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Mechanical Characteristics of Fly
Ash-Based Geopolymer Bricks
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Abstract The manufacturing of OPC falls as a second cause after the automobile as
the main carbon dioxide source that polluted the atmosphere. Nowadays, sustainable
development of industrial waste is crucial in building construction. Hence, seeking an
alternative option to the current most costly, resource-consuming OPC is inevitable.
The introduction of geopolymer has an impact on the environment and is widely used
as a replacement for OPC. This research investigated the mechanical performance
of fly ash-based geopolymer bricks. OPC was partially replaced by some amount of
fly ash with various percentages ranging from 0 to 30%. The bricks were made of
OPC, fly ash, sand and water. The test specimens were cubic and cylindrical in shape,
which were prepared for the compressive and splitting test, respectively. Both tests
were performed in accordance with ASTM C39 and ASTM C496. Cubic specimens
were tested for compressive strength at a pace rate of 0.9 kN/mm and cylinder
specimens were tested for splitting test at a pace rate of 1 kN/min. The added fly
ash has a significant effect on the bricks’ mechanical behaviour. A replacement of
OPC with 20% of fly ash gave the highest value compared to 10 and 30% fly ash
for both compressive and splitting test. This indicates that the added fly ash as a
minor replacement to OPC can improve the characteristics of the bricks, thus can be
effectively utilized by the structural industry.
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14.1 Introduction

The introduction of geopolymer give an impact to environment and is widely used
as a replacement for ordinary Portland cement. Geopolymer is a mixture of cement
and ash. By using geopolymer fly ash based some factors can be reduced such as
greenhouse gas emission and environmentally friendly construction. Geopolymer is
a replacement of cementitious material that contain source material which are rich in
silica and alumina. The application of broader include fire resistance coating, toxic
and waste encapsulation, cement and concrete etc. Geopolymer bricks can produce
ceramics bricks by using polycondensation process [1].

The geopolymer application also used also include in coating application which
resulted to thermal insulation but the preparation of paraffin-based is needed [2].Also,
it is proven as a non-combustible structural material and appropriate for construction
on building that involve with high degree of temperature which acts as fire resistance
but consume less cost [3]. Geopolymer bricks is an example of friendlymaterial from
fly ash. The application of geopolymer become more popular because the amount of
waste being disposed into the landfill is increased globally. Basically, fly ash is fused
and float out of the furnace. As it rises, it cools and solidifies into spherical glass
particleswhich called as fly ash. Thefly ash is collectedwith bagfilters or electrostatic
precipitator. A geopolymer bricks is a mixture of ash and cement. It is introduced to
sustain the good environment. The production of ordinary Portland cement caused
higher carbon dioxide because the process focussed on heating and combustion.
In contrast, geopolymer brick only produce with an estimation of less than 40%
emission.Moreover, it is recommended to utilize because it can gain ultimate strength
within 24 h [4]. Even though geopolymer bricks is a game changing in construction
industry, its mechanical behaviour properties still need to be evaluated. The ratio
of the ash and cement should be correct in order to gain high strength [5]. This is
because to maintain the good condition of long-term mechanical properties.

The geopolymer bricks can reduce up to 80% of carbon dioxide gases that caused
by the ordinary cement. Although geopolymer solve cement production problem,
the properties of geopolymer bricks are vary due to different percentage and has no
standard percentage mixture. Based on previous study, a few types of ash has been
studied such as pond ash and crusher sand ash. The optimum level of strength of pond
ash is found to be at 40% [6]. However, the optimum level of strength of crusher
sand ash is at 20%. Therefore, this research is focussed on mechanical behaviour of
geopolymer bricks at different percentage to investigate the optimum amount of fly
ash will affect the bricks mechanical performance.
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14.2 Methodology

The methodology involves specimen preparation and experimental testing. Samples
were prepared with four different composition of fly ash which are 0, 10, 20, and
30%. There will be three specimens for each composition. Compressive and splitting
test were performed according to ASTM C39 and ASTM C496, respectively. The
data were recorded and observed for further analysis. Figure 14.1 shows an overview
of the research work.

14.2.1 Fly Ash Chemical Analysis

A handheld XRF spectrometer was used to analyze the element of fly ash. It released
50 kV X-ray tube that is characteristic of a specific element which is registered by
the detector in the XRF meter. The fly ash was placed in a tube inside the handheld
analyser. The x-ray signal was then released from the front end of the analyser.

Fig. 14.1 Research flowchart
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Fig. 14.2 Sample dimension (a) cube and (b) cylinder

14.2.2 Specimen Preparation

The test specimens were cubic bricks of 50× 50mm and cylindrical bricks of 50mm
(d) × 100 mm (h). Cube bricks and cylinder bricks were prepared according to the
dimension followed. Figure 14.2 shows sample dimension for both cube and cylinder
geometry.

Mixing Process. Fly ash, OPC and sand are first mixed and the mixture blended
on a watertight non-absorbent platform until change to uniform colour. The binder
mixture at a cement-to-fly ash ratio of 90:10% (by weight) when making the
geopolymer bricks. The mixture was blended for 10 min after the water was added.
Then the process repeated with different percentage of fly ash, 10, 20, and 30%
respectively. The w–c of water is 0.38.

Moulding Process. The mixture was then inserted into the half the mould first.
Then a tamping rod was used stroke the mixture. The strokes were 25 times for each
specimen. This is because to allow the layer of the mixture to close any holes left
and to release any big bubbles of air that might have been trapped. After that, the
specimen was left under the room temperature for 24 h before demolding it.

Curing Process. The curing process will be 28 days and all the specimens were
put into the curing pool shown in Fig. 14.3 at the temperature of 23 °C.

14.2.3 Mechanical Testing

Compressive strength was conducted at pace rate of 0.9 kN/s while splitting tensile
strength was conducted at pace rate of 1 kN/min.

Compressive Test. ELEADRAuto Compressive Strength &Bending Test Appa-
ratus was used for compressive strength test. The capacity of this machine was
3000 kN. The pace rate for load was 0.9 kN/s which was automatically set for cubic
specimen for the size of 50 mm. The load was continuously applied until the spec-
imen failed. The result of compressive strength will be appeared on the screen of the
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Fig. 14.3 Curing pool

machine. The test will be running for two times for each specimen to get average
value. Figure 14.4a, b show a ELEADRAuto Compressive Strength & Bending Test
Apparatus, respectively.

Splitting Test. The splitting tensile machine that has been used was iIPC iUTM-
1000 Universal Testing Machine. The capacity of this machine was 1000 kN. The
pace rate for load was 1 kN/min the cylinder specimen. The load was continuously
iapplied until the specimen failed. The result of splitting tensile will be displayed
ion the computer which was connected to the machine. The computer was set up

(a) (a)

Fig. 14.4 Compressive test equipment, (a) auto compressivemachine and (b) bending test machine
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Fig. 14.5 Splitting Test, (a) IPC UTM-1000 Universal Testing Machine and (b) Computer to
monitor and record the splitting tensile testing

the iproperties of ithe specimen such as dimension and monitor the splitting tensile
testing. The test will ibe running ifor itwo itimes ifor ieach ispecimen to get average
value. Figure 14.5a shows the IPC UTM-1000 Universal Testing Machine that has
been used for the testing while Fig.14.5b shows the computer that monitor the
splitting tensile test and record the result.

14.3 Results and Discussions

14.3.1 Fly Ash Chemical Analysis

The composition of fly ash was assessed and presented in Table 14.1. The primary
compounds that have been determined in fly ash were oxides of silicon which
consisted 67.709%, aluminium oxide contained 14.889%. In a previous research
[7], they stated that the fly ash can actually be classified either Class F or Class C
based on the its composition. Class F has low calcium fly ash which is less than 10%
while Class C has more 20% of calcium. Hence, the fly ash used for this experiment
was categorized as Class F type because the calcium is only 4.639%. Although,
the previous research [8] assessed that the presence of silicon dioxide, aluminium
oxide and calcium oxide contributed to high strength. Graph in Fig. 14.6 shows the
composition of Fly Ash and OPC.

This indicates that the high reaction of silica content requires the formation of
high formation of aluminosilicates which resulting in highmechanical strength of the
resultingmaterial. The fracture of the specimen is one of the fundamental mechanical
behaviours due to essential role in the crack growth of the brick’s structural elements.
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Table 14.1 Xrf analysis of
fly ash

Composition Percentage (%)

Silicon dioxide, SiO2 67.709

Aluminium oxide, Al2O3 14.889

Iron (III) Oxide, Fe2O3 8.176

Calcium carbonate, CaCO3 4.639

Potassium oxide, K2O 1.862

Magnesite, MgCO3 < LOD

Titanium dioxide, TiO2 1.195

Phosphorus pentoxide,
P2O5

0.465

Sulphur trioxide, SO3 0.276

Manganese oxide, MnO 0.195

Fig. 14.6 Comparison
percentage between
composition of fly ash and
OPC

14.3.2 Fracture Analysis

For compressive strength fracture, the crack was initiated from the edge. Then the
specimenwas considered failedwhen the new crack propagate and reached at another
edge. The crack on the specimen appeared as in diagonal cracking. The specimen
was split into two where there was no crack propagation even after the load was
continuously applied until the specimen fracture. Besides that, the surface of the
specimen was basically rough and flat fracture as the failure occur along the middle
of vertical diameter. Figure 14.7 shows the fractography of the specimen.

14.3.3 Compressive Strength

The optimum percentage of fly ash for this study was 20% replacement of fly ash.
In addition, when the ash was replaced the OPC by 20%, the results achieved was
the highest, 43.355 N/mm2 compare to 10 and 30% of fly ash which was 40.38 and
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Fig. 14.7 Fractography surface of specimen: (a) Cube and (b) Cylinder

41.885 N/mm2. Table 14.2 shows compressive strength at different percentage of fly
ash. Figure 14.8 shows the comparison of compressive strength between this research
and previous research by Awodiji and Onwuka [9]. Percentage error was calculated
to compare the compressive strength values. The error obtained was in the range of
40–60%. However, the trend shown in Fig. 14.8 is similar where the highest value
obtained at 20% added ash and OPC. Current compressive strength are higher than
previous research due to fly ash were added to the mixture. This explained that added
fly ash gives a significant effect to the compressive strength.

Table 14.2 Compressive strength at different fly ash

Specimen Fly ash (%) Average compressive
strength (N/mm2)

Previous average
compressive strength
(N/mm2)

Percentage error (%)

Cube0 0 44.655 18.22 59.8

Cube10 10 40.380 23.85 40.9

Cube20 20 43.355 25.33 41.5

Cube30 30 41.885 20.59 50.8

Fig. 14.8 Comparison of
compressive strength
between this research and
previous research
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Table 14.3 Splitting tensile strength results

Specimen Fly Ash (%) Average splitting
tensile strength
(N/mm2)

Previous Average
splitting tensile
strength (N/mm2)

Percentage error (%)

Cylinder0 0 14.666 2.100 85.6

Cylinder10 10 13.152 2.905 77.9

Cylinder20 20 12.361 2.700 78.1

Cylinder30 30 11.652 2.585 77.8

Fig. 14.9 Comparison of
splitting tensile strength
between this research and
previous research

14.3.4 Splitting Tensile Strength

Table 14.3 shows the tensile strength at different percentage of fly ash comparingwith
previous research by Olujide, 2017 [10] while Fig. 14.9 shows the trend of splitting
strength values at different percentage ash and OPC. The strength was the highest
when no fly ash was added which is 14.666 N/mm2. The values keep decreasing with
added fly ash from 10 to 30%. Splitting strength for 10, 20, and 30% fly ash were
13.152, 12.361, and 11.652 N/mm2, respectively. Percentage error was obtained in
the range of 77–86% which is considered high. This is due to fly ash was added
replacing the OPC. Splitting strength for fly ash specimens were high compared to
previous research which were used OPC. This shows fly ash give a significant effect
to splitting strength.

14.4 Conclusion

Both testing results show that the percentage replacement of fly ash was optimum
when added 20%with the concrete mixture. The compressive strength data was vali-
dated with the previous studies’ results which use OPC in the cement mixture. Both
results (current and previous) show the same fluctuate trend of compressive strength.
The compressive strength was higher at 20% fly ash which is 43.355 N/mm2. For
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splitting tensile strength, the results for this project can be wrapped up to has higher
strength compare to other bricks that have no fly ash added. Previous studies used
different technique which can affect the splitting tensile strength. For this research,
geopolymer bricks achieved higher splitting tensile strength at 20% compare to 10
and 30% which is 13.361 N/mm2.
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