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Abstract. Waste product from polyethylene materials are non-biodegradable and they form the bulk of the 
materials been used today. This paper looked into how this waste product was recycled in to polypropylene 
grains of sizes <4.5 mm and used to partially replace fine aggregate in concrete. Sieve analysis was carried 
out on the recycled polypropylene waste. Reinforced concrete beams (600 mm x 150 mm x 200 mm) and 
concrete cubes (150 mm x 150 mm x 150 mm) were made from the mixture of the recycled material at dif-
ferent percentages of 0%, 4%, 8%, 12% and 16%. The beams were subjected to bending moment test, while 
the cubes were subjected to compressive strength test. Results revealed that 43.71% of polypropylene grains 
passed through the 4.75 mm sieve. The compressive strength of the 4% mixture was 16.28 N/mm2 while the 
control was 19.07 N/mm2. The bending moment test showed that the control mix has the highest value of 
14.70 kNm, while the 12% and 16% has the lowest value of 8.40 kNm each. Deflections in the polypropylene 
mixes were generally higher than the control. The work concluded that recycled polypropylene grains can be 
used as partially replacement of fine aggregate in concrete at below 4% replacement.
Keywords: polypropylene grains, polyethylene, bending moment, recycling, fine aggregate, deflection, sieve 
analysis.

Corresponding author:
J. O. Akinyele E-mail: joakin777@yahoo.com

Introduction

The abundant and availability of petrochemical pro-
ducts has made the use of these materials very popular 
all over the world. These products are used as packages 
in the food industry, chemical and allied industry, and 
in the packaging of other useful goods.

The amount of polypropylene materials from 
petrochemical products consumed annually has been 
growing steadily due to user friendly properties (low 
density, strength, durability and low cost) of the ma-
terials. The world’s annual consumption of polymer 
materials has increased from around 5 million tonnes 
in the 1950s to nearly 100 million tonnes today (Firat 
et al. 2009). After usage, these materials are disposed 

off, and the materials are almost non-degraded in the 
natural environment even after a long period of expo-
sure. This has led to poor waste disposal, especially in 
some developing countries of the world.

Recycling of waste materials has been encour-
aged in the last decade by the World Health Organi-
sation (WHO), and other concerned organisations, 
especially in the protection of the environment from 
diseases that may results from poor hygiene. 

The improper disposal of these materials by burn-
ing, has contributed to the depletion of the ozone lay-
ers over a long period of time. Safe and efficient waste 
disposal is one of the major activities that improve the 
standard of environmental condition. Kallman (2006) 
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noted that in Hamburg, Germany alone, the city pro-
duces about 1.4 million tonnes, while in the United 
State of America, it produces 200 million tonnes of 
solid waste annually. A typical American generates 
waste on average of 2 kg of solid waste each day. Sev-
eral researchers have looked in to the possibility of re-
cycling all these waste products for the benefit of the 
environment, especially in the construction industry. 
Different waste materials have been reused with ce-
ment and concrete in order to reduce the negative ef-
fect of these waste products on the environment. 

Fly ash is a by-product of coal fired electric gen-
erating plant. It was used to partially replace Portland 
cement (by up to 60% by mass). The properties of fly 
ash depend on the type of coal burnt. In general, si-
liceous fly ash is pozzolanic, while calcareous fly ash 
has latent hydraulic properties (U.S. Federal… 2007). 
Mineral admixtures are very fine-grained materials 
and are added to the concrete mix to improve the 
properties of concrete while blended cements are used 
as a replacement for Portland cement (Kosmatka, 
Panarese 1988). 

Some research has also been carried out in the 
use of fibre reinforced polypropylene (FRP) as alter-
native reinforcement to steel in reinforced concrete 
structures. Waste from polyethylene sachets were con-
verted to polypropylene rod by Akinyele and Olato-
mide (2012; 2014). The rod was used to replace steel 
in reinforced concrete façade, the work also looked at 
the effect of high temperature on the structural prop-
erties of the concrete façade, and the results obtained 
from both experiments were very encouraging. Ev-
buomwan (2013) investigated the bending moment 
behaviour of normal and high performance concrete 
beams with Glass Fibre Reinforced Plastics (GFRP), 
he concluded that using GFRP in high strength con-
crete beams showed a good promise, but the bond as-
pect as well as the challenge of the low modulus of the 
GFRP rods needs to be addressed.

Babafemi and Boshoff (2013) also looked at the 
time dependent behaviour of pre-cracked polypropyl-
ene fibre reinforced concrete (PFRC) under sustained 
loading, the work concluded that at certain percentage, 
the specimen showed stable response to loading after 
four months. The crack formation in fibre reinforced 
concrete beams containing longitudinal reinforcement 
was also investigated by Vandewalle and Parmentier 
(2010), the research compared estimated crack width 
results from Dupont (2003) work with physical model 

that was developed in the research, they concluded 
that the Dupont calculation slightly underestimate the 
experimentally measured crack widths for steel fibre 
reinforced concrete while there was an overestimation 
for macro-synthetic fibre reinforced concrete.

The main aim of this study is to assess the qual-
ity of concrete produced with polypropylene waste as 
partial replacement of fine aggregate with a view to 
establishing areas where such concrete can be effec-
tively used.

1. Materials, specimens and test methods

1.1. Polypropylene Waste Material (PWM)

The polypropylene waste material which consists 
of mainly, waste packaging material was collected, 
shredded and washed and then taken to a Polythene 
Recycling Plant, M/S Europlus Nig. Ltd. Sagamu, 
Ogun-State, Nigeria. The collected polypropylene 
waste material was heated in an industrial plant until 
the material becomes crispy and hard, this was then 
passed in mechanical blender and grounders which 
breaks it down into smaller grains. About 500 g of the 
grain sized polypropylene were sieved with a B.S. sieve 
of size 600 micron – 4.75 mm this was to determine 
the particle size distribution of the material. Figure 1 
showed the polypropylene grain sample.

1.2. Concrete batching

The batching of the concrete was carried out by weight 
at a mix ratio of 1:2:4 as follows:

 – For 0% replacement; 14.28 kg (Cement) + 28.57 
kg (Sand) + 0 kg (PWM) + 57.14 kg (Gravel) = 
100 kg (Concrete).

 – For 4% replacement; 14.28 kg (Cement) + 27.42 
kg (Sand) + 1.14 kg (PWM) + 57.14 kg (Gra-
vel) = 100 kg (Concrete).

Fig. 1. Polypropylene grain sample
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 – For 8% replacement; 14.28 kg (Cement) + 26.28 
kg (Sand) + 2.28 kg (PWM) + 57.14 kg (Gra-
vel) = 100 kg (Concrete).

 – For 12% replacement; 14.28 kg (Cement)  + 
25.14 kg (Sand) + 3.52 kg (PWM) + 57.14 kg 
(Gravel) = 100 kg (Concrete).

 – For 16% replacement; 14.28 kg (Cement)  + 
23.99 kg (Sand) + 4.57 kg (PWM) + 57.14 kg 
(Gravel) = 100 kg (Concrete).

1.3. Water-cement ratio

For the fact that water-cement ratio influences the 
strength of concrete, care was taken in the selection of 
suitable water-cement ratios to be used in the trial mix, 
taking into account the nature of aggregate. Test sam-
ples were first prepared, a water-cement ratio of 0.75 
was settled for because all other water ratio does not 
give proper mix that is required due to poor workabi-
lity, this can be attributed to the nature of the polypro-
pylene grain that is fluffy and dry, the polypropylene 
grains attracted some water molecules to it in order 
to become wet, the fluffy nature of the grains allowed 
more void within the concrete mix, and more water is 
required to fill this void hence a higher water cement 
ratio.

1.4. Compressive strength test

Compressive strength is the most important property 
of concrete that is used to assess the quality of concrete, 
(Neville, Brooks 2002), the cube samples were subject-
ed to compressive strength test in accordance to the 
appropriate British Standards. The crushing machine 
used for the test was the Universal Testing Machine 
(Okhart Digital Machine, OK 600 kN, 2012 model) in 
the laboratory of the department of Civil Engineering, 
Federal University of Agriculture, Abeokuta, Nigeria. It 
was used to determine the crushing load. The machine 
applied load axially on the cube specimen at constant 
rate until a minimum load which corresponds to the 
ultimate compressive load was recorded as the failure 
load for that cube. The compressive strength of each 
cube was then calculated.

1.5. Preparation of beam samples

Fifteen sets of concrete beams with size 600  mm × 
150  mm × 200  mm were produced, the beams were 
reinforced using 4 number 12  mm diameter – high 
yield steel bars, with two bars each at the top and bot-

tom of the beams respectively, also, 6  mm diameter 
bar was used as stirrup at 150 mm centre to centre. 
First three sets of concrete beams were prepared using 
cement, sand and coarse aggregates which served as 
the control sample, while the other sets consists of 
cement, coarse aggregates, and a varying percentage 
of fine aggregate-polypropylene (i.e., at 4%, 8%, 12% 
and 16%) as a partial replacement for sand. For each 
percentage substitution of PWM 3 beams were cast for 
the mix. All beams cast for these mixes were labelled 
C1, C2, C3, C4 and C5. The preparation of the samples 
was carried out in accordance to the relevant British 
Standards such as BS 1881 part 116. The samples were 
removed from the mould after 24 hours and allowed 
to cure for 28 days when the concrete was expected to 
have attained it compressive strength. 

1.6. Bending moment, deflection and crack  
width determination

The U.T.M was used to determine the failure load of 
the beam samples; the single point load was applied 
axially on the beam sample at constant rate until a ma-
ximum load which corresponds to the ultimate failure 
load was recorded for the beams. The deflections at the 
constant rates were also recorded until failure, crack 
width and crack length was measured at failure load 
and estimated crack width at failure was also deter-
mined using Eq. (1) from BS 8110 (2001), while the 
bending moment of the beam samples was obtained. 
Figure 2 showed a sample beam in the machine:
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2. Results and discussions

2.1. Sieve analysis results

The results showed that 43.71% of the polypro-
pylene grains passed through the 4.75 mm sieve size, 
23.43% passed through the 2.36  mm diameter sieve 
size, while 0.01% passed through the 150 micrometer 
sieve size (Fig.  3). The coefficient of uniformity (Cu) 
and curvature (Cc) was 8.46 and 0.16 respectively; this 
can be classified as a well graded material, according 
to ASTM D2487:06. And this showed that the material 
can be used as partial replacement for fine aggregate 
in concrete since the standard size for fine aggregate 
in concrete is 4.75 mm or less.
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2.2. Compressive strength test result

The mass of each cube was measured after 28 days 
and the compressive strength was also obtained, there 
was a general reduction in the compressive strength 
of concrete cubes as sand was been replaced with po-
lypropylene materials, the same trend was observed in 
the mass of the cubes. Figure 4 showed the compres-
sive strength result while Figure 5 showed the change 
in mass of the concrete cubes as polypropylene grain 
was added to the mix. The reduction in compressive 
strength with increasing in the amount of polypropy-
lene grains can be attributed to the tiny voids created 
within the concrete matrix by the presence of the flu-
ffy polypropylene grains, these voids were filled with 
water when the concrete was wet, and this also contri-
buted to the high water cement ration of 0.75 that was 
used and the eventual low cube strength of 19.07 N/
mm2 obtained for the control sample. After the con-

crete has attained its 28 days characteristics, the tiny 
voids created act as weak points within the concrete 
matrix. The reduction in weight of concrete cubes with 
increase in the polypropylene grains was as a result of 
the voids created within the concrete matrix and the 
specific gravity of the polypropylene grain which is 
0.73, compared to that of river sand which is approxi-
mated to be around 2.8. The result for the 4% replace-
ment is very close to the 0% which is the control. These 
are the encouraging results for the partial replacement 
of fine aggregate in concrete. 

2.3. Bending moment 

When any structural concrete element is subjected to 
bending moment, a portion of the element is in ten-
sion while another portion will be in compression. In 
reinforced concrete structures, the entire tensile for-
ce is resisted by reinforcements and compression by 
concrete. As further load is applied to the concrete 
structures higher stresses are developed between the 
concrete matrix and the reinforcement, and cracks 
will start developing, after cracking of the concrete 
section, the structure continues to behave elastically, 
provided the stress in the steel is below the yield point 
and compressive stress in the concrete does not exceed 
the bond strength between the reinforcement and con-

Fig. 2. Beam under load

Fig. 3. Grain size distribution for polypropylene grains

Fig. 4. The 28 days compressive strength result

Fig. 5. Mass of concrete cubes at 28 days



crete. Basically the ability of any concrete structure to 
provide enough resistance to the effect of external load 
without destabilization within the concrete section is 
known as it rigidity or stiffness. The results from Figu-
re 6 showed that the beam without any polypropylene 
grain has a bending moment of 14.70 kNm, the 4% re-
placement with polypropylene grains has a moment of 
13.50 kNm, the 8% replacement has 12.90 kNm while 
both the 12% and 16% replacement has the same va-
lue of 8.40 kNm, it can be observed that the higher 
the replacement the lower the bending moment in the 
reinforced concrete beams. This can be attributed to 
the presence of the fluffy polypropylene grains in the 
concrete structures, the polypropylene reduced the 
stress developed within the concrete matrix because it 
could not properly mix with the concrete matrix due 
to it insolubility nature and low density when compa-
red to the other materials that made up the concrete. 
The bond strength between the concrete and reinforce-
ment is reduced as the replacement increases because 
the polypropylene grains encourage slippery contact 
between the surface of reinforcement and the concrete. 
The results between the control and 4% replacement 
are very close, hence partial replacement of fine aggre-
gate with polypropylene grains at any percentage lower 
that 4% should be given a good consideration.

2.4. Deflection of beams

Deflection in beam will occur when the bending 
moment rigidity of the structure is exceeded, the 
structural member responds to increasing loads, the 
stiffness is maintained within the elastic limit, if the 
loads were remove at this stage there is the tendency 
for the beam structure to revert back to it pre-loading 
period, but whenever the elastic limit is exceeded the 
concrete will loss it stiffness and it will never recover it 
preloading stage again. The results from Figure 7 sho-
wed that the control sample has the highest stiffness, it 
failed at 98 kN and the final deflection was 3 mm, both 
the 4% and 8% replacements has the highest deflection 
of 10 mm but failed at 90 kN and 86 kN respectively, 
this implies that both samples were able to resist the 
external load for a long period, but the stress generated 
within the concrete matrix was very high before the 
final failure of the structures, this high stress is as a 
results of reductions in the internal bonds between the 
concrete particles due to the presence of the fluffy po-

lypropylene grains, the presence of these grains incre-
ased the elastic properties of the beams, hence the very 
high deflection recorded in both sample. The 12% and 
16% replacements both failed at 56 kN, but deflected at 
6.3 mm and 3 mm respectively, this two samples could 
not generate high deflection because they both failed 
earlier than the other concrete replacements, the bond 
within these concrete materials was too weak to resist 
the impact of the external load, as a result of the excess 
number of polypropylene grains which also contri-
buted to the increase in plasticity of the two beam 
samples. The 12% mix deflected more than the 16% 
mix because the stress generated within the concrete 
section is higher than the 16% sample, the concrete 
was able to hold it bond together for a longer time. 
The general nature of all the curves obtained in Figure 
7 confirmed the fact that concrete is ductile, and it can 
be classified as an elastoplastic material. Such material 
behave in an elastic manner until the elastic limit is 
reached after which they behave plastically (Megson 
2002). 

Fig. 6. Bending moment of beam samples

Fig. 7. Deflection of all samples
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2.5. Crack formation

Members subjected to bending generally exhibit a se-
ries of distributed bending moment cracks, even at 
service load. These cracks are harmless and can not 
cause any damage to the structure unless the widths 
become excessive (Mosley et  al. 1999). Excessively 
wide cracks can be unsightly and spoil the appearance 
of an exposed concrete surface. They can allow the in-
gress of moisture and accelerate corrosion of the rein-
forcement and durability failure. In exceptional cases; 
they can reduce the contribution of the concrete to the 
shear strength of a member (Gilbert 2001).

The crack widths for the specimen are shown in 
Table 1. The results showed that the control sample 
has the lowest crack width of 0.59 mm at failure load, 
but the crack length was 23.67 cm, the crack formed in 
this beam sample is an enhanced shear crack (Fig. 8), 
this is because the cracks originated from the support, 
as the load is increased, the cracks continue to move 
towards the direction of the point load, this phenom-
enon continued until the beam finally failed. At the 
point of failure, the machine was stopped from further 
loading and the crack width was measured using a 
digital veneer caliper of sensitivity up to 0.01 mm. All 
the beams with polypropylene grains exhibit Bending 
moment crack pattern, the crack originated from the 
middle of the beam, and spread toward the point load, 
while at a point some of the cracks started moving to-
wards the support before the failure load was attained, 
Figure 9 showed the crack patterns for the beam sam-
ple with polypropylene grains. The 16% replacement 
has the highest crack width of 7.46 mm, followed by 
the 8% and 4%, with crack width of 5.17  mm and 
2.28 mm respectively. 

The impact of the polypropylene grains can be ob-
served in the crack width formation of all the samples 
with partial replacement of fine aggregate, cracks can 
develop in concrete due to change in temperature, de-
flection of structural members, and excessive loading. 
The effect of bond strength within the concrete matrix 
can reduce the development of cracks, high strength 
concrete generally have low or sometimes do not 
show any crack characteristics because of the strong 
bond between the concrete particles. But the presence 
of any external particles like the polypropylene grains 
tend to reduce this bonding, when such situation oc-
curs, the development of cracks are encouraged. From 
the results in Table 1, the crack width increases as the 
percentage of polypropylene grains increases. 

The estimated crack width of the control sample 
was lower than the experimental crack width, this can 

be attributed to the fact that the estimated crack width 
equation was based on an ideal situation, although the 
difference between the two results are not much. But 
when this was compared to the samples with the poly-
propylene grains, the difference between estimated 
crack width and experimental crack width was very 
high, and this can be attributed to the fact that the 
presence of the polypropylene materials in the concrete 
matrix reduced the bonding strength in the reinforced 
concrete, since the concrete was to resist both com-

Fig. 8. Shear cracks in control beam (0% mix)

Fig. 9. Bending moment cracks in beam  
with polypropylene grains

Table 1. Crack properties of samples

Specimen Crack length 
(cm)

Crack width 
(mm)

Estimated 
Crack width 

(mm)

0% 23.67 0.59 0.21

4% 19.33 2.28 0.19

8% 25.50 5.17 0.18

12% 27.50 6.02 0.11

16% 23.67 7.46 0.11
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pressive and tensile stresses, the low bonding strength 
allow the easy disintegration of the concrete material 
when continuous load was applied to the samples, 
hence the very high experimental crack width expe-
rienced in the concrete with polypropylene grains.

Conclusions

Various tests were carried out on concrete samples 
containing recycled polypropylene grains that were 
used in the partial replacement of fine aggregate, it can 
be concluded that:
1. The compressive strength of samples decreases as 

the content of PWM increases in the concrete.
2. The mass of samples containing PWM as a partial 

replacement of fine aggregate is relatively low when 
compared with the control. 

3. The bending moment strength of the samples va-
ries invariably at different percentage replacement 
of sand with polypropylene. It was noticed that the 
samples has higher stiffness between 0% and 4% re-
placements but are less flexible at other percentage. 

4. The crack lengths of the samples also vary invariably 
with percentage replacements of sand with polypro-
pylene. The crack width of samples increases pro-
portionally with increasing polypropylene content.

5. The use of polypropylene grains as partial replace-
ment of fine aggregate at 4% and below can be pro-
posed for light weight concrete and structural mem-
bers that are not exposed to excessive loading, it can 
also be use for rigid pavement in road construction, 
but the abrasive properties of the concrete can be 
tested in order to determine the slippery characte-
ristic of the concrete surface when wet.
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