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ABSTRACT: Cement has been a staple in the construction industry
for decades, performing admirably when properly mixed. However,
cement production is accompanied with a lot of CO2 emissions,
contributing to environmental pollution and ozone layer depletion.
To mitigate these effects and reduce reliance on conventional
concrete materials, exploration of alternative materials is essential.
Researchers have investigated industrial and agricultural waste as
potential cement supplements, but many of these waste products pose
disposal and health challenges. Instead of discarding these materials,
their proper utilization can yield positive environmental benefits.
This review focuses on the feasibility of incorporating rice husk ash
(RHA) and marble waste (MW) into concrete production. It examines
the environmental, and economic advantages of using RHA and MW,
as well as their impact on mechanical and durability properties of
concrete like the compressive strength, durability, splitting tensile
strength, permeability, water-cement ratio, workability and thermal
properties. Additionally, the review explores various approaches and
methodologies for integrating these materials into concrete mixes.
Numerous research studies have evaluated the effectiveness of
utilizing MDP and RHA in manufacturing concrete. Key findings
indicate that the maximum benefit of replacing cement with RHA
occurs at a 15% substitution level. Furthermore, marble waste,
owing to its high calcium oxide (CaO) content, can also serve as a
cement supplement. Marble powder, with its fine particle size, can
replace fine aggregates in concrete, enhancing filler effects and
reducing porosity, resulting in denser and more durable concrete.
Additionally, marble waste can potentially substitute for coarse
aggregates in concrete production.

KEYWORDS: Rice husk ash, Marble waste, Concrete, Sustainable
material.
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INTRODUCTION

Cement is the most expensive binding material in the construction industry and it is employed
as cementitious material worldwide. The high demand for cement is as a result of its incredible
performance and efficiency in binding aggregate. Cement production results in significant
emissions of harmful substances such as CO;and NO2, contributing to environmental
pollution. Consequently, there is a need for research into alternative materials that can
complement cement (Adetoye et al., 2023). Agricultural wastes such as the RHA, cassava peel,
doum palm shell ash among others can be used as partial replacements for cement. Similarly,
industrial waste materials like the ground granulated blast furnace slag (GGBFS), marble
waste, silica fume, and fly ash among others can also be used as cementation materials in
construction (Barbuta et al., 2015). Improper disposal of the aforementioned (agricultural and
industrial) wastes leads to several drawbacks to the environment among which include: causing
diseases to the occupants nearby, occupying some portions of river beds, pits, forest land, and
often dumps on the side of the road which leads to deterioration of the ecosystem of the
environment (Adejumo & Adebiyi, 2021). The assimilation of agricultural and industrial
wastes in concrete will not only enhance its performance but will also help in attaining a
friendly environment and retards the dependency on conventional construction materials.

For decades, marble has been used in the construction industry and performs wonderfully
across the world (Yasmin et al., 2021). Globally, the estimated marble reserves amount to
approximately 15 billion cubic meters, with marble industries operating in nearly fifty countries
(Alyama¢ & Aydin, 2015). Marble waste refers to the by-products generated during
the extraction, processing, and shaping of marble stone. The primary quarrying technique for
marble stone involves blasting, which results in the loss of approximately 50% of the stone.
This waste presents environmental challenges, prompting the exploration of alternative
materials to complement cement production (Khan et al., 2017). Figure 1 below shows the
marble extraction site.

] : , - e
Figure 1: Marble extraction site (Bacarji et al., 2013)

Approximately 25% of the marble processed during sawing, shaping, and polishing ends up as
dust or powder (Gesoglu et al., 2012). These by-products include marble slurry, dust, chips,
and fragments. Marble waste is a significant concern in the marble industry due to its
environmental impact and disposal challenges. As a solution to these negative impacts, some
researchers recommended the use of marble waste in the construction sector as a substitute for
binder, aggregate, and additives in concrete (Ulubeyli et al., 2016). Marble slurry, a semi-liquid
blend of water and fine marble particles produced during marble cutting and polishing, is
frequently discarded as waste. Improper management of marble slurry can lead to
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environmental risks. Notably, it may contain elevated levels of heavy metals and other
pollutants, highlighting the importance of proper disposal (Tomar et al., 2016). When marble
stone is cut, ground and finished, it produces fine marble dust, a powder that can be easily
carried by winds, this airborne dust can lead to various health issues (Alvee et al., 2022a).
Marble waste is commonly utilized as a filler material across various industries, including
construction, paints, and ceramics. However, significant quantities of marble dust are generated
as waste, necessitating proper disposal or recycling methods to minimize environmental impact
(Mehta et al., 2019). Marble chips and fragments represent irregular pieces of marble stone
remaining after cutting and shaping processes. While some find reuse in applications like
landscaping or terrazzo flooring, a significant portion becomes waste. Proper management
strategies, including recycling and reuse, are essential to minimize the environmental impact
of discarded marble chips and fragments (Luis et al., 2013). The oxides composition of marble
waste from previous research works are presented in table 1 below.

Table 1: Oxides compositions of marble wastes from previous works

Chemical References

Compositions (Idrees & Jamil, | (M.  A. | (Vijaya (Ranjan Kumar | (Varadharajan
2015) Khan et | Kumar Ym | & Shyam Kishor | et al., 2020)

al., 2023) | etal., 2016) | Kumar, 2015)

SiO» 1.33 0.38 28.35 13.8 5.87

Al203 0.32 0.23 0.42 4.50 0.56

Fe203 0.09 0.01 9.72 1.90 0.80

CaO 55.5 49.98 40.45 43.20 41.54

SOs 0.00 NA NA NA 0.11

P20s NA 0.03 NA NA NA

MgO 1.16 2.69 16.25 2.70 15.55

TiO2 NA 0.01 NA NA NA

Na.O 0.17 0.02 NA NA 0.07

K20 0.13 0.04 NA NA 0.07

LOI 41.05 NA NA NA NA

LOI - Loss on Ignition, NA — Not Available

The oxide compositions of the marble waste, as presented in the table, are evaluated against
the requirements outlined in C09 Committee (n.d.) to assess their suitability for concrete
production. Vijaya et al. (2016) demonstrate a notably higher SiO> content, potentially
indicating favorable pozzolanic reactivity, in line with C09 Committee (n.d.) specifications.
Conversely, Kumar and Kumar (2015) and Idrees and Jamil (2015) exhibit relatively higher
Al>0O3 content, warranting further scrutiny due to potential implications on pozzolanic activity.
Iron oxide (Fe203) levels across all samples meet ASTM limits, suggesting compatibility with
concrete applications. However, Idrees and Jamil (2015) exceed the maximum CaO content
specified by C09 Committee (n.d.), potentially affecting concrete properties. Sulfur trioxide
(SO3) and phosphorus pentoxide (P20s) levels fall within acceptable ranges, aligning with C09
Committee (n.d.) standards. Also the elevated loss on ignition (LOI) in (Idrees & Jamil, 2015)
raises concerns regarding organic or carbonaceous materials. Overall, while some marble waste
samples demonstrate promising characteristics for concrete production, others may require
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further evaluation or processing to ensure compliance with ASTM standards and optimize their
beneficial contributions to concrete properties.

Asia leads in rice production due to its suitability for cultivating rice in flooded tropical regions
during the rainy season (Endale et al., 2022). Rice husk is obtained in abundance and the rice
processors often set fire to the husk as a method of disposal. RHA has become another
challenge to the environment, and its proper disposal is crucial for environmental sustainability
(El Damatty & Hussain, 2009). According to research by Vigneshwari et al. (2018), it was
concluded that RHA performs good when used as a substitute to cement as it possesses
economical as well as environment-friendly performance. RHS is considered as a pozzolanic
material meaning that it has the ability to form a stable and insoluble cementitious substance
when combined with water and CaOH. Concrete made incorporating RHA as partial substitute
to cement has an enhanced compressive strength because of calcium silicate hydrate gel that is
formed in the cement fragments, it makes the concrete less porous and more denser thereby
enhancing the strength of the concrete as per cracking is considered (Bansal & Antil, n.d.) .

The burning of the rice husk should be given intensive care to ensure the optimum pozzolanic
behavior of the ash, the RHA visual appearance should be within the limit of white gray to
black (Sam, 2020). The oxides composition of rice husk ash from previous research works were
presented in table 2 below.

Table 2: Oxides composition of rice husk ash from previous researches (Sam, 2020)

Chemical References
compositions | (A. (Faé (Ra | (Van | (Font | (Sumad | (Korotk | (Salon | (Karti
Singh | Gomes et | mez |et al, |et al, |i & |ova et|ietal,|ni K,
et al, |al,2016) | ania | 2014) | 2020) | Loon, al., 2020) | 2011)
2020) npou n.d.) 2016)
r,
2009
)
SiO» 96.7 86.0 89.61 |87.4 |8558 |975 93.4 90.0 96.7
Al203 1.01 5.12 0.04 0.4 0.25 |0.73 0.05 0.46 1.01
Fe203 0.05 1.12 0.22 0.3 021 |1.18 0.06 0.43 0.05
CaO 0.49 1.26 0.91 0.9 1.83 [0.18 0.31 1.10 0.49
SOs NA 2.79 NA 0.4 0.26 |0.49 NA NA NA
P20s NA 0.48 NA NA 0.67 NA 0.8 2.43 NA
MgO 0.19 0.48 0.42 0.6 050 | NA 0.35 0.77 0.19
TiO; NA 0.17 NA NA NA NA NA NA 0.16
Na.O 0.16 0.05 0.07 0.04 | NA 0.10 0.1 NA 0.26
K20 0.91 1.82 1.58 339 339 |1.39 1.4 4.60 0.91
LOI 4.81 NA 5.91 4.60 |6.99 NA NA 3.90 4.81

LOI - Loss on Ignition NA — Not Available
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To evaluate the table and compare it to the standard specifications for RHA as outlined in C09
Committee (n.d.), several key parameters are considered. The SiO, content in RHA is crucial
as it determines its pozzolanic reactivity. The values in the table range from 85.58% to 97.5%,
all of which exceed the minimum requirement of 50% specified by C09 Committee (n.d.). This
suggests that the RHA samples exhibit excellent potential for pozzolanic activity in concrete.
LOI represents the presence of organic or carbonaceous materials in RHA. While most values
in the table fall within acceptable limits, Font et al. (2020) exhibit an LOI of 6.99%, slightly
exceeding the maximum threshold of 6% specified by C09 Committee (n.d.). This indicates a
potential concern regarding organic content in this particular sample. The other oxides from
table 2 show varying levels of these oxides across different RHA samples. While C09
Committee (n.d.) does not provide strict limits for these constituents in RHA, it emphasizes the
importance of controlling certain elements to prevent adverse effects on concrete properties.
The values in the table generally appear within acceptable ranges, with some samples
exhibiting slightly higher levels of potassium oxide (K20) and sodium oxide (Na2O). However,
further evaluation is necessary to determine their potential impact on concrete performance.
Also, the presence of SOs and P,Os are minimal in RHA, Most samples in the table have
negligible or undetected levels of these oxides, aligning with C09 Committee (n.d.)
specifications.

Overall, the oxide composition of the RHA samples, as depicted by Table 2, generally aligns
well with the standard specifications outlined by C09 Committee (n.d.) for RHA. The high
SiO2 content and relatively low levels of impurities suggest that the RHA samples have
excellent potential as supplementary cementitious substances of producing concrete,
contributing to improved strength, durability, and sustainability of concrete structures.

Effect of RHA and MW
Economic and Environmental Impact

The RHA and MWP are industrial byproducts that present challenges for disposal. However,
acquiring these waste materials incurs minimal cost, limited to transportation expenses.
(Varadharajan et al., 2020). According to a review by Olubunmi et al. (2023), marble, a widely
used material worldwide, generates significant waste during its production approximately 30%
to 70% due to various techniques employed from quarrying to polishing. According to the cost
analysis by the University of Engineering and Technology (2019), concrete made with MWP
and quarry dust replacement is more cost-effective than ordinary concrete. The cost of making
100 m? of ordinary M50 concrete is $ 3391, while for concrete with the same strength made
MWP and quarry dust cost $ 3398.

Utilizing marble dust powder offers advantages in terms of cost-effectiveness and
environmental impact. Fine marble particles can be easily taken by air, potentially causing
health issues such as skin problems, respiratory and vision diseases (Alvee et al., 2022Db).
Incorporating marble dust powder into the construction industry yields benefits such as energy
conservation, cost reduction, and enhanced durability while minimizing environmental impact
(Ozkilig et al., 2023). In a research investigation by Khan et al. (2023), marble powder was
assessed as a cement substituting material, the author reveals that 15% is the maximum
replacement level. The study yielded favorable outcomes, leading to the conclusion that
incorporating marble dust powder into concrete mitigates environmental risks associated with
its disposal. Singh et al. (2017) made use of MWP to supplement cement; they found very good
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results and stated that Marble Powder prevents environmental hazards. From Table 2, we can
see that marble contains a higher percentage (above 40%) of calcium oxide making it a very
good binding substance. Hence to reduce the environmental hazards of the marble wastes, it is
strongly recommended to incorporate it in the construction industry.

Globally, rice cultivation yields a staggering 150 billion metric tons, leading to significant
waste production that adversely affects the environment (Varadharajan et al., 2020). RHA is a
byproduct of agricultural waste, possessing binding properties that make it a valuable addition
to concrete. By incorporating RHA into concrete mixtures, we can reduce reliance on cement
while simultaneously benefiting both economically and environmentally (Chopra et al., 2015).
In a cost study conducted by Khan et al. (2012), RHA was partially used to replace cement in
a two-room concrete structure. Each blend consisted of 75% cement and 25% RHA by weight.
Remarkably, the author observed a 31.5% reduction in cement costs while maintaining
standard strength for each structural element. The total cost for building the structure drops by
14.2% without compromising strength. Therefore, RHA's replacement with cement proved to
have a significant benefit economically. In the context of rice husk ash blend concrete with a
water-to-cement (w/c) ratio of 0.5, Figure 2 illustrates the cost reduction diagram.

COST SAVING WITH RESPECT TO INCREASE IN RHA BASED ON 0.5 W/C RATIO

K25,000 100m?, K25,200

K20,000 30% RHA
— 100m?3, K16,800
p-"4
T k15000 —
T 50m?, K12,600
@
A 20% RHA
B k10,000
= 50m?, K8,400

BT 10m?, K2,520

1m?, K ~ i
10m?, K1,680
KO
1 1im?, K168 10 50 100
Volume of Concrete (m?) LB TlErS 2L

Zambian Kwacha

Figure 2: Cost reduction diagram (Muleya et al., 2021)

According to Varadharajan et al. (2020), the environmental impact assessment of the material
mixtures studied experimentally, using the recipe method at both midpoint and endpoint levels,
demonstrated significant benefits. Incorporating RHA and MWP vyield a substantial drop of
carbon dioxide release and particulate matter, while also positively affecting ozone layer
depletion. Additionally, this approach led to reduced fossil fuel consumption and an increase
in agricultural land usage. The mixtures with RHA 20%, MWP 30%, and Steel fiber 1.5% show
optimum environmental advantage in relation with the control sample. The incorporation of
rice husk ash and MWP into the construction industry results in environmentally friendliness
(less CO2 emission, conservation of natural resources, transformation of waste that causes
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diseases to a useful material) and economical (reduced cost of cement procurement) concrete
(Idrees & Jamil, 2015).

Compressive Strength

According to research by Adesina and Olutoge (2019), a 45% increase in compressive strength
is observed when 15% of the binder (cement) is substituted with RHA. Similarly, Kannan and
Ganesan, 2014) investigated the compressive strength of concrete blended with rice husk ash;
the author recorded an enhancement in compressive strength up to 15 percent substitution of
the binder with rice husk ash. However, beyond that point, the authors recorded a reduction in
compressive strength. Idrees and Jamil (2015) reported a reduced strength result when 10%
and 15% cement replacement with poorly grinded RHA. On the other hand, the research shows
an improved performance of concrete when incorporated with MWP. Marble, due to its high
concentration of calcium oxide (above 55%) and its extremely tiny particles contain inherent
cementitious properties, and exhibits enhanced bonding ability. Concrete containing leftover
crushed marble had a compressive strength that was similar to conventional blend (Kore &
Vyas, 2016). In a research by Olutoge and Adesina (2019), the authors supplement
conventional binder with RHA at varying percentages (0% to 15% with an increase of 5%) to
create RHA-Concrete. The experimental findings indicate that this replacement led to a
degradation in strength (compression and tensile) of resulting concrete. Figure 3 below presents
a comparison of the compressive strength of different grades of R.H.A concrete ranges from
M20 to M40 of control blend and optimum replacement level respectively.

50
45
40
35
30
25
20
15
10

5

0

Compressive strength (MPa)

(Dr. maria idrees

(End;(l)(;;)t al, (Kartini. K, 2011) = & shimza jamil, (Ramrezze(l)rz)l;)npou
2015) ’
& Control 44.5 30.23 20.5 40.3
10% RHA 47.5 28.41 18.1 46.9

References

Figure 3: Compressive strength of control in comparison to 10% RHA blend

Fig. 3 above elucidated the compressive strength of concrete incorporating 10% RHA in
comparison to that of conventional concrete. The figure above presents that at higher concrete
grade (above m M30), 10% RHA blend shows more compressive strength as compared to the
control mixture. While at lower grade (below M30), the control blend resulted in higher
compressive strength. The reason behind this is due to the high content of RHA at higher grades
of concrete. The RHA with its finer particles helps to enhance pore filling in concrete and make
it more durable as well as less permeable for toxic substances. Kartini et al. (2010) and
Varadharajan et al. (2020) reported a similar trend.
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Durability

The binding capacity of the cementitious matrix is enhanced by the interaction of 3CaOAIl2O3
in binder and CaO in marble. Additionally, the cementitious blends ability to bond is further
strengthened by the creation of carbanoaluminates as a result of an interaction involving
limestone and the alkaline (calcium hydroxide) portion of the binder (Munir et al., 2017,
Bonavetti et al., 2001). The continuous hydration and filler impact of rice husk ash and marble
waste powder improve the interface between marble and cement. This results in a compact
structure that reduces porosity, ultimately enhancing durability (Hooton, 2015). The durability
performance of concrete incorporating RHA is promising in comparison with other concrete
containing admixtures (Shin, Sang-Yeop & Kim, 2013).

Permeability and Corrosion Resistance

A research by Varadharajan et al. (2020) shows that when RHS and MW supplement binder,
there is an improvement in both compressive strength and splitting tensile strength of the
concrete samples. This enhancement occurred when the replacement percentage did not exceed
15%. With an increase in the proportion of rice husk ash (RHA) and marble waste powder
(MWP), the porosity and sorptivity of the concrete material decreased. The improvement in
compressive strength and splitting tensile strength was due to the decreasing in porosity and
improvement in strength of both cement paste matrix, and the interfacial transition zone
(Khodabakhshian et al., 2018). The addition of RHA and marble waste affects a number of
concrete's characteristics, including water absorption, porosity, and permeability (Ajwad et al.,
2022). The concrete matrix's microstructure is thickened and the filler effect is improved by
MWP, which has particle sizes ranging from 1.18mm to 300 pm (Karim et al., 2012). Kartini
et al. (2010) investigated and reported the result of durability performance of normal strength
concrete specimens containing 20% or 30% RHA by cement weight, with or without the
addition of a superplasticizer. The findings indicate that replacing cement with RHA reduces
initial surface absorption, permeability, and absorption characteristics. Additionally, RHA
incorporation leads to longer capillary suction time, resulting in lower sorptivity values and
improved resistance to chloride ion penetration compared to control concrete. Overall, the
study highlights the positive impact of RHA in concrete's absorption and permeability
properties (Olutoge & Adesina, 2019) observed that saturated water absorption and apparent
porosity increased, while bulk density decreased, especially with higher levels of RHA content.

Water Cement Ratio and Workability

A research by Varadharajan et al. (2020) shows a reduction of water absorption of 16.3% when
RHA replaces cement by 20% and MWP replaces fine aggregate by 30%. The author attributed
the aforementioned decrease in water absorption to the improvement in pore sealing due to
blending with RHA and MWHP; it also enhances the durability of the concrete mixture.
Incorporation of marble waste, rice husk ash and steel fibers reduces the workability
significantly with minimum magnitude at RHA 20%, MWP 30%, and Steel fiber 1.5%, blends
in relating to the control. Similarly, Varadharajan et al. (2020) performed a slump test to
determine the workability of concrete blends incorporating RHA, MWP and steel fibers. The
slump test result shows a decrease in workability with increase in substitution level of binder
and aggregate with rice husk ash and marble waste. As per Kang et al. (2019), increasing the
RHA content results in greater water absorption, which reduces workability. Reducing rice
husk ash size and addition of loading lead to enhancement in bulk density and surface area,
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resulting in decreased water absorption during concrete curing. Moreover, replacing 20% of
cement with RHA causes a threefold reduction in water absorption capacity in comparison to
conventional concrete (Balraj et al., 2021). Concrete properties such as workability,
compressive strength, tensile strength, flexural strength, and water permeability were
investigated. Standard concrete samples in the form of cubes, cylinders, and beams were cast.
Additionally, a cost comparison study was conducted. The results indicate that workability of
fresh concrete improves with increasing RHA content. Most concrete properties studied in this
research yielded more favorable outcomes at a 6% replacement level compared to the control
mix (Ajwad et al., 2022). Kore and Vyas (2016) conducted a study on using marble waste as a
substitute for coarse aggregate. By replacing 75% of the conventional aggregate with marble
waste, the research found that the compressive strength was similar to that of regular concrete.
Additionally, the workability of the concrete improved, water absorption decreased by 17%,
and abrasion resistance slightly increased by 2% compared to the control concrete.

Splitting Tensile Strength

In a study by Varadharajan et al. (2020), the concrete mix achieved optimal splitting tensile
strength by incorporating RHA and MWP. When 15% of the cement was replaced with RHA,
an average splitting tensile strength of 21% was observed. Additionally, the study found that
increasing the percentage of MWP replacing fine aggregate led to enhanced splitting tensile
strength. Specifically, a 30% MWP replacement resulted in a 20% increase in splitting tensile
strength at 7 days compared to the control. Hebhoub et al. (2011) recorded an optimum
enhancement of 33% in splitting tensile strength for concrete produced by supplementing fine
aggregate with marble waste. Kabeer and Vyas (2018) measured 18% enhancement of splitting
tensile strength for 20% MWP substituting fine aggregate for cement mortar cubes.
Contrastingly, some researchers have measured a degradation in mechanical properties. For
instance, Sakalkale et al. (2014) and Silva et al. (2014) reported a reduction of 45% and
18.18%, respectively, for a 50% substitution of fine aggregate with marble waste. According
to research by Idrees and Jamil (2015), an enhancement in splitting tensile strength was
observed with the most significant benefit achieved at a 10% replacement of cement with
MWP. The author also noted that RHA with larger particle size exhibited reduced splitting
tensile strength, leading to the recommendation that the RHA used in the research may not be
fine enough to fully replace cement.

Thermal Properties

The effect of RHA and marble waste powder MWP on the thermal properties of concrete has
been studied in various research articles. One such study is conducted by Hadipramana et al.
(2019), the authors investigated the impact of incorporating RHA and MWP on the thermal
conductivity of concrete and finds that incorporation of RHA and MWP into concrete mixtures
led to a reduction in thermal conductivity compared to conventional concrete. This reduction
in thermal conductivity indicates improved thermal insulation properties of concrete containing
RHA and MWP. The author added that the pozzolanic nature of RHA and the fine particle size
of MWP contribute to the densification of the concrete matrix, resulting in reduced porosity
and increased resistance to heat transfer. As a result, concrete with RHA and MWP exhibits
improved thermal performance, making it suitable for applications where thermal insulation is
crucial. RHA helps reduce plastic shrinkage cracking in fresh concrete. Similarly, the use of
RHA as partial replacement of cement modifies the hydration process of a concrete mixture,
as such the risk of thermal cracking in hardened concrete is minimized (Idrees & Jamil, 2015).
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From Table 1 above, it can be seen that in all the articles reviewed, the percentage of CaO in
marble waste powder is above 40%. According to Varadharajan et al. (2020), the presence of
higher contents of CaO in MWP contributes to its thermal insulating characteristics.
Substituting fine aggregate with MWP improves the concrete’s ability to resist temperature
changes and thermal stress (Sarika et al., 2023).

CONCLUSION

In conclusion, the exploration of alternative materials such as RHA and MW shows a promising
avenue for improving the sustainability and performance of concrete in the construction
industry. The findings discussed herein underscore several key points. Firstly, both RHA and
MWP offer significant economic and environmental benefits when incorporated into concrete
production. RHA, derived from agricultural waste, not only reduces reliance on cement but
also contributes to reduced CO, emissions, positive effects on the ozone layer, and decreased
fossil fuel consumption. Furthermore, RHA can serve as a good supplement to cement,
enhancing the binding properties of concrete mixes. Similarly, MWP serves as a cost-effective
and environmentally friendly alternative, mitigating hazards associated with disposal while
enhancing durability and energy conservation. Notably, marble waste due to its high content
of CaO (above 40% as from Table 1) can replace cement in powder form, offering a sustainable
solution to reduce the environmental impact of traditional concrete production. Additionally,
MWP can replace fine aggregate, enhancing filler effects and reducing porosity, resulting in
denser and more durable concrete structures. Moreover, MWP can also replace a percentage of
coarse aggregate, further optimizing the utilization of this waste material in concrete
production. Regarding concrete properties, the studies reviewed demonstrate noteworthy
improvements in compressive strength, durability, permeability, corrosion resistance, water
absorption, workability and thermal insulation, with the incorporation of RHA and MW.
Optimal substitution levels and mixtures have been identified, such as a 15% substitution of
cement with RHA resulting in a 45% enhancement in compressive strength. Similarly, MW
enhances binding capacity and contributes to comparable compressive strength to control
concrete. Moreover, the influence of RHA and MW on splitting tensile strength has been
examined, with notable increases observed with their incorporation. However, variations in
mechanical properties have been reported, emphasizing the importance of careful selection of
substitution levels and particle sizes.

Among the opportunities for promoting innovation in sustainable materials is resource
conservation. By incorporating rice husk ash (RHA) and marble waste powder, concrete
properties can be improved. RHA acts as a pozzolanic material, enhancing strength, durability,
and workability. Marble waste powder contributes to better workability and reduced water
demand. However, RHA and marble waste powder are often more cost-effective than
traditional cement. Their availability as waste products makes them economically attractive.
Additionally, there are challenges related to variability in RHA and marble waste powder
composition, which affects concrete performance.

Overall, the findings highlight the potential of RHA and MW to revolutionize concrete
production, offering a sustainable solution to mitigate environmental impacts while improving
performance and longevity. Continued research and development in this field are essential to
optimize the utilization of these alternative materials and facilitate their widespread adoption
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in the construction industry. By harnessing the benefits of RHA and MW, we can pave the way
for a more sustainable and resilient built environment, contributing to global efforts towards
mitigating climate change and promoting environmental stewardship.
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