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Abstract- The objective of this research is to investigate the effectiveness of using waste plastic as fine aggregate replacement 
in concrete mixtures. The compressive and tensile strengths of various concrete specimens were tested to determine how the 
incorporation of recycled plastic as a replacement fine aggregate would affect the development of strength in the mixes. Six 
mixes were compared at replacement increments of 0%, 10%, 20%, 30%, 50% and 100%. All stages of plastic replacement 
showed a noticeable decrease in compressive strength. The 10% replacement level only showed a 15% loss of compressive 
strength at 28 days compared to the control. Despite being much weaker in compression, the tensile strength test showed that 
the 10%, 20% and 30% replacement increments were stronger in tension compared to the control. An additional test was 
conducted to determine whether the plastic aggregate would change the heat absorption and heat transfer of the concrete. This 
test showed noticeable difference between the test samples and the control. The 10%, 20% and 30% replacement mixes 
showed a significant decrease in heat absorption, and a minor decrease in heat transfer through the test slab. 
 
Index Terms- alternative recycling methods, green concrete, plastic, sustainable building materials. 
 
I. INTRODUCTION 
 
Concrete, one of the most common construction 
materials, requires a large amount of natural resources 
and energy. Natural resources used in concrete 
mixtures include lime stone, clay, sand, natural gravel, 
crushed stone, and water. With the rapid development 
in urban areas around the world in the recent years, our 
natural resources are depleting in an ever-increasing 
rate. 
Therefore, it is necessary to develop a new material 
that consumes less natural resources and energy in 
order to make our construction methods more 
sustainable. Many efforts have been made to study the 
use of waste/by product materials, such as fly ash, slag, 
silica fume, and natural pozzolan, to replace portland 
cement in a concrete mixture [1-6]. 
 
Others [7-12] 
studied effects of plastic in concrete mixtures as 
aggregate replacement on material properties.While 
the previous studies showed potential advantages of 
using plastics in concrete (e.g., light weight and low 
energy consumption), 
they also reported some disadvantages, such as 
decreases in compressive strength and flexural 
strength of plastic concrete mixtures with the increase 
of the plastic ratio in the mixtures. Furthermore, 
material properties of plastic concrete mixtures may 
vary depending on the type of plastics that is used in 
the mixtures. For this reason, it was of interest of this 
research to study effects of one type of plastics, 
high-density polyethylene (HDPE), on concrete 
properties. This paper investigated the application of 
HDPE plastic on partial/full fine aggregate 
replacement for concrete mixtures.  

II. EXPERIMENTAL PROGRAM 
 
A. Material Preparation 
Concrete materials used in this study included type I 
portland cement, river sand, ¾ inch crushed 
limestone,and water. Both sand and crushed limestone 
used in this study conformed to ASTM C33 [13] 
 
for concrete aggregates as fine and coarse aggregates. 
HDPE was selected as the plastic for fine aggregate 
replacement in this study. The purpose for the 
experiment was to determine how best to incorporate 
construction waste materials back into concrete saving 
both energy and reducing the need to discard plastic 
waste into landfills. The experiment began by finding 
the gradation of the fine aggregate owing to that the 
gradation of sand could provide a baseline for the 
desired incorporation of recycled HDPE plastic as a 
fine aggregate replacement option.Sieve analysis was 
performed on a river sand sample to determine its 
gradation. The gradation test was conducted in 
accordance with ASTM C 136 [14], 
 
 and the results can be found below in Table 1. Initially, 
the goal was to mimic the sand gradation with the 
plastic gradation exactly; however, after a sieve 
analysis of the pulverized HDPE plastic was 
completed, this was deemed impracticable. As seen in 
Figure 1, the pulverized HDPE plastic has a much 
finer gradation than the sand. To accurately replace the 
gradation of the sand with the plastic, all of the plastic 
would have had to been sieved, weighted, and then 
remixed at the correct ratios. This process would have 
resulted in a lot of wasted plastic, which would have 
been counterproductive to the green initiative this 
project intended to propose. 
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Table 1: Sand gradation 

 
 

 
Figure 1 Gradation of sand and HDPE plastic 

 
Further analysis of the pulverized plastic revealed that 
the plastic retained on the #8 sieve and larger was flat 
and elongated. Therefore, these sizes were disregarded, 
collected and re-pulverized. The increased surface 
area from the strips would have caused a 
destabilization of the concrete mixture. Also the 
elongated strips would have incorporated slick 
surfaces within the concrete, which could prevent the 
cement from properly adhering to the aggregate. After 
removing the flat and elongated pieces, another sieve 
analysis was performed, and the results can be found 
in Table 2. 
 

Table 2: Plastic gradation from pulverization 

 

 
In order to compensate for the removal of the #8 sieve 
size and above, and to model better the initial 
gradation of the sand, HDPE plastic pellets were 
added to the pulverized plastic. The quantity of pellets 
added was based on the original gradation of the river 
sand. The design gradation determined for the tests 
can be found in Table 3.The percent of pellets added to 
the plastic was based on the percent retained on the #4 
and #8 sieve of the sand, i.e., the percent retained on 
the #4 and #8 sieve from the sand gradation (Table 1) 
equals the percent retained on the #8 sieve for the 
plastic (Table 3).  
 

Table 3: Plastic gradation used in mix for design 

 
 

B. Mix Design 
Using the aforementioned materials, mix proportions 
for one control mix and five experimental mixes were 
created. The control mix was designed with a 0.5 
water to cement ratio. The mix design was determined 
so that a reasonably concrete strength would be 
achieved to adequately determine the strength 
degradation induced by the increasing quantity of 
plastic. The experimental sample mixes utilized the 
same mix design with the exception of the fine 
aggregate. Mix designs for the control mix and the five 
experimental mixes with varying fine aggregate 
replacement levels are shown in Table 4. 
The water content of the actual batch weight was 
adjusted to account for the absorption of the 
aggregates. For the HDPE plastic, due to the 
susceptibility of plastic to heat, an absorption 
testrequiring heating samples in an oven was difficult 
to perform. Based on the manufacturer specifications, 
the HDPE plastic had an absorption between 0% and 
0.1%. Therefore, for the purpose of this experiment, it 
was assumed that the HDPE had no absorption. 
Recycled white HDPE plastic resin was used for the 
experiment to amplify the potential reflectivity of the 
concrete. The HDPE plastic replaced the sand by 
volume. As mentioned previously, both the HDPE 
plastic and the sand were in a state of 0% absorption. 
Therefore, as the volume of sand was reduced and 
plastic added, the water content in the sample mixes 
did not need to be adjusted. 
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Table 4: Mix proportions (kg/m3)of the control and sample 
mixes 

 
 

C. Test Procedures 
After the concrete mixtures were properly mixed, the 
temperature of the batch was recorded. Then the air 
content was determined using the pressure method in 
accordance with ASTM C231 [14]. Also, the slump of 
each concrete mix was measured according to ASTM 
C143 [15]. Seven 100 mm(diameter) x 200 mm 
(height) cylinders and one 305 mm (width) x 305 
mm(length) x 25 mm(thickness) slab were produced 
for each mix. Cylinder specimens were made 
following ASTM C31 [16]. The cylinders were used 
for compression and tension tests, and the slab was 
used for testing the heat absorption of the control and 
experimental samples. The specimens were initially 
cured for twenty four hours and then placed in a water 
tank and cured for twenty seven days. Two cylinders 
were broken at seven days, fourteen days, and twenty 
eight days following ASTM C39 [17]. The splitting 
tensile strength was measured with the last cylinder. 
The cylinder was cut in half and the splitting tensile 
strength was performed on both specimens. The slabs 
were initially cured for twenty four hours and then 
removed from the molds and placed in a water tank for 
twenty seven days. For testing, the slabs were placed 
on a concrete floor. 250 watt heat lamps with reflectors 
were placed one foot above the slab. The lamps were 
run for seventy five minutes. The temperatures were 
measured on the front and back every fifteen minutes 
with an infrared heat gun. 
D. Results and Discussions 
Table 5provides the results of the fresh concrete tests. 
Due to its light weight property, the plastic aggregate 
caused a reduction in the unit weight of the concrete. 
The concrete showed a resistance to compaction, or 
more appropriately stated, the concrete would only 
remain compacted temporarily. Immediately after the 
concrete was rodded or vibrated the plastic acted like a 
spring. The plastic expanded in order to alleviate the 
internal stress induced by the compaction, and the 
expansion, in turn, created an increased air content 
within the concrete. Furthermore, the slump tests 
proved futile. Since the plastic caused expansion 
within the concrete, the slump test could not be 
considered an indicator of potential workabilityof the 
concrete with plastic as partial/full fine aggregate 
replacement. In the case of the 100% replacement 
sample, the slump cone grew in size, hence a negative 
slump valuewas recorded. Although the slump for the 
control and 10% replacement was very low, the actual 
condition for the control and 10% replacement 

samples wasconsidered workable. The mixes with 
plastic replacement levels beyond 10% showed 
significant loss in workability. Especially, for the 50% 
and 100% replacement levels, the mixesshowed lost 
cohesion and exhibited unworkable conditions. The 
measured temperatures for all samples were 
comparable. 
 

Table 5: Fresh concrete properties of test specimens 

 
 

Table 6 and Table 7 show the compressive strength 
and strength loss of test specimens, respectively. 
Results showed a significant variation in the strengths 
of the concrete samples. As the percentage of plastic 
replacing the sand increased, the compressive strength 
of the concrete decreased.At 10% replacement of the 
fine aggregate with HDPE, the strength of the concrete 
decreased by approximately 15%. Likewise, at 20% 
replacement, over 30% of the compressive strength of 
the concrete was lost. The 50% and 100% replacement 
samples lost cohesion and suffered from extreme loss 
of compressive strength. Additionally, both samples 
were found to be pervious. This was likely due to the 
unusual shape of the HDPE aggregate and the 
excessively high air content. The 28 day compressive 
strengths for the 30% plastic replacement sample 
turned out to be unusually weak. The reason for this 
anomaly was uncertain and warranted further 
investigation. The most likely explanation was that the 
cylinders broken at 28 days were poorly compacted or 
otherwise flawed, and these internal flaws caused the 
cylinders to break prematurely. It would be highly 
unusual for a 28-day compressive strength to be below 
the 7-day and 14-day compressive strengths for the 
same batch of concrete. 
 

Table 6: Compressive strength of test specimens 
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Table 7: Compressive strength loss 

 
 

The split-cylinder testsshowed a different result as 
compared to that of the compression tests, i.e., the 
compression tests showed a loss of strength with the 
increase of plastic while the split-cylinder tests 
showed the opposite. As can be seen in Table 8, the 
control batch was weaker in tension than the 10%, 
20% and 30% replacement mixes. Even the 30% 
replacement mix which was over 50% weaker in 
compression vs the control mix, was 2% stronger in 
splitting tensile strength. It appeared that the addition 
of HDPE plastic caused fundamental changes the way 
that concrete behaved. It was likely that the inherent 
stringiness of the plastic (a byproduct of the 
shredding/pulverizing process) provided internal shear 
and tensile reinforcement. The plastic behaved in a 
similar fashion to the way steel and synthetic fiber 
reinforcement fortified the concrete inhibiting the 
spread of cracks and fractures. Determining the 
optimum level of plastic replacement of the fine 
aggregate to attain the greatest tensile strength would 
require additional research and testing. The optimum 
amount of plastic cannot be directly interpolated 
because the tensile strength is dependent on two 
distinct variables: the compressive strength of the 
concrete and the amount of plastic in the mix. 
Additional study will be necessary to determine how 
each of the variables affect the tensile strength. 
 
Table 8: Splitting tensile strength of cylindrical test specimens 

 
 

There was a significant difference in the amount of 
heat absorbed by the concrete samples that 
incorporated plastic to replace the sand in the concrete 
mixture. Table 9 tabulates the difference in 
temperatures between the front and back surfaces of 
the concrete slab. Detailed temperature data measured 

during the testsare reported in Appendix. Results 
showed that the 10%, 20% and 30% aggregate 
replacement mixes absorbed heat at a slower rate as 
compared with the control. Furthermore, all of the 
sample mixes had a higher temperature differential 
between the front and back of the slabs compared to 
the control mix. The 50% and 100% replacement 
levels showed a much higher temperature differential 
compared to the other mixes, but they also absorbed 
much more heat than the other mixes. It is likely that at 
these higher replacement levels, the higher air content 
in the concrete inhibited the transfer of heat through 
the slab. Additionally, at the 50% and 100% 
replacement levels, the plastic was visible on the 
surface of the slabs. It is possible that the plastic on the 
surface absorbed a large percentage of the heat, 
preventing its ability to pass through the concrete slab. 
 

Table 9: Temperature differentials measured from thermal 
conductivity tests 

 
 

CONCLUSIONS 
 
The following conclusions can be drawn from this 
research study: 
1. The temperature of the fresh concrete containing the 
HDPE plastic was comparable to that of the ordinary 
concrete.  
2. The air content of the test samples increased with an 
increase in the percent replacement. The increase in air 
content was more significant when the percent 
replacement is greater than 30%. 
3. Owing to the expansion caused by the HDPE plastic 
within the concrete, the slump test results could not be 
used as an indicator for the workability of concrete 
containing the HDPE plastic used in this study. For the 
materials used in this study, the workability of 
concrete decreased significantly for specimens with 
the plastic replacement level greater than 10%.  
4. As expected, the unit weight of concrete decreased 
with an increase in the percent replacement owing to 
the light weight property of the HDPE plastic and the 
increase of air content due to the plastic replacement. 
5. As the percent replacement increased, the 
compressive strength of the concrete decreased.More 
than 50% strength loss was observed for specimens 
with the percent replacementbeyond 30%. 
6. The 10%, 20%, and 30% replacement samples 
exhibited higher splitting tensile strength than that of 
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the control sample. However, such increase was not 
observed for the specimens with percent replacement 
greater than or equal to 50%. The results suggested 
that a properpercentage of fine aggregate replaced by 
the HDPE plastic may be beneficial to tensile strength 
development. 
7. The increase in the percent replacement increases 
the air content of the HDPE concrete, inhibiting the 
transfer of heat through the slab. 
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