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The environmental problem posed by non-biodegradable waste, such as
non-reusable glass bottles, is becoming a major concern in view of the
huge quantities in landfills in underdeveloped countries. Prospecting
the valorization of waste glass in rural constructions constitutes a
potential to reduce the use of natural materials in concrete industry. In
this paper, the issues of environmental and ecological construction
materials are addressed by the use of waste glass powder (Ø≤80μm) as
replacement of cement in concrete. The aims of this project work is to
usewaste glass powder in range of 10wt% to 20wt% as replacement of
cement into concrete and concrete cylinder tested for its density,
workability and compressive strength up to 45 days of age compared to
those of conventional concrete. The obtain results indicate that the
workability is increasing, the density and the compressive strength are
decreasing up to 20wt% replacement ratio. Moreover, the compressive
strength of WGP based concrete is lower than that of conventional
concrete up to 28 days of age and becomes superior from 45 days age.
The best obtain average values of workability and compressive strength
are respectively 7.2cmand 30.25MPa up to 28 days of age for the case
of BPV20. Thus, for its good pozzolanic characteristics and the
influence on the properties of concrete, the glass powder obtained by
basic grinding non-reusable glass debris can be used in the formulation
of ecological concrete for common civil engineering applications.
Copy Right, IJAR, 2022,. All rights reserved.

……………………………………………………………………………………………………....
I. Introduction:The increase of waste glass can hurt the environment and could be very expensive and difficult to manage. Glass has
become necessary and irreplaceable in daily human life due to its benefits like abrasion resistance, durability, and
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809

ISSN: 2320-5407

Int. J. Adv. Res. 10(08), 809-825

availability in any form [1].Generally in shops, damage glass sheets and sheet glass cuttings are going to waste,
which are not recycled at present and usually delivered to landfill for disposal [2]and this situation is too hard in
undeveloped countries. Just like household waste, it is an issue of global concern [3]. The valorization of this waste
glass as construction material represents a response to this problem [4] [5] [6]with several technological, economic
and environmental advantages [7] [8] [9].The use of supplementary cementing materials (SCMs), which are silicarich materials, is beneficial byimproving the fresh and hardened properties of concrete and the service life of
structures [5]. They react with the portlandite released by the hydration of silicates in the presence of water to form a
product similar to that obtained from Portland cement. Thus, it has become possible to reduce the amount of water in
concrete and thus produce high-performance concrete [10]. Then, environmental problems have been taking into
consideration as serious situation in the modern construction. Reusing and recycling the wastes consider as the only
methods to reduce waste generated [11].
The inevitable surge in the production of waste materials inthe construction industry and deficiency in the
management of construction waste materials is a result of the advancement in infrastructural development in the
world today [12].To improve the physical, mechanical, and durability properties of concrete, several studies are
being carried out using additions of natural origin or industrial residues. Their use provides the concrete with a
denser matrix that will be more resistant to aggressive products [13]and reduces the consumption of natural
resources as well as landfills and the emission of the Carbone dioxide gas in the production of cement which causes
enormous damage to the environment[14][15]. Improving the quality of concrete aims to correct the pathologies of
degradation and the impact on the environment and the living environment of the populations. However, with the
pozzolanic properties of mixed glass finely ground, it can be possible to reuse this glass as a partial replacement of
cement in the manufacture of concrete [16] [17]. These SCMs include fly ash, silica fume, blast furnace slag [18],
marble powder [19] [20],and glass wool, glass powder, slag, etc. Several studies show that the different possibilities
of the valorization of glass waste by substitution of aggregates and cement in concrete have been explored. Its
effects on the physicochemical and mechanical characteristics were examined in the main research in this direction.
The use of waste glass in concrete can offer an improvement in concrete performance and an asset for participation
in sustainable development by reducing this waste [21]. However, composite material production is linked to the
availability of inputs. Low water/binder ratios lead to lower permeability of concrete and additions of fines such as
silica fume, clay, slag, and ash thus contributing to improved compactness through their granular fillers[22].The
compressive strength of the resulting concrete is close to that of the control concrete, which shows that the use of
glass as a filler is possible provided that the stability problem is addressed [4]. But Similarly,(L. Mechri et al, 2021)
show that the presence of glass aggregates as a partial replacement for alluvial sand increases the performance of the
mortar for an age of 28 days, in particular for the case of cement mortar with 20wt% of glass aggregates [23].
The actual context is dominated by an increase in solid waste (such as plastic, glass, etc.)and the insufficiency of
recycling facilities.Development of local alternative supplementary-cementitious materials (ASCM) such as ground
mixed-waste glass is demanded especially when other ASCM are not locally available or costly [24]. The production
of cement as a hydraulic binder involves extensive energy absorption [25] and is responsible for 4 to 8% of global
CO2 emissions and 50% in the construction sector [26]. While the construction sector has a high demand for natural
resources, and due to the high cost of natural raw materials [27], alternatives solutions are being explored by the
construction industry and researchers. It is especially important to conduct research that reveals new opportunities
for the use of waste in the creation of new construction materials [27].Since, several research into the influence of
glass waste as coarse aggregates or replacement of cement in concrete mixing on other characteristics is studied. The
use of recycled glass helps in energy and environment saving and its significant contribution is tothe construction
filed [2]Therefore, this study focuses on the use of waste glass in the development of new concrete for civil
engineering structures. This secondary resource is a potential solution for significant contribution to the construction
sector. The difference between glass waste and other solid waste is the possibility of their repeated recycling without
loss of operational properties, as well as extremely slow decomposition in natural conditions [28]However, the
addition of high amounts of glass (>30 wt%) into the ceramic bodies is undesirable due to its adverse action on the
physical properties of the product [29].
The behaviour of supplementary cementing materials in concrete is different from that of Portland cement alone.
The incorporation of SCMs in place of cement has effects on hydration kinetics, hardening, strength, and durability
[30] [31][32].
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The incorporation of glass powder affects the mechanical properties and durability of concrete. As reported by (R.
Chaïd et al. 2015), the contribution of glass powder to the binding activity of cement results mainly from two
effects: a physicochemical and microstructural effect and a chemical effect [13]. It can show several types of
behaviour, mainly according to its granularity: a coarse granularity tends to provoke an alkali-reaction phenomenon
generating disorders, whereas a fine glass develops a beneficial action identifiable with a pozzolanic reaction [33].
As reported by (Ayesha Siddika et al, 2021) [34] the chemical and mineralogical composition, and particle size of
WG, mix proportion, activation, and curing condition of concrete are the most important parameters that affect the
dissolution behaviour of WG and chemical reactivity between WG and other elements in concrete. The behaviour of
WG help to produce durable concrete against shrinkage, chemical attack, freeze-thaw action, electrical and thermal
insulation properties. The optimum replacement volume of binders or natural aggregates and particle size of WG
need to be selected carefully to minimize the possible alkali-silica reaction [35].Several research works concluded
that the optimum percentage of waste glass as replacement of cement is at 10%replacement of cement [36] [37],
15wt% replacement of cement [38] [39] [40] and at 20wt% by [41] [42][43]. Experiments have shown that when
fine natural aggregate is replaced with glass waste, the strength of concrete decreases due to the lack of adhesion
between the glass-cement stone particles. Substitution of 30wt% cement by a powder with a maximum particle
diameter of 38 µm resulted in a pozzolanic activity and [25]ideal replacement level as it exhibits quite comparable
strengths, better workability, and higher resistance to chloride-ion penetration compared to the control mix and
provides maximum tensile splitting strength at 28 days [44]. Furthermore, an extensive experimental program was
carried out including pozzolanic activity, setting time, soundness, specific gravity, chemical analyses, laser particle
size distribution, X-ray diffraction, and scanning electron microscopy (SEM) on WGP and resistance to alkali-silica
reaction (ASR), chloride ion penetration resistance, absorption by capillarity, accelerated carbonation and external
sulphate resistance on mortar containing WGP [45].The compressive strength of concrete depends on the quality of
the hydrated calcium (C-S-H) developed. The addition of a cementitious material as a partial replacement for cement
will react with the portlandite, resulting in the formation of a new C-S-H which will fill more cavities, thus
decreasing the porosity and improving the compressive strength [10].The microstructure of the waste glass concrete
resulting that more voids created after 20% replacement of waste glass which affects the compressive strength and
split tensile strength of the concrete thus make the optimum replacement percentage is 20% replacement [46]. In
addition, temperature variation is another parameter influencing the behaviour of the ice powder; in fact, according
to (M. Mirzahosseini and Kyle A.Riding, 2014) the elevated temperatures cause glass powder to exhibit significant
pozzolanic reaction, even at early ages [47]. In the previous study, the condition of obtaining of glass powder are not
analysed enough. So, the method of crushing is an unknown parameter and its influence on the properties of WGP
based concrete. Therefore, the main aim of the present study is to process non-recycled glass bottles into powder
obtained by crushing by physical and manual effortfor incorporation as replacement cement at 10wt%, 15wt% and
20wt% into the concrete mix design and to evaluate the workability and mechanical properties.

II.

Material and Methods:-

This study is performed in three main stages. These are the determination of the components of hydraulic concrete
and its formulation, then the preparation of concrete specimens, and finally the characterization of physical and
mechanical properties. The following paragraphs describe the raw materials used, the characterization of the inputs,
the formulation study, and the characterization of the formulated specimens.
2.1
Raw material
Concrete is the most versatile material used as construction material all over the world [15] and replace
progressively the local construction material in undeveloped countries.Concrete is a cementitious composite material
consisting of a mixture of well-defined proportions of cement, aggregates, water, and possibly additives. The mixing
water must be clean and free of dirt.
2.1.1 Cement
The choice of the type of cement depends on the compressive strength class (’c) the criteria of use (speed of setting
and hardening, the heat of hydration, etc.). The true class of cement is the average compressive strength obtained at
28 days on standardized mortar specimens. The cement used in this study is type CEM II/B-S 42.5R and ’𝐜 =
𝟒𝟕𝐌𝐩𝐚.
2.1.2 Waste Glass Powder
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TheWGP is a white alternative SCM. Its high amorphous silica content SiO2 gives it pozzolanic properties by
combining with lime to produce another hydrate [33] [48].Glass waste consisting mainly of bottles were collected,
sorted, and crushed. Their density of Waste glass isγs = 1.535 and the particle sizes of the derived waste glass
powder are less than 80μm.The table 1 below give the chemical properties of cementitious materials such a cement
and glass powder:
Table 1:- Chemical composition (% in mass) of cement and glass powder [49]
N°
Characteristics
Cement
01
SiO2
17.50
02
Al2O3
4.36
03
Fe2O3
3.10
04
CaO
60.40
05
MgO
1.70
06
K2O
0.58
07
SO3
2.50
Na2O
08
PAF
10
10
Density
3,10

Glass powder
70,90
1.93
0.40
13.30
0.18
0.33
0.06
12.40
0.50
2,59

2.1.3 Aggregates
The aggregates used in concrete production need to allow the creation of a granular skeleton with a minimum of
voids. Consequently, aggregates of all sizes must be used so that the smallest elements fill the voids left by the
largest. Within the framework of this study, we have the granular class: 0/25, divided into 0/5, 5/15, 15/25, and
presented in figure 4 below. The table 2 below summary the physical characteristics of aggregates used in the mixes:
Table 2:- The physical characteristics of the aggregate.
N°
Measured Parameters
Result
01
The equivalent of sand (ES)
96.75% (to visual);
98.24% (to the piston)
02
Coefficient of Flatness (A)
Gravel 5/15, A=18.49
Gravel 15/25, A=21.50
03
Hardness test (Los Angeles)
LA= 11.8 et 12.1
04
Cleanliness test
P=1.66%
05
Density
Sand 0/5
𝛾𝑠 = 2.613
Gravel 5/15
𝛾𝑠 = 2.924
Gravel 15/25
𝛾𝑠 = 2.905
The determined parameters indicate that the selected aggregates meet the prescribed
manufacture of concrete.

Required standard
ES60
A35
LA40
P≤2%
-

limits for use in the

2.2
Characterizationof the concrete components
The quality of the concrete is partly linked to the quality of its components and their propositions in the mix. Thus,
the study of the behaviour of concrete in the fresh and hardened states requires particular knowledge of the influence
of its different components [50]. The workability of concrete decreased with the substitution of WG and RCA while
mechanical performance improved up to a certain limit and then decreased due to lack of workability [51]. It is
therefore necessary to identify these constituents before formulation. For this characterization, the tests are
summarized in Figure 1 below.
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Sampling of Raw Materials:
Aggregate, water, cement, Waste Glass

Characterization of the aggregate:







Crushing of Waste Glass:

Equivalent of sand NF 933-8[70] ;
Sieve Analysis NF P 94-056 [64];
Coefficient of Flatness NF EN 933-3[65];
Hardness test NF EN 1097-1[66];
Cleanliness test XP P18-591[67];
Density NF P 94-054 [68];
 Densité apparente NF P 18-554



 Ø≤80μm,

 Analytical approach
 Graphical approach

Investigation for concrete formulation
Dreux Gorisse Methods
 𝟏𝒎𝟑 of concrete
 50kg of cement
pour une éprouvette de 32x16 cm

Production of concrete specimen
Curing
Analysis and Discussion of
the results

Characterization of concrete specimen according to
standardNF P 18-451[52]andNF EN 12390-3[53]
Figure 1:- Study framework.
2.3
Composition of concrete mixes
Table 3:- Composition of concrete mixes.
N°
Component
BR
1
Cement
16.50%

BPV10

BPV15

BPV20

BR-15

14.85%

14.02%

13.20%

14.02%

2

Sand (0/5)

25.60%

25.60%

25.60%

25.60%

25.60%

3

Gravel (5/15)
Gravel (15/25)
Water

6.51%
42.70%
8.69%

6.51%
42.70%
8.69%

6.51%
42.70%
8.69%

6.51%
42.70%
8.69%

6.51%
42.70%
8.69%

4
5
6

WGP
1.65%
2.47%
3.30%
0%
Five types of hydraulic concrete were mixed, including three types of concrete with substitutions of cement by glass
powder at proportions of 10%, 15%, and 20%. Table 3 shows the results of the formulation with the quantities of the
cementitious components of the concrete.
Table 4 : Summary of the formulation of the concrete
BPV10
BPV15
BPV20
BR-15
N°
Type of the concrete
BR
(10% WGP) (15% WGP) (20% WGP)
(0%WGP)
1

% de WGP

0

10%

15%

20%

0%
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2

% Cement

100

90%

85%

80%

85%

3

Volume WGP (𝜌𝑠 =1,33)

0

28.04

42.06

56.09

-

4

Volume cement (𝜌𝑠 =3,1)

120.3

108.27

102.25

96.24

102.25

5

3

372.93

335.7

317.05

298.4

317.05

0%

37.30

55.95

74.60

-

6

Weight of cement (kg/m )
3

Weight of WGP (kg/m )

Note: BPV10 means concrete with 10% of Waste Glass Powder as replacement of cement.

Table 4 present the type of concrete mixes with the proportion of cementations materials. The content of cement in
the BPV15 and RC-15 concrete is identical and the comparison of these two types of the mix aims to see the impact
of the glass waste powder on the properties of the concrete.
2.4
Experimental Parameters and Tests
The experimental investigation was carried out in two stages: the first stage consisted of the formulation of different
types of concrete mixes; the second stage consisted of subjecting prepared concrete samples to different curing
regimes. A mix design based on the mass of the concrete was used in both stages (see Table 3) with constant w/c
equal to 0.52. Each mix consisted of 6 cylinders, tested at each curing age.Fresh and mechanical properties like
workability and compressive strength were evaluated in the first and second stages.
The workability of the fresh concrete is determined by the slump cone test by the standard NFP18-451 [52].
The mechanical characterization concerns the determination of the compressive strength of a concrete specimen.
The principle of the test is governed by standardNF EN 12390-3 [53].The test procedure recommends the
preparation (surfacing of the specimens) andthe positioning of the specimens in a mechanical press and then
applying the load in a continuous manner and without shocks until the specimen breaks. With the mechanical press
used, the loading ratio is kept constant throughout the test and is equal to 0.5 MPa/s, with a tolerance of +/- 0.20
MPa/s.
2.5
Specimen and curing
Concrete cylinders of dimensions 16 cm (diameter) and 32 cm (height) were prepared by standard NF EN 12390-3
[53]. Cylindricalmoulds were filled in two approximate equal layers and compaction was done by rodding 25 strokes
per layer. Thirty specimens of concrete cylinders were cured in laboratory ambient conditions, and then de-moulded,
identified, and subjected to the respective curing conditions until the testing age.

III.

Result

3.1
Fresh concrete consistency
The characterization of the fresh concrete focused on the consistency of the mix with the determination of the slump
and the density of the composite. Then, the workability and the density of the mixes are given in Figures2, 3, and
4below.
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Slump (mm)
80
70

Slump (mm)

60
50
40
30
20
10
0
BR

BPV10

BPV15

BPV20

BR-15

Concrete type

Figure 2:- Workability of the mixes.
From graph in figure 2, BPV20 and BR-15 show highest results. In terms of consistency, the conventional concrete
BR has a lower slump than concretes at 10% to 20% ofWGP replacements. It shows that the 20% of waste glass
powder of replacement give the most increase workability of the fresh concrete. The amount of workability is
proportional to the ratio of substitution of cement by glass powder and increase with the increase of WGP
percentage used in concrete, whereas the density is inversely proportional. The more glass powder is added, the
more the slump increases, this is because glass is impermeableandthe smooth surface of the waste glass that absorb
less water during mixing process [46].
Density (g/cm3)
2.51

Density (g/cm3)

2.50

2.49

2.48

2.47

2.46

2.45
BR

BPV10

BPV15

BPV20

BR-15

Concrete type

Figure 3:- Density of the concrete specimen.
Figure 3shows that the conventional reference concrete has the highest density than the other concrete mixes. The
value of density decreases with the increase of WGP percentage used in concrete. The more glass powder is added,
the more the slump decreases. This is becausethe cement has higher specific gravity than that of the glass powder.
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Density (g/cm3)
2.51

Density (g/cm3)

2.50

2.49

2.48

2.47

2.46

2.45
64

66

68

70

72

74

76

78

80

82

Slump (mm)
Figure 4:- Workability as a function of the density of the mixes.
Figure 4above shows the evolution of the consistency of concrete as a function of density. It is noted that the
workability is inversely proportional to the density of the formulated concrete.
3.2
Compressive Strength of Specimen
The mechanical strength is expressed by the power of the concrete to resist destruction due to the stresses of the
different compressive loads [14]. The test was carried out conforming to standard NF EN 12390-3, to obtain
compressive strength at 7days, 14 days, 28 days and 45 days. The specimens were tested using mechanical
compression machine by loading continuously at 0.5Mpa/s ±0.20 Mpa and without shocks until its breaks. The
variation of the compressive strength is studied as a function of the substitution ratio of cement by glass powder and
also as a function of the curing time of the samples. The results obtained after compression of the different concrete
specimens are listed in figures 9 to 13 below and represent average values of the crushed specimens according to the
age of the concrete.
3.2.1 Compressive Strength of the concrete at 7 days, 14 days, and 28 days
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Rc 7
Rc14
Rc28

Compressive Strength (MPa)

30

25

20

15

10

5

0
BR

BPV10

BPV15

BPV20

BSC-15%

Type of Mix
Figure 5:- Compressive Strength at 7days, 14 daysand 28days.
Concrete was projected to achieve approximately 100% of its strength in 28 days [46]. From result in figure 5, for
concrete mixes, all results have obtained a minimum compressive strength of 25 Mpa at 28 days age. The graph in
figure5, indicates that the compressive strength is increasing for each sample up to 28 days ages. The compressive
strength of Reference conventional concrete is high among other mixes. When the ratio of waste glass powder
increases in the mixes, it was identified that compressive strength is decreasing up to 28 days’ age. The important
gapof compressive strength is observed between the BPV20 compared to the BR, with average ration of 24.28%,
19.09% and 9.26% respectively at 7 days, 14 days and 28 days. However, the reduction in the quantity of cement
reduces the compressive strength, as can be seen with BR-15, with a difference of 22.11%, 17.77%, and 19.61%
respectively at 7, 14, and 28 days of age.
3.2.2 Compressive Strength of the concrete at 45 days
The results obtained with the compression tests of the different concrete specimens at 45 days of age are presented
in the following figure 6.
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Rc45
35

Compressive Strength (MPa)

30
25
20
15
10
5
0
BR

BPV10

BPV15

BPV20

BSC-15%

Type of Mix

Figure 6:- Compressive Strength at 45 days.
The diagrams in Figures 6 and 7show that the compressive strength is increasing among all mixes at 45 days of age
and the compressive strength of conventional reference concrete get lesser value thanWGP based concrete. The gap
in compressive strength is 1.86%,4.49%, and 5.76% respectively for BPV10, BPV15, and BPV20 compared to BR.
Furthermore, it can be seen that the compressive strength of BPVs is proportional to the substitution ratio of cement
by glass powder (𝑅𝐶𝐵𝑃𝑉 20 >𝑅𝐶𝐵𝑃𝑉 15 >𝑅𝐶𝐵𝑃𝑉 10 ).
Rc 7
Rc14
Rc28
Rc45

35

Compressive Strength (MPa)

30
25
20
15
10
5
0
BR

BPV10

BPV15

BPV20

BSC-15%

Type of Mix

Figure 7:- Compressive strength at 7, 14, 28 and 45 days age.
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BPV10
BPV15
BPV20

36
34
32
30

Rc(MPa)

28
26
24
22
20
18
16
7 days

14 days

28 days

45 days

Curing age

Figure 8:- Compressive strength development over time with Glass Powder.
The graph in figure 8, indicates that the compressive strength of BPV20 concrete increases earlier than that of
BPV15 and BPV10 concrete after 28 days. This is the effect of the Waste Glass Powder in the concrete and this
difference is explained by the replacement ratio.

7 days
14 days
28 days
45 days

34
33
32

Compressive Strength (MPa)

31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
0%

10%

15%

20%

Type of Mix(% of WGP)
Figure 9:- Compressive strength as a function of the content of Glass Powder.
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Figures 7 to 9show the variation in compressive strength with the waste glass powder incorporation ratio and the
curing time of the concrete specimens. Therefore, it appears that the compressive strengths of BPV10 and BPV15
concrete are higher than those of BPV20 at a young age (i.e. 7 to 28 days) and the trend is reversed when the
concrete is over 28 days old and the observation is confirmed at 45 days of age.

IV.

Discussion:-

4.1
Summary of the main finding
According to the above-mentioned characterization results, all raw material used into the formulated concrete are of
suitable quality.In terms of physical properties, it is noted that the slump is proportional to the increase in the
replacement ratio of cement by glass powder, while the density decreases. In fact,the density should be decreased
gradually at increasing of waste glass powder replaced as cement into the concrete. The density of the fresh concrete
mixes decreases up to 2% at 20wt% replacement ratio. With increasing of WGP into the concrete, the workability
should be increased gradually as compared to reference conventional concrete.This can be explained by the fact that
the denser the concrete, the lower its consistency and workability. This finding is by the results by [9][54]. This is
due to the reduction in the amount of cement into the concrete. The less cement leg is available to provide the
binding effect, and therefore the adhesion between the aggregates is not strong. Indeed, SiO2 reacts with portlandite
(which is a constituent of the hydration of calcium silicates in the cement. Alternatively, it is a product of the
hydration of quicklime released by the hydration of silicates in the presence of water, giving rise to new C-S-H
(calcium silicate hydrate) similar to that obtained by Portland cement. This substance effectively fills the voids and
gives rise to a dense microstructure of the concrete. The waste glass powder then offers resistance against the
expansion forces caused by the penetration of sulphates and sulphate ions into the concrete [10].
For compressive strengths, there is a negative correlation (-0.69 to -0.96) with the substitution ratio of glass powder
as replacement of cement up to 28 days of age and a positive correlation (+0.97) at 45 days of age. The compressive
strengths of WGP based concrete become highest after 28 days of age compared to reference conventional concrete
and are attested by the values obtained at 45 days of age In general, glass powder affects the compressive strengths
of concrete. According to the results obtained from the crushing tests, we note that the glass powder concretes
resistless at young ages (7 and 14 days) and 28 days of age compared to the reference concrete, this is explained by
the fact that the glass powder plays a role of pore filler at young ages, and makes the structure of the concrete
denser. This was also observed by [55]. However (M. Mejdi, 2019) reported that for substitution ratio up to
20wtwt%, the mechanicals properties are notednotably affected [18]. No significant differences were observed in
compressive strength of concrete with the presence of RGS in concrete, while an average reduction of 16% occurred
when 20% of the Portland cement was replaced by PGP [56]In other applications, the substitution of Zogbodomey
clay with 5% Benin wood ash or 20% ground glass leads to fired blocks with increased three-point bending tensile
strength and compressive strengths comparable to blocks without addition [57].The significant increase in
compressive strength of BPV compared to BR is observed after 28 days of age and the test results obtained at 45
days indicate an increase in strength of the concrete with glass powder compared to the reference concrete in the
range of 1.86% to 5.76%. This trend was observed at 90 days by (Zeghichiet al. 2012 et B. Arab et al, 2017)
[22].This is due to the pozzolanic reaction of the glass which takes time to start. These results are in agreement with
previous studies where it is noted that the strengths of ordinary concrete incorporating glass powder develop over
time [55], [56][58], [59].And the high SiO2 silica content of the glass powder gives it pozzolanic properties that
increase with the glass powder content. Then (Y. Wang et al., 2020) conclude that the replacement ratio played a
dominant role in strength at both the early or long-term age [60],[61].
So, from the evolution of the compressive strength of the formulated concretes, it can be said that the characteristic
compressive strength of 34.5 MPa will be reached faster after 45 days with BPV20. Then, the workability and
compressive strength are increasing up to 20wt%. From another point of view, it can be envisaged that increasing
the substitution ratio of cement by glass waste powder to 25-30% will accelerate the growth of the characteristic
compressive strength and reduce the time to reach it. Because, at 30% to 40% replacement level the workability is
increasing and the compressive strength goes to decreasing, and Split tensilestrength is slightly decreasing as
compared to normal concrete [62].
Another interesting finding is the comparison of BPV15 and BR-15 concrete. At all age of curing, the compressive
strength of BPV15 is higher than that of BR-15. This illustrates that the strength of concrete is strongly related to the
cement dosage and that the substitution of cement by glass powder is interesting and applicable. In this way, the
quantity of cement can be reduced by up to 15% with glass powder, while maintaining the compressive strength.
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The results show that the replacement of cement by WGP influences the compressive strength of the concrete.
Moreover, this compressive strength is also inversely proportional to the WGP content in the concrete. The Waste
Glass Powder (WGP) influences the formulation of the concrete, based on the comparison oftheconcretemixes with
reductionof 15wt% of cement (BR-15) and the concrete mixes with 15wt% WGP as replacement of cement
(BPV15). Therefore, the use of waste glass powder intothe concrete is an important issue in the preservation of the
environment, because the replacement of cement into the concrete for the reduction of 𝐶𝑂2 global emission. The
availability, the cost and transportation of certain supplementary cementing materials (SCMs) have an
environmental and economic impact [49] [63]and the use of local alternative resources as waste glass may be a
potential solution to consider in undeveloped country.
4.2
Strength and limitations
The study focused on the effect of WGP as partial replacement of cement by 10wt%, 15wt% and 20wt% on the
workability and compressive strength of the concrete mixes. These two parameters are essential in the use of
concrete in civil engineering applications. However, the study could not measure the evolution of density with the
curing period and also the tensile/bending strength and durability of these glass powder concrete specimens.
Furthermore, the process of obtaining glass powder is still laborious and it is important to identify better crushing
approaches.
4.3
Implication on practice and research
This investigation addresses a current problem in developing countries wherewaste management is still in its early
stages and is not regulated. These initial investigations give satisfactory results and open up avenues for the
exploitation of glass waste (bottles) in powder form as a cement additive. Thus, it shows that the substitution ratio
makes it possible to obtain levels of consistency and compressive strength according to the specifications. These
types of concrete, especially with the 20% ratio, can be used in the realization of concretes and reinforced concretes
for residential buildings, and paving stones.
In perspective, the research may include:
 Characterizing the tensile and/or flexural strengths of formulated concrete specimens;
 Characterizing the chemical properties of waste glass powder;
 Evaluation of the durability of the concrete formulated at 10% to 20% replacement ratio of cement by WGP;
 Determining the substitution ratio to optimize the consistency and mechanical properties and obtain the
characteristic compressive strength at 28 days of age;
 Evaluation of the comparative grey energy of the glass powder concretes and the normal concrete to measure the
level of durability.

V.

Conclusion:-

Based on the investigation and experimental results, the followings conclusions were drawn:
 With increasing of WGP into the concrete, the workability should be increased gradually as compared to
reference conventional concrete. So, the incorporated waste glass powder allows an increase in workability and
the highest value of 7.2cm (i.e. 10.77%) is obtained at 20% replacement ratio;
 The density should be decreased gradually at increasing of waste glass powder replaced as cement into the
concrete. the density of fresh concretemixesdecreasesup to 2% at 20wt% replacement ratio;
 The compressive strength of reference normal concrete is highest at a young age, i.e., up to 28 days of age,
compared to the reference conventional concrete;
 The compressive strengths of WGPbased concrete become highest after 28 days of age compared to reference
conventional concrete and are attested by the values obtained at 45 days of age. The concrete with 20wt% WGP
offers the highest strength by 5.76% more than the reference conventional concrete.
 There is an opportunity for the use of WGP as replacement of cement into the concrete for the reduction of 𝐶𝑂2
global emission.
This study highlighted the influence of WGP on the concrete’s physical and mechanical characteristics.To do this, it
is important to:
 identify the components of the concrete according to the standard and technical specifications in use;
 apply the concrete formulation method, based on the specifications;
 respect the experimental protocols for the characterization of concrete and cementitious materials.
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Highlight
The manual method of collecting, processing and crashing waste glass up to Ø80μm can be used in concrete mixes.
The consistency of the formulated concretes was characterized through the measurement of workability and density.
The mechanical strength of the reference conventional concrete specimens and concretes with the glass powder as
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replacement of cement were characterized at 7 days, 14 days, 28 days and 45 days. The experimental results of fresh
and hardened concrete, such us workability, density and compressive strength were presented andanalysed. The
effect of WGP as partial replacement of cement into concrete on the properties of the concrete was investigated and
showed the best result at 20wt% replacement ratio. This study presents an introduction to the use of waste glass
powder in cementitious materials for civil engineering applications in developing countries.
Nomenclature
Acronyms and abbreviations
ASCM
Alternative Supplementary Cementitious Materials
ASR
resistance to alkali-silica reaction,
BR
Reference Concrete
CSH
Silicate of Hydrated Calcium
LA
Coefficient of Los Angeles
MPa
MegaPascal
BPV
Waste Glass Powder based concrete
BPV10,BPV15,BPV20 Concrete with the replacement rate of cementby the Waste Glass Powder
PGP
Pozzolanic Glass Powder
RCA
Recycled Concrete Aggregate
RGS
Recycled Glass Sand
SCMs
Supplementary cementing materials
SEM
scanning electron microscopy
WG
Waste-Glass
WGP

Waste Glass Powder

Symbols
wt%

Weight percentage

’28

Mean compressive strength of concrete at 28 days in MPa

’c
C/E

Cement strength class
The ratio of cement and water in concrete

G’
Copt
Cmin
Dmax
kg
L
𝒎𝟑
%S
%g and %G
γ

Coefficient of the particle size distribution of aggregate
Optimal cement content
Minimum cement content
Maximal size of aggregate
kilogram
litre
Cubic meters
Sable ratio in concrete
Gravel ratio in mix concrete
The compactness of the concrete

𝜸𝟎 ,𝜸𝟏 ,𝜸𝟐 ,𝜸𝟑
Vc
Vs
𝑽𝑮
𝑽𝒎
𝑽𝒕𝒈
𝝆𝒄
𝝆𝒔
𝝆𝒈 , 𝝆𝑮
Ms
Mg, 𝑴𝑮
n

Adjustments for aggregates form and density and cement content,
Volume of cement
Volume of sand
Volume of gravel
The volume of the solid components of concrete
Total Volume of granulates
Bulk density of cement (g/cm3)
Bulk density of sand
Bulk density of gravel
Mass of sand
Mass of gravel
Number of a cement sack for the production of the concrete
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