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Abstract

Geopolymer concrete is gaining as a sustainable alternative to traditional concrete due to its lower carbon footprint and
use of industrial by-products. This study thoroughly examines the effectiveness of incorporating waste clay brick as a
partial replacement binder in geopolymer concrete, specifically aiming to reduce environmental impact and improve
mechanical and durability properties. Various geopolymer concrete formulations were methodically developed, with
the inclusion of waste clay brick as a supplementary binder material at different replacement levels. Compressive
strength, flexural strength, and split tensile strength exhibit promising results, with certain mix proportions showing
enhanced performance compared to the control mix. Based on waste clay brick samples tested, the compressive
strengths for both 20% and 30% binder samples remained between 25 MPa and 27 MPa. The flexural strength and the
split tensile strength of the binder specimens showed nearly maximum higher strength. The reduction in water
absorption also signifies enhanced long-term durability which was found to have 2 - 3%. Compared to GPC, the binder
proportions investigated here showed much higher strength. Using 30% of the waste clay brick as a partial replacement
binder in geopolymer concrete presents a promising avenue for sustainable construction practices.

Keywords: Geopolymer concrete; Waste clay brick powder; Partial replacement binder; Durability; Sustainable
alternative.

1. Introduction

The building sector has faced more pressure in recent years to address environmental issues and lessen its carbon
footprint. Due to its high carbon dioxide emissions during production, traditional Portland cement, a vital component
of concrete, is notorious for having a substantial negative environmental impact. Because of this, scientists and industry
professionals are working hard to investigate substitute materials and technologies that can lessen the negative effects
on the environment while preserving or even enhancing the capabilities of building materials. In this sense, geopolymer
concrete has shown promise as a sustainable substitute for concrete made mostly of Portland cement.

Geopolymer concrete is produced by activating aluminosilicate materials with alkaline solutions, resulting in a binder
that chemically resembles traditional cementitious binders but with significantly lower carbon emissions. The primary
raw materials used in geopolymer concrete typically include industrial by-products such as fly ash, GGBFS, and
metakaolin. However, the utilization of waste materials as alternative binders in geopolymer concrete presents an
opportunity to further enhance sustainability and resource efficiency in the construction industry.

One such waste material with potential as a partial replacement binder in geopolymer concrete is waste clay brick. Clay
brick waste is generated from construction and demolition activities, representing a significant environmental burden
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if not properly managed. However, by incorporating waste clay brick into geopolymer concrete, not only can the
environmental impact of clay brick waste disposal be mitigated, but also the performance of geopolymer concrete may
be enhanced through the utilization of additional reactive materials.

This study aims to investigate the feasibility of utilizing waste clay brick as a partial replacement binder in geopolymer
concrete. Firstly, it offers a sustainable solution by recycling construction waste, reducing landfill burden, and
conserving natural resources. Secondly, it enhances the environmental benefits of geopolymer concrete, which already
has a lower carbon footprint than traditional Portland cement. The process further decreases CO, emissions associated
with cement production by incorporating waste clay brick. Lastly, this approach can improve the economic viability of
geopolymer concrete by utilizing locally available waste materials, potentially lowering material costs and promoting
circular economy principles in the construction industry.

2. Materials and methodology

2.1. Materials

The detailed breakdown of the materials required for incorporating waste clay brick into geopolymer concrete are as
follows:

2.1.1. Waste Clay Brick (WCB)

The primary material is waste clay brick. Waste clay bricks, which are often discarded from demolished buildings or
construction sites, can be repurposed as a valuable raw material in geopolymer concrete production. Mainly, waste clay
bricks are collected and then hand-crushed. With the help of a Pulveriser Machine, the bricks are again crushed into fine
powder and then sieved. (Table 2). It is sieved with the 90-micron sieve and then arranged according to their
composition of their content as 10%, 20%, 30%, 40% respectively (Table 1).

2.1.2. Geopolymer Concrete

Geopolymer concrete as an aluminosilicate source is prepared. It relies on aluminosilicate materials as the primary
source for the reactive components that form the geopolymer binder. Common aluminosilicate sources include:

e FlyAsh
Fly ash is a widely used material in the production of geopolymer concrete due to its abundance as a by-product of coal
combustion in thermal power plants. It is primarily composed of fine, spherical particles that are rich in Silica (Si02)
and Alumina (Al203). Mainly, class of F-grade of fly ash is used in this project (Table 1, 2).

e (Ground Granulated Blast Furnace Slag (GGBFS)

Ground Granulated Blast Furnace Slag (GGBFS) is another common material used in the production of geopolymer
concrete (Table 1, 2). Like fly ash, GGBFS contains reactive components such as silica and alumina, which can undergo
polymerization when activated with alkaline solutions to form the geopolymer binder.

2.1.3. Alkaline Activators

Alkaline activators are crucial for initiating the geopolymerization reaction (Table 1). They typically consist of:

e  Sodium Hydroxide (NAOH)

Sodium Hydroxide is a strong alkaline compound that plays a primary role in activating the geopolymerization reaction
(Table 3). The flakes of required amount are mixed with water kept for 24hrs.

e  Sodium Silicate (NazSi03)

Sodium silicate, commonly known as waterglass, is a solution of sodium oxide (Naz0) and silica (SiOz) in water (Table
3).

2.1.4. Aggregates

Aggregates are used to impart bulk and strength to the concrete mixture (Table 1). They include:
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e Fine Aggregates
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Fine aggregates, typically consist of particles smaller than 5mm in diameter (Table 2). They are used to fill the voids
between coarse aggregate particles and bind the geopolymer binder together.

e (Coarse Aggregates

Coarse aggregates consist of particles larger than 5mm in diameter (Table 3). Coarse aggregates are typically
categorized based on their nominal size, with common sizes including 10mm and 20mm aggregates. Here, aggregates

passing 10mm and 20mm are taken respectively.

2.1.5. Water

Water is necessary for activating the geopolymerization process and achieving the desired workability of the concrete
mix (Table 1, 3).

2.2. Mix Proportion

2.2.1. Mix Ratio

Table 1 Mix Ratio Values of each material

Material gereg Na2SiO3 | NaOH | Extra Water
Powder Aggregate
(%) (%) (%) 20mm | 10mm
70 30 0 832 610 406 102.22 40.89 41
. 60 30 10 832 610 406 102.22 40.89 41
Quantity
(in 50 30 20 832 610 406 102.22 40.89 41
A
kg/m*3) 40 30 30 832 610 406 102.22 40.89 41
30 30 40 832 610 406 102.22 40.89 41
2.2.2. Base Calculation
Table 2 Quantity of Materials Required
SL NO. Material Fly Ash | GGBFS Waste 1(3‘1/'\;(]:31:);’ owder Fine Aggregate Specimen
SET 1 9.597 | 4.1106 0 27.9075 Actual Geopolymer
Specimen
SET 2 8.222 | 4.1106 1.3683 27.9075
spr3 | Quantity (inkg) ¢ o3 141106 3.7403 27.9075
Binder Specimens
SET 4 5.5729 | 4.1106 41103 27.9075
SET 5 49073 | 4.1106 5.4829 27.9075
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Table 3 Quantity of Materials Required

Coarse
Aggregate . Extra . Total Quantity Required
SL NO. Na2Si03 NaOH Water Specimen FOR EACH SET (in kg)
20mm | 10mm
Actual
SET1 | 20.46 | 13.613 | 7.13435 | 2.852625 | 1.3742 | Geopolymer 87.049275
Specimen
SET2 | 20.46 | 13.613 | 7.13435 | 2.852625 | 1.3742 87.042575
SET3 | 20.46 | 13.613 | 7.13435 | 2.852625 | 1.3742 Binder 88.044875
SET4 | 20.46 | 13.613 | 7.13435 | 2.852625 | 1.3742 | Specimens 87.135475
SET5 | 20.46 | 13.613 | 7.13435 | 2.852625 | 1.3742 87.842475

2.3. Methodology

2.3.1. Compressive Strength Test (1S:516-2021)

A 100 x 100 x 100 mm cube specimen was utilized to measure the strength under compression. Subsequently, the
specimen sample was positioned so as to apply the load perpendicular to the casting's side. We applied the weight at a
consistent rate. The failure load was recorded, and the specimen will automatically be unloaded. The concrete's
compressive strength was calculated using the formula below.

Compressive Strength = Load / Cross-sectional Area

2.3.2. Flexural Strength Test (15:516-2021)
The flexural strength of the concrete was tested using a beam specimen of 100 x 100 x 500 mm. A Flexural testing
machine was used to conduct a three-point test in accordance with IS 516 (2021).

MR (modulus of rupture) = 3PL / 2bd?

2.3.3. Split Tensile Strength Test (1S:516-2021)

For the split tensile test, a specimen with a diameter of 150 mm and a height of 300 mm was utilized. In the compression
testing apparatus, the load was applied steadily. The failure load was recorded, and the specimen will automatically be
unloaded. The following formula was used to determine the concrete's tensile strength.

Fct (Tensile strength of concrete) = 2P / DL

2.3.4. Water Absorption Test (ASTM C 1585)

The water absorption test of concrete involves the measure of amount of water it absorbs over a specified period. First,
concrete specimens are weighed (w1) and subsequently immersed in water for 24 hours. After the immersion period,
the specimens are removed, surface-dried with a cloth, and weighed again (w2). The difference in weight before and
after immersion, expressed as a percentage of the dry weight, represents the water absorption of the concrete.

Water Absorption (%) = (w1l -w2) /w1l x 100

2.3.5. Sorptivity Test (ASTM C1585-20)

To perform the test, a concrete specimen is partially immersed in water to a depth of 5-10 mm, with the sides sealed to
ensure one-dimensional water flow. The mass of the specimen is recorded at specific time intervals (0, 15, 60, 240, and
1440 minutes) as it absorbs water. The sorptivity coefficient is determined by plotting the absorbed water against the
square root of time.

M; - M,
AXp

I=
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&l =

Where, I = Cumulative Water Absorption (%)

S = Sorptivity (%)

Mt = Mass of the specimen(g) at Time t (min)
MO = Initial dry mass (g)

A = Cross-sectional area (mm2)

p = Density of water. (1000 kg/m3)

2.3.6. Elevated Temperature Test (ASTM E119)

The specimens are placed in a furnace where the temperature is gradually increased to the target level (600°C, 800°C)
and maintained for a specified duration, typically 3 hours. Once cooled, the specimens are tested for changes in
mechanical properties such as compressive strength, to assess the impact of the high-temperature exposure.

Weight Loss (%) = (w1l -w2) /w1l x 100

Compressive Strength = Load / Cross-sectional Area

3. Results and discussion

3.1. Compressive Strength

The following trend shows the compressive strength of the control mix and binder specimens:

Compressive strength

10% WBP  20% WBP 30% WBP 40% WBP
Specimens

— = N W
D V=)

Compressive Strength (MPa)
=)

Figure 1 Compressive Strength of the Specimens for 28 days

Three samples of prepared geopolymer concrete, 10%, 20%, 30%, and 40% binder samples were cast and kept under
curing for 28 days and compressive tests were done. The average from three sets of cubes was taken and the results

show that the mix with the highest strength, or maximum compression strength was observed in 20% and 30% of waste
brick binder samples.

This shows that 20% and 30% of waste clay brick binder samples has achieved higher strength and can be further
eligible for construction purposes.

3.2. Flexural Strength

The following trend shows the flexural strength of the control mix and binder specimens:
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Flexural Strength

0 E H

GPC 10% WBP  20% WBP  30% WBP  40% WBP
Specimens

=

Flexural Strength (MPa)
1 L g A

Figure 2 Flexural Strength of the Specimens for 28 days

Two samples each of prepared geopolymer concrete, 10%, 20%, 30%, and 40% binder samples were cast and kept
under curing for 28 days, and flexural tests were done. The average from two sets of beams was taken and the results
show that the mix with the highest strength, or maximum flexural strength was observed in both 20% and 30% of waste
brick binder samples.

This shows that both 20% and 30% of waste clay brick binder samples have achieved higher strength and can be further
eligible for construction purposes.

3.3. Split Tensile Strength

The following trend shows the split tensile strength of the control mix and binder specimens:

Split Tensile Strength

o]

1.87
1.71

0.5 0.88

GPC 10% WBP  20% WBP 30% WBP 40% WBP
Specimens

Sphit Tensile Strength (MPa)

/g ¥

Figure 3 Split Tensile Strength of the Specimens for 28 days

Two samples of prepared geopolymer concrete, 10%, 20%, 30%, and 40% binder samples were cast and kept under
curing for 28 days and split tensile tests were done. The average from two sets of cylinders was taken and the results
show that the mix with the highest strength, or maximum split tensile strength was observed in 30% of the waste brick
binder sample.

This shows that 30% of waste clay brick binder samples have achieved higher strength and can be further eligible for
construction purposes.
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3.4. Water Absorption

The following trend shows the water absorption test of the control mix and binder specimens:

Water Absorption

Py
&
=3
-2 . 2.87
=i 2.9
2
<1
g
=0

GpPC 10% WBP  20% WBP  30% WBP 40% WBP

Specimens

Figure 4 Water Absorption Test Results

The water absorption was conducted and the results show that 30% of waste clay brick binder samples are found to
have lower water absorption. The value obtained is within the range (2% - 3%).

3.5. Sorptivity
The following trend shows the cumulative water absorption rate of the control mix and binder specimens:

Sorptivity

0.1
0.08

0.06
0.04
go02 l
¢ —
0 15 60 240

Time (mins)

Ll

1440

Cumulative Water ABsorption

EGPC ®10% WBP 20% WBP m30% WBP ®40% WBP

Figure 5 Sorptivity Test Results

The sorptivity test was conducted, and the results show that 30% of waste clay brick binder samples have lower
sorptivity, resulting in high durability and low permeability. The value obtained is < 0.02mm/min05.

3.6. Elevated Temperature

The following trend shows the compressive strength of the control mix and binder specimens after keeping at the
respective temperatures:

Compressive strength at 600°C Compressive strength at 800°C
12 _6
£ g,
s 10.693 = 5.18
g ° 8.448 23 g
E - g3
£ E
w4 7 2 244
= -4
£0 Eo
g GPC 10%WBP  20%WBP  30%WBP  40% WBP g GPC 109% WP 20%WBP  30%WBP 0% WBP
~ Specimens ) Specimens
Figure 6a. (Elevated Temperature Test at 600°C) Figure 6b (Elevated Temperature Test at 800°C
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Fig. 6.c (Specimen after heating)

The elevated temperature test was conducted at both 600°C and 800°C. The results show that 30% of waste clay brick
binder samples are found to have higher weight loss. According to the compressive strength results, 20% and 30% of
waste clay brick binder samples achieved lower strength after heating both temperatures. This resulted in severe
strength loss where the value was often falling below 10MPa. The colour change to light reddish was observed.

4., Conclusion

Using waste clay brick as a partial replacement binder in geopolymer concrete presents a promising avenue for
sustainable construction practices. Based on experimentation and analysis, the results are obtained and the following
conclusions are made:

e From the test results, it is found that 20% and 30% of the WCB binder samples achieve higher compressive
strength when compared to the control mix.

e Inthe case of both flexural strength and split tensile strength, 30% of the WCB binder samples are found to have
maximum strength.

e Inthe case of the water absorption test, all the specimens had a lower absorption rate than the control mix, which
is below 3%.

e Lower sorptivity is found in 30% of the WCB binder sample with a value < 0.02mm/min5.

e The elevated temperature test was conducted at both 600°C and 800°C and was found to have a higher weight
loss percentage with severe strength loss for both 20% and 30% WCB binder samples.

e Apartfrom water absorption and elevated temperature test, and comparing to other test results, 30% of the WCB
binder sample is found to have maximum strength and may be found to be eligible for construction purposes.
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