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ABSTRACT

As human societies grow, the problem of waste management becomes one of the pressing issues

that need to be addressed. Recycling and reuse of waste are effective waste management measures
that prevent pollution and conserve natural resources. In this study, the possibility of using glass
waste as an alternative was used as a partial weight substitute for fine aggregates with replacement
ratios of 10, 20, 30, and 40% by the weight, and formed into test models (15 cm * 15 cm ) cube
and (15 cm * 30 cm) cylinder, then matured and tested their strength compression and tensile
strength at the age of 7 and 28 days and compared with a reference or conventional concrete with
a mixing ratio (1: 1.5: 3) as well as testing its workability on fresh concrete. The results showed
the possibility of using crushed glass wastes in concrete as a good alternative to fine aggregates,
up to 30%. The compressive strength and tensile strength results at this ratio were 92.6% and
80.86% at the age of 28 days, respectively.
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1. INTRODUCTION

Growing urbanization, population growth, and increasing living standards have helped increase
the quantity of a variety of solid waste produced by manufacturing, farming, mining, and domestic
activities due to technological innovations. Generally, in 2002, the estimated amount of solid waste
generated was 12 billion tons in India (Pappu et al., 2007).

The construction industry for "green™ or environmentally friendly materials includes cement and
reinforcement bars, which has led to increased construction costs but may also lead to the
reconsideration of traditional materials (Ganiron 2013).

Much of this waste cannot be disposed of. In any case, the natural impact can be reduced by the
more accessible use of this waste. The goal is to reduce or reuse waste, the latter being the preferred
decision for waste. Research into new uses of waste materials is progressing steadily. This research
aims to match society's need for the safe and economical disposal of waste. The use of recycled
aggregates helps to maintain a clean environment, natural resources, and dumping areas. This
current research focuses on the occurrence of these wastes for use in concrete mixtures, especially
glass waste, for use in concrete mixtures as a partial substitute for fine aggregates.

1.1 LITERATURE REVIEW

A worldwide trend is the use of surplus materials with pozzolanic properties for concrete
construction. The continued generation of solid waste products is well known to raise significant
environmental and technological problems. Moreover, the evaluation of the pozzolan activities of
cement substitute materials becomes more relevant because of the need for more sustainable
cementing goods (Villar-cocifia et al., 2011).

Innovation is necessary to satisfy the rising demand for innovative and quality products. Concrete
is a commonly used material of building composed of cementing material, fine aggregates, coarse
aggregates, and required water amounts, where the fine aggregate typically consists of natural sand
(Anwar et al., 2015). Innovations in the replacement of content used will achieve sustainability
in concrete manufacturing.

(Ismail and al-Hashmi, 2009) studied the properties of concrete containing glass waste as fine
aggregate, and the results showed pozzolanic strength activity of 80% after 28 days of glass waste.
The samples' bending strength and compressive strength with 20% glass waste content were
10.99% and 4.23%, respectively.

(Rahim et al., 2015) studied the three potential uses of glass waste in cement and concrete
industries. Use glass waste as a partial substitute for sand in 10%, 20%, and 50% of concrete mixes.
While its results can be summarized as follows: First, the use of glass residues as concrete
aggregate has a somewhat negative effect on workability, strength, and the work of resisting
cement freezing and thawing. The compressive strength of samples with glass dust waste content
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of 10% was 32.93 MPa, which is higher than that of concrete control sample at 28 days, and glass
residues can also be used as a siliceous source in raw materials for cement production. Hence the
effect will depend on the amount of glass waste used. So it can be said that if the proportion of
glass waste used in raw materials is less, it will have minimal impact.

(Salim, 2017) studied the strength of concrete made by partial replacement of fine aggregate with
glass waste. The fine aggregate was replaced by glass waste as (0-40%) with a dosage of 4% to
reference concrete. It was noted that the operability increases with the increase in the amount of
glass, while the water absorption decreases with the increase in the glass. The experimental test
results revealed that maximum improvement was observed at 12% replacement of sand with glass
waste on all properties of the studied concrete.

(Liagat et al., 2018) conducted a series of experiments to find out the properties of the concrete
mixtures when replacing the coarse aggregate with the glass powder at (10-40) %. As the results
showed the possibility of using glass powder as alternative building materials up to 20% by weight,
a marginal decrease in pressure and tensile pressure was observed from the increase in the ratio
and confirmed the possibility of overcoming this problem using plasticizers.

(Warnphen et al., 2019) studied the various steps for managing glass waste, which is used as a
partial alternative in producing concrete bricks and obtaining the optimum percentage of glass that
gives the required strength. Part of the glass waste crushed with fine aggregates has been replaced
by 0%, 10%, 20%, 30%, and 100% depending on weight, then it was tested at the age of 7, 14, and
28 days. The results showed the best percentage of substitution, 20%, and the decrease in strength
by increasing the percentage.

(Alkizwini, 2020) tested the probability of replacing part of the aggregate, cement, or both with
powdered glass and plastic waste at a ratio of (0- 20) percent. They tested the pressure strength of
the concrete mixture at 7 and 28 days of age and compared it with the reference mixture (mix ratio
of 1:1.5:3), where the results were strong when using the glass as an alternative to the aggregate
or cement as an alternative. Sand and cement could be replaced with powdered glass waste (20%
sand and 15% cement) without any noticeable difference in compressive strength. As for plastic
waste, its results were to reduce the strength of the pressure in concretes a result, and it is advised
that concrete with plastic wastes is to be used in civil engineering applications that require low
compressive strengths (< 25 MPa).

1.2 MATERIALS AND METHODS
1.2.1 Materials

The materials used in this study are cement, fine aggregate, coarse aggregate, water, grinded glass
waste as fine partial aggregate replacement. The local Iraqi market locally supplied all materials.

1- Cement

Cement is an essential component of the concrete industry as it is responsible for bonding concrete
components. Ordinary Portland cement (Type 1), conforming to 1QS Standard No. 5 / 1984, has
been used in concrete mixtures.
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2- Fine aggregate

The fine aggregate used was obtained from the sands of the clean river of quarries in the Ghriba
area in Wasit Governorate. The maximum size was 4.75 mm. Impurities were removed and
conform to 10S45:1980. The aggregate was examined through a set of sieves, as shown in Tablel.

3- Coarse Aggregate

Coarse aggregates used were from quarries in the Ghriba area in Wasit Governorate. The
maximum size of coarse aggregate was 20 mm. It conforms to Iraq's standard (1QS No.45/ 1984).
Table 2 shows the sieve analysis of coarse aggregates.

4- Mixing water
Tap water has been used in this study for concrete mixtures and sample preparation.
5-Glass waste

Our research's origin of the glass aggregates is transparent window glass wastes collected from
local window glass vendors in Al-Aziziyah city, Iraq. After being collected, the workgroup was
cleaned. The next step in preparing the aggregate glass was the cracking process, which was
performed manually with the hand hammer and sifted to obtain grades similar to those in natural
sand. Fig. 1 shows a picture of waste glass. The maximum diameter of nominal particle size was
4.75 mm. Sieve analysis is shown in Table 3 (Alkizwini, 2020).
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Figure 1. Glass waste.

Table 1. Sieve analysis of fine aggregate.

Sieve size (mm) Percentage | Limit of 1QS No0.45/1984
passing %
10 100 100
4.75 96 90-100
2.36 77.5 60-95
1.18 64 30-70
0.6 31.3 15-34
0.3 17 5-20
0.15 6 0-10
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Table 2. Sieve analysis of coarse aggregate.

Sieve size (mm) Percentage passing % | Limit of Iraqgi standards
No. (45/1984)

20 100 100
10 22.5 0-25
5 2.15 0-10

Table 3. Sieve analysis of glass waste.

Sieve size (mm) Percentage | Limit of IQS No0.45/1984
passing %
10 100 100
4.75 96 90-100
2.36 70 60-95
1.18 49 30-70
0.6 20 15-34
0.3 15 5-20
0.15 35 0-10

1.3 Experimental procedure

All experiments were conducted at room temperature for six months in Al-Ahlia Construction
Company, Al-Azizia City, Wasit Governorate. The following laboratory tests (compressive
strength and tensile strength) were performed in the construction laboratory of the College of
Engineering at the University of Baghdad.

1.4 Program of Testing

A series of standardized tests were performed with variable quantities of total glass waste in
proportions (1:1.5: 3) (cement: sand: gravel) (0.5) w/c as follows:

1. A reference mixture is made of 6 cubes (15cm x 15cm x 15 cm) and 6 cylinders (15cm x 30 cm)
of concrete.

2. To evaluate the effect of glass waste on the compressive strength of the concrete, 24 cubes (15
x 15 x 15 cm) of concrete.

3.To evaluate the effect of glass aggregates on the tensile strength of concrete, a total of 24
cylinders (150 x 300 mm) were poured into concrete.
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The concrete mix was done manually. Coarse aggregate, fine aggregate, cement, and glass waste
were mixed for the glass mixture, then water was gradually added, and the samples compacted
using a filler rod of 16 mm diameter on three equal layers. These samples were removed from the
molds after 24 hours. Then it was kept in the water for curing.

Every group comprises three compressive and tensile strength test samples. The main idea behind
splitting every test group into three samples is to ensure the optimal reliability standard and to
create a real margin to exclude very unusual points. All tests were conducted at the age of 7 and
28 days. Table 4 shows the concrete ratio for concrete containing glass waste.

Table 4. Glass waste mix design.

Material MO0% M10% M20% M30% M40%
Cement 26 26 26 26 26
(kg/m3)
Coarse 68.5 68.5 68.5 68.5 68.5
Aggregate
(kg/m3)
Fine aggregate 46 414 36.8 32.2 27.6
(kg/m3)
Glass waste 0 4.6 9.2 13.8 18.4
(kg/m3)
Water 13 13 13 13 13
(Lit)

1.5 Testing Techniques

1.5.1 Workability

Workability is a characteristic of fresh concrete that shows how easy it is to pour and handle
concrete. It is a characteristic that expresses the degree of homogeneity of the concrete mixture
and its resistance to granular separation.

Clean the inner surface of the mold (cone) shown in Fig. (2) and moisturize it well. The mold was
mounted on a flat, horizontal board and solid metal plate, and the mold was held firmly in place
while filling in three layers. Each layer the third height of the template. A round end compacting
rod was used to staple each layer by 25 strokes, and after the final layer was completed, the
concrete was separated from the level with a trowel so that the mold was completely filled. The
mold in the vertical direction was removed slowly and carefully. The concrete was allowed to fall,
and then The slump were calculated by determining the distance between the level of the mold
and the highest point in the form after the mold was removed (Anwar et al., 2015).
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Figure 2. Slump test.

1.5.2 Compressive strength

Compressive strength is the capacity to resists or withstands pressure on a substance or structure.
The compressive strength of a material is defined by the capacity of the material to resist defects
in the form of fractures. Compressive strength as a function of the concrete relies on many factors
linked to consistency, mixing nature, and quality management of the products used in concrete
construction (Rahim et al., 2015). The compression testing machine is shown in Fig. (3).

The compressive strength is tested as follows:

1. The concrete was poured into the mold on three layers, compact each layer 25 times to compact
it properly to reduce the amount of voids.

2. After 24 hours, molds are removed, and test samples are placed in water for processing.

3. After the specified curing period 7 and 28 days, samples are tested using the pressure testing
machine.

4. The load is applied gradually until the sample fails.

5. Divide the failure load by the cross-sectional area of the sample to obtain the compressive
strength of the concrete.
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Figure 3. Compressive strength test.

1.5.3 Splitting tensile strength

The tensile strength of the concrete test's the tension of the structure as it hits its rupture point at
which it shatters or loses its stability, which ensures that the structure can endure the highest stress
without failure. The tensile strength is a non-quantitative property, meaning the quantity of tested
material does not change. Still, it depends on preparing the test sample and the temperature in the
medium of the test (Anwar et al., 2015). A tensile testing machine is shown in Fig. (4).
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Figure 4. Splitting tensile strength test.

1.6 Results and Discussion

1.6.1 Workability

The results of the slump test for waste glass are shown in Table (5). An increase in the workability
of concrete made using glass waste as an alternative to fine aggregates was observed with a
substitution level of up to 20%, after which a decrease in stagnation was observed, as shown in
Fig. (5). An increase in workability may be due to the non-water absorbent nature of glass waste
compared to natural sand. However, the decrease in stagnation may be due to the effective loss of
water from the sample through rapid transport resulting from more voids resulting from the
equivalent waste glass instead of natural sand being heavier than the newer, or thought to be
influenced by the shapes of the glass grains. Despite this decrease in the stagnation of these
mixtures, they have good operational potential (Ismail and al-Hashmi 2009).
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Table 5. Slump test results of the glass.

Percentage of Slump (mm)
Glass
0% 80
10% 75.5
20% 70
30% 65
40% 95

90
80 M Slump (mm)
70
60 55
50
40

30

Slump values mm

20
10

0% 10% 20% 30% 40%
contents of glasses waste

Figure 5. Result of slump test.

53



Number 8  Volume 27 August 2021 Journal of Engineering

1.6.2 Compressive Strength

As previously mentioned, glass residues were initially crushed by hand and then sieved to a
maximum size of 4.75 mm. Different proportions (0%, 10%, 20%, 30%, and 40%) of these
residues were used to substitute for fine aggregates in concrete, as shown in Table (6). Fig. (6)
shows that the use of glass waste in concrete increased the compressive strength of the concrete at
both ages (7 and 28 days). The maximum effect was recorded at 20%, with increases in
compressive strength at 7 and 28 days being 24.14Mpa and 32.04Mpa, respectively. This trend in
compressive strength of an increase above the control mixture may be explained by the angular
nature of the glass aggregate, which has an area larger surface of naturally round aggregate
particles, up to 30% glass waste replaced well and within the values required by design. Then, the
compressive strength decreased with the increase in the glass waste due to the weak bond between
the glass waste and the cement paste due to the smooth surface of the glass waste. The decrease in
compressive strength is also due to excess water in the concrete (Alkizwini, 2020).

Table 6. Compressive strength of concrete with percentage of glass waste.

Percentage Splitting tensile strength (MPa) Splitting tensile strength (MPa)
At 7 days At 28 days

Of
Glass Cyll | Cyl2 | Cyl.3 | Average| Cyl.l | Cyl2 | Cyl3 | Average

0% 2.78 2.88 2.93 2.87 3.65 3.79 3.80 3.85
10% 2.65 2.76 2.83 2.64 3.67 3.39 3.86 3.64
20% 2.41 2.36 2.34 2.44 3.55 3.61 3.34 3.47
30% 1.32 2.15 2.04 2.07 2.76 2.88 2.86 2.85
40% 1.75 1.66 1.58 1.64 1.85 1.98 1.90 1.92
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Compressive strength

35 W Compressive strength (MPa)
30.87 32.04 At 7 days

@ 30 27.92 M Compressive strength (MPa)
g 26.21 At 28 days
g 2= 24.14 22.93 23.15
4'5 20.23 20.78
oo :
o 20 18.33
(7]
—
17 15
(]
2
a 10
(]
S
g 5
(@]
o

0

0% 10% 20% 30% 40%
percentage of glasses waste

Figure 6. the compressive strength for controlled mix and mixes containing different glass
aggregate replacement.

1.6.3 Splitting Tensile Strength

Split tensile strength results for samples with the addition of 10, 20, 30, and 40 wt.% glass waste
are shown in Table (7). The results are shown in Fig. (7). The development of the split tensile
strength of mixtures containing replacement of waste glass is higher than the controlled mixture
with age due to the progression of wetting and good bonding strength between the glass aggregate
cement paste relative to the controlled mixture. The strongest 28- day break tensile strength values
of 3.47 MPa have been obtained according to the results of the test from the concrete mixture
produced out of 20% glass soft aggregate, accompanied by a reduction in concrete bending
strength with a rising degree of glass waste replacement. This is large because of the same factors,
which decrease the compressive strength by adding waste glass. The loss in tensile strength is
mostly attributed to the extra water in the concrete. In contrast to natural aggregates, glass waste
does not consume more water (Salim 2017).
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Table 7. Splitting-Tensile Strength of concrete with percentage of waste glass.

Percentage
Splitting tensile strength (MPa) Splitting tensile strength (MPa)
Of At 7 days At 28 days
Glass Cyl.l | Cyl.2 | Cyl.3 | Average | Cyl.1 | Cyl.2 | Cyl.3 | Average
0% 2.78 | 2.88 | 2.93 2.87 3.65 | 3.79 | 3.80 3.85
10% 2.65 | 2.76 | 2.83 2.64 3.67 | 3.39 | 3.86 3.64
20% 241 | 236 | 2.34 2.44 355 | 3.61 | 3.34 3.47
30% 132 | 215 | 2.04 2.07 2.76 | 2.88 | 2.86 2.85
40% 175 | 166 | 1.58 1.64 185 | 1.98 | 1.90 1.92

Splitting Tensile Strength

45 M Splitting Tensile Strength (MPa)
. 3.85 At 7 days
= & 3.64 3.47 M Splitting Tensile Strength (MPa)
c 3.5 At 28 days
2 , 287 el e
g ‘ 2.44
9 2.5
= i 20 1.92
c
o 1.64
iy 15
oo
1S 1
-
=
E‘ 0.5

0
0% 10% 20% 30% 40%
percentage of glasses waste

Figure 7. Splitting Tensile Strength for controlled mix and mixes containing different glass
aggregate replacements.
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1.7 CONCLUSIONS

From the results of this research, the following conclusions can be highlighted and summarized as
follows:

1. Recycled glass waste with river sand reduces the harmful environmental impact of river sand
quarries and reducing the depletion of normal resources.

2. The results showed that the use of glass waste as an alternative to fines aggregates in the
concretes mix led to a relatively slights decrease in the operability of both. They have good
operability despite the fact that the low stagnation values of aggregate-containing mixtures. The
use of glass waste in concrete will eliminate the problem of disposing of such waste and prove
environmentally friendly, paving the way for environmentally friendly concrete.

3. The addition of 20% glass waste to the concrete increased the compressive strength of the
concrete, which reached a level comparable to that of normal concrete. This can be attributed to
the angular nature of the glass particles facilitating the increased bonding with the cement paste
and a rate of 20% for replacing glass powder waste with fine aggregates, which gives maximum
compressive strength and tensile strength at 28 days of age.

4. The results showed that the split tensile strength decreases with the increase in the alternative
waste content. Mixtures of up to 20% glass waste show a slight decrease in tensile strength
compared to the control mixture.
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