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ABSTRACT: Attention to lightness in modern construction and the need to produce and use lightweight
concrete in tall buildings has also led researchers to use lightweight synthetic materials. The aim of the
research is to replace natural sand with (0-4) mm LECA sand in the production of lightweight structural
concrete. Therefore, four mix designs were made with LECA sand and water-to-cement ratios of 600
kg/m3 and 0.42 in the first and third designs, and 200 kg/m3 and 0.35 in the second and fourth designs.
After determining the compressive strength of the samples, the fourth mix design was determined as
the reference design. Next, three new mix designs were made with 10%, 20%, and 30% replacements
of polyethylene terephthalate aggregates and LECA sand. Standard cubic and cylindrical samples were
prepared to determine the compressive strength and static modulus of elasticity, respectively, and were
cured in water for 28 days. For all mix designs, slump and specific gravity tests were performed in the
fresh and hardened states of the concrete. The results showed that the design with 10% polyethylene
terephthalate replacement with LECA sand achieved an increase in compressive strength and static
modulus of elasticity of 18.4% and 6.1%, respectively, compared to the reference mix design. The results
showed that it is possible to use polyethylene terephthalate aggregates to produce structural lightweight
concrete, even in such a way that this type of concrete has superior mechanical properties compared to
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the reference concrete.

1- Introduction

In the construction of tall buildings, the weight of the
structure must be considered. Now, considering that the
components of these buildings are often made of concrete,
the use of lightweight concrete reduces the weight of these
buildings. The construction of lightweight buildings is a
new topic in construction, the development of which will
lead to the emergence of new methods in the production of
lightweight concrete. Lightweight structural concretes have
densities in the range of (1400-1900) kg/m3 and compressive
strengths of more than 17 MPa, and in some cases, it is
possible to increase the strength to 60 MPa. The goal of
researchers is to achieve concrete that, in addition to being
lightweight, also has acceptable strength, in a way that meets
the increasing need of the construction industry for high
strength on the one hand and low production cost on the
other. In the last few decades, research has been conducted
to reuse worn-out plastics. One of the proposed solutions for
recycling and reusing these waste plastics in the field of civil
engineering could be to utilize them in concrete production
[1]. Therefore, it is interesting to study the effects of PET
waste on the properties of various types of concrete, including
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lightweight structural concrete, and research has also been
conducted in this direction [2]. Ramses et al., in a study,
compared the properties of lightweight concrete containing
recycled polyethylene and expanded clay aggregates and
observed that the concrete mixture with a density of kg/m3
(1950-2050) with high-density polyethylene plastic waste
aggregates and low-density polyethylene plastic waste has
a 28-day compressive strength higher than 40 MPa [3].
Considering that in previous research, PET replaced only
a percentage of natural sand, the aim of this research is to
investigate the possibility of using PET as a substitute for
LECA in the production of structural lightweight concrete
and to determine its effects on the mechanical properties of
this type of concrete. Considering that the aim of this research
is to assess the feasibility of producing lightweight structural
concrete using PET aggregates and determine its mechanical
properties, after various studies and using different mixing
designs, to reduce the weight of concrete and produce
lightweight structural concrete, while using PET aggregates,
LECA aggregates with a size of (0-4) mm were used instead
of regular sand; the LECA used in this research is LECA
with a size of (0-4) mm because it is replaced with natural
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Table 1. Details of the lightweight structural concrete mix designs made in the research (kg/m3).

Cement (kg) water LECA sand Pea Almond PET replacement Mix
PET (lit) (0-4) mm gravel gravel ratio (%) name
0 350 122.5 200 400 800 0 (SH)4
20 350 122.5 180 400 800 10 P10
40 350 122.5 160 400 800 20 P20
60 350 122.5 140 400 800 30 P30

Table 2. Results of tests on lightweight structural concrete in the hardened state

Static elastic

Modulus (GPa)

Compressive strength of standard

cylindrical specimens

(MPa)

Compressive strength of

standard cubic specimens

(MPa)

Mix design name

Specimen' age (days)

Specimen' age (days)

Specimen' age (days)

28 28 7 28 7

16.5 18.5 12.9 23.0 16.1 (SH)4
17.5 219 14.2 274 17.7 P10
14 14.8 9.8 18.5 12.3 P20
12.9 12.2 8.0 15.2 10.0 P30

sand for the production of lightweight concrete. In this study,
LECA (0-4) mm was completely replaced with sand and the
PET present in the study was replaced with a percentage of
LECA (0-4) mm; to investigate the mechanical properties of
the concrete produced in this way and to compare and verify
with previous studies in which the optimal percentage of PET
consumption to increase the mechanical properties of the
produced concrete was in the range of (10-15)%, PET with
percentages of 10%, 20% and 30% was selected to replace
LECA (0-4) mm and the results of the failure of the samples
in the 7 and 28-day periods were examined in the form of
three designs P10, P20 and P30 to determine the mechanical
properties.

2- Research Mixing Designs

To ensure the lightweight and structural properties of the
produced concrete, 100% LECA (0-4) mm was substituted
for natural sand and a reference design was determined.
PET with percentages of 10%, 20% and 30% was selected
to replace LECA (0-4) mm and the results of the failure of
the samples at 7 and 28 days were examined in three designs:
P10, P20 and P30. Table 1 presents the details of the final
research mixing designs. SH indicates the reference samples
in the reference mix design and the number after it indicates
its number among the initial mix designs. Also, in these
designations, P indicates samples containing PET and the
number after it indicates the percentage of PET in the samples

containing PET. For example, P20 indicates lightweight
concrete containing 20% PET replaced with LECA.

3- Methods and Experiments

Cubic and cylindrical specimens were used in the
experiments. Mechanical property tests included determining
compressive strength in 7 mixing designs using standard cubic
specimens in a water-immersion curing environment at 7 and
28 days of age, and determining the modulus of elasticity in
4 mixing designs using standard cylindrical specimens in a
water-immersion curing environment at 28 days of age.

4- Analysis of Results

The analysis of the research results in the main article is
presented in three sections: aggregate grading, fresh concrete,
and hardened concrete. These results for hardened concrete
are presented in Table 2. Since numerous tests have been
conducted for grading, fresh concrete, and especially the
mechanical properties of hardened concrete, and the volume
of the results is large, it is not possible to present them in this
abstract and readers are advised to refer to the main article.

5- Conclusions
* By replacing PET by 10% with LECA lightweight
aggregate, the slump of the mixture design containing
PET was reduced compared to the reference mixture
design (SH)4.
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* In the P10 mix design, by replacing the amount of PET
by 10% with LECA lightweight aggregate compared to
the reference mix design (SH)4, the compressive strength
increased by 10% at 7 days and by 18% at 28 days
compared to the reference mix design (SH)4.

* In the P20 mix design, by increasing the amount of PET
by 20% with LECA lightweight aggregate compared to
the reference mix design (SH)4, the compressive strength
decreased by 24% at 7 days and by 20% at 28 days
compared to the reference mix design

* In the P30 mix design, the compressive strength decreased
by 38% at 7 days and by 34% at 28 days, compared to the
reference mix design (SH)4.

* In the P10 mix design, replacing the amount of PET with
10% of LECA, compared to the reference mix design
(SH)4, caused the static modulus of elasticity at the age of
28 days to increase by 1.6%.

* Replacing PET with 20% of LECA in the P20 mix design,
compared to the reference mix design (SH)4, caused
the static modulus of elasticity at the age of 28 days to
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decrease by 15.2% compared to the reference mix design
(SH)4.

* In the P30 mix design, by replacing PET with 30% LECA
the static modulus of elasticity at the age of 28 days of
this mix decreases by 21.8% compared to the reference
mix design (SH)4.
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Table 1. Chemical compositions of type 2 Portland cement used in the research.
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Table 2. Chemical analysis of LECA aggregate (%).
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Fig. 1. The initial separation and crushing stage of PET.
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Fig. 2. Hot wash tank used to clean PET flakes.
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5. Vibrating Screens
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Fig. 3. Mechanical dewatering and thermal drying of heated washed PET flakes, prior to particle size distribution.
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4. Ryznar Stability Index (RSI)
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Fig. 4. Separation and granulation of dried PET in an industrial vibrating screen unit to separate different granula-
tion ranges.
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Table 3. Physical-chemical analysis of drinking water in Ahvaz city.
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Table 4. Details of the initial mix designs.
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Table 5. Details of the final mix designs.
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Table 6. Specifications of the produced concrete specimens.
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Fig. 5. Steps for manufacturing, sampling, and processing specimens.
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Table 6. LECA grain size (0-4) mm, used in research.
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Table 8. Gravel grading 3/4", used in research.
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Table 9. Gravel grading 3/8", used in research.
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Table 10. PET granulation, used in research.
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Table 11. Slump test results of fresh concrete research projects.

P30 P20 P10 (SH)4 (SH)3 (SH)2 (SH)1 s

O/~ oIy o/f O/A O/b #If #IY (cm) ol

g Sz )b 03U 5 ogaste (359 ielejl s Y Joa

Table 12. Fresh concrete specific gravity test results research designs
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Table 13. Hardened specific gravity test results of research designs.
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Fig. 6. Preparing standard concrete specimens for com-
pressive strength testing.
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Table 14. Compressive strength test results of cubic specimens and those converted into
standard cylindrical concrete specimens.
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Table 15. Results from static elasticity coefficient testing.
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Fig. 7. Preparing specimens for testing the static modu-
lus of elasticity of concrete.
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Fig. 8. The process of performing a test to determine the static modulus of elasticity of concrete.
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Fig. 10. Gravel grading curve 3/4", used in research.

o3 o5 ool inlojl golis o Y —¥
byl slag )b b illae oy sboaiges 5l el o Mgl
5 3 plsl il 55y qeedol ialojl €300 (4l 0008 el
A s FEE s g pp )8 Gl Ve Js p ol @l
JS 53 e loas ool L Y S 53 gl cpl ¢ ioles] gl
PET ¥-7 g V-7 V7o slaroy b bgbe (slag b oMl cos V¥
Sl gy byl )b 4 (30 (Bpae (+-F) MM K oSl

Caol 033,85

adgl bl sz yb ool =) Y -£
Al Lo Slag o oo oialin D Jogai )3 o S5 len
Shas ooy lis (SH)4 5 (SH)3 «(SH)2 «(SH)1 (slapl L
oo g 5lass Glows 4 O s (SH)2 5 (SH)T bglsen (slag b
Olie 5l s bolses )b oaimy Sl gdliae (3L 53 5 il - /¥Y
(+=¥)mm KJ &5 glagSa g s ((Bpae (+=F) mm K
(SH)T bylsto gl b pas 5 pgws s (SH)2 bgbss b (5o
b s (SH)2 bgbe b cadlol Gial3 s ol e 355
(SH)4 5 (SH)3 bilse cslag b el ol ol 03,5 (SH)T bglso
i 5| ity Lgfoo slag o enins S5 s 3031 3lal 35

Yy

YIN" o gandily il ol Judoo —¥ —) -
4 Wged 59y p bailSin anailsy (hlejl plosl il )
wls & ol Oygo Giolejl (o )d (Byae YIA" (b 5l ond
Sope 4 @l ol Gl & S ol A Jgie 0 ol ) Job
Wood (Gye doyd &S 2 L VY USS Jbged g9y g (Soue
5,lkl Bllas oSN ja 5l B > (Spae VA" bl ond ans
cuslie ganaily a5 51 g 5yl J1B ond pus e3game j D 422

Sl e Beins o ealal

PET cunails Lol uls Julow - -V =¥
a5 PET laali&iw jl (aind B pae slaaihiSiw )55 ailedy
5 03,5 i bashSin canal ibejl bl cly (laiges 55 ond
hlejl gl ol ol @l cdply g ol sy plales]
WSS 3 gedie g 4 gl cpl g w38 ole A g
3 0yl 035050 1D Sl o Sl 6y duoyd &S gyl i LS
! e d)lslsl g ASTM-D 422 ASTM-C136 (slas)lslel
039 2850 53 oy odlatwl Cawlio saidily Jas g wil o VY oyleui

!



FIY b VAR doio VF0 Jlo o oyl DA S yual lpos swdigs 4yl

[PETIIY

AR

(tombes) I 03101

o < > o a 9 i > -~

ol om 705

33 Py FIN" o guiudily podio N S

. ..“~ .

Fig. 11. Gravel grading curve 3/8", used in research.
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Fig. 13. Slump changes in mixed research designs.
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Fig. 14. Slump ratio of mixed research designs to the reference design.
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Fig. 15. Results and changes in specific gravity of fresh concrete from research mix designs com-
pared to reference mix design.

¥Ye



FYF B VAR docio VF0 Jlo o 0yl DA 093 €3S prol )y (it &yt

2
13
s 3
3
9
o
Y

|
§
Y
5

-12

W (%)

2250 bolseo b 4 $aiod balsw g b 05U o pogaste (yjg o N7 UK

Fig. 16. Ratio of fresh concrete specific gravity of research mix designs compared to reference mix design.
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Fig. 17. Results and changes in the specific gravity of hardened concrete of the research mix design com-
pared to the reference mix design.
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Fig. 19. Results and changes in compressive strength of specimens produced according to the research mixture
design, based on the age of the specimens
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