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Abstract
The requirement for infrastructure is growing as a result of the world's
population growth, which fuels everyday construction activity. In comparison
to non-reinforced concrete, fiber-reinforced concrete has a higher tensile
strength, which increases its durability. Recycled glass is added to concrete to
increase its stress resistance and lessen the chance of cracking. Moreover, it
minimizes damage by strengthening the concrete's resistance to extreme
weather, like freezing and thawing. It can also be used to lower the water
content of the concrete, improving its early strength, and it successfully keeps
the concrete workable for longer periods of time. The project is to examine the
effects of adding recycled glass as reinforcement to concrete and to assess the
impact of ammonium nitrate on the material, with an emphasis on the
mechanical characteristics that follow. Tests evaluating compressive and
tensile strengths will be conducted on a range of concrete samples containing
varying proportions of waste glass. The study's findings will provide insightful
information about how waste glass may be used as an affordable and
environmentally beneficial substitute for conventional reinforcing materials.
The results of this study may have a big impact on environmental
sustainability and the building sector. Its goal is to increase building
sustainability. Additionally, it looks into how ammonium nitrate affects the
strength and durability of concrete. The study assesses the impact of these
alterations on the performance of concrete, emphasizing the enhancement of
environmental results and material efficiency. The findings shed light on the
possible advantages and restrictions of these substitute materials in concrete
applications.
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INTRODUCTION

Three powder-like materials ground up sand,

baking soda, and dusty limestone combine

to form glass. It is easily disposed of with

little damage to the environment and is

reusable [1, 2]. Glass is an incredibly useful

and age-old product, but keep in mind that

when it breaks, it can cause painful [3,4].

Due to their mass domination and generally

homogeneous chemical composition-soda

lime-silica glass makes up almost the entire

manufactured flat and container glass-the

container and flat glass industries have the

greatest potential for glass recycling [5]. For

the vast majority of people, glass is an

everyday object. It is essentially a

transparent frozen liquid made of silica,

calcium carbonate (CaCO3), and soda ash

that has been liquefied at extremely high

temperatures [6,7]. The resources needed to

produce glass are abundant. Glass can break,

is difficult to recycle, and is more expensive

to transport due to its weight. Despite being

recyclable, there are problems associated

with using glass. Carbon dioxide (CO2)

emissions occur during the glass

manufacturing process due to the use of

fossil fuels and the depletion of raw

materials [8,9,10]. We used waste glass as a

cement replacement with different

percentages. Glass is utilized in concrete to

avoid cracking resulting from both plastic

shrinkage and drying shrinkage. They also

reduce the permeability of concrete, which

reduces water leaking through the concrete

[11]. They increase the concrete's impact,

ductility, strength, abrasion resistance, and

shatter resistance. The glass strengthens the

mortar component of the concrete,

preventing the creation and spread of

fractures. The majority of people utilize

glass on a daily basis; it is essentially a

transparent, frozen liquid composed of

(CaCO3), soda ash, and silica that liquefies

at extremely high temperatures [12,13].

Concrete is a versatile building material that

comes in a range of forms to suit the

requirements of various projects. One of the

most common types of concrete is Portland

cement concrete, which is composed of

cement, water, and aggregates like sand and

gravel [14,15]. Ammonium nitrate

(NH4NO3) is a chemical compound widely

used in various industries, primarily as a

fertilizer and also as an explosive material

[16 ,17]. Because ammonium nitrate has a

high nitrogen concentration, it is a

commonly utilized fertilizer in agriculture.

Ammonium nitrate gives plants an easy-to-

access supply of nitrogen, which is a

necessary ingredient for plant growth [18].
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Ammonium nitrate is an explosive

substance that can be used when combined

with fuels or other compounds. It is

essential to the manufacturing of many

explosives, such as water gels and ANFO

(ammonium nitrate/fuel oil) [19 ,20]. If

ammonium nitrate is handled or stored

incorrectly, there is a considerable chance of

an explosion. When it comes into contact

with organic compounds or extreme heat,

the risk goes up [21]. Although ammonium

nitrate is not flammable in and of itself, it

can quicken the burning of other substances

when it comes into contact with fuels or

other reducing agents [22 ,23]. However,

skin and respiratory irritation can result

from prolonged exposure to dust or fumes.

Excessive consumption or inhalation can

result in symptoms such as nausea, vomiting,

and in more serious situations,

methemoglobinemia, and a disorder that

impairs the blood's ability to carry oxygen

[24 ,25]. As a result of the concrete

industry's ongoing expansion, new concrete

classes had been created and older concrete

classes are had been improved. Jamshadi et

al [26] studied that a new type of concrete

called waste glass concrete was

distinguished from conventional concrete

by its superior durability and flexibility as

well as its mechanical qualities, which are

significantly better. The cement and

concrete industries have demonstrated a

long-standing dedication to continuous

innovation and improvement [27,28].

Innovative, cutting-edge, and developing

technologies have been brought to light in

recent business trends in areas such as

digital construction, high-rise construction,

3D innovation, and advances in concrete

technology [29]. To achieve this, though,

major decision-making processes must

center on collective action and carbon

reduction.

Paul [30] studied the reason behind using

waste glass instead of cement is the best

replacement ratios and how they affect the

durability and strength of concrete over time.

The majority of current research focuses on

short-term strength gains and falls short in

addressing long-term performance,

environmental effects, or the interactions

between waste glass and other components

of the concrete mix. MA Alaraj [31]

suggested that used waste glass as a cement

replaced increases compressive strength,

tensile strength and flexural strength.

Rajadesingu et al [32] studied that the

effects of ammonium nitrate on the strength,

longevity, and long-term stability of

concrete, which represents gap in the field.

Its effects on the hydration process and

overall mix performance, as well as how it

interacts with other concrete additives, are
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not covered in the majority of current

research. On the safety and environmental

effects of adding ammonium nitrate to

concrete mixtures, there is also a lack of

information. Filling these inconsistencies

may offer vital information about how to

guarantee sustainable practices and

maximize concrete performance. As a result

of the concrete industry's ongoing

expansion, new concrete classes had been

created and older concrete classes are had

been improved. A new type of concrete

called waste glass concrete was

distinguished from conventional concrete

by its superior durability and flexibility as

well as its mechanical qualities, which are

significantly better. Examine the effects on

concrete's compressive strength by partially

substituting discarded glass for some of the

cement. A cylindrical object's tensile

strength is determined by applying a

compressive load along its longitudinal axis.

Find out how strong the beam is flexural.

Flexural testing quantifies the force needed

to bend a plastic beam and assesses a

material's stiffness or resistance to bending.

It shows how long concrete can withstand

breaking under bending pressures. The

cement and concrete industries have

demonstrated a long-standing dedication to

continuous innovation and improvement.

Innovative, cutting-edge, and developing

technologies have been brought to light in

recent business trends in areas such as

digital construction, high-rise construction,

3D innovation, and advances in concrete

technology.

1. Methods and Materials

The process for a tangible research study is

depicted in the flowchart shown in figure 1.

The first step is gathering the necessary

supplies, which include aggregates, sand,

cement, and leftover glass. After that, an

M15 (1:2:4) ratio concrete mix design is

created. The specimens are cured and

capped after they are cast, which is the next

step in the process. These specimens go

through a number of tests, including

compressive, tensile, and workability tests.

Ultimately, conclusions are drawn from the

analysis of the data.
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Figure: 1 Methodology Chart

2.1. Materials Properties

Ordinary Portland cement (OPC), water,

natural coarse aggregates, fine aggregates

and glass powder have been utilized in the

experimental study. OPC have passed from

sieve # 100 having specific gravity 3.12 and

standard consistency 6mm. The initial and

final setting of OPC is 95 minutes and 320

minutes respectively. Properties of OPC are

described in the table 1.
Table 1. Physical Properties of OPC

No Property Description

1 Specific Gravity 3.12

2 Standard Consistency 6mm

3 Initial Setting Time 95 Minutes

4 Final Setting Time 320 Minutes

5 Compressive Strength

7 7 Days 28.6 N/sq.mm

8 14 Days 37.1 N/sq.mm

9 28 Days 46.8 N/sq.mm

The majority of fine aggregate is made up of

small particles that are collected on a 75 m

(No. 200) screen after passing through a

4.75 mm (No. 4) sieve. We used harrow

sand in the project because they have a

greater strength than the other all sand.

Harrow sand have fineness modulus 2.675

and specific gravity is 2.64.
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Table 2 clearly shows the physical

properties of fine aggregate. Coarse

aggregates are crushed stone, gravel, or

recycled concrete components whose

particle sizes are greater than 4.75 mm. we

used Sargodha aggregate in the project,

black brownish color having size 19 mm to

25mm. Fineness modulus of coarse

aggregate is 6.85 and water absorption is

0.59%. They also increase the workability

of concrete by using less cement paste and

physical properties of coarse aggregate

shown in table 3.

Table 2. Physical properties of Fine Aggregate

Source Harrow Sand

Fineness Modulus 2.675

Specific Gravity 2.64 (SSD)

Water Absorption 1.76%

Loose Bulk Density 1.64g/cm3

Compacted Bulk

Density

1.76g/cm3

Table .3. Physical properties of coarse aggregates

Physical Property Coarse Aggregate

Source Sargodha Crush

Max. Size 19mm

Fineness Modulus 6.85

Specific Gravity 2.768 (SSD)

Water Absorption 0.59%

Impact Value 4.82%

Crushing Value 12.52%

Los Angeles Abrasion 19.31%

Air Void % 0.50%

Compressive Strength 19.8 Mpa

Average Unit Weight 1680 Kg/m^3

Figure 2 show the crushing of waste glass in

los Angeles Abrasion machine. We will

place waste glass in Los Angeles abrasion

machine for crushing by piece by piece. The

revolution of Los Angeles is 500 rev/min.

For first time the complete glass was not

crushed, we will place glass in los Angeles’s

https://portal.issn.org/resource/ISSN/3006-7030
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machine again for complete crushing of

glass.

Figure: 02. Crushed Waste glass

Figure 3 show the sieve Analysis and the

fineness modulus (sum of retained % of

sieves / 100) of the sand was determined

using ASTM C136/136M-16 standards. We

used sieve include (#4, #8, #16, #30, #50,

#100 and #200) to find FM of sand. Add up

all of the cumulative percentage values and

divide the result by 100 to find the fineness

modulus value. The sample was dried for 24

hours in an oven at 105 degrees Fahrenheit.

Mechanical sieves were employed to

measure the sand's fineness modulus.

Figure: 03. Fineness Modulus of sand

Figure 4 show the specific gravity and water

absorption apparatus. The specific gravity

test determines the fine aggregates' density

in respect to water, per ASTM C128. The

specific gravity value of a dry aggregate

sample is determined by first measuring its

mass in air and then again in water, and then

calculating the difference between the two
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masses It is specified as a percentage of the

aggregate's dry weight.

Figure: 04. Specific gravity and water absorption apparatus

Figure 5 show the relative density of sand

having the degree of compaction of a given

sample is ascertained using the relative

density and % compaction. The sample was

dried in an oven that was heated to between

103° and 105° C for a full day.

Figure: 05. Relative density of Sand

Testing of Specimens

Slump Cone Test

Figure 6 (a), (b) and (c) show the different

types of slumps and performing slump cone

test and it is a widely used method to assess

the consistency and workability of freshly

mixed concrete. There are four distinct

varieties according on the form that was left

behind when the cone was taken out of the

drop. In this state, there is no distortion and
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no change in droop. The second is the real

slump. This type of slump is brought on by

the material being somewhat disturbed from

the top when the cone is removed. The next

type is a shearing slump. After the cone is

removed, shear slump occurs when material

from one side is driven out of the slump.

The last one gets destroyed. The word

"collapse" refers to the complete distortion

of the recession.

(a) Types of Slumps

(b) Concrete fill in Slump cone (c) Concrete show zero slump
Figure: 06 Types of Slumps and performing Slump Cone test

Casting and capping of Concrete

Cylinders

Figure 7 show casting of concrete cylinders

and after the waste glass is substituted with

cement and combined with the concrete, the

mixture is transferred into molds that have a

cylindrical shape. The cylinder has diameter

of 6 in and length is 12 in. To create

concrete cylinders of conventional size, the

molds are sized suitably. To obtain the ideal

density and remove any air gaps, the

concrete is compacted inside the molds

using vibration or other compaction

techniques. First, waste glass is not added to
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the control sample, which is made in

accordance with the predicted concrete mix

design. Different amounts of cement are

substituted for the glass, and various

cylinders are cast in its stead.

Figure: 7 Casting of Concrete Cylinder

Figure 8 elaborate the capping of concrete

cylinders and the process of capping is used

to polish and flatten the ends of concrete

cylinders before testing their compressive

strength. Capping helps ensure uniform load

distribution during testing and prevents

abnormalities or defects from affecting the

test results. Usually, a capping material,

such as neoprene pads or sulfur cement, is

applied to the ends of the cylinders and

allowed to cure.

Figure: 8. Capping of Cylinders
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2.1.1.Compressive Strength of Cube’s

Figure 9 elaborate compressive strength

(Load / Area) of cubes and after giving the

mounds a thorough cleaning, oil the cube's

frame. Layer molds should be filled with

concrete. To compact each layer, use a

tamping rod with at least 35 strokes each

layer. It is necessary to trowel the top

surface into position. After being cured for

24 hours, mortar cubes are usually taken out

of the molds in 16 to 72 hours. Reduce the

sample size to the closest 0,2 mm when the

cube's cure period has passed, then insert the

model into the machine to start loading on

the other side. Apply the load at a rate of

140 kg/cm2/min without providing any

shock until the sample breaks. Pay attention

to the maximum load.

Figure: 9. Compressive Strength of Cubes

2.1.2.Split Tensile Strength of Concrete

Cylinders

Figure 10 show the performing of split

tensile test and the standard-sized concrete

cylinders can be cast and healed in a period

of 28 to 56 days. Draw diametric lines at

both ends to ensure that the lines are in the

same axial position. Next, take note of the

sample size. The equipment used for

compression testing was set to the

appropriate range. On the bottom plate,

arrange the plate strip and the sample. The

specimen should be positioned vertically in

the center of the ends of the foundation plate.

On top of the specimen, place the second fly

wood strip. After it only touches the strip,
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lower the top plate. Apply the load steadily and shock-free at a pace of 0.7 to 1.4

KN/sec.

Figure: 10. Split tensile Strength test

2.2.Ammonium Nitrate and its Solution

Figure 11 (a) show the ammonium nitrate

which can be used in concrete primarily as

an additive to enhance certain properties of

the mixture. Its inclusion helps accelerate

the setting time of concrete, which is

particularly beneficial in cold weather

conditions where curing rates are slowed.

This additive also contributes to reducing

the porosity of concrete, leading to

increased durability and resistance to freeze-

thaw cycles. However, careful control of

dosage is critical, as excessive amounts can

lead to unwanted expansion and cracking.

Figure 11 (b) show to prepared a molar

solution of ammonium nitrate (NH₄NO₃)

using 1 kg of ammonium nitrate and 1.5 kg

of water, the process begins by determining

the molar mass of ammonium nitrate, which

is approximately 80.04 g/mol. Given 1 kg

(1000 g) of ammonium nitrate, this equates

to 12.5 moles (1000 g / 80.04 g/mol). The

water used as the solvent has a mass of 1.5

kg (1500 g). For the solution preparation,

the ammonium nitrate is gradually added to

the water while stirring continuously to

ensure complete dissolution. These results

in a solution with a molarity calculated as

moles of solute per liter of solution. Since

the solution's volume increases upon

dissolution, precise molarity determination

requires measuring the final volume.

Assuming a negligible volume change for

simplicity, the approximate molarity is 12.5

moles in 1.5 liters of water, yielding around

8.33 M (moles per liter).
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Figure: 11 Ammonium nitrate and ammonium nitrate solution

Results and Discussions

Fineness Modulus of Fine aggregate

The fineness module is the index value that

represents the average size of sand particle.

It is found by performing a typical sieve

seven analysis. The aggregate rate of each

filter is added and subtracted to determine

the value of the fineness modulus. We have

determined the fine modulus of sand and the

result of the sand modulus are shown i n

table 4 which is 2.67%.

(a) Ammonium Nitrate

(b) Ammonium Nitrate Solution
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Table 4: Result of fineness modulus of Sand

Sieve Size Wt
Retained(g)

Cum Wt.
Retained(g)

Cum %age
Retained(g)

Cum %age
Passed(g)

Specification

3/8” - - - 100 100

No. 4 23 23 3.3 96.7 95-100

No. 8 52 75 10.8 89.2 80-100

No 16 152 227 33.6 66.4 50-85

No. 30 156 383 55.1 44.9 25-60

No. 50 117 500 71.9 28.1 10-30

No. 100 145 645 92.8 7.2 0-10

No. 200 7 652 96.4 3.6 0-5

Pan 43 695 100 0 0

Sum=267

F.M of Sand =267/100 =2.67%

3.2.Specific Gravity and water absorption

of Fine Aggregate

Specific gravity is determined by dividing

the weight of a certain volume of aggregate

by the weight of a similar volume of water.

The results of specific gravity and water

absorption are shown in Table 5. It is a tool

for figuring out a material's strength or

quality. Fine aggregate absorbs water at a

rate of 1.72%. Lower specific gravities tend

to make aggregates weaker than higher

specific gravities.

Table 5. Sand's Specific Gravity and

Water Absorption
Description Sample 1 Sample 2 Average

Mass of Saturated Dry Sample (A) 511.9 524.7 518.3

Mass of Oven Dry Sample in Air (B) 503.3 515.8 509.55

Mass of Pycnometer Filled with Water (C) 653.4 661.2 657.3

Mass of Pycnometer with Saturated Surface Dry

Sample and Water (D)

964.2 993.2 978.7

Water Absorption %age (A-B/B) *100 1.71 1.72 1.72
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Specific Gravity

A) Bulk Oven Dry (B/A) +C-D 2.502 2.676 2.591

B) Bulk Saturated Surface Dry (A/A) +C-D 2.547 2.722 2.632

C)Apparent (B/B) +C-D 2.614 2.806 2.708

1.1. Unit Weight of Fine Aggregate

Table 6 show the outcomes of unit weight of

fine aggregate that the unit weight of sand,

sometimes called the density or specific

weight, is the amount of sand per unit

volume that it occupies. Sand that has been

moistened can weigh anywhere from 1,900

to 2,100 kg/m3, while dry sand typically

weighs between 1,500 and 1,700 kg/m3.

Table 6. Unit Weight of Fine aggregates

Mold Volume 5005g

Mold Weight 3680g

Loose Weight of Sand in Mold 11910g

Compacted Wt. in 3 layers 12400g

Loose Bulk Density 1.64g/cm
3

Compacted Bulk Density 1.74g/cm
3

Specific Gravity and water absorption of

Coarse Aggregate

Table 7 presents the specific gravity that a

particular total volume's specific gravity is

determined by comparing it to an equivalent

volume of water. Water has a specific

gravity of 1 when it is 23 °C. Any water

vacuum volume is not included in the

volume estimate; it just takes into

consideration the aggregate's volume. The

mass estimation includes only the aggregate

particle. Calculations have been made for

the apparent specific gravity, dry oven

gravity, and specific SSD gravity.
Table 7. Specific Gravity and Water Absorption of Coarse Aggregate

Description Sample 1 Sample 2 Average

Mass of Saturated Dry Sample A 4221 4267 4244

Mass of Oven Dry Sample in Air B 4198 4245 4221.5

Mass of Sat. Surface Dry Sample in Water C 2726 2734 2773.5

Water Absorption %age (A-B/B) *100 0.55 0.54 0.53

Specific Gravity
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A) Bulk Oven Dry B/A-C 2.81 2.77 2.87

B) Bulk Saturated Surface DryA/A-C 2.82 2.79 2.89

C) Apparent B/B-C 2.85 2.81 2.92

3.5.Crushing Value of Coarse Aggregate

A comparative assessment of the aggregate's

crush force under increasing compression

loads is given by the crush value test shown

in Table 8. The strength of the aggregate is

indicated by the index in route construction,

and the aggregate crush is the percentage by

weight of the crushed material attained

when the trial aggregate has been put to a

specified load under standard conditions

which is 20.87%.

Table 8. crushing Value of Coarse

Aggregate

Description Calculations

Total weight of aggregate 2769 g

Aggregate passing through sieve # 8 578 g

Crushing value of Coarse Aggregate 20.87 %

1.2. Compressive Strength of Concrete
Cubes

The figure 12 clearly show days in

horizontal (x-axis) and compressive strength

in vertical (Y-axis) when curing days

increase the compressive strength Increases

and also when percentage of waste glass as

a cement replacement increases up to certain

limit the compressive strength increases and

after that the compressive strength decreases.

Up to a certain point, using WGP in place of

cement improves concrete; but, as the

percentage of WGP increases, the effect

becomes negative. It is evident that when

the percentage of waste glass increases, the

compressive strength usually decreases. The

compressive strength of all samples

increases with time, although there is still a

tendency for strength to drop as waste glass

content rises. Throughout the whole testing

period, the sample with 15% waste glass

outperforms the ones with 5% and 25%

waste glass. When waste glass % increases

the strength decreases and the line of graph

gradually down with increases in days.

According to the results of the compressive

test, at 28 days, the percentage of waste

glass replaced by cement increased to 7.64%

and 13.41% at 5% and 15%, respectively,

compared to the normal concrete. The

percentage of WGP replaced by cement

decreased to 17.55% at 25% and below 15%,

which is not appropriate. Using WGP in

place of cement at 56 days had a positive

effect on the concrete up to a certain point

and a negative influence as the fraction of
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WGP rose, based on the compressive

strength values of the concrete at that time

as reported by the compressive test results.

When 5% and 15% of waste glass are

replaced with cement, the compressive

strength increases to 9.77% and 17.51%,

respectively, compared to normal concrete.

When 25% of WGP is replaced with cement,

the compressive strength drops to 25.01%.

According to the compressive test results,

employing WGP in place of cement at 90

days had a positive effect on the concrete up

to a certain point and a negative impact as

the amount of WGP rose. In comparison to

regular concrete, the compressive strength

rises to 7.33% and 17.33%, respectively,

when 5% and 15% of the waste glass is

substituted with cement. Cement replaces

25% of WGP, resulting in an 11.95%

reduction in compressive strength.

In summary, the use of 15% glass as a

replacement for cement consistently

improves the compressive strength of the

concrete, whereas using 25% glass

significantly reduces the strength. The 5%

replacement shows moderate performance,

better than the 25% but lower than the 15%

replacement.

Figure: 12. Compressive Strength of Concrete

3.7.Split Tensile Strength of Concrete

The figure 13 clearly demonstrates the

relationship between curing days and split

tensile strength, with days represented on

the horizontal (x-axis) and split tensile

strength on the vertical (Y-axis). As the

curing days increase, the split tensile

strength of the concrete also increases.

Additionally, the figure shows that when the

percentage of WGP as a cement
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replacement increases, the split tensile

strength initially increases up to a certain

point but then decreases beyond that limit.

However, when the percentage of WGP

exceeds this optimal range, the split tensile

strength begins to decrease, indicating a

negative effect. This observation highlights

the importance of optimizing the amount of

WGP in concrete mixtures to achieve the

best performance. The split tensile strength

first declines with increasing waste glass

content; the sample with 25% waste glass

had the lowest strength at 28 days. On the

other hand, all samples show an increase in

split strength over time. Interestingly, the

sample containing 15% waste glass

regularly exhibits the strongest results

across the whole testing period, peaking at

90 days. According to the results,

replacement levels with 15% waste glass

were shown to be the most successful, while

initially having more waste glass lowers the

material's split strength. However, over time,

the material gains strength.

At 28 days, the splitting tensile strength

values rose; however, as the waste glass

addition was raised further, the strength

values fell. The splitting tensile strength

increased by 14.87% and 20.9%,

respectively, when the used glass was

replaced by 5% and 15% of it; however, the

splitting tensile strength decreased by

18.26% when the waste glass was replaced

by 25%. According to the results, at 56 days,

the splitting tensile strength improved by

4.93% and 14.24%, respectively, when the

used glass was replaced by 5% and 15%.

Nevertheless, the splitting tensile strength

was reduced by 18.93% when the waste

glass was replaced by 25%. When waste

glass was used in place of cement for 90

days, the splitting tensile strength values

improved, but only to the extent that the

amount of waste glass was increased.

However, when the amount of waste glass

was raised further, the strength values

dropped. The results showed that replacing

the utilized glass by 5% and 15%,

respectively, increased the splitting tensile

strength by 10.93% and 17.94%.

Nevertheless, a 25% replacement of the

waste glass resulted in a 17.80% loss of

splitting tensile strength.

In summary, the splitting tensile strength of

concrete increased with 5% and 15% waste

glass replacement, showing the highest

gains at 15%. However, replacing 25% of

the cement with waste glass consistently

resulted in a significant decrease in tensile

strength across all curing periods (28, 56,

and 90 days).
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Figure: 13. Split tensile strength of Concrete

3.8.Flexural Strength of Concrete

Figure 14 clearly shows how flexural

strength is affected by curing days, with

days shown on the horizontal (x-axis) and

flexural strength on the vertical (Y-axis).

The flexural strength of the concrete

increases as the curing time extends. The

figure also illustrates that adding WGP as a

cement replacement boosts flexural strength

up to a certain point, but beyond that point,

the strength starts to drop. This indicates

that using too much WGP can have a

negative impact, emphasizing the need to

carefully determine the right amount of

WGP in concrete mixtures for the best

results. Concrete's flexural strength can be

increased by substituting waste glass for

cement because of the enhanced bonding

and pozzolanic reaction. The waste glass's

replacement ratio and particle size, however,

determine how effective it is.

After 28 days, flexural strength rose by

10.92% and 19.30% for waste glass

substitutes of 5% and 15%, respectively,

whereas it fell by 10.01% for waste glass

substitutes of 25%. The graph descends after

15%, indicating that replacing cement after

15% is inappropriate due to a drop in

strength. Only to the extent that the amount

of waste glass increased did the addition of

cement in lieu of waste glass improve the

flexural strength. At 56 days, the flexural

strength of waste glass substitutes of 5% and

15% increased by 10.55% and 19.27%,

respectively, while the flexural strength of

waste glass substitutes of 25% decreased by
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7.55%. The flexural strength improved at 90

days when waste glass was replaced with

cement, but only to the extent that the

amount of waste glass increased. Flexural

strength rose by 8.73% and 19.30% for

waste glass substitutions of 5% and 15%,

respectively, but fell by 7.88% for waste

glass substitutes of 25%.

The graph unequivocally demonstrates that

the 15% waste glass substituted for cement

has a stronger bond than the other. The

flexural strength of waste glass substituted

with 5% and 25% cement is lower than that

of waste glass substituted with 15% cement.

Figure 14. Flexural Strength of concrete

1.3. Compressive Strength of concrete

after dip in Ammonium Nitrate

compared with Normal Concrete

The corrosive interaction between

ammonium nitrate and the concrete matrix

causes a considerable loss in compressive

strength when concrete cylinders

constructed with waste glass as a partial

replacement for cement are cured in

ammonium nitrate. Because ammonium

nitrate is so soluble, it seeps into the

concrete and combines with the cement

paste's calcium hydroxide to cause leaching.

Ammonium nitrate also reduces the load-

bearing capacity of concrete by causing

internal expansion and microcracking. The

concrete's strength has significantly

decreased as a result of the exposure to

ammonium nitrate, as demonstrated by the

compressive strength test. This weakens the

concrete's internal structure, leading to a
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decrease in compressive strength compared

to normal concrete.

Figure 15 shows variation in compressive

strength due to different percentages of

glass. Results showed that the concrete with

5%, 15%, 25% glass replacement concrete

decreases the strength 8.68%, 17.18% and

28.81% at 28 days respectively compared

with Normal concrete. Concrete's

compressive strength is significantly

impacted when glass is partially replaced

with cement as ammonium nitrate compared

with normal concrete. It also demonstrates

variance in compressive strength as a result

of varying glass percentages. According to

the results, the concrete with 5%, 15%, and

25% replacement glass reduces the strength

at 56 days by 22.06%, 1%, and 36.75%,

respectively compared with normal concrete.

At 90 days, when 5%, 15%, and 25% of the

waste glass is replaced with cement, the

compressive strength drops to 10.37%, 22%,

and 60.2%, respectively, compared to

standard concrete.In summary, that

compressive strength of concrete dip in

ammonium nitrate decrease day by day.

Immersing concrete in liquids containing

ammonium nitrate gradually weakens it.

The chemical attack on the cement matrix

causes this degradation, which weakens the

structure of the concrete by causing calcium

compounds to dissolve.

Figure: 15. Compressive Strength Ammonium Nitrate

3.10.Split Tensile Strength of concrete

after dip in Ammonium Nitrate

compared with Normal Concrete

Figure 16 elaborate when concrete cylinders

made with waste glass as a partial

replacement for cement are cured in
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ammonium nitrate, the strength decreases

due to the aggressive chemical reaction

between ammonium nitrate and the cement

matrix. Ammonium nitrate is highly soluble

and can penetrate the concrete, leading to

the leaching of calcium hydroxide from the

cement paste. This results in the dissolution

of essential binding components like

calcium silicate hydrate (C-S-H), which is

crucial for the strength and durability of

concrete. The reaction also causes internal

expansion, cracking, and the formation of

voids, further weakening the concrete. The

split tensile test, which measures the tensile

strength of concrete, thus reveals a

significant reduction in strength due to these

detrimental effects.

The findings of the Split Tensile Test

showed that using WGP instead of cement

at day 28 in ammonium nitrate was

detrimental. When 5%, 15%, and 25% of

the waste glass is replaced with cement, the

Split tensile strength falls to 34.12%,

75.77%, and 166.98%, respectively,

compared to standard concrete. When 5%,

15%, and 25% of the waste glass is replaced

with cement, the split tensile strength drops

to 24.87%, 65.13%, and 148.51%,

respectively, compared to standard concrete

at 56 days. It was harmful to use WGP at 90

days in ammonium nitrate rather than

cement. In comparison to ordinary concrete,

the split tensile strength decreases to

21.13%, 64.33%, and 164.04%, respectively,

when 5%, 15%, and 25% of the waste glass

is substituted with cement.In summary, the

use of waste glass powder (WGP) as a

cement replacement in concrete exposed to

ammonium nitrate significantly reduces split

tensile strength over time, with greater WGP

content leading to more substantial strength

losses at 28, 56, and 90 days. The

detrimental effects increase with both the

percentage of WGP and the duration of

exposure.
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Figure: 16. Split Tensile Strength Ammonium Nitrate

1.4. Maximum Compressive Strength

Comparison without Ammonium nitrate

and with ammonium nitrate.

Figure 17 shows, at 28, 56, and 90 days, the

compressive strength of concrete that has

15% waste glass added as a cement

substitute. Ammonium nitrate-containing

and non-ammonium nitrate-containing

curing conditions were compared. After 28

days, the compressive strength without

ammonium nitrate is 25.13 MPa, a

considerable increase over the 18.02 MPa

recorded during ammonium nitrate curing.

Strength without ammonium nitrate rises to

27.19 MPa while strength with ammonium

nitrate marginally falls to 17.04 MPa as the

curing time reaches 56 days. After ninety

days, the sample cured with ammonium

nitrate reaches 14.91 MPa, while the sample

cured without ammonium nitrate reaches

28.9 MPa. This indicates a significant

difference in compressive strength. These

findings imply that over time, ammonium

nitrate has a detrimental effect on the

development of compressive strength in

concrete that contains waste glass. The lack

of ammonium nitrate tends to result in a

more consistent and higher strength

development, indicating the possible

negative impact of ammonium nitrate on the

performance and durability of certain

concrete mixtures.
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Figure: 17. Compressive Strength

Comparison with ammonium nitrate and

without Ammonium Nitrate

Maximum Split tensile Strength

Comparison without Ammonium nitrate and

with ammonium nitrate.

Figure 18 displays the split tensile strength

at 28, 56, and 90 days for concrete that

contains 15% waste glass as a cement

replacement. The two curing conditions are

the same: no ammonium nitrate and

ammonium nitrate. Without ammonium

nitrate, the split tensile strength at 28 days is

3.11 MPa, almost twice as high as the 1.61

MPa noted for concrete cured with

ammonium nitrate. The strength without

ammonium nitrate rises to 3.37 MPa during

the course of the 56-day curing period,

while the strength with ammonium nitrate

falls to 1.52 MPa. Ninety days later, the split

tensile strength without ammonium nitrate

still increases to 3.79 MPa, whereas the

strength with ammonium nitrate drops even

further to 1.43 MPa. These findings show

that ammonium nitrate consistently reduces

the split tensile strength of concrete

containing waste glass. This effect is strong

and long-lasting. On the other hand, the

tensile strength of concrete that has not been

cured with ammonium nitrate keeps

becoming better, suggesting that ammonium

nitrate might be bad for the structural

integrity of these concrete mixtures.
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Figure: 18. Split Tensile Strength Comparison with ammonium nitrate and without

Ammonium Nitrate

Conclusion

The findings of this study allow for the

formulation of several conclusions that

advance our understanding of concrete

technology and construction techniques. The

tensile and compressive properties of

concrete are enhanced when discarded glass

is substituted for cement. The addition of

5% and 15% waste glass to concrete mixes

improves compressive, tensile, and flexural

strengths, with 15% showing the most

significant enhancements. However,

exceeding 15% waste glass content leads to

a decrease in strength, making higher

concentrations unsuitable for construction.

Optimal performance is achieved with 15%

waste glass, balancing improved mechanical

properties with effective fiber dispersion

and bonding.

Ammonium Nitrate has adverse impacts on

concrete. The Concrete Cylinders dip in

ammonium nitrate has less Compressive and

Tensile Strength. Ammonium nitrate can

deteriorate concrete over time by reacting

with the calcium hydroxide in the cement

paste, leading to the formation of calcium

nitrate and causing expansion, cracking, and

weakening of the concrete structure. Proper

handling and storage are essential to prevent

such damage. Recycled glass can be used to

replace cement in concrete constructions,

increasing their lifetime and durability.

In this context, sustainability refers to the

recycling of waste materials and the

reduction of traditional cement consumption
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by the partial replacement of cement in

concrete with waste glass. Construction

companies can reduce their dependency on

non-renewable resources and the carbon

emissions that come with producing cement

by integrating used glass. This methodology

fosters the advancement of environmentally

conscious and sustainable construction

methods in addition to aiding in the efficient

management of waste.

Experiments with various % of waste glass

as a cement replaced may be used to

discover the ideal reinforcing concrete, and

they can also help develop standards for

practical application. Investigating several

surface treatment methods is indicated to

improve the bonding of waste glass to the

cement matrix. Chemical surface alterations

or coatings may increase the inter-facial

bonding and improve the mechanical

performance of reinforced concrete. It is

recommended that concrete structure and

buildings should be avoided from

ammonium nitrate chemicals because

ammonium nitrate hollows the concrete

structure.
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