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ABSTRACT 
The project is a study of the use of recycled plastic in the form of granules to replace certain 
amount of aggregates in concrete. Concrete of various plastic proportions was tested to find 
the strength and workability curves. The aim is to optimise the substitution amount of 
plastic, based on strength and workability criteria of different proportions of substitution. 
Such concrete could be used for low strength applications; some of these being footpaths, 
slabs of foot over bridges, road fenders, support moulds and shallow foundations of 
electricity and light poles. Currently, for all the above applications conventional concrete is 
used, of which, only a part of its bearing capacity is utilised. The plastic substitute will save 
on the amount of aggregates used, while more importantly reducing plastic waste. There 
have been substitutions and additions in concrete mainly for increasing its strength, such as 
fibre reinforced concrete, but the proposed project focuses on utilising waste plastic which is 
an environmental concern. 

Key Words: Concrete, Recycled plastic, Slump, Compaction, Strength 

INTRODUCTION 
Recycled plastic can be obtained through 

various sources and in various forms1,5. 
Marzouk (2007) studied the use of consumed 
plastic bottle waste as sand-substitution 
aggregate within composite materials for 
building application. However, in the current 
study, PVC shreds were used as the plastic 
material. 

MATERIAL AND METHODS 
The measured quantities of concrete 

ingredients for one batch were poured out on 
the floor and hand mixed thoroughly while 
adding the measured quantity of water as 
needed. The mixed concrete was then poured 
through a frustum to measure the “slump”. 
This is a measure of the workability of 
concrete-how easily the concrete can be 
poured and spread, depends on this property. 
After the slump measurement, the concrete 
was poured into a cylinder of known weight 

(W kg) through the compaction measuring 
apparatus. This simple apparatus ensures free 
filling of concrete in the cylinder below. The 
cylinder with loosely filled concrete was 
weighed (W1 kg). Next, the concrete in the 
cylinder was compacted using a heavy rod by 
tamping several times, and more concrete 
was added as needed. The cylinder was again 
weighed (W2 kg). Using these weights, the 
“compaction factor” (C) was calculated. 

After compaction testing, cubes were 
cast and kept on vibration apparatus. The 
cubes were allowed to set overnight, and 
after 24 hours the set cubes were removed 
from their moulds and kept for curing in a 
water tank. The concrete was cured for the 
standard period of 28 days, after which the 
specimens were tested. 

Four different proportions were tested. 
10%, 15%, 20% and 25% by weight of total 
aggregates were replaced by plastic granules. 
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These quantities of coarse aggregates were 
adjusted and the quantities of fine 
aggregates, cement and sand were kept 
unchanged. These quantities were calculated 
using standard calculations for M20 grade of 
concrete using “Road Note No.4” method 
(Table 1). These quantities were calculated 

for three cubes of 150x150x150 mm, of each 
proportion. 

Testing involved loading the specimen 
under a Compression Testing Machine, 
which applies load hydraulically at a 
specified rate. Gradual load was applied till 
the break point was reached. The substituted 
concrete after failure can be seen in Fig. 1. 

Table 1: Calculated quantities of ingredients

 

 
Fig. 1: Substituted concrete after failure, showing internal distribution of plastic grains 

 
Control 

Specimen 
(M20) 

Test 1 
(10% 

substitutio
n) 

Test 2 
(15% 

substitutio
n) 

Test 3 
(20% 

substitutio
n) 

Test 4 
(25% 

substitutio
n) 

Cement (kg) 4.400 4.400 4.400 4.400 4.400 
River Sand 

(kg) 9.800 9.800 9.800 9.800 9.800 

10mm aggr. 
(kg) 7.000 7.000 7.000 7.000 7.000 

25mm aggr. 
(kg) 11.200 9.400 8.500 7.600 6.700 

Plastic (kg) - 1.800 2.700 3.600 4.500 

Water (l) 2.200 2.200 2.200 2.200 2.200 
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RESULTS AND DISCUSSION 
Slump 

The slump value increases with the 
proportion of plastic and in all cases is 
greater than the slump of the control 
specimen Table 2 and Fig. 2. This is due to 
the smooth nature of the plastic granules, 
which makes the concrete flow more easily. 

This shows increased workability of the 
substituted concrete. Choi et al. (2005) 
investigated the influence of polyethylene 
terephthalate (PET) bottles lightweight 
aggregate on the workability (slump) of 
concrete3. Batayneh et al. (2007) investigated 
the effect of ground plastic on the slump  
of concrete4.  

Table 2: Slump and Compaction Factor 

 Control 
Specimen 

(M20) 

Test 1 
(10% 

substitution) 

Test 2 
(15% 

substitution) 

Test 3 
(20% 

substitution) 

Test 4 
(25% 

substitution) 

Slump (mm) 120 140 180 200 200 

W (kg) 12.68 12.68 12.68 12.68 12.68 

W1 (kg) 23.94 23.34 23.30 22.52 22.08 

W2 (kg) 26.12 24.98 24.18 23.58 23.24 

C = (W1-W) / 
(W2-W) 

0.84 0.87 0.92 0.90 0.89 

 

 
Fig. 2: Slump Vs. Plastic proportion 
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Compaction 
The compaction factor increases with 

increasing proportion of plastic up to 15% 
substitution and decreases again up to 25% 

substitution. However, in all cases it is 
greater than the compaction factor of the 
control specimen Table 2 and Fig. 3. This 
also supports greater workability of the 
substituted concrete. 

 

 
Fig. 3: Compaction Factor vs. Plastic proportion 

 
Fig. 4: Strength vs. Plastic proportion 
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Strength 
This is the most important property 

of hardened concrete. The strength of the 
substituted concrete varies from 41.05% to 
55.48% of the strength of the control 
specimen Fig. 4. This strength can be 
increased by decreasing the water-cement 
ratio, which need not be so high for 
substituted concrete, owing to the already 
increased workability due to the plastic 
granules. 

CONCLUSION 
The substituted concrete yields better 

results than conventional concrete, in the 
fresh state. However, the strength after 
curing is found to be roughly half the 
strength of conventional concrete. Further 
experimentation with reduced water-
cement ratio for the substituted concrete 
needs to be carried out, to see its effect on 
the predicted increase in strength. The uses 
of such substituted concrete can be similar 
to those of rubcrete, a rubber substituted 
concrete2, for example, where vibration 

damping is needed, or resistance to impact 
is needed. 
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