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Abstract 

  

In this study fly ash and red mud solid waste are used in the preparation of polymer concrete. Utilization of waste such 

as fly ash and red mud in polymer concrete is promising; it may enhance the physical properties and mechanical strength 

of the polymer concrete.The mechanical properties of PCs with variation of different compositions of fly ash (8, 12%), 

red mud (12, 25%) and resin (30, 35%) has been investigated. The silica powder in different percentage (10, 15%) used 

as filler in polymer concrete has enhanced the mechanical properties of polymer concrete. The casted PCs were also 

investigated for their flexural strength.(For the preparation of samples Orthogonal array of  Technique of Design of 

Experiments) is used). The PCs specimen with 35% resin, 25% fly ash and 15% silica fume resulted in maximum flexural 

strength. Generally, PC’s containg fine fillers may result in high mechanical strength due to high molecular compaction. 

The values of flexural strengths were 21.53 MPa.  
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Introduction 

 
1
 It has been significantly important to develop the 

technology to treat or recycle the waste from industrial 

materials such as red mud and fly ash due to the enormous 

production of them as the industry and economy of the 

world are growing (Cunliffe, A.M. et al, 2003). There 

have been several ways to treat the wastes such as landfill, 

incineration, chemical recycling, material recycling and 

the utilization of energy from combustion (Palmer, J. et al, 

2009). Most methods excluding material recycling are 

known to have critical limitations in economic, technical 

and environmental manners. Material recycling is 

expected to be more feasible in a way that the simplicity of 

pretreatment, and the reduction of energy consumption 

and environment pollution can be satisfied (Ohama, Y. et 

al, 2002). Furthermore, the waste red mud and fly ash as is 

categorized and treated as industrial wastes. It means it 

should be disposed or burned to destroy, resulting in the 

air pollution and environmental pollution (Hwang, E.H. et 

al, 2008). The importance of how to recycle or reuse waste 

red mud and fly ash became an important technological 

issue recently, and a countermeasure was usage of the 

waste red mud and fly ash as an aggregate in the 

production of PC (Meyer, C., et al, 1998). However, the 

recycling of waste red mud and fly ash could cause 

lowering of the performance or mechanical properties of 
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the final PC (Meyer, C., et al, 1998). An organic polymer 

or resin, so-called polymer modifier is expected to 

overcome the problems described above because the 

polymer-modifier is well known to offer to the final PC 

the improvement of higher strength, durability, good 

resistance to corrosion, and strong resistance to damage 

from freeze-thaw cycles (Conroy, A., et al, 2006). In this 

study the polymer-modified concrete using recycled red 

mud and fly ash fine aggregate were investigated in detail 

with two different percentage of resin such as 30% and 

35%. 

 

Materials and Methods 

 

Materials 

 

Resin and Hardener: Several specimens were prepared 

utilizing epoxy resin based on Bisphenol A 

(Honsman,Germany). No solvent or dilutor was added to 

prevent any possible changes in chemical properties of the 

samples. Tetra-amine 3-ethylene with commercial code of 

HA-11 (Merck, Darmstadt, Germany) was used as 

hardening agent (Golestaneh, M. et al, 2010). The ratio of 

resin: hardener as recommended by the manufacturer and 

also based on literature for polyamine as curing agent was 

2:1 (Varughese, K.T. et al, 1996). The specific gravities of 

hardener and resin at 25°C were 1.07 and 1.18 g/cm3, 

respectively. 
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Filler and Aggregate: Industrial Waste materials such as 

fly ash and red mud are used as aggregates in PCs. Silica 

fumes use as filler in PCs.  

 

Mix Design and Casting Process 

 

Experiments were carried out on the use of grinded 

Pultrusion waste in polymer based concrete. Mix design of 

plain formulation was in accordance with previous studies. 

Polymer concrete specimens were prepared by mixing an 

epoxy resin with different weight percentage of solid 

waste such as fly ash, red mud, silica fume and sand 

percentage. Processed pultrusion wastes, with eight 

different %, were used as a partial substitute for sand 

aggregates at the different proportion of % (w/w). Plain or 

control polymer concrete specimens were also cast and 

tested in order to compare mechanical and functional 

properties. 

Mixing Process: For mixing five different materials 

Orthogonal array of Taguchi (Technique of Design of 

Experiments) was used. Eight different solid waste 

admixed polymer concrete formulations were analyzed by 

varying the types and content of solid waste using  L8 (2
5
) 

(8 test, 5 variables, 2 levels). Proportions of different raw 

materials shown in table 1. 

 

 
 

Fig. 1 polymer concrete specimens for flexural test (one of 

each formulation) 

 

Table 1 mix proportions (w/w) of raw materials of epoxy 

polymer concrete formulation 

 

fly ash 

(%) 

red 

mud 

(%) 

silica 

fume 

(%) 

epoxy 

resin 

(%) 

sand 

(%) 

sand 

size(µm) 

8 12 10 30 40 300 

8 12 10 35 35 600 

8 25 15 30 22 300 

8 25 15 35 17 600 

12 12 15 30 31 600 

12 12 15 35 26 300 

12 25 10 30 23 600 

12 25 10 35 18 300 

 

Casting of Specimen 

 

Specimens were prepared according to ASTM (Materials, 

A.S.F.T.A., 2002) standards with several combinations of 

fillers and aggregates. Initially, epoxy resin and hardening 

agent were weighed and blended. Filler and aggregates are 

added to the mixture with given proportion and were 

gently mixed. In three steps, the mixture was placed in 

molds. After each step was performed the mixture was 

compacted using a rod to prevent any void formation. The 

specimens are air dried at room temperature and then the 

molds are removed. The flexural strength of fabricated 

PCs has been measured according to ASTM C 579-

01(Materials, A.S.F.T.A., 2002). The rectangular shaped 

specimens of polymer concrete with (40×45×250mm
2
) are 

fabricated. Furthermore, the recorded data is the mean of 

triplicate values for all specimens. 

Testing Procedures: The flexural strength of a material is 

defined as its ability to resist deformation under load. For 

materials that deform significantly but do not break, the 

load at yield, typically measured at 5% deformation/strain 

of the outer surface, is reported as the flexural strength or 

flexural yield strength. The test beam is under compressive 

stress at the concave surface and tensile stress at the 

convex surface. 

 Prismatic polymer concrete specimens were tested in 

three points bending up to failure at the loading rate of 1 

mm.min -1, with a span length of 100 mm, according to 

RILEM CPT PCM-8 standard test method (Materials, 

A.S.F.T.A., 2002).  

 

      
 

Fig. 2 specimens after flexural test 

 

Results and Discussion 

 

Mechanical Properties of PC 

 

Flexural Strength: In order to assess the effect of solid 

waste admixtures on flexural strength of polymer concrete, 

typical shapes of obtained load-deflection curves are 

determined and plotted in fig.3 to fig.10. 

Results of flexural strength test are summarized in Table 

2. The obtained values for this experiment showed that 

these PCs compositions has achieves high   flexural 

strength. The highest value for flexural strength related to 

sample 4 and sample 6 was 21.533 MPa and 21.576 MPa. 

Fig.14 shows that with an increase in resin content 

parameter in polymer concrete from 30 to 35%, there is a 

great effect on flexural strength of the specimens. So, it 
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has been found that higher concentrations of fillers and 

resin yielded high strength of PCs. This value was found 

through actual experimental runs and data analysis. 

 

 
 

Fig. 3 load v/s displacement of sample 1 

 

 
 

Fig. 4 load v/s displacement of sample 2 

 

 
 

Fig. 5 load v/s displacement of sample 3 

 

 
 

Fig. 6 load v/s displacement of sample 4 

 
 

Fig. 7 load v/s displacement of sample 5 

 

 
 

Fig. 8 load v/s displacement of sample 6 

 

 
 

Fig. 9 load v/s displacement of sample 7 

 

 
 

Figure 10 load v/s displacement of sample 8 
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Table 2 flexural strength of different samples 

 
Sample 

No. 
Flexural Strength (MPa) 

  

  

1st 

reading 

2nd 

reading 

3rd 

reading Av. Value 

1 17.71 17.83 17.76 17.66 

2 20 20.1 20.12 20.07 

3 19 19.01 19.1 19.03 

4 21.48 21.46 21.66 21.53 

5 21.14 21.2 21.24 21.19 

6 21.57 21.6 21.56 21.57 

7 19.95 19.98 20.05 19.99 

8 20.86 20.82 20.96 20.88 

 

Effect of Solid Waste and Epoxy Resin on Mechanical 

Behavior 

 

A. Effect of Fly Ash on Mechanical Behavior: Fig.-11 

show the mechanical behavior of fly ash which shows that 

with the increasing the percentage of fly ash (8-12%) 

flexural strength increasing. 

B. Effect of Red Mud on Mechanical Behavior: Fig.-12 

show the mechanical behavior of red mud which shows 

that with the increasing the percentage of red mud (12-

25%) flexural strength also increasing. 

C. Effect of Silica Fume on Mechanical Behavior: Fig.13 

shows the mechanical behavior of silica fume which show 

that with the increasing the percentage of silica fume (10-

15%) flexural strength.  

 

 
 

Fig.11 Fly ash % age v/s flexural strength 

 

 
 

Fig. 12 Red mud % age v/s flexural strength 

D. Effect of Epoxy Resin on Mechanical Behavior: Fig.14 

show the mechanical behavior of Epoxy resin which 

shows that with the increasing the percentage of epoxy 

resin (30-35%) flexural strength increasing. 

E. Effect of Foundry Sand on Mechanical Behavior: Fig.-

15 show the mechanical behavior of foundry sand which 

show that with the increasing the size of foundry sand 

(300-600µm) flexural strength, increasing. 

 

 
 

Fig. 13 Silica fumes% age v/s flexural strength 

 

 
 

Fig. 14 Epoxy resin % age v/s flexural strength 

 

 
 

Fig. 15 Sand size % age v/s flexural strength 

 

Conclusions 

 

The amount of resin and filler in chemical composition of 

the fabricated PCs has great influence on identification of 

the maximum physical strength. The PC specimens with 
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35% resin, 25% fly ash and 15% silica fume resulted in 

maximum flexural strength. Generally, fine fillers results 

in high mechanical strength as the fine fillers have high 

molecular compaction. The maximum flexural strength is 

21.53 MPa. The time required for manufacturing was less 

as compared with the traditional materials. Hence it 

provides an alternative to traditional materials for machine 

tool manufacturing. 
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