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Abstract 
 
Concrete consumes a lot of natural resources such as sand and gravel along 

with the cement. Energy-saving now days is a determining factor for building 

performance and concrete is one of the aspects that should be taken into 

consideration is to minimize the heat exchange through concrete members, 

particularly slab. One of the methods of treating heat exchange in buildings is 

adding materials that would improve thermal properties. This paper aims to 

investigate the impact of using the Waste of Recycled Plastic WRP on the 

thermal properties of concrete, particularly thermal conductivity. Authors 

have designed six mixes; a reference mix and five WRP percentages of the 

cement without replacement. Samples have been tested for thermal 

conductivity and strength after 28 days of curing. The results showed that 

thermal conductivity is significantly decreasing as the percentage pf WRP 

increasing. Adding 25% of WRP to the mix has led to 23.87% decline in the 

thermal conductivity. The results are encouraging for more research to use 

WRP in concrete since it has a double-action effect in terms of thermal 

conductivity and environmental issue as factories have to get rid of WRP and 

dispose to the landfills. 
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1 Introduction 
 

Concrete consumes a lot of natural resources such as sand and gravel 

along with the cement [1]; however, thermal properties of concrete are 

concerns for researchers. 

       Concrete an aggregate represents 10.9% of the cost of all buildings in 

Oman [2] the percentage shows the potential of concrete in the construction 

industry in Oman, where most of the residential buildings are concrete 

structure buildings. Concrete in terms of thermal properties of construction 

materials, particularly thermal conductivity which reflects the heat transfer 

through the envelope of the building is essential to highlight the thermal flow 

of through the concrete [3]. 

One of the methods of treating heat exchange in buildings is using 

materials that are placed on walls and ceilings for thermal insulation. With 

such large quantities being produced, the concrete industry accounts for 7% 

of global CO2 emissions [4].  

Therefore, the importance of reducing the thermal conductivity of 

concrete includes two crucial aspects. First, the environmental aspect, as the 

use of industrial heat-insulating residues in the concrete mixture will limit its 

harmful accumulation to the environment, and the materials that are replaced 

with one of the components of the mixture will reduce the use of some of the 

natural resources used (such as sand and cement) as indicated [4]. Second, 

the economic aspect is of great importance, as the building by its nature 

needs cooling and heating systems at a high cost, as well as the cost of 

insulating spacers in the building[5]. 

Using additives in the concrete mixture can improve the thermal 

conductivity of concrete, most of these added materials are considered as 

waste materials to maximize the benefit of using such material. Moreover, 

the importance of achieving low thermal conductivity and preserving the rest 

of the concrete properties will affect the construction projects positively with 

lower cost and more environmentally friendly. 

The use of waste material would serve as double-action affect the 

community since it improves thermal conductivity. Then energy loss in 

buildings, on the other hand, it helps the community to get rid of harmful 

material that is drastically affecting the environment in the negative 

direction, which is evident by the number of researchers who contributed the 

research in the line of improving thermal conductivities by adding different 

waste materials. 

Mahdi et al. (2019) [6] investigated Styrofoam balls in lightweight 

foamed concrete with different additives (0%, 8%, 16%, 24%, and 32%), to 

evaluate thermal conductivity and compressive strength. They observed that 

samples show a decreasing of compressive strength from 37.5 MPa to 28 

MPa.  
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However, when they measured the thermal conductivity, it gave a reduction 

from 0.48(w/m.k) to 0.24 (W/m.k). 

Cuthbertson et al. (2019) used biochar as an additive to ordinary 

concrete, aiming to improved properties and performance of the concrete. 

They concluded that the thermal conductivity value of the concrete mixture 

containing 2% of the voucher was the lowest recorded value of 0.192 

W/(m·K). Therefore, the compressive strength decreased to 17.1 MPa[6]. 

Al-Jabri et al. (2018) aimed at the reuse of waste ferrochrome (FeCr) 

slag as a replacement for sand in the concrete mixture to improved thermal 

conductivity and mechanical properties. A different replacement was made 

of slag at 0%, 5%, 10%, 15%, and 20% by weight. They observed that slag 

heighten compressive strength of about 33 and 39%. The researchers 

discovered that thermal conductivity increasing with increase slag by 26 and 

29%[4]. 

Kostrzewski et al. (2018) [7]worked on improving the properties of 

concrete by adding some material waste in different amounts in 8 samples. 

They found that the sample with the highest percentage of omega spheres 

yielded a low value in thermal conductivity of 0.388 (K/m.k). Also, all 

samples recorded positive values in compressive strength, as they recorded 

the lowest value of 30 MPa, and the highest value of 56 MPa because it 

contains coarse slag. 

To reduce the thermal conductivity of foamed concrete, Xie et al. (2018) 

[8]replaced a portion of cement with bentonite slurry in the foamed concrete 

mixture in different proportions (10%, 20%, 30%, 40%, and 50%). They 

obtained that the sample, 50% of bentonite slurry managed to reduce the 

thermal conductivity by 29.8%. At the same time, compressive strength 

recorded an inverse relationship with the increase in the percentage of 

bentonite slurry. 

Ibrahim e.t al. (2017) studied the effect of adding novolac resin (as 

coarse aggregate) by different volumetric percentages to concrete. By two 

ways to adding the novolac, melting it and mixed with sand and cement 

(40%cement, 40% novolac, 10% sand) by volume, and added it as coarse 

aggregate to the concrete (cement 35%, novolac 35% and water 30%) by 

volume. They found a reduction in thermal conductivity about 29.3% and 

compressive strength decreased from 25 to (2.6, 2.2) MPa respectively[9]. 

Aminudin et al. (2016) researched to provide the effect of  Palm Oil Fuel 

Ash (POFA) on the thermal properties of concrete. They used POFA to 

replace Portland cement at 0%, 5%, 10%, 15%, 20%, 30% by weight. They 

reached that sample, 20% replacement gave the most favourable compressive 

strength of 7.143MPa, while 30% gave better thermal conductivity with 0.48 

(W/m.k)[10] 

Memon et al. (2016) investigated the behaviour of lightweight concrete 

and sawdust as waste material in concrete for workability, compressive 

strength, tensile strength and flexural strength. They used1:1, 1:2 and1:3 

percentages of sawdust as a percentage to the cement. They concluded that  

 

 



                                                                                                                  
 

 

 

 

workability and compressive strength ensiles and flexural decreases with the 

increase of sawdust percentage. (1:3 gives (10-20 MPa)), (1:3 gives (5-10 

MPa)) and (1:1 gives (0-2 MPa))[11]. 

According to the previous studies, it is clear that most additives or 

substitutes in the concrete mixture gave additional thermal insulation of not 

more than 30%. As well as adding these materials leads to a weakness of 

some other properties of concrete significantly, such as compressive strength, 

and it is noted that some of the materials which have been used are not 

available in all countries. Also, some materials require effort and money to 

obtain them with the specifications needed for the concrete mixture. 

This aim of this paper is to investigate the impact of adding waste of 

recycled plastic (WRP) to concrete on thermal conductivity of concrete as 

WRP has excellent insulation properties. Plastic Materials, as compared with 

most materials, it finds they have very low values of thermal conductivity 

[12].Besides, WRP is available in all countries of the world. The plastic 

waste production is estimated at 300 million tons in 2019 and is expected to 

reach 500 million tons by 2050. 

Specialized factories collect the consumed plastic materials and sort 

them in several stages according to specific criteria, with a view to recycling 

and using them in the manufacture of new products. WRP is an incompatible 

product to complete the recycling process, and it consists of fine, small 

plastic slices. 
 

2 Methodology  
 

The basic assumptions of the paper are using normal concrete with grade 

M30, coarse aggregate size (max: 20mm), Synthetic sand as fine aggregates, 

Ordinary Portland cement (OPC) used as binding material and water. The 

additional material which has been used is WRP as fine and small slates to 

improve thermal conductivity due to it has excellent thermal properties. 

The mix was designed for the target of M30 concrete using the above 

information, WRP was taken as a percentage of the quantity of cement 

quantity (without replacement) because WRP particles are fine slates (less 

than 0.1mm thickness), which is finer than fine aggregate in, and close to 

cement particle size. Adding WRP without replacement has been concluded 

since WRP has no cementitious properties.  

To investigate the impact of WRP on thermal conductivity of concrete, a 

six trial mixes are designed based on ACI-211.1, the first was the reference 

mix where no WRP has been added and the other mixes by adding 5% to 

25% as a percentage of the cement quantity in 5 steps. 

The quantities for one cubic meter of normal concrete M30 are shown in 

Table 1 
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Table 1: Quantities For One Cubic Meter Of M30 (Kg/M

3
) 

 

 0% 5% 10% 15% 20% 25% 

OPC 380.15 380.15 380.15 380.15 380.15 380.15 

Water 205 205 205 205 205 205 

Gravel  1000 1000 1000 1000 1000 1000 

Sand 805 805 805 805 805 805 

WRP 0 19.0075 38.015 57.0225 76.03 95.0375 

 

Samples were prepared in the form of a set of 6 cubes (150*150*150mm) 

for each mix, followed by curing in a water bath for 28 days. 

For each mix, samples were tested for thermal conductivity one side and 

double-sided test in addition to compressive strength according to BS EN 

12390-3. 
 

3  Results and Discussion 
 

After 28 days, a thermal conductivity test was performed on the samples 

using a hot disk device; the test was done in two methods one way and two 

way for all samples. The results are shown in Table 2. 
 

Error! Reference source not found.: Thermal Conductivity Results 

 
Sample ID Thermal Conductivity 

(W/m.K) 

Average 

(W/m.K) 

Standard 

deviation 
(W/m.K) 

0% 1.496 / 1.452 / 1.502 / 1.680 1.533 0.1008 

5% 1.363 / 1.399 / 1.395 / 1.394 1.388 0.0166 

10% 1.246 / 1.302 / 1.346 / 1.357 1.313 0.0504 

15% 1.212 / 1.235 / 1.293 / 1.318 1.265 0.0493 

20% 1.199 / 1.210 / 1.219 / 1.189 1.204 0.0130 

25% 1.171 / 1.141 / 1.163 /1.193 1.167 0.0215 

 

 

 

 

 



                                                                                                                  
 

 

 

 

The results, in general, are homogenous since the standard deviation of 

the results for all samples is 1-3% of the average except the reference mix, it 

shows 6% of the average. However, it still accepted, as it's less than10%. 

Moreover, the results highlight the close results for the two methods used for 

testing thermal conductivity weather one way or two wat test method; this 

gives the results high applicability and reliability. 

The behavior of the six mixes against the increase of the WRP is shown 

in figure 1, where it's evident to the reader that the thermal conductivity is 

decreasing significantly concerning the percentage of WRP, reference cube 

(0%) gave 1.533 W/m.k of thermal conductivity. In contrast, the other cubes 

with different % of WRP (5%,10%,15%,20%, and 25%) have decreased in 

thermal conductivity 1.38,1,313,1.264,1.204, and 1.167 respectively. The 

significant relationship is the main findings out of the research.  

The relationship tends to be linear as per Figure 2, where most of the 

pints are close to the trendline, in addition to the high degree of correlation 

between the percentage of WRP and thermal conductivity. The deviation 

from the trendline is pronounced at the first and last points. 

 

 
Figure 1  % Of The Change In Thermal Conductivity Vs %WRP  

 

 The justification of nonlinear trend is that adding WRP is a more 

heterogeneous microstructure of the cubes. Therefore, the hot disk is placed 

in 4 different places between the two samples of the same percentage of 

WRP, and the average thermal conductivity was taken into account. 

The main justification of the decrease of the thermal conductivity that the 

WRP start to form barriers and thermal obstacles of the heat transfer among 

coarse aggregate where the higher thermal conductivity. Consequently, as 

these barriers are increasing eventually, the thermal conductivity would 

decrease. 
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The explanation of the decline of the thermal conductivity is significant 

because of that the WRP is working as insulation for the for coarse aggregate 

resulting in the form of reducing the thermal conductivity. 
 

3.1 Side Effects of WRP 
 

It's expected that adding WRP would increase the thermal conductivity 

of the concrete mix, which is very helpful environmentally and 

economically. On the other hand, the results of adding WRP has led to 

affecting some other properties of concrete; in this line, authors will discuss 

two of them. The first factor is the density of concrete where it demonstrates 

a remarkable decline in the design as od adding more the percentage of 

WRP. The decrease is directly proportional between the percentage of WRP 

and the density, as shown in Table 3. Optimistically, the decline would be 

resulting in less unit weight concrete where it affects getting rid of the high 

self-weight of concrete members. Pessimistically the density in somehow is a 

function of other essential properties of concrete, particularly the 

compressive strength. 

The mechanism of decrease that WRP has increased the pores inside the 

cubes due to its inconsistency with the concrete components (water, sand, 

cement, and gravels), where air voids which have to be filled with concrete 

now are filled with WRP less density than other components of the mix. The 

result showed that the dry density values of the cubes, which resort to go 

down with increasing of WRP in the concrete mixture because this additional 

material is lower density than other concrete components. 
 

Table 2: Density Of Each Cube (Kg/M
3
) 

 

WRP% Density 
 (kg/m

3
) 

0% 2450.074 

5% 2408.889 

10% 2389.333 

15% 2302.519 

20% 2283.852 

25% 2274.963 
 

 

 

 

 

 



                                                                                                                  
 

 

 

Another side effect is the impact of adding WRP on the compressive 

strength of concrete. It's been concluded that adding WRP would lead to a 

significant adverse impact on the compressive strength of concrete. Figure 2 

shows the behaviour of concrete in term of compressive strength of concrete 

with respect to WRP percentage. The curve shows the inverse relationship 

between the percentage of WRP and compressive strength of concrete, the 

decline in compressive strength starts early till 20% of WRP where no 

difference between 20% and 25% mixes. As we all know that the 

compressive strength of concrete depends on the crushing strength of the 

coarse aggregate and the bonding of components represented by the cement 

mortar. It was expected that WRP would decrease the compressive strength 

for many reasons, but mainly because of that, WRP would weaken the mortar 

bond between aggregate. Hence, the WRP encloses coarse aggregate the 

mortar bond continues falling down and then the compressive strength 

decreases. The previous studies support this finding out. 

 

 

 
Figure 2: Compressive Strength Vs %WRP 

 

4 Conclusion 
 

Overall, the main goal of this research is to improve the thermal 

conductivity by adding WRP has been achieved.  Furthermore, adding WRP 

in the concrete changed some other properties which expected before in the 

previous study about adding recycled material to the concrete mix. 

Therefore, it concluded that: 
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• WRP has an inverse relationship with thermal conductivity. 

• Adding WRP has decreased the thermal conductivity from 1.38775 W / 

m.k in 5% to 1.167 W / m.k in 25%. 

• WRP decreased the thermal conductivity because it considered as an 

insulation material. 

• The preferable sample was the cubes with 20% of WRP additives while 

it gives the highest percentage of change in the thermal conductivity; it 

decreased by 23.85% compared with the reference cube. 

• The resulted concrete can be used in non-structure concrete as the 

compressive strength is not suitable for structural members. 

• It is recommended to use WRP sheets to mix with the concrete and give 

more homogeneous mixtures So that the best results come out. 

It is also recommended to use WRP as it has proven effective in 

economically reducing thermal conductivity (as this material is characterized 

by a little cost that is almost non-existent). Likewise, from an environmental 

perspective, with the accumulation of these materials, they cause significant 

damage to the environment. Therefore, it is useful to use WRP and get rid of 

this waste material relieving environment of them. They are also available in 

many countries and are easy to obtain. 

 

5 Future Work 
 
  This research can be improved in the future by: 

• Modifying the mix to reach a concrete mix which is suitable for 

structural concrete where the compressive strength is 30 kN/m2, this can be 

done by additives that increase the strength or even lowering water/cement 

ration. 

• Study of the effect of WRP on cement plaster in term of thermal 

conductivity which would save the energy lost through walls. 

• According to the results of the experiment, this research is likely to be 

developed by testing and discussing the effect of adding WRP on the ability 

of concrete to absorb water. 
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