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Abstract: Waste glass is risky in our local environment to be dumped as garbage causing harmful problems in the
reaction of alkali and silica. The concept was proposed to take advantage of waste glass crushing it into the powder
for merging into concrete as a binding material for producing low-cost concrete with imparting effective thermal insu-
lation property. Novelty in this investigation is to introduce an innovative and cheap electronic tool with precision and
accuracy called thermocouple which was locally designed by an electronic engineer to calculate the rate of transfer
of heat through glass powder (GLP) concrete cylinder. This tool was embedded in the fresh concrete connected with
a digital thermometer which was later on tested in an oven after being hardened. Cement was somewhat replaced
by glass powder (GLP) in casting cylinders. Many cylinders were cast with regular concrete and investigated for
strengths, thermal insulation and other properties and compared with concrete using glass powder (GLP) as a partial
interchange of cement in different proportions such as 5, 10, 15, 20, and 25%. The results were later compared to
analyse the behaviour of GLP concrete where the slightly negative strength differences were noted compared to the
controlled concrete. At the same time, the cost of concrete was lowered for use in the non-load carrying members as
well as in the construction of temporary buildings in the rural areas. The important point here to mention is that GLP
improved the thermal insulation property of the concrete in an effective, accurate and mostly importantly low-cost
locally made tool providing a cool pleasant environment to the occupants especially in the counties where the temper-
ature exceeds 40◦C in the summer.
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I. INTRODUCTION
Bond in reinforced concrete (RC) denotes the resis-

tance of neighboring cement counters to pulling from
strengthening bars. Friction is caused by deformations
of the bars, or ribs that slide along the concrete, and me-
chanical interlocking is a bearing force caused by bear-
ing ribs against concrete. If the bond strength is insuffi-
cient, the reinforcing tape slip occurs which leads to the
destruction of the composite work. In RC members, sud-
den loss of the bond between rebar and concrete in the
fixing areas causes brittle failure of the bond [1].

The past reported studies indicated that the mecha-
nism of resistance in RC members is recognized in the
concrete of normal strength [2]. However, information
on the impact of binding materials on the bond strength
of concrete and embedded reinforcement is not avail-
able. This research will help to find the effect of us-
ing pozzolanic materials on the bond strength of rein-
forcements embedded in concrete. Currently, many re-
searchers have the view to use alternatives to Portland
cement, by the usage of waste materials and products of
industrial processes. These include granular blast fur-
nace slag and powder fly ash [3]. The use of these
materials as binders partially substituting the cement is
done at the time of hydration. It is also known to be
used as filler. The glass is a large group compound like
triplex soda-lime silicate glass, paper silicate glass, and
di-alkali silicate glass. The microstructure attains ben-
efit from crushed waste glass, which partially replaces
the cement. It also confirms the additional stability of
the fixative material [4]. When ground glass waste re-
places partially cement, it results in the production of a
denser (less porous) and much homogenous structure. It
gives additional stability and durability of reinforced ma-
terial making it resistant to absorption of moisture. The
stability of cement also increases with few amount of in-
terchange of cement with crushed glass waste [5]. The
potentially harmful interactions have been observed be-
tween cement hydrates and reactive aggregates, which
can be reduced using mixed-colour waste glass [6]. The
waste glass must be crushed as fine as cement and used
as a substitution of the total of 20% of cement in con-
crete. It helps to enhance the water retention properties,
stability, and mechanical performance of concrete [7].
These modifications are made from the useful chemical
reactions of crushed glass waste with cement hydrate,
resulting in producing chemically durable products hav-

ing the capability of purifying the pore system in con-
crete. It is beneficial for the environment, energy, and
cost-efficient, and cheap. In the construction industry,
the widely used building material is concrete across the
globe. The concrete is made by homogenously mixing
cement, fine and coarse aggregates, and water. The com-
position and cement material quality govern the quality
of the concrete. Cement is a finely ground substance that
does not develop independently from anyone else but is
formed as a result of the binding property of hydration
[8]. Normal concrete cement is produced by maximiz-
ing cement concrete. Its strength ranges from 10 MPa
to 40 MPa with the time required for the initial setting
being 30-90 minutes, mainly relying upon the properties
of the cement. The unit weight of lightweight concrete
cement is not equal to the weight of concrete made with
basic anchors. The unit weight usually turns from 240
kg/m3 to 1850 kg/m3. The lightweight quality is 7 MPa
to 40 MPa [9]. Air-filled concrete is an amazing inno-
vation in concrete innovation. It is delivered by mixing
an air-drying agent with typical cement. The quality of
this type of concrete is lower than that of ordinary ce-
ment [10]. High strength concrete cement is delivered
by the amazing aggregate selection, low weight/weight
ratio, and mixture mixing for concrete. The quality of
this is about 6000 psi. This uncommon type of qual-
ity concrete can range from 10,000 to 15,000 psi. This
means that it is of high quality. What’s more, it’s also
powerful [11]. Glass is amorphous (amorphous) and is
essentially a super cooled liquid rather than a solid. It
can be manufactured with exceptional homogeneity in
different shapes and sizes [12]. The glass can be made
from small fibres to metric-sized pieces. It consists pri-
marily of sand, soda ash, limestone, and other additives.
These additives include lead, alumina, iron, cobalt, and
chromium [13]. The finely crushed glass is used as a
combination in the construction of roads and building as
an additive. To make a glass, a mixture of silica, soda
ash, and CaCO3 is heated at high temperatures subse-
quently cooled to solidify avoiding any crystallization in
form of transparent material [14]. The glass is used to
make a variety of things used in human consumption in-
cluding glassware, mirrors, windows, tubes, etc. As the
production of glass is increasing day by day, the wasted
glass is also increasing and adding to pollution [15]. It
is not biodegradables hence not eco-friendly so dumping
in landfill sites [16]. It is also a growing environmental
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concern as dumping such wasted glass is a big problem
for the country. This project is made to utilize the wasted
glass in concrete to use it and give additional properties
to the building material [17].

A. Objectives of the Study

Following are the objectives of this investigation.
• To study the development of strength in concrete

with different doses of glass powder.
• To study the effect on compressive, tensile, and

bending strength using different doses of glass
powder treatment under 7, 14, and 28 days.

• To make a comparison of the results of GLP con-
taining concrete with controlled concrete.

• Awareness of civil engineers about the advantages
of the new concrete mix.

II. MATERIALS AND METHODS
Glass waste is collected from Kohat, Pakistan and

is crushed in the PCSIR Peshawar, Pakistan laboratory.
Concrete is partially replaced by its weight with glass
powder in different proportions, for example, 5% 10%,
15%, 20%, and 25%. Various research centres were vis-
ited to determine the compression test of concrete. Port-
land cement and cement are mixed with glass powder at
different rates. With these results, the control mix, us-
ing glass powder and quarry dust replaced as cement and
fine aggregate separately, is intended for the cylinder. 18
cylinders were cast in this investigation. At the end of
the performance period 7, 14, and 28 days, each cylinder
is tried for compression and prisms for flexure.

A. Cement

The type of cement used in this research is OPC ce-
ment imported and made in Pakistan. The main motiva-
tion for utilizing Ordinary Portland Cement (Type I) in
this study is that it is undoubtedly the most widely used
cement and is very proper for use in general concrete
construction when there is no contact with sulphate in
soil or groundwater.

B. Aggregates

Relevant tests were done to determine the proper-
ties of the aggregates that were intended to be used in
this research. Then, corrective actions were taken before
proceeding to the mixing consistency. In general, aggre-
gates should be solid and durable, free from unwanted
filths, and chemically stable. Porous soft rocks can limit
strength and erosion resistance; they may also separate
during mixing and negatively affect workability by in-
creasing the total quantity of fines. The aggregate also

needs to get rid of impurities: silt, clay, dirt, or organic
matter. If these materials cover aggregate surfaces, they
will separate aggregate units from the surrounding con-
crete, resulting in a lower strength. Silt, clay, and extra-
fine materials will increase the water requirement of the
concrete, and the organic matter may hinder the hydra-
tion of the cement. To fit suitable concrete mixes, some
characteristics of aggregates must be known i.e. shape,
texture, moisture content, volume gradation, unit volume
weight, and specific gravity.

C. Water

Water quality plays an important role in concrete
production. Contaminations in the water may restrict the
fixation of cement which unfavourably affects the effec-
tiveness of concrete or root to the discoloration of its sur-
face, and may also lead to rusting of the reinforcement
[18]. Due to these reasons, the appropriateness of water
for mixing and processing purposes must be measured.
In this paper, tap water supplied by the Addis Ababa Wa-
ter and Wastewater Authority at room temperature was
used in all mixtures.

D. Glass powder (GLP)

The glass powder is a non-metallic waste for indus-
tries with no hazardous properties. It is an ideal candi-
date for mixing in concrete which brings less reduction
in its properties which are related to strength [19]. The
main aim of the study work is to determine the optimal
substitution ratios that can be used appropriately under
our local environment and on ground conditions.

It has been examined that the benefits of using GLP
can be significant as it reduces thermal cracking caused
by the heat of hydration of cement and can advance sta-
bility to attacking sulphate and acidic water, resulting in
increased concrete performance. Optimum replacement
of cement with glass powder gave high strength, perme-
ability, and high-pressure resistance.

Investigation of the effect of GLP in concrete under
numerous properties such as permeability, workability,
the heat of hydration, toughness, bleeding, sensitivity to
curing tensile strength and acid resistance and bending
strength, etc. decided that the strength of the 28 days of
concrete with glass gives a higher compressive strength
compared to other materials such as silica fume. With
the addition of GLP, higher compressive strength can be
achieved early on, and also very higher flexural strength
can be achieved after 28 days by using appropriate con-
crete mix design.
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E. Selection of Concrete mix Proportions (Mix Design)
The selection of mixing proportions is an activity of

selecting the appropriate components for concrete and
evaluating their relative amounts with the production
component as economic so that you can select the min-
imum characteristics, in particular strength, durability,
and desired consistency. The important thing to achieve
solid and durable concrete is the precise proportioning
and mixing of the components. A concrete mixture that
does not have sufficient cement paste to the spaces thor-
oughly between the aggregate will be hard to apply and
will produce irregular, honeycomb surfaces and porous
concrete. The mixture that contains an excessive amount
of cement putty will be convenient to apply and will
make an even surface; However, the subsequent concrete
will likely shrink more and be wasteful. The accurately
designed concrete mix will own the specified workabil-
ity for the new concrete and the essential durability and
strength for the hard-edged concrete.

The chemistry of Portland cement comes in the pres-
ence of water. Cement and water form a stick that cov-
ers every part of the stone and sand. Through a chem-

ical reaction called hydration, the cement paste hardens
and gains strength. The smoothness of concrete is deter-
mined by the degree of paste. Thus, the effectiveness of
the paste depends on the ratio of water to cement. Qual-
ity concrete is created by lowering the water-cement ra-
tio around what is possible without sacrificing the work-
ability of fresh concrete. In general, using less water re-
sults in high-quality concrete provided that the concrete
is properly set and cured and meets any required durabil-
ity requirements.

F. Batching of Materials

The surface saturated dry aggregates were useful for
the concrete mixes under investigation. Cement and ag-
gregates were collected by weight while water was col-
lected in batches by volume. Most of the replacements
for the coarse aggregate have been made on a volume
basis. To develop the necessary volume of concrete to
be produced, the total amount of test samples must be
primarily determined. Hence, the samples required were
as follows: 18 cylinder samples for compressive strength
test =0.107m

TABLE 1
A SHORT SUMMARY OF APPEARANCE-DEPENDENT REGRESSION METHODS FOR GAZE CALCULATION

Sr. # GLP percentage (%) Mix proportion of concrete (kg)
Cement (Kg) Glass (Gram) FA (Kg) CA (Kg) Water (Litre)

1 5% 7.695 135 10.20 21.3 3.6
2 10% 7.290 270 10.20 21.3 3.6
3 15% 6.885 405 10.20 21.3 3.6
4 20% 6.480 540 10.20 21.3 3.6
5 25% 6.075 675 10.20 21.3 3.6
6 Normal 2.7 3.400 7.10 3.6

G. Sample preparation
The mixture components must be properly mixed to

yield fresh concrete in which the outer lining of wholly
aggregate particles are covered with a paste of cement
and which can be consistent over a wide range and thus
possess uniform properties. Accurate mixing is neces-
sary for the complete mixing of the materials required
to produce homogeneous and uniform concrete. Also,
extra care is needed to provide during the casting of the
specimens and proper ratios of the GLP.

 
Fig. 1. Moulding of the Cubes and Prisms in the Investigation
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This type of mixing has a significant benefit as de-
fined along with additional forms specifically for this
type of research work. Pan mixers offer the opportunity
of monitoring the included concrete and thus altering the
mix in various cases. It is especially effective with hard
and cohesive mixtures. It is also suitable for mixing very
small amounts of concrete and is therefore used mostly
in the laboratory.

III. RESULTS AND DISCUSSION
Following are the results of the tests performed on

the different materials being used in this investigation in
the laboratory of Sarhad University of Science and Infor-
mation Technology, Peshawar, Pakistan.

A. Chemical composition analysis of glass powder
Following are the calculated values in the table as

under:

TABLE 2
CHEMICAL COMPOSITION ANALYSIS OF GLP

Sr. No. Chemical Percentage (%)
1 Slice (SiO2) 72.5%
2 Alumina (Al2O3) 1.06%
3 Lime (CaO) 0.8%
4 Iron Oxide (Fe2O3) 0.3%
5 Magnesia (MgO) 4.1%

B. Slump test
The concrete mix must be made of the correct quan-

tity of cement, aggregate, and water to make the concrete
workable for rapid compaction and stabilization and a
permanently strong performance in resisting stresses af-
ter hardening. If the mix is excessively dry, it will likely
be compacted too hard and if it is much wet, the concrete
will possibly be weak.

 

Fig. 2. Slump Test Performance in the Lab

TABLE 3
SLUMP TEST OF CONCRETE

Sr. No. Glass powder percentage (%) Types of concrete Slump value (mm) Slump value (inches)
1 - Normal Concrete 25.4 1
2 5% GLP concrete 25.4 1
3 10% GLP concrete 33.02 1.30
4 15% GLP concrete 36.83 1.46
5 20% GLP concrete 38.1 1.51
6 25% GLP concrete 39.116 1.54

C. Compressive strength
The sample of concrete with diverse percentages of

glass powder as alternative cement was tested for 7, 14,
and 28 days for compressive strength. The replaced
amount was 5, 10, 15, 20, and 25%. 3 samples were
investigated for each alternative and the average of these
3 samples was taken as the compressive strength of con-

crete. The mixing ratio is 1: 1.5:3. The concrete drum
was tested with different proportions of glass powder for
7, 14, and 28 days. For each test, 3 cylinders were in-
vestigated and the final result was reserved as an average
of these 3 cylinders. In this paper, the mixing ratio was
1:1.5:3. The results of all the samples tested are shown
in the following table.
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TABLE 4
COMPRESSIVE STRENGTH OF CONCRETE

S.# Glass percentage (%) Concrete Strength (Psi) Mix proportion of concrete (kg)
7 day 14day 28day Cement (Kg) Glass (Gram) FA (Kg) CA (Kg) Water (Litre)

1 5% 1402 1625 2230 7.695 135 10.20 21.3 3.6
2 10% 1190 1683 1818 7.290 270 10.20 21.3 3.6
3 15% 508 1377 1599 6.885 405 10.20 21.3 3.6
4 20% 1660 1827 2145 6.480 540 10.20 21.3 3.6
5 25% 1200 1370 1886 6.075 675 10.20 21.3 3.6
6 Normal 1576 2106 2237 2.7 3.400 7.10 3.6

 
Fig. 3. Compressive Strength Test Performance in the Lab

 

Nﾗぐ 5% 10% 15% 20% 25%

7 day 1576 1402 1190 509 1660 1201

14day 2107 1625 1683 1378 1827 1370

28day 2237 2230 1818 1599 2146 1886
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Fig. 4. Compressive Strength Test A Graphical Representation

D. Flexure Strength
Following are the results of flexure strength of nor-

mal concrete and GLP concrete performed on the prims

cast as shown in figure 5. The casting of the prisms is
shown in figure 5.

 

Fig. 5. Flexural Strength Test on Prisms
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TABLE 5
VARIATION OF FLEXURAL STRENGTH WITH THE INCREASE IN GLP CONTENT

GLP% 1st Sample (MPa) 2nd Sample (MPa) Average (MPa)
0 6.37 6.43 6.40
10 5.13 5.19 5.16
20 4.50 4.59 4.545
30 4.30 4.44 4.37
40 4.21 4.09 4.15

Fig. 6. Flexure Strength Variations Against GLP Contents

E. The density of GLP concrete
Mass per unit volume is known as density. In this

investigation, density was also determined according to

the ASTM method and the following are the results of
the density of normal and GLP concrete as shown in ta-
ble and figure as under:

TABLE 6
VARIATION OF DENSITY WITH INCREASE IN GLP CONTENTS

GLP contents (%) 0 5 10 15 20 25

Density (Kg/m3) 2387.85 2104.32 1911.61 1844.12 1691.95 1511.21

Fig. 7. Density Variations Against GLP Contents

F. Thermal insulation

The inspiration behind this investigation is to iden-
tify the connection between GLP and heat resistance.
The device used in this assessment for the assurance

of the thermal insulation of concrete cubes is known as
Thermo Couple as shown in figure 7. The recent studies
have shown the use of thermocouples in concrete to de-
termine the effect of temperature on the performance of
high performance concrete [20].
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Fig. 8. Thermal Insulation Inspection Performance on GLP Concrete Using J Type Thermocouple

TABLE 7
THERMAL INSULATION PROPERTY INSPECTION OF GLP CONCRETE CUBES

Percentage (%) Time to reach 60◦C (Hours) Time to reach 60◦C (Minutes) Time Difference (minutes)
0 6h 22m=6.30 382 –
5 7h 10m=7.07 430 (430-382) = 48
10 8h 15m=8.10 495 (495-430) = 65
15 9h 22m=9.38 562 (562-495) = 67
20 10h 36m=10.60 636 (636-562) = 74
25 11h 11 min=11.21 671 (671-636) = 35

Based on the results, it has been concluded that the
strength factors have been compromised with apprecia-
ble values not less than satisfactory. Similarly, other
properties like density etc. are maintained after adding
the admixture replacing the cement contents. The prop-
erty of heat insulation which was the purpose of study
was achieved defining the big gap of the heat resis-
tance between the controlled and GLP concrete sample.
This research can be proved very effective in modern
construction era especially in the developing countries
where shortage of energy is a main cause of developmen-
tal hurdles provided that the logical and scientific analy-
sis of findings of this study made a huge contribution to
the modern research [21, 22].

IV. CONCLUSION
Based on the experimental study of the use of glass

powder as a fractional substitute for cement, the under
giving conclusions were achieved from the study.

• Use of glass powder in concrete as a fractional
substitute for cement upsurges the call for mixing
water to normal workability.

• Glass powder can be utilized efficiently and com-
petently as a fractional substitute for cement in
concrete keeping in mind the gravity of concrete.

• Effect of using glass powder in concrete on the
concrete compressive strength is quite positive as

causing lesser deficiency by increasing GLP con-
tent.

• Observations were done from the investigational
work that the flexural strength was also not much
affected throughout the different percentages of
GLP contents used and giving satisfactory strength
for any non-load carrying member or temporary
buildings.

• It is recommended to use GLP in concrete up to
25% which gives maximum thermal insulation.

A. Limitations

Utilizing GLP replacing specific percentages of ce-
ment can increase the chemical, mechanical and physical
properties of concrete. Usage of waste glass as sustain-
able material in concrete alternative to the dumping of
the waste GLP is reliable. It also decreases the ingestion
of natural resources. By consuming waste GLP, manu-
facturing of cement can be reduced along with the cost of
cement production can be reduced. Heat resisting prop-
erty of the concrete can be achieved effectively.

• To manage the environmental contamination.
• To yield economical concrete.
• Low-cost and cost-effective alternate to landfills,

incinerator
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