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place. This problem primarily due to the uncontrolled river sand mining. The demand
for eco-friendly construction methods has driven research into substitute materials for
conventional sand, and aggregates. Thus, embracing industrial by-products known as
spent garnet as alternative materials presents an appealing solution to mitigate
reliance on sand resources, thereby contributing to the sustainability of river
ecosystems. Spent garnet is a waste derived from the surface treatment process in the
shipping industry and is usually dumped in landfills. This review critically examines the
viability of integrating spent garnet into construction materials. Comprehensive
assessments of the physical and mechanical properties of these composite materials
shed light on the potential improvements and challenges associated with the use of
spent garnet. Ultimately, the review synthesizes the current state of knowledge on
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1. Introduction

In many nations around the world, concrete has been a top choice for construction materials. As
more buildings are constructed, cement usage and other natural resources (fine aggregate, coarse
aggregate) has increased the usage tremendously [1]. The unique advantages compared to other
materials became the main reasons for concrete to be used in terms of its cost, mechanical features,
and even its durability properties [2]. The escalating global demand for cement, a fundamental
material in infrastructure development, has exacerbated environmental challenges, particularly
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through significant carbon dioxide (CO3) [3]. According to Global Market Insights [4], the global
construction aggregates market was valued at over $450 billion in 2022, and is expected to grow at
a 6% Compound Annual Growth Rate (CAGR) from 2023-2032. In 2015, the construction sector
consumed 48.3 billion metric tons of natural aggregates, however, by the end of 2024, global
consumption of construction aggregates is expected to reach 62.9 billion metric tons [5]. The annual
global use of almost 25 billion tonnes of concrete [4] and it continue increase resulting rising
consumption of the natural resources such as sand and gravel. Continuous use of river sand and other
natural resources will lead to the depletion of its sources [6]. Extensive mining of river sand poses an
undesirable impact on the ecosystem and community as well. Utilizing alternative materials derived
from other sources to play the role of sand in concrete production would be one of the solutions [6].
The option of discovering potential use of any waste material for concrete manufacturing would
reduce high dependency on river sand supply and lessen waste thrown at landfills.

Garnet is a type of mineral utilized as gemstones and abrasives since the Bronze Age [7]. Garnets
are mostly found with reddish shades but can be, orange, yellow, green, purple, brown, blue, black,
pink, and colorless [8]. This material is often utilized in waterjet cutting [9]. It is regularly used in the
industry owing to its better properties, availability, and affordability as compared to other abrasive
materials [10]. Garnet is starting to substitute silica in abrasives because silica is unsafe for workers'
health [11]. Garnet is the most used among other abrasive materials Globally, there are four
countries that remain leading in garnet manufacturing [12]. These are India, China, Australia, and the
United States. India leads the globe in production, with 700,000 metric tons of garnet [13]. According
to Statista Research Department [14], the production volume of garnet (abrasive) from mines in India
amounted to an estimated 7085 metric tons in the financial year 2023.

The increasingly used garnet in various industries contributes to the prosperity of the producing
sector. At the same time, the generation of spent garnet which is disposed of as waste after it is well
used for certain industrial activity consumes spaces at landfills and creates environmental concern.
A waterjet cutter when aimed at a piece of metal, ceramic, or stone, cuts the material producing very
little dust [8]. Before being disposed of as waste, garnets that have been utilized in the cutting and
sandblasting industry would be recycled until cannot be used anymore [15]. Recycling of blasting
waste is one of the alternatives adopted to reduce the quantity of waste to be thrown. Usage of
garnets can be up to 3-5 times before they are disposed [16]. This waste known as spent garnet is
only discarded after it is exhausted and becomes unsuitable to be used for abrasive blasting [16]. This
solid waste is commonly dumped in landfills [17].

The practice of heaping spent garnet waste at the wasteyard would consume space on the land
which could be used for better purposes. The global build-up of wasted garnet is dangerous to the
environment because it may contaminate streams when it gets into them from runoff or flooding
[16]. The undesirable impact on the environment due to spent garnet dumping has also been pointed
out by past researcher [18]. Thus, reutilizing these materials reduce environmental degradation and
promotes saving of resources [19]. However, the selection of the finest management system is
influenced mainly on cost and on local environmental standards [20]. Success in recycling this waste
in production of concrete would reduce the waste disposed, lower the waste management cost faced
by the industry and contribute towards cleaner surrounding. This paper presents a review on the
utilization of spent garnet as constituent in cement based composite material.
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2. Methodology
2.1 Physical Properties

Garnet in Figure 1(a) is a sand-like particle with having unalike color from natural sand. This
mineral sand falls in the group of ore deposits [21]. Brilliant bright red colors and transparency make
attractive semiprecious gemstones and inferior quality as abrasive, steel cutting, leather and wood
polishing, and water filtration media [7]. Spent garnet as illustrated in Figure 1(b) has a reddish color.
In terms of physical appearance, spent garnet possesses a shape almost comparable to sand as
highlighted by Jaafar et al., [22] in Figure 2. Spent garnet particles are typically angular in shape than
the irregular form of sand particles. Table 1 tabulates the physical properties of spent garnet which
does not differ much from one sample to another. The specific gravity of spent garnet obtained from
different sources is between 2.9 to 4.1.

(@) (b)

Fig. 1. Comparison between (a) Garnet (b) Spent garnet

Fig. 2. FESEM microstructure (a) Spent garnet (b) Sand [22]

Generally, the bulk density ranges from 1800 kg/m3 to 2300 kg/m?3. The hardness of this material
is between 7.5 to 8.0. The diverse application methods in the industry cause slight variations in the
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physical properties of spent garnet [23]. Due to the physical characteristics of spent garnet particles,
it can improve the interlocking and mechanical bonding between the aggregate and the cement
paste. Thus, the strength of the concrete was enhanced by the addition of spent garnet. The particle
size of spent garnet often has a narrower particle size distribution compared to natural sand as
presented in Figure 3 [24]. Spent garnet particles which is finer than natural sand can produce a
denser concrete matrix, contributing to the development of strength.

Table 1
Physical properties of spent garnet
Reference  Specific gravity Fineness Hardness Bulk density (kg/m3) Water pH value

modulus absorption (%)
[16] 3.0 2.05 7.5 1922 6 -
[22] 2.9 - 7.5t08.0 2300 6 8.3
[25] 2.9 - 7.5t08.0 - 6 7
[26] 1.97 1.97 7.5t08.0 - - -
[24] - - - 2300 5.8 -
[27] - - - 1804 5.5 -
[28] 3.8 - - - 10.2 -
[29] 3.75 1.68 - - 6.12 -
[30] - 2.07 - 2121 - -
[31] 4.1 1.75 - - 1.4 -

1w0d — ASTM C33 Max .
| --- ASTM C33 Min o
---- River sand 7 i
804 - Spend garnets i /!

60 -

40

Cumulative Percentage Passing

—T
0.1 0.5 0.8 1 118  2.36 10

Aggregate Size (mm)

Fig. 3. Particle size distribution of spent garnet [24]

2.2 Chemical Properties

Based on Table 2, spent garnet has the highest composition of Ferric Oxide (Fe,0s) where it ranges
from 33.10 to 43.40 followed by Silicon Dioxide (SiO,) which ranges between 28.30 and 36.00. The
reddish color of the spent garnet is mainly due to the highest composition of iron oxide. The presence
of copper, zinc, and lead definitely will interrupt the hydration reaction of concrete and its
mechanical properties [32]. The presence of heavy metal would probably help the hydration [33] as
well. According to Muttashar et al., [21], the leaching test shows that the heavy metal content inside
the spent garnet is lesser than the control limits where the Toxicity Characteristic Leaching Procedure
(TCLP) analysis established by the US EPA.
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Table 2
Oxide composition of spent garnet
[34] [22] [25] [24] [35] [36] [29] [37] [31] [38]

Fe,O3 3.21 43.06 43.06 43.10 33.10 43.40 40.23 42.68 39.7 44.97
SiO, 40.37 33.76 33.76 33.70 36.00 28.30 39.04 34.12 29.2 27.13
Al,O3 17.95 13.88 13.88 13.90 17.70 14.30 13.40 13.75 17.5 17.73
CaO 34.63 4.15 4.15 4.15 5.48 4.45 - 3.98 2.47 1.89
MgO 2.09 2.91 2.91 2.91 5.97 4.68 4.08 2.85 3.22 4,90
KO 0.05 0.14 0.14 =¥ 0.10 0.04 0.32 0.11 - 0.01
MnO 0.18 1.08 - =¥ 0.63 1.01 1.03 - 1.12 -
TiO, 0.31 0.78 - 0.78 0.42 1.67 1.53 - - -
P,0s 0.02 0.21 - -* 0.10 -* - - - 0.41
Zn0 - 0.06 - -* 0.04 0.05 - - 0.26 -
Cr,03 - 0.05 - -* 0.06 0.11 - - - -
Na,O 0.08 =¥ - =¥ 0.20 =¥ - - - -
V05 - * - * 0.04 * - - - -
SO, - - - =¥ 0.02 0.03 0.38 - - 0.06

3. Fresh Properties

The use of spent garnet as a replacement for partial fine aggregate influences the fresh properties
of cement-based composites as presented in Table 3. Figures 4 and 5 illustrates the increase in
flowability of mortar upon integration of spent garnet. Upon blending the spent garnet partially
replacing the natural sand, the fresh mix become increasingly workable. According to Huseien et al.,
[23], the integration of spent garnet ranging from 25% and more to total sand replacement increases
mortar workability. This is due to the higher bulk density value of spent garnets compared to river
sand. This contributed to a reduction in spend garnet’s volume in the AAMs mixture and minimized
directly the water adsorption. Researchers elsewhere Mehta and Paulo [39], highlighted that the flow
ability of mortar containing 25%, 50%, 75%, and 100% of spent garnet as fine aggregate replacement,
increases as larger content of spent garnet is used. Usage of the spent garnet with higher density
causes the mortar to spread wider and result in higher flow ability. A similar pattern has been
observed regarding rising slump value when spent garnet is incorporated as fine aggregate
replacement in concrete.

Table 3
Workability of cement-based composites containing spent garnet

References % of spent Size of spent Concrete type Workability Type of testing
garnet garnet
[22] 0, 25, 50, 75, 100 Passing 2.35 mm,  Self-compacting Increased Slump flow test, T50
retained 212 um geopolymer concrete slump flow test, L-box
test, V-funnel test
[24] 0, 25,50, 75,100 - Alkali-activated Increased Flow table test
mortars
[39] 0, 25,50, 75,100  Sieved through 5 Mortar Increased Flow table test
mm
[30] 0, 10, 20, 30, 40 Passing 2.36 mm High-strength Increased Slump test
lightweight
aggregate concrete
[29] 0, 10, 20, 30, 40 Passing 2.36 mm lightweight Increased Slump test
aggregate concrete
[31] 0, 10, 20, 30 Sieved through Concrete Increased Slump test
1.18 mm
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Besides, the concrete mixture becomes more workable when a larger content of spent garnet is
used. A similar trend of improved workability was observed in other types of concrete blended with
spent garnet namely self-compacting geopolymer concrete [36], lightweight aggregate concrete [30]
and plain concrete [31]. The properties of spent garnet which possesses higher density than sand
cause a lesser volume of it to replace the sand when partial fine aggregate in the concrete mix is done
by the weight of sand. This causes extra water to be available due to a lesser quantity of spent garnet
resulting in less water being required to cover the surface area. The variation in the physical
characteristics of spent garnet to sand causes changes in the fresh properties of concrete or mortar.
According to Goncalves et al., [38] the particle size distribution, profile, and texture of fine aggregate
have an apparent effect on fresh properties of mortar. A similar observation has been noted by
Morizki and Imam [40] in concrete due to the shape, surface morphology, and particle size
distribution of the fine aggregate used.

200

150

100

Flow (1nm)

0 25 S0 75 100

Percentage of spent garnet replacement (%)

Fig. 4. Flowability result of mortar [39]
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Fig. 5. Flow diameter with diverse content of spent
garnets [24]

4. Mechanical Properties

A good quality concrete for construction applications is determined based on its workability,
strength and durability. Table 4 tabulates the mechanical properties of the mortar and concrete when
blended with spent garnet as sand replacement. Most findings reported positive contribution of
spent garnet use as sand replacement in enhancing the hardened construction material strength.
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Table 4

Mechanical properties

References % of spent Types of mortar Mechanical properties

garnet and concrete
Compressive Flexural Strength  Splitting Tensile
Strength Strength
[41] 0, 11.25, 12.5, Concrete Increased at - -
13.75, 15 12.5%.

[22] 0, 25, 50, 75, 100 Self-compacting Decreased for all Decreased forall Decreased for all
geopolymer replacements. replacements. replacements.
concrete

[24] 0, 25, 50, 75, 100 Alkali-activated Increased at 25% Increased at 25% Increased at 25%
mortars of replacement. of replacement. of replacement.

[42] 0, 20, 40, 60, 80, High strength Increased at 40% Increased at 40% Increased at 40%

100 concrete of replacement. of replacement. of replacement.

[17] 0, 10, 20, 30, 40 Concrete Increased at 20% - -

of replacement.
[39] 0, 25, 50, 75, 100 Mortar Increased at 50% - -
of replacement.

[29] 0, 10, 20, 30, 40 Lightweight, Increased at 20% Increased at 20% Increased at 20%
aggregate, of replacement. of replacement of replacement
concrete

[30] 0, 10, 20, 30, 40 High strength, Increased at 20% - -
lightweight, of replacement.
aggregate,
concrete

[31] 10, 20, 30 Concrete Increased at 10% - Increased at 20%

of replacement.

of replacement

4.1 Compressive Strength

Generally, all specimens blended with spent garnet as sand replacement exhibit strength
increment as curing age increases. Figure 6 illustrates the compressive strength of concrete
containing spent garnet as sand replacement continue to increase as curing age become longer. Most
study findings indicate that adding a suitable quantity of waste garnet 25 % of the volume boosts the
concrete strength. According to Huseien et al., [23], 25% garnet to river sand substituted for the sand
provide the best hardened alkali-activated mortars strengths and improved pore structure. Similarly,
Muttashar et al., [21], reported that the best results for self-compacting concrete were obtained in
terms of workability and mechanical characteristics at a 25% garnet substitution level. When garnet
content was raised over 25%, self-compacting concretes underwent strength declination. Jamaludin
et al.,, [28], revealed that enhanced strength performing lightweight aggregate concrete was able to
be produced by integrating 20% spent garnet.
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Fig. 6. Compressive strength of concrete mixes at 28, 56, and 90 days [31]

Another researcher, Kunchariyakun and Sukmak [34] who used residue garnet as a filler revealed
that the maximum density and compressive strength of mortar was achieved when made wholly of
garnet. Usman et al., [35] used garnets to obtain ordinary and self-compacting geopolymer concrete
and discovered that the automatically generated (AG) spent garnet proved to be the best candidate
for use in Cold Mix Asphalts (CMAs) as compared to manually generated (MG) spent garnet.
According to Kanta and Markandeya [42], the results showed that combined spent garnet and used
foundry sand can be used as a partial replacement of river sand in the manufacturing of concrete
suitable for applications in construction field. On the other hand, there are also researchers who
reported that the strength of cement-based composite decreases when blended with spent garnet.
According to Phang et al., [43] the approach of integrating spent garnet as partial fine aggregate
replacement by weight of sand reduces concrete strength. Excessive use of 30% and 40% spent
garnet formed a weak concrete. Future research on the impact of using spent garnet obtained from
different type of industry and diverse fineness on the strength performance of cement-based
composite is recommended.

4.2 Flexural Strength

The findings of previous researchers outlined in Table 4 showed the increase in flexural strength
varies among researchers depending on the different level replacement of spent garnet. It is
observed that a large amount of spent garnet up to 30% replacement of sand significantly reduces
the flexural strength of concrete. Several studies [24,29] have shown that incorporating spent garnet
can improve the flexural strength of concrete at optimal replacement levels. They found that the
amount of spent garnet is remarkable in ranges of 20% to 25% and the possibility of attaining above
6.7 MPa depends on selective material and production. The unique characteristics of spent garnet
create concrete properties of high density with low porosity, thereby promoting flexural strength.
Figure 7 illustrates the flexural strength of lightweight aggregate concrete with spent garnet ratios of
0%, 10%, 20%, 30%, and 40% as documented by Jamaludin et al., [28]. The inclusion of 20% spent
garnet leads to an increase in the flexural strength amongst all mixes. High usage of spent garnet
does not benefit the flexural strength of the concrete.
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Fig. 7. Flexural strength of lightweight aggregate concrete [29]

Research elsewhere, Ab Kadir et al., [41] claimed that the replacement levels for spent garnet can
be up to 40%, as shown in Figure 8 The results revealed that the highest flexural strength obtained
was those designated as concrete containing 40% spent garnet. It is evident that the small particles
of spent garnet fill in the empty parts within the concrete, resulting in a dense and compact final
product. This leads to an improvement in flexural strength. Conversely, Muttashar et al., [21]
observed that self-compacting geopolymer concrete (SCGPC) incorporating spent garnet significantly
reduced the flexural strength as shown in Figure 9. Excessive use of spent garnet reduces the sand
ratio, decreasing the interlocking between fine aggregate and binders. However, the modification of
SCGPC incorporating 25% spent garnet offers the greatest flexural strength among the SCGPC
specimens incorporating spent garnet. The effective utilization of spent garnet with an appropriate
guantity is a viable proposition. The enhancement of flexural strength in concrete, traditionally
consisting of 20% to 25% spent garnet, should not be deemed unexpected. In addition, spent garnet
particles are typically more angular and rougher in texture compared to rounded river sand particles.
By replacing the sand with spent garnet, the concrete can maintain similar properties while reducing
the depletion of natural resources and environmental sustainability.

Flexural
strength (MPa)

HSC HSSGC20% [[[] HSSGC40%
FHSSGC60% = HSSGC80% R HSSGC100%

Fig. 8. Flexural strength of high-strength concrete [43]
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Fig. 9. Flexural strength of geopolymer self-
compacting concrete [22]

4.3 Splitting Tensile Strength

It is well-documented (Table 4) that utilization of spent garnet can be a suitable option to reduce
the high volume of sand in the concrete proportion. Several researchers [24,43,29] highlighted that
the replacement of conventional sand with spent garnet would increase the splitting tensile strength.
They expressed the opinion that the use of spent garnet in a concrete mixture with the optimum
replacement levels significantly affects the strength. Huseien et al., [23], reported that alkali-
activated mortars incorporating fly ash and GBFS, along with 25% spent garnet markedly a notable
enhancement in splitting tensile strength. The strength levels experienced a decline once the
proportion of spent garnet exceeded 25% in the mix. This observation was confirmed by Jamaludin
et al., [28] who investigated the impact of spent garnet on lightweight aggregate concrete as shown
in Figure 10. Their findings revealed that the concrete containing 20% spent garnet replacement
exhibited superior strength in comparison to the control mixture.

Notably, the strength levels remained slightly drops with the incorporation of 30% and 40% spent
garnet. This phenomenon can be attributed to the weakening bonding capacity of the binder paste
with the finer spent garnet particles as the amount of spent garnet substitution increased. On the
other hand, researcher elsewhere, Zhang et al., [44] pointed out that 40% spent garnet enhanced the
internal structure of high strength concrete as compared to the control mix. The uniqueness of the
spent garnet physical properties used by each researcher who obtained the waste from different
industry, is one of the factors that contribute towards diverse results. The effect of spent garnet as
fine aggregate replacement on splitting tensile strength of different types of fibre reinforced
concrete, polymer cement concrete, heavyweight concrete, polymer concrete and sulphur concrete

is another area to be investigated.
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Fig. 10. Splitting tensile strength of lightweight aggregate concrete

[29]

The exploration of the coal bottom ash-based concrete incorporating ultrafine spent garnet was
also reported by Wan Chik et al., [30]. Figure 11 reveals that increasing the levels of ultrafine coal
bottom ash (UCBA) and spent garnet in the mixture leads to a decrease in the splitting tensile
strength. Certain mixtures, a combination of 3% uCBA and 10%, 20%, and 30% spent garnet,
respectively, demonstrate superior strength than the control sample. The findings suggest that the
incorporation of uCBA alongside spent garnet as a partial replacement in concrete leads to enhanced
strength at reduced substitution rates due to the limited expansion of Calcium Silicate Hydrate (C-S-
H) gel in comparison to higher levels of replacement. The use of uCBA and spent garnet in concrete
yields a denser mixture than conventional concrete.

4.00

3.50

3.21

3.00

2.50

2.00

1.50

Splitting Tensile Strength (MPa)

1.00

0.50

0.00 -
M1

3.02 2.

3.58

3.38
!

M2

3.29
3.11

M3

2,

3.09

2.94
|

M4

2.

3.28
3.08 3.08
2.92
|
2.
M5 M6

Mixture

3.10

2.96 | 7.9
2.76 !

M7 M8

3.07
2.89

M9

2.61
2.44

M10

m 28D
m 56D
m 90D

Fig. 11. Splitting tensile strength of concrete specimens [31]

In contrast, Muttashar et al., [21] claimed that the utilization of spent garnet in self-compacting
geopolymer concrete led to a significant decrease in the splitting tensile strength. Nevertheless, the
findings indicated that the strength of self-compacting geopolymer concrete was enhanced by the
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presence of 25% spent garnet compared to those of mixtures with 50%, 75%, and 100% spent garnet.
The decrease in tensile strength observed with the gradual inclusion of spent garnet in the mixture
was ascribed to the weakened bonding between the finer spent garnet particles and the binder paste.
The integration of spent garnet into concrete blends has the potential to augment the splitting tensile
strength when utilized at ideal substitution limits. Research reveals that the recommended
substitution amount for spent garnet typically falls within the range of 20% to 25% of the weight of
sand. Within this interval, notable enhancements in strength become apparent. In addition,
combining spent garnet with other supplementary cementitious materials can further enhance the
strength of concrete.

5. Durability Related Properties
5.1 Water Absorption

Integration of spent garnet influences the water absorption of cement-based composite material.
According to Huseien et al., [23], water absorption of mortar containing spent garnet ranges between
8 to 10%. As shown in Figure 12, the permeability of alkali-activated mortars tends to drop to 8.6%
with 25% of spend garnets compared to 9.8% observed with the control sample. However, with
increased content of spend garnets from 25% to 50%, 75% and 100%, the permeability slightly
increased to 9.6, 9.9, and 10.1%, respectively. Jamaludin et al., [28] reported that the 20% of
replacement spent garnet in lightweight concrete demonstrates the lowest value of water absorption
amongst all mixes. This trend is illustrated in Figure 13 whereby a perfect blend of fine textured spent
garnet in concrete contributes towards the densification of mortar internal structure owing to its
filler effect resulting in lower water absorption. Zhang et al., [46] added that the decreases in water
absorption are mostly due to the inner structure of cement composite that gradually becomes
compact. However, overuse of this waste material increases the water absorption of the hardened
specimen. The availability of extra water in the mix when too much of spent garnet is integrated
causes formation of many pores in the hardened composite. The presence of these pores tends to
increase the quantity of water absorbed. This trend has been reported by Huseien et al., [23] and
Jamaludin et al., [28].
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Fig. 12. Water absorption in alkali-activated mortar [24]
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Fig. 13. Water absorption of lightweight aggregate concrete
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5.2 Resistance to Chemical Attack

Research conducted by Huseien et al., [23] on the use of spent garnets as sand replacement in
alkali-activated mortars containing fly ash and ground blast furnace slag (GBFS) discovered that
replacing river sand by 25% of spend garnets improved resistance to sulphuric acid attack. Another
researcher elsewhere Sani et al., [25] noted that self-compacting geopolymer concrete that were
produced by integrating spent garnet as sand replacement demonstrate greater weight loss in
contrast to control specimen without spent garnet throughout the exposure period in acidic
environment. Meanwhile, another researcher Jamaludin et al., [28] reported that the ability of
lightweight aggregate concrete to withstand the acidic attack is enhanced with the 20% replacement
of spent garnet. Asillustrated in Figure 14 and Figure 15, the specimen consisting of 20% spent garnet
exhibits the lowest mass loss and strength reduction after being immersed in hydrochloric acid
solution for 28 days and 60 days indicating its better durability in comparison to control specimen.
The differences in the result reported by the researchers are probably due to the dissimilar types of
acid used and the types of concrete that been investigated. Further investigation on behavior of
cement-based concrete and cement free concrete containing spent garnet upon exposure to
different types of acid environment would contribute towards better understanding regarding its
performance in aggressive environment.
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Fig. 14. Mass loss due to acid attack [29]
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Fig. 15. Strength reduction due to acid attack [29]

6. Other Properties

Upon exposure to elevated temperature, concrete formed of a suitable percentage of spent
garnet exhibits better performance against fire attack demonstrating lower mass and strength loss.
The superior performance of concrete when blended with spent garnet has been reported by Ab
Kadir et al., [41] and Jaafar et al.,, [22] As shown in Figure 16, it can be seen that the residual
compressive strength of spent garnet concrete is higher than that of the control specimens when
exposed to various elevated temperatures. Concrete with 40% spent garnet offered better residual
compressive strength than the control specimens. However, the strength decreased upon further
heating to 400°C but remained slightly higher than that of control specimens. Another researcher
Jaafar et al., [22] also claimed that the results (Figure 17) show a noticeable decrease in the
compressive strength of the concrete subjected to increased temperatures of 700°C. Upon exposure
to 700°C, lightweight aggregate concrete formed using 20% spent garnet experience lower strength
loss amongst all mixes. Whereas mix formed of 50% spent garnet undergoes highest strength loss of
all other mixes.

According to Tawia et al., [45] upon exposure to temperature from 400°C to 800°C, concrete
experience maximum loss strength due dehydration effect. Decomposition of C-S-H gel results in
concrete strength declination and increased porosity [46]. When compared between the mixes,
concrete that contained 20% spent garnet recorded lower percentages of strength loss. Both studies
highlighted the potential of spent garnet in concrete enhanced performance under heat exposure.
Utilization of spent garnet offers greater stability of the concrete exposed to high temperatures.
Additional investigation on the fire resistance of special concrete consisting spent garnet from
different sources as fine aggregate replacement and the application of different cooling method
should be carried out.
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(23]

Other than that, research that has been conducted discovered that the integration of a suitable
amount of spent garnet lowers the drying shrinkage of concrete. Research by Huseien et al., [23], in
the entire test duration, the drying shrinkage of the control specimen was higher than the one
composed of spent garnet. As can be seen in Figure 18, the inclusion of 25% and 50% spent garnet
resulted in lower drying shrinkage value of the composite material than the control mix. This positive
contribution is attributed to the nature of fine garnet particles that filled the micro-pores of the mix
which optimize the pore structures resulting in lower value of drying shrinkage.
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Fig. 18. Drying shrinkage of alkali-activated mortars [23]

Total replacement of sand with spent garnet causes more voids formed due to the presence of
additional water resulting in higher drying shrinkage at all curing age. The drying shrinkage of
different types of special concrete such as lightweight aggregate concrete, self-compacting concrete
and high strength concrete consisting diverse percentage of spent garnet is among the interesting
area to be ventured. The effect of using spent garnet originating from different industrial activity
towards drying shrinkage of composite material is another area that could be explored in future
research.

7. Conclusion

In conclusion, the incorporation of spent garnet as a sand replacement in concrete emerges as a
promising avenue with multifaceted benefits. Integration of spent garnet as sand replacement
improves the workability of concrete and mortar. A suitable blend of spent garnet as a sand
replacement, not more than 25% up positively influences the mechanical properties of concrete,
enhancing its strength via the filler effect. Excessive use of spent garnet affects the mix workability
resulting in concrete strength declination. Replacing sand with a certain quantity of spent garnet
forms a more compact concrete resulting in lower water absorption value. Introducing a suitable
percentage of spent garnet of not more than 20% forms concrete with better fire resistance
properties. In line with SDGs, integrating waste in production of construction material contributes
towards lesser reliance of natural sand and minimize waste disposal for a better living environment
of the human population. This review provides an in-depth evaluation of the feasibility of
incorporating spent garnet into construction materials. Thorough analyses of the physical and
mechanical properties of these composites highlight the potential benefits and limitations associated
with spent garnet utilization.

Therefore, more research is recommended to be carried out on exploring the potential utilization
of spent garnet for production of polymer concrete, fibre reinforced concretes, manufactured
lightweight aggregate concrete and aerated concrete. The effect of using this waste as sand
replacement on the mechanical and durability of these special concretes remains to be discovered.
The performance of industrial or agricultural pozzolanic ash blended cement concrete when diverse
percentages of spent garnet are used as sand replacement remains to be investigated. The
performance of concrete containing spent garnet when exposed to the seawater environment is yet
to be answered. The behavior of seawater mixed concrete and mortar containing spent garnet as
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sand replacement is another interesting area to be ventured into. In conclusion, the review
consolidates the existing knowledge on spent garnet in construction, delivering valuable insights for
researchers and industry experts aiming to explore sustainable, innovative solutions in materials
science and waste management.
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