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Abstract: The primary goal of the current paper is to evaluate the viability
of the sustainable concrete (S.C) made of waste glass sand (WGS) and waste
plastic sand (WPS). This paper looks at concrete mixtures as follow: the first
group (5%, 10%, and 15%) WGS as the sand replacement and Group Two
(5%, 10%, and 15%) WPS as a natural sand replacement, and finally, group
three HRS where, (5%, 10%, and 15%) of WSP/WGS were evaluated as
sand substitutes. Tests were done on the concrete to ensure that the tested
concrete's behavior was within expectations. Among these tests are the
slump test, compressive strength test, indirect tensile strength test, flexural
strength, and elastic modulus test. The results showed that using WGS and
WPS together improved the slump of the concrete mixtures. Adding WPS or
HRS to concrete mixes enhanced the mechanical properties, and
Compressive strength increased, reaching a maximum of 52.05 MPa after
partially substituting natural sand with WGS-10% of sand. And finally, when
replacement ratios were high, the results showed that the concrete's
compressive strength decreased when WGS-15% and WPS-15 % were
substituted at 9.85% and 14.45% respectively.

Keywords: waste plastic sand (WPS), waste glass sand (WGS), Hybrid
Recycled sand (HRS), sustainable concrete (S.C), Recycled concrete (R.C)

1 Introduction

The construction industry significantly impacts environmental degradation, as this industry saps
over 55% of coarse and fine aggregates in the depletion of natural resources and a high ratio of CO;
emissions [1, 2]. Researchers have focused on looking for other suitable materials, including recycled
aggregates (RA) from demolition and construction waste, which have been researched for different
cement-based materials, particularly conventional and high-strength concrete [3, 4]. Waste-based
concrete and methods of manufacture have been the focus of several recent studies, with a view to the
problem of waste management strategies. Many researchers have studied the mechanical properties of
concrete [5, 6]. The last four decades have witnessed much work on concrete's mechanical properties,
including waste and recycled material. From the authors' analysis, it can be deduced that waste is a
good factor in improving concrete's mechanical properties and durability. In addition, another
research study demonstrated increased concrete strength with waste particles [7- 10]. Also, this study
by researchers initiated good strengths of concrete containing various waste materials because they
found optimal proportions [11-13]. Therefore, Sand waste materials replace natural sand and can be
used not only to improve the ductility of concrete but also to increase its strength [14-16]. Using
waste enhances the properties of concrete and the performance of the concrete elements.
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Previous studies relating to the behavior of the mixtures further revealed that some aspects of the
suspension concrete made from waste material had the highest load-bearing capacity compared to
concrete of a similar composition without waste. Substitution of plastic waste for replacement percent
sand was the best behaved in that it helped cure some of the cracks, prolonged further growth of
cracks, and enhanced the tensile characteristic of the test specimens [17-19]. Considering that the
plastic waste was among the replacements, they performed well, adding strength to the concrete at
low replacement percentages. The resulting waste becomes one of the significant challenges we face
as a society, and it needs to be sorted out. The current study assessed the Inactive reuse of waste
materials in concrete mass production so that costs are reduced while the issues of waste materials are
addressed [20-22]. Few papers have studied the effects of sand waste replacement on concrete's
mechanical properties. See Fig.1. Plastic waste increases concrete quality and enhances concrete
members' structural performance. The impact — performance enhancement — of the replacement is that
it increased the strength of the concrete even when it had been replaced by natural sand with 10%
plastic waste [23, 24]. According to the Previous studies, the use of plastic sand enhances the
properties of the recycled concrete (R.C.) as well as the performance of the R.C.

Types of waste

2

Active waste Inactive waste

Powder waste Solid waste
Reacts with powder materials in Non-reactive waste can replace inert
concrete can be an alternative to cement. materials in concrete, such as gravel and sand.

Fig.1: Classification of waste in general in terms of its use in concrete[1, 23]

On the other hand, it was found that the concrete derived from appropriate waste possessed the
most significant load capacity among all the types, replacement-free, concrete mixtures. Glass Waste
as a natural sand substitute performed best; The plates did not crack early and exhibited improved
concrete behaviors and tensile strengths [25, 26]. Their replacement of Glass waste in the concrete has
improved its strength with a low dosage replacement percentage. However, such practices are some of
society's most significant problems since rubbish is becoming a common disease [27, 28]. Previous
studies focused on using material waste in concrete as a powder, not an aggregate, which improved
the economics of the concrete and alleviated issues related to the waste materials. [29, 30]. It was
found that waste glass contributed to higher integral strength even in concrete [25, 30]. As observed
by Previous studies, using glass sand enhances the workability of recycled concrete and improves its
toughness and mechanical [31, 32].

The necessity of discovering alternatives to trashing waste materials has risen due to the factors
that concern the diversity of trash types, which is a conclusive issue that will affect society [32, 33].
Manufacturing of concrete with trash is one such advancement. Studies have been conducted on
concrete's behavior; however, some of the concrete's structural Performance was improved by using
added inert waste materials like glass sand and plastic sand. It is acknowledged that such alternatives
incorporate the reuse of glass and plastic waste in concrete applications [34, 35]. Even so, using
recycled materials in the concrete helps in waste management by providing alternative means of
disposal for plastic and glass waste. Including glass sand and plastic sand reinforces concrete
technology by improving its strength, workability, and durability [36-38]. Thus, as plastering
materials of concrete structures, glass and plastic can be seen as multifunctional materials for less
green pollution, cleaner waste, and economical fabrication of concrete structures [39-42].

This paper seeks to assess the benefits associated with plastic, and glass waste by seeking to fill
the gap in knowledge on the benefits that could be obtained through improving the properties of built
structures. In the first category, plastic sand is used as a partial replacement for natural sand (0%, 5%,
10%, and 15%), while glass sand in the second category is a substitution for natural sand (0%, 5%,
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10%, and 15%). The third group replaces plastic sand and glass sand at ratios of (0%, 5%, 10%, and
15%). This study aimed to investigate the developed eco concrete's slump test and mechanics
properties.

2. Materials

2.1. Portland cement

Fig. 2 concludes that the cement (42.5N) used conforms to the Egyptian Standards, ESS
4756-1/2007. The chemical properties of the cement used were also investigated.

075 248 0.1 0.12 2.42 m Sio2

3.41 21.06 = Cao
5.43 m Al203

= Fe203

= Mgo

mSo3
Na2o0
K20
Loi

Fig. 2: Chemical of Analysis Cement Used, [111]

2. 2 Waste glass sand (WGS)

Three mixtures were prepared, and in each mix, waste glass sand (WGS) of 5%, 10%, and 15%
was replaced with natural sand, previously considered waste material. The clear glass bottles used in
this case study were washed, and the labels were removed. Finally, the glass bottles were ground and
sieved until they attained the same smoothness as the sand, and A 4.76 mm sieve was also used for
sieving the glass sand (Fig. 3).

(A) (B)

Close-up view of Close-up view of
the specimen : the specimen

Fig. 3. (A), Waste glass sand (WGS), (B) Waste plastic sand (WPS)

2. 3 Waste plastic sand (WPS)

Natural sand was partially replaced with waste plastic sand by ratios 5%, 10%, and 15%. The old
plastic was collected, washed, left to dry, and then ground. A 4.76 mm sieve was also used for sieving
the plastic sand. Fig. 3 shows the shape of the plastic sand sample used in the present study.

3 Experimental work

3.1 Details of the tested mixtures

The practical aspect presents the particulars of substituting waste glass sand (WGS) and waste
plastic sand (WPS) for natural sand. Further, the details of the experimental program are illustrated in
Fig. 4. All ten mixtures carried out in this research had different concrete mixtures. The details of the
examined compositions are given in Table 1. Portland Cement with constant contents for all mixtures
was used. Waste glass sand (WGS) and waste plastic sand (WPS) were incorporated as a partial
replacement of natural sand in mixtures. Natural sand was replaced by ratios (5%, 10%, and 15%) of
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WGS for the first group, by ratios (5%, 10%, and 15%) of WPS for the second group, and by ratios
(5%, 10%, and 15%) of HRS for the third group.

Hybrid Recycled Sand (HRS) is a mixture of waste glass sand (WGS) and waste plastic sand
(WPS), a 50%/50% blend of WGS and WPS, See Table 1.

For example: Hybrid Recycled sand = (50%WGS+50% WPS), Mixture 7: HRS-5%=
(2.5%WGS+2.5%WPS), Mixture 8: HRS -10%= (5% WGS+5%WPS), Mixture 9: HRS -15%= (7.5%
WGS+7.5%WPS).

Parameters of the mixtures

Control WGS - only WPS-only HRS
Without addition 5%,10%, and 15 % 5%,10%, and 15 % 5%,10%, and 15 %

Concrete Tests
N
Compressive strength (at 7, and 28 days), Splitting strength ( at 28 days), Flexural strength( at 28
days) ,and Modulus of Elasticity ( at 28 days)

Fig. 4. Details of the experimental program

Table 1: Proportions of Concrete Mixtures (kg/m?)

No. G. Mix Cement Natural  Coarse Water SP WGS WPS *HRS
sand  aggregate  (0.4of (2% of
cement) cement)

1 C 0.0% 420 735.5 1103.25 168 8.4 0 0 0

2 WGS-5% 420 698.7 1103.25 168 8.4 36.8 0 0

3 Gl WGS-10% 420 661.9 1103.25 168 8.4 73.6 0 0

4 WGS-15% 420 625.17  1103.25 168 8.4 110.33 0 0

5 WPS-5% 420 698.7 1103.25 168 8.4 0 36.8 0

6 G2  WPS-10% 420 661.9 1103.25 168 8.4 0 73.6 0

7 WPS-15% 420 625.17  1103.25 168 8.4 0 110.33 0

8 HRS -5% 420 698.7 1103.25 168 8.4 0 0 36.8
9 G3 HRS-10% 420 661.9 1103.25 168 8.4 0 0 73.6
10 HRS -15% 420 625.17  1103.25 168 8.4 0 0 110.33

*Hybrid Recycled sand = (50%WGS+50% WPS)

On the other hand, natural dolomite coarse aggregate was used as coarse aggregate in the mixes,
and natural sand as fine aggregate was used in the mixes, and ratio of (coarse: fine) aggregate of 1:5.
To maintain the same consistency without increasing the water content (water/binder)=0.4, the
superplasticizer Sicament R2004 was applied in this research at 2% of the cement content, and It is a
plasticizer and to a workability concrete admix (Conform to ASTM C 494 - Type G and BS 5075 -
part 3), The ratios provided consistent and satisfactory workability and low water and binder
requirements, And all mixtures exhibited slump values ranging from 60 mm to 70 mm.

3.2 Methods of Mixing and casting of concrete

The concrete was categorized into groups to evaluate their mechanical properties using the
control group, the WGS replacement group I, the WPS replacement group Il, and the HRS
replacement group I11. The specimens' design and curing condition standard was ASTM C192-02. To
set the slump of these new concrete mixtures. A total of sixty samples of concrete specimens

measuring 100 x 100 x 100 mm were prepared according to BS 1881-116, for seven days and
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twenty-eight days for compressive testing. Thirty concrete specimens were cast and cured for flexural
strength tests at twenty-eight days of age. The flexural strength was measured according to ASTM
C78/C78M-18. A tensile strength test followed procedures specified in ASTM 496/496M-17. The
modulus of elasticity was determined by specimens of 100 mm diameter and 200 mm height after 28
days, ASTM C469/C469M-14.

4 Results of the Mixes

From Table 2, this section provides the analysis of the results obtained from the destructive tests
to evaluate specimens of the mixtures, which were cast and cured for 7 and 28 days. Further, this
section explores the Impact of WGS, WPS, and HRS on properties of concrete. Fig. 5 gives the
number of samples examined per test.

Table 2: Results of the mixtures

Compressive Flexural Splitting Modulus
No. Group Strength (MPa) strength strength of Elasticity
7 day 28 days At 28 days At 28 days At 28 days
(MPa) (MPa) (MPa)
1 C 0.0% 33.09 50.74 6.41 6.11 34845
2 WGS-5% 35.09 51.81 6.71 6.41 35884
3 Gl WGS-10% 36.21 52.05 6.85 6.55 36145
4 WGS-15% 31.41 45.74 571 5.41 31258
5 WPS-5% 33.58 50.93 6.46 6.17 35012
6 G2 WPS-10% 30.85 45.31 5.62 5.32 30589
7 WPS-15% 29.53 43.41 5.31 5.01 29185
8 *HRS -5% 34.46 51.08 6.52 6.22 35121
9 G3 *HRS -10% 32.54 47.24 5.91 5.61 32451
10 *HRS -15% 30.07 44.32 5.47 5.19 29814
*Hybrid Recycled sand = (50%WGS+50% WPS)

+ 60
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Fig. 5: The number of samples examined per test

4.1 Compressive Strength

As demonstrated in Fig. 6, the compressive force was evaluated at 7 and 28 days of age. Table 2
is based on values derived from an average of three samples. The section further discusses the
limitations and effects of significant factors, for example, the contribution of waste glass sand and
waste plastic sand on the mechanical properties of the concrete [43, 47]. Fig. 7 shows how adding
waste glass sand and plastic sand to concrete changes its binding characteristics at 28-day age. With
waste glass sand and waste plastic sand in a high-strength concrete mix, the compressive strength was
enhanced by 2.11% for the mixture WGS-5%, HRS -5% mixture increased by 0.67%, and WPS-5%
mixtures increased by 0.37%, as compared to the control [48-51]. Finally, the compressive strength of
waste glass sand (WGS) in concrete decreased by 9.85% for WGS-15% compared to the control
sample at a high replacement ratio [52, 54, 55]. This is the lowest decrease compared to other species
at the same replacement ratio of natural sand, as shown in Fig. 7.
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Fig. 6. Compressive strength at 7 and 28 days of all the mixtures
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Fig. 7. The changing in Compressive Strength (%)
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The plastic sand waste mixture recorded the lowest increase by 0.37% of the control mix and the
highest decrease rate compared to the rest of the mixture groups, which recorded 14.45% [55-57]. Fig.
8 shows the concrete cubes' failure shape after the compressive strength test. Several specimens
possess differing failure shapes. The addition of waste glass sand or hybrid recycled sand (HRS)
resulted in low-effect Cube failure, and thus, the samples collapsed accurately [57-59]. The findings
indicate superior performance for WGS compared to WPS. This is because the crystalline structure of
glass differs from the porous structure of plastic.

C-0.0%

WGS-5%

WPS-5%

HRS -5%

Fig. 8: Failure shape after testing for cubes

Concrete cubes behavior under compression at 28 days is almost Similar to cubes at replacement
WGS and WPS with natural sand, see Fig.8. Concerning this, the types of breakdown were utterly
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unchanged in sets of samples with low replacement for waste glass sand, waste plastic sand and
Hybrid Recycled sand (HRS)This is what explains the existence of cohesion in the structure of the
cube This failure was only appropriate at low replacement rates such as (WGS-5%, WPS-5%, and
HRS -5%) [60-62].

4. 2 Flexural Strength

The flexural test of mixes C 0.0%, WGS-5%, WGS-10%, and WGS-15% recorded 6.41, 6.71,
6.85, and 5.71 MPa, respectively. While among concrete mixes, WPS-5%, WPS-10%, and WPS-15%
the flexural test 6.46, 5.62, and 5.31 MPa, respectively [63-65]. Using WGS -10%, it was observed
that there is an optimum enhancement of concrete flexural strength to the extent of 6.86% for
strengths in such a way that, when compared to the control mix, the maximum increase ratio was
reached. It was illustrated in Fig. 9, [65, 66]. WGS rather than WPS enhanced flexural behavior more
than recycled WPS [67-69]. It is likely because glass is originally sand, and when recycled to replace
sand, it returns to its original state before manufacturing. However, the difference between WGS and
natural sand is due to the glass's crystalline form and distinct external and internal structures, and it is
still considered sand. Still, it has undergone several processes to improve its structural properties,
which pushed for greater bonding with the concrete, which was indicated to be one of the factors
enhancing the bond between the concrete matrix and fiber bulk density interphase, See Fig.10. On the
other hand, using HRS at 5% and 10% was a better alternative for flexural strength than WPS
replacement. When high replacement ratios were used, the decreases were 10.92%, 17.16%, and
14.66% for WGS -15%, WPS -15%, and HRS -15% from the control concrete mix. The lowest
decrease value was recorded in WGS, followed by HRS, and finally, WPS recorded the highest
decrease percentage [70-72].

OFlexural strenght (Mpa) AFlexural / Compressive (%)

8 - rFe 1400 ~—
— O\o
3 7 % % A A A A Al ppS
g 6 e >
s 6 T T 1 | 10003
£ 9 2
g 4 T 800 3
L 3 S

= + 6.00
0 2 - 8
('_5 1 i T 400 ~
5 ©
g 0 L 2.00 E
'0} ‘SLSO Sq, 857 's: 0 Ss, 'S: S, ~7, ~7. L

3 o o% 6*% 33 00/0 6‘% % 0% 6‘0/0

Mixes

Fig. 9. Flexural Strength of the mixtures (Three loading points during the test)

The reason held within the explanation for the phenomenon of silicate sand did not yield any
trends that were above — and indeed many are slightly less than — what had been anticipated [73-75].
It was because of the grinding process of the glass waste material until it was as soft as sand, See
Fig.10, [75-77]. As a result, the produced fine aggregate became cracked in a structure internal to the
aggregate, completely changing the contours and the internal structure of natural sand. Maybe the way
this was produced affected, in a significant way, the resistance that was achieved. The outer hardness
of the grains of sand belonging to natural sand has the contrary hardness that was broken due to the
manufacturing process of sand from glass waste [78, 79].

Fig. 9 compares the flexural to compressive strength ratios (F/C) and flexural strengths of mixes
with and without replacement. The amount or kind of sand replacement almost impacts the F/C ratio.
However, incorporating recycled WGS and HRS considerably improved the ductility of concrete and
lessened the failure mode under flexural loading: this finding is consistent with the literature, See Fig.
10[80-82].

000009-7



Hafez, SUEM, 2025, 1(2): 000009

15
6.86

10 468
5 Ii 0.78 172 t

D

-10 {' L =
-7.80
-15 4 -10.92 _I_ T
; -12.32
-20 -14.66

-17.16
-25
Ca,, Yo Moy Mog Mg Mg g TRy MRy Mg

" l‘.? . - - £Y u » » -
% 5 1 ?03; ?5-% F o rﬂ'.?g ?.5:?5 355' ?a%, ?5-_%_

The changing in Flexural strength
(%)

Mixes
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4.2.1 Relationship between flexural strength, and compressive strength

This section will focus on the correlation between the compressive and flexural strength. The
best-fit curve to verify this relationship is given in Fig. 11 below:

Y =0.1629x —1.7628 Q)
Where X is compressive strength in MPa. The goodness of the fit of the equation is tested using R2 at

0.9872. Y is also in MPa as the splitting strength.
/ //”/@Jé

L’ 2L anaalll

Flexural Strength (MPa)
(@] = N w I [6)] D ~ [e0]

I
o
=
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o ©
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Compressive Strenght (MPa)

Fig. 11. Correlation between Flexural and compressive strength

Fig. 11 demonstrates the correlation between the samples' compressive and flexural strength.
Each mixture of concrete leads to the derivation of this relation, considering the different results due
to the various combinations. Therefore, it is logical that each mix will make a distinct relationship
pattern to yield the most accurate results [83-85]. In this case, the presented line has a relatively
higher degree of accuracy on the graph than those presented above, with fewer variations around the
magnitude of strength. Therefore, R? explains it and gives a lower prediction of R, which can be
stated using the splitting strength of the concrete specimen, which is likely to be the highest strength
that can be conceived, See Fig. 12. It strengthens this approach by providing evidence that the
properties develop as one goes in depth, as there is an increasing trend in concrete splitting and
compressive strength [86-88].

4.3 Splitting Strength

000009-8



Hafez, SUEM, 2025, 1(2): 000009

The splitting strength of concrete indicates its resistance to cracking or fracture when subjected
to external forces. This property becomes increasingly crucial in concrete structures exposed to
excessive loads or adverse environmental conditions [89, 90]. Various factors affect splitting strength:
the kind of cement, the water-to-cement ratio, the concrete mixture, and the production technology
(Fig. 13). Splitting strength increased with the waste glass sand (WGS) and waste plastic sand (WPS)
when replaced at a ratio of 5% of natural sand [91, 92].

7 Irregular shape

AR Chip shape

Round shape

Fig. 12. Magnified images of the sample's structure (WGS, WPS, and NS)
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Fig. 13: Splitting strength, and splitting / compressive (%) of mixtures
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For instance, WGS-10% improved the splitting strength of concrete to 7.20%. On the other hand,
WGS-5% replacement saw an increase of about 4.91%. The tensile strength is improved as the
replacement ratio increases and is considered the maximum effective increase when replacement
WGS-10%. As presented in Fig 14, WPS-15% experienced a low of about 18.00%, the highest low.
On the other hand, Tensile/compressive strength increased, and indirect strength rose and came within
the expected range. It took the same resistance behavior at any type of sand replacement [93, 94].

w 15.00
c
£ 10.00 a1 20 o
3. ? 500 FaWaVa¥ ﬂ 0.98 . f
G 0.00
£ £ 000 —F = | = =
c
ER N || ;.
8 $10.00 T =
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-2500 = @ A b B
%;P@e.s%‘e. s, h”“@;’*’ k,%&, RS o 18NS
% Toy Toy Vx oy ey % oy Ty

Mixes
Fig. 14. The changing in Splitting Strength (%)

4.3.1 Relationship between splitting, and compressive strength

This section addresses the compressive and splitting strength. Below, a line of best fit that helps
to show the relationship in the Figure graphically or mathematically is given in the form of an
equation.

Y =0.1623x — 2.0354 @)

Where X is compressive strength in MPa. The goodness of the fit of the equation is tested using R2 at
0.9873. Y is also in MPa as the splitting strength.

This is because each mix has its own compressive and splitting strength relationships based on its
constituents [95, 96]. Concrete, a composite material with several proportions, seems to develop some
assumptions in this theory and ardently follows just one cohesive relationship per matrix batch.
Palpably, this leads to an increase in the splitting strength and compressive strength of the concrete
and closure structural tests with wide projecting near ultimate loads [59, 97, 98]. See Fig. 15.

.
5 | ,qépﬂﬁ’
g5 W
3
< 4
2 3 = 0.1623x - 2.0354
S R? = 0.9873
® 2
[*)]
£1
S0
40 45 50 55

Compressive Strenght (MPa)

Fig. 15: Correlation between Splitting and compressive strength

4.4 Modulus of Elasticity

Because of its hardness, concrete does not have a high elastic modulus, unlike waste glass sand
and plastic sand. This behavior may be attributed to high replacement ratios, which signified that the
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concrete was stiff. An experiment was done to determine the elastic modulus of concrete with and
without waste materials. Fig. 16 below shows how the replacement material percentage affects
concrete's static modulus of elasticity [99-101]. The trend in the elastic modulus range was
comparable to the three other strength results: compressive strength, flexural strength, and tensile
strength. In most cases, all concrete mixes resulted in a decreased elastic modulus except for WGS-5%
and WGS-10%, WPS-5% & HRS -5% combinations [102, 103].

40000 Maximum Modulus Miniumn Modulus
~

35000 ] —\71 "
30000 || ] - ]
25000 + ]
20000 || 7 -
15000 =
10000 1
5000 ]

0

o

T~

o~

Modulus of Elasticity (Mpa)

(o Iq/ h/ h/ Iq/ h/b Iq/b /1 Hpa A
0.9, Yog Vog Vog VAR '?s Rs
9% "S5 8“70, “75,8“50 ‘70, “75, 5y “70, 50,

Mlxes

Fig. 16. Modulus of elasticity for the mixes

Compared to mixes with waste glass sand, waste plastic sand, and hybrid recycled sand, those
with only waste glass sand achieved a higher elastic modulus. This may be because the compressive
strength of waste plastic sand-only mixes was not so effective. Statistically, WGS-5% and WGS-10%
were highlighted as promising for enhancing the elastic modulus of the concrete as well [103,
106,112]. Considering the additions of WGS-5% and WGS-10%, the modulus of elasticity increased
by about 2.98% and 3.73%, respectively. Although the rest of the mixtures did not gain any elasticity,
they showed a loss in the range of 6.87% to 16.24%. See Figs. 17&18. These changes in the modulus
of elasticity were relevant for the compressive strength of the concrete at the same strain level [78,

105-110,112].
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Fig. 17. The changing in the modulus of elasticity strength (%)
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5 Conclusions
From the experiments that were conducted in this study, the following conclusions can be made:

Waste glass and plastic sand in a high-strength concrete mix enhanced the compressive strength
by 2.11% for the WGS-5 % mixture, HRS-5 % mixture increased by 0.67%, and WPS-5% mixture
increased by 0.37%, compared to the control at a low sand replacement ratio.

The plastic sand waste mixture recorded the lowest increase by 0.37% of the control mix and the
highest decrease rate compared to the rest of the mixture groups, which recorded 14.45%.

The flexural test of mixes C 0.0%, WGS-5%, WGS-10%, and WGS-15% recorded 6.41, 6.71,
6.85, and 5.71 MPa, respectively. While among concrete mixes, WPS-5%, WPS-10%, and WPS-15%
the flexural test 6.46, 5.62, and 5.31 MPa, respectively.

WGS-10% improved the splitting strength of concrete to 7.20%. The splitting strength improves
as the replacement ratio increases and is considered the maximum effective increase when replacing
WGS-10%.

The trend in the elastic modulus range was comparable to the three other strength results:
compressive strength, flexural strength, and tensile strength. In most cases, all concrete mixes resulted
in a decreased elastic modulus except for WGS-5% and WGS-10%, WPS-5% & HRS -5%
combinations.

The findings indicate superior performance for WGS compared to WPS. This is because the
crystalline structure of glass differs from the porous structure of plastic.

6. Recommendations for future research

Through the study of this paper, some critical recommendations were reached, including the
following:

Studies of WPS and WGS in non-load-bearing concrete with high replacement ratios (Higher
than 20% of natural sand), by studying the mechanical properties.

Studying on the cast concrete reinforced elements from the mixes that yielded promising results
in this study, and analyzing the behavior.

Studying Conduct long-term tests on optimum mixes in this study. It can help achieve higher
results.
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