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ABSTRACT

This study aims to analyse the effect of adding crushing recycled High-Density Polyethylene (HDPE)
residues to concrete mixtures as a partial substitute component for aggregates, with different volumetric
ratios (0%, 10%, 20%, and 30%), as well as the introduction of HDPE fibres in a fixed volumetric ratio
(1%) to help in flexural resistance, to evaluate the effect of these additives on the mechanical properties
of concrete. Concrete samples were prepared according to these ratios and subjected to destructive and
non-destructive tests, such as compressive strength, flexural, and impact load, in addition to examining
collapse patterns after the test. Preliminary results showed that when 30% of HDPE was added may
contribute to improved impact resistance, while leading to a decrease in compressive and bending re-
sistance compared with the reference mixture, which can be compensated by using appropriate metal or
chemical additives. Fibers have also helped to improve breakdown behaviour and reduce cracks. Visual
analysis of collapses and the pattern of cracks also showed that the introduction of HDPE into concrete
moves it from the traditional brittle state to the soft state, the higher its proportion in the mixture. In
order to improve the sustainability of the materials used in construction and lessen environmental pol-
lution brought on by plastic waste, the study suggests using the proportions of these materials that have
been investigated in non-structural or light structural applications.

Keywords: Plastic concrete, HDPE, Mechanical performance, Failure behaviour.

Asbong SSall £18) o ) (Aol Wy s Bale) il Gl
Dl b lgay)

2ol Lol dagall alla
A sy o) () Aeala ¢ Mgy 03l Auarigl A (dina) duavigh aud '

&

. \\“ UA A\A

B 0SS BlAll @lala ) aysa aladl) (HDPE) ) ‘?JLL Cnbdl ‘?Jj.\!\ Gl dilca) ):ﬁil Jalast P duyall o2
(%1) Al doans Doy 4 Cpliy) ‘_;‘5.\5\ uL;ﬂ Ji) el ‘(%303 %20 %10 ‘%0) Aalida drans ol c(.\S)ﬂ ‘9_‘1);
Glie acaad o3 L Ailwpall KK (aldll e clilay) oda ‘)..33?3 il aagy lldg ¢ eliaty) daglia & Glnadl 8ac Ll

Uasd ‘;! Z\ALA}IL\ ‘EA.AAS\ g8 g c&U;.'Nb Jarcall Z\.AjG.A Jia @mz BT 2\#}31 Qbhl;y Leliad )y el 03¢l fﬁé} Zgﬂ.u);

J Technol Res. 2025;3:258-267. https://jtr.cit.edu.ly
“Articles published in J Technol Res are licensed under a Creative Commons

Attribution-NonCommercial 4.0 International License.” m



mailto:s.alaud@elmergib.edu.ly

259

Alaud & Aljrpe

S5 Lt cprnall Aaglie Gt b aaly 38 cplli) sl (e %30 g of A5V ilal) cupgldd L HLas¥) aas 5lagd¥) Jalal
LY el LS L dalie L8La ol Aises clilia) dlasiuls lgcasgs (Ko iy celiniV)y Jadall daglie b (aliss) )
S Jle cpli) Sl dlia) of 5 Lalaly i LgDl (gpadl Jalatl) jglal . oaall ulitis g @lslis pans 6 Lial
o Aaaiiendl) slgal) Aalticd ety a8 L oy Lol Aull Lgalla ) Soadal) Aigl) Lgilla (e Lgliy Ailu ) )
& Ahall Cremd A gl sl Gad pladiad Auhall £ ASASW SLlal) e sl Sl Sl e aally ol

i) aalay) o) aslay) e el

eV gl ¢ SISl oY1 Y e il sl @SSl dlu A ;AN clals)

1. INTRODUCTION

With the ever-increasing amount of plastic
waste generated by industrial and consumer ac-
tivities, its management and recycling have be-
come one of the major environmental chal-
lenges of the modern era. Polyethylene is one of
the most widely used plastics in the world, used
in the manufacture of containers, bags, pipes,
and other products. Due to its slow decomposi-
tion in the environment, its accumulation signif-
icantly contributes to soil and aquatic pollution,
necessitating the search for effective and sus-
tainable solutions [1].

Among recent trends in sustainability is the use
of recycled plastic waste in concrete production,
either as partial replacement aggregates or in the
form of fibers to enhance certain mechanical
properties. Previous research has shown the po-
tential of using plastic aggregates or fibers to
improve impact resistance and reduce the self-
weight of concrete, but this can lead to reduced
strength and interfacial curing [2, 3].

Adding polyethylene to concrete in the form of
granules or fibers is a promising method for en-
hancing mechanical properties, such as impact
resistance, and reducing weight. Furthermore,
differences in the physical form of the additive,
whether granular or fiber, and the varying pro-
portions added, can significantly affect the per-
formance of the final material [4, 5]. Polyeth-
ylene has been used as an aggregate in concrete
in various ways and forms, and numerous tests
have been conducted to determine its effect on
concrete properties, which in many cases re-
sulted in a decrease. For example, when poly-
ethylene was added as a coarse aggregate, the
compressive strength decreased when an exces-
sive replacement ratio was used in concrete [6].
Hence, the importance of studying the effect of

these variables on the final properties of the
composite material.

This study aims to evaluate the effect of adding
granular of recycled polyethylene to concrete in
different volumetric ratios (0%, 10%, 20%,
30%) as a partial substitute for aggregates, in
addition to introducing fibers of the same mate-
rial in a volume ratio of 1%. A set of laboratory
tests will be conducted to determine the com-
pressive strength, flexural strength, and impact
resistance, in order to analyse the performance
of the modified mixtures compared to conven-
tional concrete. The study also seeks to deter-
mine the optimal proportion of polyethylene
that It strikes a balance between mechanical
performance and environmental impact reduc-
tion, enhancing the potential for the use of this
material in sustainable construction projects.

2. MATERIALS USED

CEM I 42,5R regular Portland cement was uti-
lized. Drinking water devoid of biological ma-
terials is used for the mixing process. Two types
of aggregates were used in this study: marble
granular, which is exported from Italy and has a
specific weight of 2.63 and an absorption rate of
2.02%, and fine aggregate (sand), which is local
and supplied from the city of Misrata with an
absorption rate of 0.355%. Both of these aggre-
gates fell within the bounds of the grain gradient
curve in the Libyan specifications of fine aggre-
gates (LNCSM49-2002) [7]. Sand made up
60% of the mixing rates for the two types of ag-
gregates, while gravel aggregate made up 40%.
The used polyethylene waste was supplied from
collection and recycling sites. Part of it was
ground into granules, which were then sieved
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and classified to sizes. The other part was man-
ually cut into fibers with lengths ranging from
38-42 mm, widths from 2-3.5 mm, and thick-
nesses 1.8 mm. Figure 1 shows the granules and
strips of the polyethylene used. A practical pro-
gram of four concrete mixtures with varying
percentages of polyethylene residues served as
a basis for the study .

Fig 1. HDPE granules and fibres used in mixes.

Various percentages of aggregates were substi-
tuted with polyethylene aggregates based on
their granular gradient, and material mixing ra-
tios were employed in accordance with the vol-
umetric equation of the mixes design. The fol-
lowing names were given to the mixtures: The
polyethylene-free reference mixture is denoted
by RO, whereas the other three mixtures CP10,
CP20, and CP30 contain an alternative to natu-
ral aggregates in the form of 10%, 20%, and
30% polyethylene aggregate, respectively. The
last three mixes also were supported by 1% per-
cent polyethylene fibers. the natural aggregates
were replaced partially with high-density poly-
ethylene (HDPE) granules, based on the grada-
tion of the natural aggregate particles. The mix-
ing ratios for each of the aforementioned mixes
are displayed in Table 1. The materials utilized
underwent a number of mechanical, physical,
and chemical tests.

Table 1. Types of mixtures and proportions of sub-
stances in the mixture kg/m?>.

Quantities

Mix HDPE | HDPE
Cement| Water |Aggregate T

RO | 350 | 183.7 | 1200.0 0.0 0.0

CP10, 350 | 169.2 | 1079.2 31.7 28.3

CP20, 350 | 168.6 | 960.0 57.3 28.3

CP30 350 | 167.7 | 840.0 85.9 28.3

3. METHODOLOGY

For the purpose of testing the compressive
strength at day of seventh and twenty-eight, a
total of 24 concrete cubes measuring 100 mm
were made, six for each mix. 32 cylinders meas-
uring 60 x 150 mm were made for the impact
strength test, eight for each mix. For flexural
strength testing at 28 days, 12 prisms measuring
100 x 100 x 500 mm were also made, three for
each mixture.

A mechanical mixer was used to completely
mix the ingredients dry. Water was then added,
and mixing continued until the necessary work-
ability was reached.

The fresh concrete was poured straight into the
molds and compacted using a mechanical vibra-
tor once the mixing procedure was finished and
the slump test was performed on all new con-
crete mixes. For a full day, it was kept at the lab
temperature (23+2°C) without any outside ef-
fects. The molds were taken out after a full day,
the samples were numbered to help identify
them, and they were submerged in water until
the test was done.

Cubic Samples Three cubes are removed
from each sample after a week of immersion
in order to conduct a compressive test on
them. The remaining samples are then re-
moved, dried, and their densities are deter-
mined after twenty-eight days. These cubes
are then subjected to the Ultrasonic Pulse
Velocity (UPV) test. Following the comple-
tion of the compressive test, this procedure
is repeated for all mixes. An Auto Test in-
strument from the global business ELE was
used to conduct the compressive test. The
load was applied to the cubic concrete sam-
ples at a rate of 140 kg/cm?2 per minute until
collapse, gradually and continuously. Pris-
matic samples The prisms were extracted 28
days after casting for flexural testing. Spec-
imens were mounted on a center-point load-
ing system, also from ELE, using an Auto
Test machine. Loading was gradually ap-
plied to the prisms until failure at a load rate
of 180 kg/min. This corresponds to a stress
rate of approximately 0.02-0.10 MPa/s.
Flexural strength results were recorded di-
rectly from the machine.
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3.1 Cylindrical samples

After 28 days, the cylinders for every mix were
taken out of the water curing process and dried
in preparation for impact testing. A modified
aggregate impact testing machine was em-
ployed to evaluate the impact of cylindrical con-
crete specimens. As seen in Figure 2, a steel ball
with a diameter of 61 mm was positioned in the
middle of the specimen, encircled by a die that
applied the impact load vertically while pre-
venting lateral movement. A weight weighing
13.5-14 kg as specified was dropped from 310
mm in height, and the number of blows needed
until the first crack showed up, signifying fail-
ure, was counted.

To accurately measure the crack width, a high-
resolution image of the surface cracks was cap-
tured using a Digi Micro Mobile (dnt) camera
with 100x500 magnification and 12-megapixel
resolution.

Counter to count—

Number of Blows |

;—Adjustable Stop
3 for Release
[LL]
= E

’,-—Li‘ﬂing Handles

Locking Pin for
Release Mechanism

—Base to Hold the
= o Ball in the Center

Y I —  Cylindrical Concrete
Hardened Steel Ball_ /JL’ L Spacemen (150 x 60 mm)
(61 mm di; ) \ —Base of the

- Max 310 mm -

¥ Machine

Fig 2. Modified Impact Device and Test Sample
Preparation: section (upper) and photo (down).

4. RESULTS AND DISCUSSION

4.1 Analysis of Results

The slump test was performed for all mixtures
immediately after mixing and the amount of wa-
ter was controlled in order to obtain the same
amount of the slump for all mixtures (70 mm).
This step comes to compare the strength of the
mixtures while excluding the factor of low
strength due to the increase in the percentage of
water in the mixture .

The hardened samples were tested after 7 and
28 days for compressive resistance and after 28
days for density calculation, UPV, bending and
impact testing. Table 2 displays the test find-
ings, which indicate that as the amount of poly-
ethylene in the combination increases, the ma-
jority of the characteristics decrease. This is at-
tributed to the fact that polyethylene is a light
and non-porous material, which reduces the
bonding between its components and the ce-
ment paste, and its presence leads to an increase
in internal voids and poor load transfer within
the concrete.

The density of hardened concrete is a funda-
mental property because it reflects the extent of
the cohesion and hardness of the material after
the hardening process is complete. The density
of concrete and its resistance to bending and
compression are directly correlated; the higher
the density, the greater the concrete's strength
[8]. As shown in Table 2, we can see that the
density decreases with the increase in the
amount of polyethylene substitution in the mix-
ture, which is a natural result due to its lighter
weight compared to natural aggregates.

The ultrasonic pulse velocity (UPV) test de-
pends on the speed at which sound waves travel
through the concrete material. The test was per-
formed after calculating the density of the cubic
samples. As the percentage of polyethylene in-
creases, the UPV data in Table 2 also demon-
strate a drop in velocity, suggesting a decline in
the cohesiveness or quality of the internal ma-
trix of concrete. However, the value of all the
results in general indicates that the condition of
the concrete is very good for all mixtures ac-
cording to the classifications of many refer-
ences.
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Table 2. Results of various tests.

C Ultrasonic pules Compre(si\s/i;e strength Flexural
O&i;ete Density (kg/m®) | velocity, UPV ) strength Ingglag: JVSSt
(km/s) 7d 28d (MPa)

RO 2309 4.38 27.97 33.14 3.92 2
CP10 2116 3.97 17.37 25.20 3.49 1
CP20 2076 3.93 17.01 22.18 3.45 2
CP30 1984 3.86 16.11 20.47 3.09 3

Compression testing of hardened concrete was
conducted on 7-day and 28-day-old mixes. Ac-
cording to the results recorded in Table 2, a de-
crease in strength was evident with increasing
polyethylene substitution ratio, both at the early
stage (7 days) and after 28 days. This decrease
is consistent with previous results of researchers
when replacing HDPE granules or other plastic
materials with aggregates in concrete [6, 9].
These results are attributed to the weak bond be-
tween the polyethylene granules and the cement
paste, which causes them to slip and subse-
quently separate when compressive force is ap-
plied.

Flexural test yields the same result, even though
polyethylene fibers were added to improve
bending strength, however resistance decreases
as the proportion of HDPE replacement in the
mixture increases.

From the previous results of density, wave
transmission velocity, compressive strength and
flexural of all concrete, we find a decrease with
the increase in the percentage of polyethylene
replacement in the mixture. the percentage of
reduction in the property compared to the refer-
ence mixture is recorded in Table 3.

Impact testing is an important dynamic test that
determines the extent of the resistance of con-
crete to absorb shock. Impact resistance here is
determined by the average number of impacts
resulting from a free load falling on the center
of the cylindrical specimen until the first visible
crack appears on the specimen. From the impact

results recorded in Table 2, we can see that with
increasing HDPE, the shock absorption capac-
ity is relatively improved, but the compressive
strength and internal cohesion are weakened.
The samples RO and CP20 broke after two
blows, indicating a semi-conventional behavior
in terms of absorption capacity. The CP10 sam-
ple broke after a single blow, indicating sudden
impairment in absorption and impact resistance.
three blows required until the CP30 sample
break, despite its weak compression and bend-
ing, indicating a relatively flexible or ductile be-
havior due to the properties of HDPE. In gen-
eral, increasing HDPE improves the shock ab-
sorption capacity comparatively, but weakens
compressive strength and internal cohesion.

4.2 Evaluating of collapse forms and crack
patterns of compressive tests

Analysis and evaluating images and forms of
collapses is to delve into the structure of the
concrete mixture and compare it with other
mixes. In this paragraph, the shapes of the col-
lapsed specimens will be evaluated after the
test.

Figure 3 illustrates the failure that occurs when
the specimens undergo a compression test after
seven days, and Figure 4 illustrates the collapse
that occurs after twenty-eight days.

The failure changed from the typical brittle be-
havior of the reference concrete RO, which had
good density and strength, to the concrete that
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Table 3. Percentage of reduction in property with increase in HDPE compared to the reference mixture.

Concrete Ultrasonic pules | Compressive strength Flexural [mbact test
Mix Density (kg/m?) | velocity, UPV (MPa) strength (tI))lows)
(km/s) 7d | 28d (MPa)
RO 0%
CP10 8% 9% 38% 24% 11% 8%
CP20 10% 10% 39% 33% 12% 10%
CP30 14% 12% 42% 38% 22% 14%

became "soft" and whose typical brittle behav-
ior decreased when 30% HDPE was substituted.

Fig 3. Collapse pattern of specimens (7-day
compression test.

Fig 4. Collapse pattern of specimens (28-day
compression test).

Failure Mode Analysis of Concrete Mixes
Based on Time and Mix Type can be compared
as a following:

Tests After 7 Days: Mix RO: A clear failure with
sharp cracks at one cube corner indicates a typ-
ical compressive failure with a cohesive fracture
pattern.

Mix CP10: Failure was noted with some split-
ting and semi-sharp edges. Despite being little
weaker than the reference mix (R0), the strength
was still within an acceptable range.

Mix CP20: Multiple cracks appeared with wider
openings; however, the structural integrity was
maintained. This indicates an early sign of weak
interfacial bonding due to the addition of
HDPE.

Mix CP30: Brittle shear failure was observed,
characterized by irregular cracks and non-uni-
form crack patterns. This mix exhibited the
most brittle behavior under loading conditions.

Tests After 28 Days: Mix RO: Strong and uni-
form failure occurred with relatively sharp
cracks at the loading point. The strength in-
creased significantly due to age and improved
hydration.

Mix CP10: Similar failure mode to RO, but the
cracks were finer and more widely distributed.
This suggests improved ductility and a more
gradual failure tendency compared to RO.

Mix CP20: Clear brittle fracture occurred with
intersecting cracks and evidence of wide crack
propagation. The weak adhesion of HDPE
likely caused poor crack resistance and lower
compressive strength.
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Mix CP30: Gradual crushing failure was ob-
served with smooth crack propagation, leaving
behind brittle fracture surfaces. The distributed
cracks led to non-uniform failure, resulting in a
significant reduction in load-bearing capacity.

4.3 Evaluation of fracture patterns resulting
from flexural and Impact strength testing

Fig 5. Failure pattern of specimens (flexural
test at 28 days).

Fig 6. Failure patten of specimens (Impact
test at 28 days).

Flexural failure patterns testing for all mixes
Figure 5 shows the resulting from. Analyzing

these failures reveals a sharp linear fracture be-
low the loading point at RO, and the specimen
collapses completely, indicating typical brittle
behavior. In samples CP10 and CP20, we ob-
serve less organized fractures, and the specimen
has not fully separated along the lower surface.
This is a result of the concrete's transition to
ductile behavior and also due to the presence of
HDPE fibers, that resist separation. In sample
CP30, a diffuse and ductile fracture is observed,
and the crack width is smaller, indicating a de-
crease in flexural toughness.

Despite the same fiber content in the CP mixes,
the crack width decreases with increasing
HDPE. This indicates that the addition of HDPE
causes a gradual decrease in flexural strength,
changing the failure mode from brittle to duc-
tile/ductile as its percentage increases.

Impact cracking assessment of the specimen:
The theoretical examination of the impact test
expresses the crack width and nature of its for-
mation. Figure 6 illustrates the crack patterns re-
sulting from the impact test, resulting from the
steel ball's transfer of the free load falling on it,
as previously mentioned. From the figure, we
notice that the crack pattern in specimen RO is a
sharp, direct radial crack (brittle behavior). In
specimen CP10, a clearly distributed crack is lo-
cated at the center. In specimen CP20, irregular
cracks are superficially distributed. Meanwhile,
in specimen CP30, there are wide surface
cracks, with no obvious bursting. In general, in-
creasing HDPE improves the impact absorption
capacity relatively, but reduces the compressive
strength and internal cohesion.
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By performing a digital crack width analysis, it
is found, as shown in Figure 6, that crack widths
vary within the same specimen. Crack widths
were measured using the aforementioned DNT
camera in the widest regions of the crack. In
specimen RO, the approximate average crack
width is 0.97 mm, with a deep, sharp nature, in-
dicating brittle failure. In specimen CP10, the
approximate average is 0.34 mm, with nar-
rower, less extensive cracks, indicating semi-
brittle behavior. The approximate average for

RO

CP10

CP20

CP30

Fig 7. Crack with of specimens (Impact test at 28 days).

specimen CP20 is 1.11 mm, which is the highest
in terms of average crack width, indicating the
onset of a significant loss of internal bonding, a
deterioration in cohesion, and an increase in
ductility (semi-ductile). While the CP30 sample
shows an average crack width of 0.954 mm,
which are relatively distributed and wide
cracks, representing ductile failure behavior.

In general, Crack morphology evolution: The
failure pattern evolves from sharp, brittle cracks
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(in RO and CP10) to branched, fine, network-
forming cracks (in CP30), indicating an im-
provement in concrete behavior under dynamic
impact conditions.

5. CONCLUSION

In the practical study, HDPE was partially sub-
stituted with aggregates in concrete at ratios of
10, 20, and 30%, and 1% fiber from the same
polymer was added. The results were compared
with a reference mixture that contained no addi-
tives. An analytical reading of the collapse
forms, a summary of the test results on the sam-
ples, and a display of the ensuing cracks as fol-
low:

1. Compressive and flexural strengths gradu-
ally decreased with increasing aggregate re-
placement with HDPE. The reference mix
RO showed the highest strength values, while
CP30 recorded the lowest values.

2. In the impact resistance test, the CP30 mix
showed the highest impact resistance (three
blows), while the CP10 collapsed with one
blow. Although CP30 was weaker in com-
pression and flexural strength, its behavior
under impact was more ductile and energy-
absorbing.

3. CP10 recorded the narrowest average crack
width reflecting semi-brittle behavior, while
CP20 exhibited the widest cracks. CP30 was

smaller.

4. In the failure morphology analysis, RO
showed a typical brittle failure with sharp
cracks and sudden separation (brittle fail-
ure), while increasing the HDPE in the con-
crete mixes exhibited clear diagonal cracks,
changes from semi-brittle failure to semi-
ductile behavior.

This indicates that HDPE imparts superior duc-
tility and dynamic endurance to concrete, de-
spite its lower static strength.

In general, the weak interfacial bonding be-
tween the smooth, hydrophobic polymer sur-
face and the surrounding cement matrix, which

restricts stress transfer and results in higher in-
ternal voids and lower cohesion, is mechanisti-
cally responsible for the decrease in compres-
sive and flexural strength with increasing
HDPE content. Nevertheless, isolated zones of
deformability are introduced by this same weak
link and the inherent flexibility of HDPE parti-
cles, allowing strain redistribution under load.
The polymer inclusions absorb and disperse
some of the impact energy through elastic de-
formation and micro-sliding at the matrix—pol-
ymer contact rather than delivering stress sud-
denly. As a result, at increasing HDPE ratios,
the failure mode changes from brittle fracture
(in the reference mix) to ductile or pseudo-duc-
tile behavior as crack propagation becomes
slower and energy-intensive. As a result, dy-
namic toughness and impact resistance increase
but static load-bearing capacity decreases, sug-
gesting a change in the composite's mechanical
response from strength-dominated to energy-
absorption-dominated behavior.

Finally, the inclusion of HDPE in concrete re-
duces its traditional mechanical strength (com-
pression and flexural strength) but improves its
behavior under impact and makes collapse more
ductile. This enhances the use of these admix-
tures in applications that require energy absorp-
tion and resistance to sudden collapse, such as
barriers, factory floors, or structures subject to
repeated impacts.
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