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Abstract: This paper presents the results of a real-time work carried out to form light weight concrete made with plastic aggregates and 

Silica fume as mineral admixtures. Experimental investigation on concrete mix M40 is done by 10% replacement & addition of cement 

with Silica fume, and coarse aggregate with recycled plastic aggregates at the rates of 10%, 30 and 50% and their compressive strength 

and split tensile strength of concrete were discussed for 7 and 28 days and flexural strength has been discussed for 7, 28 days depending 

on the optimum dosage of replacement in compressive strength and split tensile strength of concrete. Finite element modeling of concrete 

beam is carried out in Abaqus/CAE 6.13 software and the results obtained are compared with the experimental results. 

 

Keywords: Recycled plastic aggregates, Silica fume, Mechanical properties, Abaqus/CAE 6.13. 

_________________________________________________________________________________________________________

INTRODUCTION 

Concrete is one of the most used materials in construction. 

The main reasons for that are its low price, high mechanical 

strength, high durability and variety of its form due to on-site 

casting or prefab design. Unfortunately these come at the cost of 

the application of large quantities of unsustainable elements like 

cement and aggregates. Extensive research has already been done 

on the replacement of cement with more sustainable materials. 

The aggregates consist of coarse and fine gravel and sand. These 

elements are unsustainable because in order to obtain them, often 

large areas of quarries are needed. Over the last decade growing 

concern about global environmental impact is forcing the Civil 

Engineering and construction industry to review its conventional 

cement and concrete production methods with a view to replace 

them with sustainable alternatives. 

In this thesis, major attention has been devoted to the use of 

recycled plastics as coarse aggregate replacements by providing 

a sustainable option to deal with the plastic waste. In addition, 

silica fume has been introduced for cement replacement for better 

bonding strength. This project presents the results of a real- time 

work carried out to form high strength light weight concrete made 

with silica fume, and recycled plastic aggregates. 

Literature review 

Nabajyoti Saikia et al (2012) reported a thorough review on 

the use of plastic waste as a partial or full replacement of natural 

aggregate in cement mortar or concrete. Compared to control 

mixes, up to 72% reductions in compressive strength were 

observed for concrete prepared by replacing natural aggregate at 

the replacement level of 20%. However, about 16% reductions in 

compressive strength of mortar prepared by replacing 50% in 

volume of sand were also reported. Liguori B et al (2013) 

experimentally investigated the use of artificial aggregates based 

on recycled plastic materials, mostly polyolefin and polyethylene 

terephthalate waste, as partial replacement of natural aggregates 

for manufacturing hydraulic mortars. The use of plastic aggregate 

generally resulted in a decrease in dry density of the mortars. 

Results are closely connected to the increase in porosity, which 

strongly affects the mechanical properties. Praveen Mathew et al 

(2013) conducted experimental tests to determine the properties 

of plastic aggregate such as density, specific gravity and 
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aggregate crushing value. Partial replacement plastic coarse 

aggregate (PCA) at various percentage were examined. PCA 

concrete has shown a better compressive strength as compared to 

conventional with an increment of 28%, its lower in split tensile 

strength and modulus of elasticity. Des King (2012) analyzed the 

effects of silica fume on all the main properties of concrete in the 

fresh and hardened state. The tensile (flexural) strength of 

concrete increases with compressive strength about 10%. Jorge 

de Brito et al (2012) studied the influence of curing conditions on 

the mechanical performance of concrete containing waste plastic 

aggregate. Several mixes were produced with replacement ratios 

of 0%, 7.5% and 15% of natural aggregates by three types of 

plastic aggregate. With higher percentages of plastic the mixed 

curing environments tended to give the best results for the 

properties most dependent on the bond between the plastic waste 

aggregates and the cement paste. It was also found that the 

response of concrete to the incorporation of plastic differs 

between curing regimes. 

HIGH STRENGTH CONCRETE 

High strength concrete has been widely used in civil engineering 

in recent years. This is because most of the mechanical and 

durability properties of these materials are better than those of 

conventional concretes. High strength is made possible by 

reducing porosity and micro cracks in concrete and the transition 

zone. This can be achieved by using super plasticizers and 

supplementary cementing materials such as fly ash, silica fume, 

granulated blast furnace slag, and natural pozzolan. Fortunately, 

most of these materials are industrial by-products and help in 

reducing the amount of cement required to make concrete less 

costly, more environmentally friendly and less energy intensive. 

PLASTICS 

The word “plastic” means substances which have plasticity, and 

accordingly, anything that is formed in a soft state and used in a 

solid state can be called  a plastic. The quantity of solid waste is 

expanding rapidly. It is estimated that the rate of expansion is 

doubled every 10 years. This is due to the rapid growth of the 

population as well as the industrial sector. Among the solid-

waste materials, plastics have received a lot of attention because 

they are generally not biodegradable. The various types of 

plastics in municipal wastes are Polyethylene terephthalate 

(PET), High Density polyethylene (HDPE), Low Density 

Polyethylene (LDPE), Polypropylene (PP), Polystyrene (PS), 

etc. In this project work combination of polypropylene (PP), 

High Density Polyethylene (HDPE) and Low Density 

Polyethylene (LDPE) are collected, crushed, recycled and used 

as coarse aggregates. 

EXPERIMENTAL INVESTIGATION 

In this research work Ordinary Portland Cement, Silica fume, 

fine aggregate, quarry dust, and coarse aggregate, recycled 

plastic aggregate were used to make concrete under M40. In this 

scenario Concrete cubes, cylinder and beam were casted, on that 

partial replacement of coarse aggregate by recycled plastic 

aggregate at (10%, 30%, and 50%) and also 10% silica fume was 

replaced/added for ordinary Portland cement. The after 

measuring of ingredients, they are mixed thoroughly to obtain 

uniformity and homogeneity of concrete mix. The mix is done 

by hand mixing. Compressive Strength, Split Tensile Strength at 

7days, 28days and Flexural Strength at 28 days were tested in 

hardened Concrete. 

 

 

Compressive Strength 

For cube compression testing of concrete, 150 mm cubes were 

used. All the cubes were tested in saturated surface dry 

condition, after wiping out the surface moisture. For each trial 

mix combination three cubes were tested at the age of 7 days, 

and 28 days using compression testing machine of 2000 kN 

capacity as per IS: 516-1959. The tests were carried out at a 

uniform stress was centered in the testing machine. Loading was 

continued until the dial gauge needle just reversed its direction 

of motion. The dial gauge reading at that instant was noted which 

was the ultimate load. 
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Split Tensile Strength 

This is an indirect test to determine the tensile strength of 

cylindrical specimens. The test setup for the splitting tensile 

strength on the specimen is shown in Figure 3.4. Splitting tensile 

strength tests were carried out on cylinder specimens of size 

150mm diameter and 300mm length at the age of 28 days curing, 

using compression testing machine of 2000 kN capacity as per 

IS:5816-1970. To avoid the direct load on the specimens, the 

cylindrical specimens were kept below the wooden strips. The 

load was applied gradually until the specimens split and readings 

were noted. 

 

Young’s Modulus 

Young's Modulus, also known as the Elastic Modulus, is a 

measure   of the stiffness of a solid material. It is a mechanical 

property of linear elastic solid materials. It defines the 

relationship between stress (force per unit area) and strain 

(proportional deformation) in a material. The stress-strain curve 

for all trial mixes is plotted in the form of a graph and the 

modulus of elasticity (Ec) for all the trial mixes is determined 

from the stress-strain curve and the results are obtained. Thus, 

from the test results, it is noted that the Ec obtained for M40 mix. 

However, the increase in value of Ec is proportional to increase 

in cube compressive strength of concrete. The reason for this fact 

is the same as discussed in the case of cube compressive 

strength. 

 

Flexural behaviour of beam 

The Flexural Strength for the Concrete is determined by using 

Loading Frame. The selected span was 1200mm and the 2-point 

loads were applied at one third span. Here Size of the beam is 

1500 mm × 150mm × 200 mm. 

 

 

Finite element modeling 

The finite element method (FEM) is a numerical technique for 

finding approximate solutions of partial differential equations as 

well as integral equations. The basic concept behind FEM is that 

a body or structure is divided into smaller elements of finite 

dimensions called finite elements. The original structure is then 

considered as an assemblage of these elements at a finite number 

of joints called nodes. 

 



Paper Title: EXPERIMENTAL STUDY OF SPECIAL CONCRETE USING PLASTIC AGGREGATE AND SILICA FUME 

 ISSN:-2581-6934 |Available at :www.jidps.com | pp :(4-8) 
7 

Abaqus Analysis Procedure 

With finite element modeling a three-dimensional (3D) finite 

element model is developed to simulate the behavior of 

reinforced concrete beams having rectangular cross-section. 

Modeling was done using finite element software package 

Abaqus. The material with Young’s modulus and Poisson’s ratio 

of each beam is characterized by its span L, width b, depth d of 

reinforced concrete beam. Designed as a general-purpose 

simulation tool, Abaqus can be used to study more than just 

structural (stress/displacement) problems. It can simulate 

problems in such diverse areas as heat transfer, mass diffusion 

and management of electrical components. In order to develop 

concrete beam, 8- node continuum solid element was utilized. 

The solid element has eight nodes with three degrees of freedom 

at each node translations in the nodal x, y, and z directions. The 

element is capable of plastic deformation, cracking in three 

orthogonal directions, and crushing. Necessary partitions of the 

concrete beam (of size 1500 mm x 150 mm x 200 mm) are made  

to facilitate load application and meshing. 

 

 

 

 

 

 

Result and discussion 

From result, 10% addition of Silica fume by cement shows better 

compression and split tensile strength when compared to 10% 

replacement of cement by Silica fume. Hence 10% addition of 

cement by Silica fume is made constant for various percentage 

replacements of coarse aggregates. For 10% replacement of 

coarse aggregate with recycled plastic aggregates, the 

compressive and split tensile strength of concrete at 7 and 28 

days is slightly equal to normal conventional concrete. For all 

the other mixes varies strength decreases. It was observed that, 

the dry weight of cube and cylinder specimens decreases with 

respect to more replacements of materials. When comparing the 

conventional concrete mix and with concrete containing 10%, 

30% and 50% replacement of coarse aggregate with recycled 

plastic aggregates, the compressive strength value is decreasing. 
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From the observation beams tested under four point loading, it 

can be summarized that, the 10% replacement of RPA with 10% 

addition of SF performed better than the control concrete beam. 

Concrete containing Silica fume is stiffer than conventional 

concrete. In all replacement levels the load carrying capacity of 

beams are slightly higher than the control beam. It was 

concluded that plastic aggregates can be used as a substitute for 

natural coarse aggregate in concrete, while noting the advanced 

technology in producing light weight concrete. This paper 

compares the deflection results with the experimental results for 

the reinforced concrete beam subjected to flexural loading. The 

experimental and analytical (Abaqus/CAE 6.13) flexural load - 

deflection curves for M40(CM), A1, P1 specimen trends show 

that analytical results are matching well with experimental 

results. The flexural deflection of the beam with 10% RPA and 

10% SF (P1 Beam specimen) is 2 mm higher than the 

Conventional beam specimen (CM), whereas the deflection of 

beam specimen with 10% SF is increasing with increasing load 

than the Conventional beam specimen (CM). The stiffness 

characteristic of the beam with Silica Fume is increased when 

compared to the conventional concrete. The result section 

indicates that displacement patterns obtained from FEM are well 

matched.  
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