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Abstract

Concrete is versatile building material which is used in almost all construction works. A lot more deterioration occurs due
to abrupt environmental changes. Key factor of fibrous concrete that improve the value and scale to concrete. It can be used
in humid environments with significant role. Consumption of concrete is increasing day by day and considered as 2™
largest building construction material. Concrete faces so many environmental issues like blistering and scaling. Need to add
some fibers to improve the voids ratio in fibrous concrete. Keeping in this view, sodium silicate glass (SSG) is used as re-
placement of cement with different percentages 0%,5%,10% and 15% in combination of xanthan gum 1% for all mixes. An
experimental study is conducted to investigate the concrete properties by performing compression test, split tensile test, al-
kali silica reactivity test, sulfate resistivity test and drying shrinkage test. In this connection, ninety-six concrete cylinders are
prepared for compression and split tensile test, forty-eight concrete cubes for compression test and thirty-six mortar bars of
four mixes are prepared for durability testing. Workability is checked of fresh concrete during the pouring of concrete cylin-
ders. Poured cylinders’ samples are left for different age of curing at 7,14,21 and 28 days. After curing, samples are tested to
check the compressive strength of hardened concrete. Workability of four mixes lies between 50-70mm. Test results showed
that compressive strength of concrete using SSG with 15% is increased as compared to other mixes of concrete with 5% and

10%. Fibrous concrete is suitable for humid environment where high strength and voids less concrete are required. Addi-
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at 15% for optimum results.

ty; Cost Effective Material

tion of glass powder improves the strength & to reduce the water cement ratio. Utilization of quantity of cement to be re-

duced in concrete. Research recommended that recycled glass powder can be used in concrete as construction material and
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Introduction

Concrete is a composite building construction ma-
terial which is used in construction industry. Consumption
of concrete is now increasing day by day [1]. It is the 2nd
largest building material which is mostly used in construc-
tion industry. Many environmental issues producing by the
use of concrete which are never be neglected and needed to
be taken under consideration. A lot more natural resources
are used for the production of concrete as fine and coarse ag-

gregates [2,3].

Approximately one-ton quantity of carbon
dioxide is discharged into the atmosphere by production of
one ton of cement. It is 7% of the world's total annually pro-
duction of CO2. Now It is our duty to save the natural re-
sources for next generation and relieve the burden from the
environment for ecological balance [4,5]. In Pakistan it is
time to find out the residue to save the environment and ful-
fill the construction needed without disturbing the natural
resources [6,7]. This can be only achieving by using waste
material in our surrounding like waste glass powder, fly ash,
coconut fiber, plastic etc. The use of waste materials in con-
crete will reduce the economic factor in major construction

projects [8,9].

Concrete is a mixture of cement, fine and coarse
aggregate having properties like compressive strength, ten-
sile strength, workability, durability [10]. When the cement

mix

with water it takes chemical reaction due to which
heat generated and hardened [11]. The initial setting time of
cement starts within a few minutes. It takes some weeks to
gain full strength and continue to gain strength over many

years [12,13].

Recycled glass powder in cement will increase the
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strength properties due to the reaction of alkali with the ce-
ment. It helps the manufacturing process of bricks and it
can be preserved as a raw material [14-16]. Waste materials
can be used after recycling. Waste materials like fly ash, co-
conut fiber, steel fiber and glass powder are used in differ-

ent forms of construction materials after recycling.

When cement is replaced with glass powder it
gives better workability and also in higher strength for con-
crete [17]. To achieve the sustainable environment, a neces-
sary action is needed to clean environment and atmosphere

and introduce the alternative of cement [18].

The usage of waste glass in concrete will increase
the alkali content in the cement. Recycling ratio of this mix
is close to 100%, and it is also used in concrete to improve
the durability properties of concrete [19]. Recently, glass
and its powder have been used as a building material in dif-
ferent structural applications like beams [20]. Also the ma-
jor benefit is to reduce the environmental problems which
leads to sustainable construction. Hence, glass powder is
abundantly used as a replacement of supplementary cemen-

titious materials [21].

Materials

Ingredients of concrete consist of cement, sand
and crush. When water is mixes with cement then chemical
reaction starts as a result heat is produced. This heat direct-

ly effects on the strength property of concrete.

o Best way cement is used for this study to

prepare a concrete.

e Chenab sand and margala crush are
collected from a single vendor for the preparation of

concrete.
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e Xanthan gum is a popular additive for
thickening, suspending and stabilizing. Xanthan

gum is extracted by fermenting a bacteria

carbohydrated with Xanthomonas campestris.

o Glass bottles have been collected and then

finely ground for processing. It is a non bio-
degradeable material and difficult to decompose.
Utilization in concrete as a replacement of cement
may leads to cost-effective resource. Glass powder
after recycling and convert into powdered form and

powdered xanthan gum as shown in figure 1.

e

F 7 i 35 .

(b)

Figure 1: Cementitious material: (a) Glass Powder(SSG), (b) Xanthan Gum

As cement is ultra-fine material like both glass

powder and xanthan gum are used in this study as a replace-

ment of cement. Chemical composition of cement and glass

powder is given in Table 1

Table 1: Chemical composition of glass and cement

Composition Cement(%) Glass Powder(%)
Ste} 21.2 70.0
ALO 45 2.1
CaO 61.7 7.10
NaO 0.18 7.8
KO 0.80 0.81
FeO. 3.2 243
MgO 1.8 1.1
SO, 2.5 0.1
TiO, - 0.13
Other 1.6 1.0
Methodology weight. Water cement ratio is used for this mix is 0.59 [22].
Mix Design In this research study, raw glass powder has been

Ratio is used for all mixes is 1:2:4. One part of ce-

ment, two part of sand, and third part of aggregate by
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used as a partial replacement of cement. All ingredients of

concrete are used in appropriate proportion. Also, the ce-

ment is replaced with glass powder at different percentages
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0%, 5%, 10%, and 15% by glass powder in combination with
xanthan gum 1% or all mixes. Objectives of this research is

to evaluate the effect of waste glass powder (SSG) in combi-

nation with xanthan gum on workability, compressive
strength, ASR, Sulfate Attack and drying Shrinkage of con-

crete specimens. Mixing of concrete is done with mixer as

shown in Figure 2.

Figure 2: Mixing of concrete

Sample Preparation

Ninety-six concrete cylinders 67x12” (150m-
mx300mm), Forty-eight concrete cubes 2”x2” (50mmx50m-
m), thirty-six mortar bars (40mmx40mmx160mm) of four

mixes (M1, M2, M3 and M4) are prepared by adding glass

powder with different percentages of 0%, 5%, 10% and 15%
and 1% xanthan gum as cement replacement as shown in
Figure 3 and hardened concrete cylinders, mortar cubes
and beams as shown in Figure 4. Mix proportion 1:2:4 and
W/C ratio = 0.5 is same for different 7, 14, 21, 28 curing
days.

Figure 3: Casting of concrete cylinders, cubes and mortar bars

Casting and curing

After measuring the workability of concrete, cast-
ing is done of four mixes as per the designed percentages.

Ninety-six cylinders (96 cylinders) were casted according to

(ASTM C-192) and cured at 7, 14, 21 and 28 days. After cur-
ing test, the samples (cylinders) at curing ages 7,14,21, and
28days.

Few tests are performed on fresh and hardened

concrete on different samples.
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Figure 4: After casting hardened concrete cylinders, cubes and mortar bars

Slump Test order to check the water cement ratio and required quantity
of water in concrete to make it workable. This test is per-
Slump Test is performed on fresh concrete to mea- formed on fresh concrete according to ASTM C 143 [23].

sure the workability of four mixes M1, M2, M3 and M4. In Measuring of slump as shown in Figure 5.

PT
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-
L

JScholar Publishers J Mater sci Appl 2023 | Vol 7: 101



Figure 5: Measurement of slump on fresh concrete

Compression Test

The maximum reliability of concrete is a compres-
sion test which is performed on hardened concrete samples

[23]. In this research, total of four groups of concrete mixes

are prepared in laboratory. The replacement level of cement
to glass powder is used for different mix 0%, 5%, 10%, and
15% in concrete to check the result compressive strength in

compression testing machine as shown in Figure 6.

(a)

(c)

Figure 6: Experimental setup (a) Compression Testing Machine (b) sample before testing & (c) sample after testing

Flexural Test

Flexural test is performed to evaluate the crack re-

sistance. It is related with the initial stage of cracks. Flexural

test is carried out on prisms to evaluate the strength of con-
crete according to ASTM C78 [24]. Prisms are casted at all
replacement level and check at 28days. Mortar bar are

placed in machine as shown in Figure 7.

Figure 7: Experimental setup: (a)Sample (mortar bar) before testing & (b) after testing

Alkali Silica Reactivity Test

Alkali silica reactivity test is chemical reaction that
happens between hydroxyl ions and alkali cations in solu-
tion which is hydrated with cement paste and reactive silica
present in the aggregates used in concrete. This test evalu-
ates the change in length by producing swelling in concrete

sample. These test are performed on mortar bars.

Sulfate Resistivity Test

Sulfate attack of concrete in which strength loss,
expansion, cracking and concrete disintegration were evalu-
ated. It includes salt crystallization due to salt attack and sul-
fates present in soils, seawater or groundwater due to chemi-

cal attack.
Drying Shrinkage Test

Drying shrinkage test is performed to measure the

change in size of the sample. Measurement of length is
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shown in Figure 8.

e - [] El

Figure 8: Measurement of change in length of mortar bar

Results and Discussions

Results of fresh and hardened specimens of con-

crete have been discussed.

Slump Test Results

Workability of concrete increases as the powdered
glass content increased. There is a systematic increase from

50mm (for control mix) to 75mm (at 15% replacement).

| B Slump |
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Figure 9: Slump at Different Percentage of Glass powder and Xanthan Gum

Figure 9 shows the result of slump at different per-
centage levels. This graph shows that workability of fresh
concrete increases by adding the glass powder in addition to
xanthan gum. This increase may be the use of glass powder

(SSG) in addition plastic property.

Compression Test Results

After the slump test, the fresh concrete specimens
poured into cleaned and well-oiled concrete cylinders and
left for 24 hours to set. The hardened concrete remolded off

the cylinder and cured for 7, 14, 21 and 28 days inside a cur-
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ing tank by complete immersion in water. compressive strength of concrete cylinders on 7, 14, 21 and

28 days. Strength increases by adding the glass powder.
Figure 10 shows the graphical representation of

B Days 7 mDays 14 mDays 21 Days 28

25 3 22.74 15
] 2136 21.96 21.96.58

20 17.68
] 15.98 15.98 34

11.0

Compressive Strength (MPa)

M3
Sample

Figure 10: Summary of compressive Strength of concrete cylinders of all mixes

This graph shows that compressive strength of con- Flexural Test Results
crete cubes with different replacement level of glass powder.
Strength of concrete cube increases and makes concrete Increases the content of sodium silicate glass (SS-
durable as compared to conventional concrete but the G) increases the flexural strength at 28 days as shown in Fig-
strength of 28 days nearly equal to conventional concrete. ure 11 The maximum value of strength increases at the re-
Also bonding properties are improved by adding xanthan placement level is 15% i.e. 11%. SSG powder increased the
gum and reduced voids. flexural and tensile strength.
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Figurell: Flexural Strength of concrete cubes on 28 Days

Permeability & Durability For better performance of concrete durability and

perm- ability, few test alkali silica reactivity test, sulfate resis-
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tivity test and drying shrinkage test are performed. Results

are shown in Figure 12. Concrete is more resistant by add-

ing glass powder with xanthan gum.
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Figure 12: Percentage change in length due to expansions Caused by Alkali silica reaction, Sulfate Attacks and Shrinkage by Drying

SEM Images

Microstructure analysis were taken by the SEM im-

ages which is shown in Figure 13.

Figure 13: Sample images of SEM of 28d sample with different content of glass powder (a) glass powder 0% (b) glass powder 10% (c) glass

powder 15%

Figure 13 demonstrates the SEM images of sam-
ples with different replacement level 0%, 10% and 15% glass
powder for 28 days. It can be observed that no of fibrous
bonds is produced on concrete surface by adding glass pow-
der with xanthan gum. These bonds are built by some fi-
brous reaction products. As a result, particles overlapped
and packed closely with each other to make a solid structure
without a characteristic morphology. Also, CSH gel forma-
tion can be investigated by the power classification. It can
be concluded that pozzolanic activity have been improved
by the addition of fine particles of glass powder and thicker
CSH gel made which improves the fibrous properties as
well as strength. The rate of expansion decreases due to the

addition of glass powder.
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At the same time, by relating the SEM images at
different replacement level 10%, 15% M3/M4 with control
mix M1. It can be observed that when the concrete mixing
ratio and xanthan gum are same for all the mixes and glass
powder is varies with different replacement level. Loose
ASR gel generated on the surface of the M2, M3 and M4.
Concrete particles are closer in response reduce voids by the

addition of glass powder in combination with xanthan gum.

Microscopic level determine that xanthan gum
and glass powder can effectively prevent the ASR expansion
of the mortar rod specimens. In comparison, ASR gel gradu-
ally decreases by the increase of powdered material in loose
structure. CSH gel are more in dense structures. Above test

illustrated that “increase in glass powder in combination

J Mater sci Appl 2023 | Vol 7: 101



with xanthan gum may enhance the effect of ASR expan-

sion” [25,26].
Mechanism and analysis of Glass Concrete by ASR

ASR normally happens with aggregate reaction
When concrete have the reactive aggregates and both have
pozzolanic property then ASR may occur. CSH gel is pro-
duced in dense concrete (formula 1). When ASR happens,
loose gel of ASR is produced. ASR is similar to pozzolanic
reaction but k" and Na" are replaced with Ca**(formula 2).
These two reactions are correlate with each other. Both in
expansion rate and results of SEM samples shows that when
glass powder and xanthan gum with fine particles are added
and mixed with concrete. Large amount of SiO2 present in
cement may react with Na+, K" and OH- in concrete in re-

sponse loose ASR gel formed.

SiO, , 20H + Ca'* > n, CaO . SiO2 . n,

After that ASR gel absorbed water and swelled
then expansion rate increases. When glass particles size are
less than pozzolanic activity of glass powder are activated
when used as cementing material. Active ingredient SiO, in
glass powder may involve in reaction, consuming Ca(OH),
in large amount and formed a dense CSH gel. OH- ions
used in large amount in solution. Due to the ASR activity in
concrete, OH- ions may reduce. On the other side, ASR gel
prevent the swelling. CSH gel have a durable and strong sus-
tainable activity which eliminates and reduces the concen-
tration of Na"ions in solution in response decreases the alka-
li silica reaction degee of active aggregates. As shown in equ-

ation land 2.

Therefore, results of SEM analysis and expansion
rate, it is concluded that the SEM analysis glass powder may
be the prevent mechanism of ASR expansion due to the poz-

zolanic property of glass powder.

Environmental and Financial Considerations

Waste Glass generate in a huge quantity and it’s a

non-biodegradable material. As it’s an environmental bur-

JScholar Publishers

10

den and difficult to decompose. Need to use in a productive
way after recycling. By the use of waste glass in powdered
form after recycling as a construction material, improve the
aesthetic and strength properties. Glass powder also a cost

effective material.

Conclusions

Conclusions have been extracted from experimen-

tal results.

e Workability of normal concrete increases
with the percentage increase of SSG. Slump at 15%
is 78mm by 56%. All mixes have achieved the
required workability between 50mm to 80mm that

is suitable for the use of normal concrete.

o Compressive strength of concrete increases
by the addition of raw glass powder. Max. strength
is achieved by 15% replacement of waste glass
powder in concrete which will increases the
compressive strength by 8.3% in 28 days and min.
strength is increased around 3%. Moreover, Flexural
strength of glass concrete increases slightly (11% at

15% SSG)

o SSG powder reduces the permeability and
improve the durability properties. SSG powder may
contain organic minerals, which stabilize the
strength property and have no adverse effect on the
strength of concrete. Also all concrete mixture has

achieved the desired strength (25MPa).

e By the use of (SSG) raw glass powder can
save the resources, cost, energy and environmental

pollution.
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Summary

Strength of glass concrete M1, M2, M3 and M4 are
not significantly changed; Moreover, glass concrete is
strong, durable and more water resistant. Also it have better
insulation and sulfate resistance. Glass powder can be util-
ized for mixing of concrete without any strength loss. Glass
powder is recommended to be used in the construction in-
dustry at 15% replacement for mixing of normal and aesthet-

ic concrete
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