with a low molecular weight that may be treated in a range of ways. These 

resins have two key benefits over unsaturated polyster resins: reduced shrinkage during cure and the 

ability to be partly cured and stored in that form. But compared to polyester resins, typical epoxy 

resins have a higher viscosity and are more expansive. The cured resins exhibit excellent adhesion to a 

range of substrates, superior mechanical and thermal characteristics, high chemical and corrosion 

resistance, and good electrical properties. High cure times and subpar performance in hot-weight 

conditions are their main drawbacks. 

1.5 Glass Fibre 

In FRC, glass fibre in the form of filaments is also frequently utilised. Glass fibres can be cut into short 

fibres and are supplied in a continuous roving form. Glass fibres possess a high fracture strain and 

tensile strength. These fibres' modulus of elasticity is modest, though. Moreover, alkali solution in 

cement-based composites may readily attack regular borosilicate glass fibres (E-glass) and soda-lime 

glass fibres (A-glass). Because of this, they are not as strong and ought to be handled carefully. About 

16% to 20% of zirconia [ZrO2] is included in alkali-resistant glass fibres, or AR glass, which shields 

the fibres from strong alkali assault. 

The most common type of glass fibre utilised in composites with cement is AR glass. Glass fibres' 

limited resilience to cyclic and sustained stresses is one of its drawbacks. 

 

2. Problem Identification 

Conventional concrete contains water, aggregates, Cement with variant proportions and known to be 

weak in tensile strength, brittle and easily erodible by chemicals and high velocity water flow. 

This is Becoming an ever growing problem in today’s society with the need for the least amount of 

maintenance and longer lasting structures. Polymer concrete has increased strength characteristics as 

well as improved resistance to environmental factors and a faster curing time. With such improved 
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properties, polymer concrete became a fast growing area of research. Polymer concrete is a composite 

material which results from polymerization of a monomer/aggregate mixture. 

2.1 Objective of the Study 

Based on the review of the literature it was observed that the production of fly-ash will keep on 

increasing in coming years which needs large area to store which creates a problem for its safe 

economic disposal and causes environment hazards .A vast utilization of fly ash is only possible in 

civil engineering fields as a replacement to earth material as its properties are quite similar to that of the 

natural earth. To use the fly ash a replacement of earth or geo-material it is essential to stabilizing it 

using some proper stabilizing agent. 

The aim of the present work are- 

• To fabricate Fly ash polymer composite at different proportions of Glass fibre & epoxy resins. 

• To make recommendations to promote utilization of industrial waste. 

• Evaluation of mechanical properties of both epoxy & glass fibre composites such as tensile strength, 

Compressive , & Hardness etc. 

 

3. Experimental Work & Methodology  

Fly ash has been used in various architectural and industrial applications on large scale. Hence 

Consumption of this huge amount of fly ash greatly reduces the difficulties met by coal based TPPs for 

its dumping. Analysis on the performance of FA at various states is essentially required before its 

usage. So to understand the characteristics features of FA, experiments cannot be performed on field 

domain. There is no any alternate option except research laboratory test to assess its importance. The 

research conducted in laboratory provides a calculative approach to govern several parameters that 

come across during practice. Brief description of the types of material used, sample preparation and its 

characterization through SEM, XRD, and FTIR, Mechanical and surface properties like Compressive 

strength, Hardness and wear resistance, Thermal conductivity measurement and others are outlined in 

this section. 

3.1 Chemical Properties of Ordinary Portland Cement 

Portland cement consists of the following chemical compounds 

 

(a) Tricalcium silicate CaO.SiO2 (C3S) 40% 

(b) Dicalcium silicate CaO.SiO2 (C2S) 30% 

(c) Tricalcium aluminate CaO.Al2O3 (C3A) 11% 

(d) Tetracalcium aluminate CaO.Al2O3.Fe2O3 (C3AF) 11% 

There may be small quantities of impurifies present such as calcium oxide (CaO) and magnesium oxide 

(MgO). When water is added to cement, C3A is the first to react and cause initial set. It generates great 

amount of heat. C4AF is comparatively inactive compound. 
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Fig-3.1 Flow Chart of Experimental Method 

 

4. Results Analysis & Discussion 

4.1 Composition of Fly-Ash 

Fly ash consists primarily of oxides of silicon(Sio2),, aluminum(Al2o3), iron (Fe2O3).and 

calcium(CaO). Magnesium, potassium, sodium, titanium, and sulfur are also present to a lesser 

degree. When used as a mineral admixture in concrete, fly ash is classified as either Class C or Class F 

ash based on its chemical composition The chemical composition of Fly ash is tabulated in table 4.1. 

 

Table 4.1: Compositional Analysis Of Fly Ash 

 

 

Compounds 

 

SiO2 

 

Al2O3 

 

CaO 

 

MgO 

 

P2O3 

 

Fe2O3 

 

SO3 

 

K2 O 

 

LOI 

 

Composition(%) 

 

54.5 

 

26.5 

 

2.1 

 

0.57 

 

0.6 

 

- 

 

- 

 

- 

 

14.18 

 

4.2Test Results for Flexural Strength 

Flexural strength, also known as modulus of rupture, or bend strength, or transverse rupture strength is 

a material property, defined as the stress in a material just before it yields in a flexure test. The 

transverse bending test is most frequently employed, in which a specimen having either a circular or 

rectangular cross-section is bent until fracture or yielding using a three point flexural test technique. 

The flexural strength represents the highest stress experienced within the material at its moment of 

yield. 
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Table 4.2: Flexural Strength at 7 days for 0% Fly-Ash 

 

 

S.no 

 

Type Of concrete 
Flexural strength Results in N/mm2 

Prism 1 Prism 2 Prism 3 

1 CC-M25 6.75 7.5 10.5 

2 PRC – 3% Resin 9 8.62 12 

3 PRC – 5% Resin 9.75 10.87 13.5 

 

5. Conclusion 

The results of experimental study on polymer concrete with epoxy resins & glass fibre have 

been discussed. 

• This investigation contains an experimental observation in which the comparison between 

Conventional concrete, polymer resin concrete and Polymer fibre concrete has made. As per the 

results obtained, increases the compressive strength and flexural strength by polymer resin in normal 

concrete. Increase of resin content from 3% to 5% had improved in workability and also in compressive 

strength and flexural strength. Addition glass fibre to the polymer concrete improves the compressive 

strength. 

• All the batches gain their maximum strength around the age of 28 days. At the age of 7 days all the 

batches reached at least 80% of the 28-day compressive strength under the adopted curing method. 

• Increasing fly ash content reduced the voids and increased the compressive strength for polymer 

concrete. Nevertheless they argued that the strength level of the resin itself will contribute to the 

overall compressive strength of polymer concrete. Epoxy resin has the greater degree of toughness and 

bond strength. Therefore, with increasing fly ash epoxy based polymer concrete shows increasing 

strength. 

• It can be seen from Figure 1 to Figure 4 that both types of PC show the flexural strength is decreasing 

with increasing flyash content for both types of polymer concrete. 
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