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concrete are the cement and the natural aggregates. These major concrete elements are Accepted: 215t Nov. 2022
recommended to be replaced with other materials to solve sustainability issues. Hence, by-

products like pulverized granular blast-furnace slag, fly ash, rice husk ash, silica fume, recycled KEYWORDS

coarse aggregates etc., are added to the concrete to utilize the waste products and produce Green concrete
sustainable concrete. Cement manufacturing accounts for 8 to 10% of total global CO2 emissions. Waste material

The construction industry is progressively adopting green concrete use in buildings because of its Sustainability

inherent benefits and limitations of traditional concrete. Green concrete is available in a variety of Mechanical properties
forms such as high-volume fly ash concrete, alkali-activated concrete, recycled aggregate Durability

concrete, ultra-high performance concrete, geopolymer concrete etc. Green concrete has various
environmental, technical, and economic advantages i.e., greater durability, enhanced workability,
and pumpability, decreased permeability, controlled bleeding, higher acid resistance, and
decreased plastic shrinkage cracking. These properties encourage faster concrete production,
shorter curing times, lower construction costs, earlier project completion, lower maintenance costs,
and longer service life of construction projects. This review article aims to comprehensively explain
the fresh, hardened, and durability properties of green concrete and knowledge gaps in green
concrete. The literature revealed that further research is needed to accurately assess the long-
term properties, notably creep and shrinkage behaviour of structural or reinforced elements of
green concrete.

INTRODUCTION

Concrete has a significant environmental effect since it consumes substantial natural resources and emits roughly one
tonne of CO; per tonne of Portland cement (OPC) produced [1]. Growing populations are likely one of the most influential
aspects of increased concrete consumption [2]. This substantial expansion stresses natural resources and
necessitates commercial and industrial infrastructure. Cement output is expected to reach 4 billion tonnes annually by
2030 [3]. Cement manufacturing accounts for almost 5% of global anthropogenic greenhouse gas emissions [4]. Because
of the negative environmental impact, new materials are needed to curb the wasteful use of natural resources or reuse by-
products from manufacturing and farming.

Nowadays, the term "Green" refers to the entire environment, which is an essential aspect on a global scale. Green
concrete is described as concrete that contains at least one component made from waste, whose manufacturing process
does not harm the environment, or which has great results and life cycle sustainability. Researchers have made
considerable attempts to arrive at alternatives capable of significantly lowering high energy consumption and
environmental impacts during the cement manufacturing processes, such as adopting the concept of ecological
sustainability and green chemistry. The current high demand for natural resources to satisfy infrastructure demands has
provided enormous prospects for green infrastructural development utilizing waste materials [5-8]. These waste materials,
which may be classified as agricultural, industrial, or municipal waste, serve as supplemental cementitious materials and
are illustrated in Fig. 1. The utilization of these wastes not only makes the concrete sustainable but also helps in solving
the problem of waste disposal. Green concrete is the principle of incorporating environmental considerations into concrete
in terms of raw material procurement, mix formulation, structural design, building, and maintenance of concrete structures
[9].

Conventional concrete has intrinsic limitations, such as excessive utilization of natural raw materials, limited early-
age strength properties, and environmental pollution [10-12]. On the other hand, green concrete has several advantages,
such as improved concrete characteristics, longer strength, lower shrinkage rate, reduced CO, emissions, and natural
resource conservation etc [13]. Conventional concrete mainly comprises four basic components - cement, aggregates,
water, and additives. Engineers' primary focus is on finding ways to reduce the world's cement industry's carbon footprint,
as well as the massive use of aggregates. Carbon dioxide emissions are present at all stages of the OPC manufacturing
and application processes. Energy-intensive processes like extracting limestone from quarries and the chemical
decomposition of limestone calcium carbonate (main ingredient of cement) to lime (calcium oxide) contribute CO;
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emissions to the environment. Burning fossil fuels during the manufacturing process, which is required to heat raw
materials to 1400 C in the rotating kiln, significantly contributes to harmful emissions [14].

The fresh and hardened qualities of concrete are enhanced if the waste materials are efficiently used in the concrete.
Biajawi et al. [15] observed that waste materials and by-products like coal bottom ash, rice husk ash, coconut shells,
plastic, glass, wood etc., are effectively used in the concrete. According to Biajawi et al.[16], concrete and mortar may
be made sustainable by including recycled resources like coal bottom ash. Cement production's massive impact on the
economy is mitigated, and a sustainable, functional green environment is created to achieve national wealth. Fly ash
shortens the curing time for mass concrete structures without affecting long-term strength and improved workability [17-
21]. Rice husk ash lessens the water absorption of concrete [22,23] and improves the durability and chemical resistance
[24-29]. The addition of rice husk ash in the concrete also increased early age strength and improved the microstructure
by reducing the size of the interfacial transition zone between the paste and the aggregate [30-32]. Using silica fume in
concrete has several advantages i.e., better flexural and compressive strengths, greater pozzolanic activity, and multi-
range macro-porosity characteristics [33]. It is used to make high-porosity cement foams and high-strength lightweight
concrete owing to its macroporosity properties. Load-bearing capacity, durability, and resistance to impact are improved
by using silica fume [34]. Using metakaolin as a pozzolan is useful in concrete since it greatly enhances the pore structure.
It may increase permeability and resistance against alkali-silica reactions while considerably boosting early-age strength
in blended cement products [35]. Ground granular blast-furnace slag (GGBFS), fly ash, and municipal solid waste ash
significantly reduce linear shrinkage, porosity, and heat of hydration and improvement in the bending toughness and
ductility [36-37]. Adding glass scraps to the concrete enhances compressive strength and resilience to high and low
temperatures [38,39]. However, there are limitations to employing these by-products, and choosing one relies on several
factors, such as mechanical and chemical qualities, availability, and cost. Some key barriers to green concrete application
in construction are poor standards of locally accessible materials, elevated building costs, and technical obstacles [40].
Energy-efficient technology advancements and innovative cement formulations are necessary, along with technical
recommendations, to produce sustainable green concrete [41].

Many environmental and financial benefits are associated with plastic waste in concrete, but a few drawbacks hamper
its widespread usage. Harvesting plastic waste before recycling is a severe restriction. Plastic waste from diverse streams
is usually polluted with plastics and other pollutants [42]. Plastic wastes are formed of various grades and kinds of plastic,
which may produce non-isotropic construction performance. Complex compositions of certain plastics render typical
recycling procedures unsuitable for their reuse, resulting in garbage in the marine environment. Plastic wastes are
inappropriate for use in situations where a high toughness and modulus of elasticity are required due to their low density.
Because of its low density, plastic waste needs to be compressed to fit into smaller trucks, which drives up transportation
costs [43]. Plastics have low surface energy. Thus, they don't work very well for situations like plastic waste embedded
in a composite, where strong mechanical bonding is required. Reduced mechanical performance of the final composite
may arise from insufficient bonding. There is currently no accepted standard for implementing plastic waste in the
building industry. Construction applications, such as plastic waste in cementitious composites, have been the subject of
substantial research but are not yet standardized commercially [44].

Different Types
of Waste

Industrial
Waste

Agricultural
Waste

Municipal
‘Waste

® Rice husk ash ¢ Fly ash
* Corn cob ash * Silica fume * Waste Glass
® Sawdust ash ¢ Ground ® Plastic
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bagasse ash furnace slag
® Metakaolin

Figure 1. Wastes obtained from different sectors.

This study aims to contribute to green concrete by reviewing the literature on the sustainability, strength, fresh and
hardened properties, and durability properties of green concrete to ascertain that it can be used as an eco-friendly
structural material in place of Portland cement. The present paper attempted to review the concrete containing fly ash,
rice husk ash, silica fume, GGBFS, glass, plastics, etc., as a cement replacement. This study also provides insights into
the performance of green concrete in terms of elevated temperature, acid and chemical attack, chloride ion penetration,
and freezing and thawing exposures.
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FRESH PROPERTIES OF GREEN CONCRETE
Water requirement and slump

The freshness and consistency of concrete before it hardens can be obtained with the help of a slump test. This test
aims to determine how easily freshly made concrete can be poured. The simple nature of the test's setup and execution
has contributed to its widespread adoption. Slump testing is done in the field to ensure consistency in varying loads of
concrete.

Good workable fly ash concrete at a low water-binder ratio can be obtained with a superabundant dosage of
superplasticizer [45]. Slump values increased with increasing fly ash replacements of cement [46,47] because fly ash has
a higher specific surface area and lower specific gravity than Portland cement. Slump appeared to reduce with increasing
rice husk ash [48]. However, Abalaka [49] reported a rise in a slump with increasing rice husk ash by cement substitution
of 5%. Hunchate et al. [50] observed that slump increased when 10% silica fume was added to cement
substitution. Amarkhail [51] found that slump values decreased beyond 15% silica fume cement replacement. Slump
values appeared to grow with increasing GGBFS levels, as reported by Karri et al. [52] and Arivalagan [53]. Rice husk
ash's high water absorption is responsible for the decline in slump values as a result of which superplasticizer is commonly
used to improve workability in concrete. The macro-mesoporous structure of rice husk ash and silica fume, together with
the pore volume of concrete, contribute to their large specific surface area and water absorption capacity, all of which
contribute to slump reduction. The fineness, the water-cement ratio, and the cement replacement ratio all have a role in
reducing the slump [54]. Slump values considerably decrease if waste materials like glass and plastics are added to the
concrete [55]. The slump values decrease if the cement is replaced by agriculture or municipal wastes. However, some
industrial waste enhances the slump values when mixed appropriately. Improvement or reduction in the slump values on
the addition of different types of wastes to the concrete is shown in Table 1.

Setting time, Workability, Segregation and Bleeding

The time that cement and other cementitious materials have to set before they can be moved, placed, or compacted is
called the setting time. The setting time for GGBFS-based geopolymers varies with calcium concentration, particle size,
and Si/Al molar ratios [56]. Ravina and Mehta [57] reported a delay in concrete setting time ranging from 20 to 240
minutes depending on the kind and quantity of fly ash used. Sulphate and available alkali levels of fly ash affect the length
of time it takes for the material to set.

Fresh concrete workability is the ease with which it may be handled, placed, compacted, and finished. The workability
of geopolymer concrete decreased due to the rapid reaction of calcium and the angular and spherical morphologies of fly
ash particles [58]. According to Duval and Kadri [59], 10% silica fume may be used as a substitute for cement without
compromising the workability of the concrete.

Fly ash based concrete reportedly shows high deformability and stability [60]. Reduced water content resulted in a
prolonged time to flow. A higher fly ash content reduces the segregation index, whereas a higher superplasticizer dose
causes the opposite effect. Shen [61] found that paste viscosity and yield stress may be increased while dynamic
segregation is decreased with smaller aggregate size, continuous aggregate gradation, lower aggregate density, and greater
paste viscosity. Bleeding occurs when water moves to the top of freshly poured concrete and may be seen on the surface.
Bleeding has undesirable consequences, one of which is that concrete characteristics might be unpredictable. Wainwright
and Ait-Aider [62] claim that bleeding is affected by the cement's particle size distribution, the fine concentration in the
concrete mix, and the cement's reactivity. There was no noticeable difference in bleeding when the authors compared the
concrete containing GGBFS and OPC to 100% OPC concrete. The different properties of fresh concrete are presented in
Table 1.

Table 1. Effect of different types of waste on fresh properties of concrete.

Segregation and

Waste material Slump values Workability Setting time bleeding
Fly ash Increased [46,47] Improved [63] Setting time increased Reduced [60,61]
[63,64]
Silica Fume Increased at lower Improved when lesser Prolonged the setting Reduced [59]
replacement but percentage is added time [66]
decreased at higher [59]

replacement [50]

GGBFS Increased [52, 53] Decreased [58] Setting time delayed Higher content of

[56] GGBEFS increased the

segregation and
bleeding [58]
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Table 2. Effect of different types of waste on fresh properties of concrete (cont.)

Waste material Slump values Workability Setting time Segregation and

bleeding
Metakaolin Decreased with the Workability of Setting time reduced Reduced [67]
increment of concrete reduced [64,67]
metakaolin in concrete [64,65]
[67]
Agriculture waste Decreased [48, 54] Workability Reduced Increased [69] Reduced [69]
(Rice husk ash, [54]
sawdust ash etc)
Domestic waste (glass, Decreased [55] Workability Reduced Increased [55] Segregation and
plastic) [55,68] bleeding increases with
higher waste content
[55]

MECHANICAL PROPERTIES OF GREEN CONCRETE
Compressive strength

The concrete's compressive strength is an essential attribute in the design of concrete structures and is utilized for
quality monitoring in the field. Fly ash as a cement replacement material in concrete slowed the hydration process and
decreased the concrete's compressive strength. Although, due to the pozzolanic activity of fly ash, the compressive
strength increases later in the curing process [70,71]. At 40%, 45%, and 50% incorporation, fly ash lowered the
compressive strength of concrete by 28%, 33%, and 37%, respectively [72]. Hashmi et al. [73] reported that High volume
fly ash (HVFA) concrete has low early age strength, but with respect to concrete age, adequate strength can be obtained
due to the pozzolanic behaviour of fly ash particles. Unlike fly ash, silica fumes improved concrete's compressive strength
due to its high pozzolanacity, reactivity, and small silica fume particles. Due to the finer particle size of silica fumes,
adding 6%, 10%, and 15% of the silica fumes enhanced the compressive strength of concrete by 12%, 16%, and 20%,
respectively [74]. The incorporation of rice husk ash up to 15% enhanced the compressive strength of concrete because
of micro filling and pozzolanic properties. However, the increased rice husk ash content further reduced compressive
strength [75,76]. The concrete with rice husk ash had more compressive strength than the control mix. According to the
previous research, compressive strength of concrete reduces with an increase in the percentage of GGBFS content in the
concrete. However, few studies showed a slight improvement in compressive strength at lower cement replacement
[77,78]. Despite this, the compressive strength of concrete with 50% GGBFS was 11% lower than the control mix [77].
Fig. 2 illustrates the compressive strength of green concrete prepared using different waste materials at 7, 28, and 90 days.
The highest compressive strength is achieved in concrete containing silica fume. Fly ash reduced the compressive strength
of concrete and retarded the hydration process. Likewise, the incorporation of GBBFS showed the same impact on the
strength of concrete, while at 50% cement replacement, GBBFS caused the threshold reduction to the compressive
strength. However, silica fume increases concrete's compressive strength due to its fine particle size and pozzolanic
content. Rice husk increased the compressive strength only up to 15% cement replacement.
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Figure 2. Compressive strength for different waste materials utilized in green concrete [79-81].
Modulus of Elasticity

Modulus of elasticity is defined as the ratio of the stress applied to the strain produced at the applied stress. Similar to
the compressive strength, a distinct trend was observed in the modulus of elasticity when different cement replacement
materials were incorporated into concrete. A decrease in the modulus of elasticity was also noticed as the fly ash
substitution increased. The modulus of elasticity of concrete decreased by 30%, 33%, and 36% due to the addition of
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40%, 45%, and 50% fly ash content in the concrete [73]. The modulus of elasticity follows the same trend as that of
compressive strength. Silica fumes fill the voids formed in the concrete, forming a more compact structure, leading to a
high stress-strain rate under loading, thus enhancing the modulus of elasticity of concrete [82]. Incorporating 6%, 10%,
and 15% silica fumes as cement substitutes in the concrete increased the modulus of elasticity by 3.2%, 7.5%, and 10.75%,
respectively [74]. Unlike the flexural strength and compressive strength, the modulus of elasticity of concrete was
enhanced up to 5% rice husk ash content and then decreased when the rice husk ash concentration was increased further
[76]. At 5% rice husk ash, the modulus of elasticity reached its peak value of 32 MPa [76]. Likewise, the compressive
strength, splitting tensile strength of concrete, and modulus of elasticity of concrete are also reduced with the increase of
GGBFS content in the concrete [83]. At room temperature, the modulus of elasticity of concrete containing 20%, 40%,
and 60% GGBFS was 22.5%, 39.98%, and 41.7% lesser than the control mix [84]. The addition of silica fume and rice
husk to concrete has increased its modulus of elasticity. Only 5% rice husk incorporation enhances the modulus of
elasticity of concrete. However, the addition of fly ash and GBBFS decreased the modulus of elasticity.

Flexural Strength

Flexural strength of concrete is one of the deficient properties of concrete, hence efforts are made to increase it. Past
studies revealed that increasing the percentage of fly ash in the concrete reduced the flexural strength of the concrete as
compared to the control mix. The 40%, 45%, and 50% replacement of cement by fly ash reduced the flexural strength of
concrete by 33.3%, 42.5%, and 50%, respectively, as compared to the control mix [73]. Unlike fly ash and GBBFS, the
inclusion of silica fume and rice husk ash up to the optimal concentration increased the flexural strength of concrete.
According to the studies, the flexural strength of concrete increases with increases in silica content in concrete, whereas
this increment was noted only up to a 15% replacement further increase in silica content, which showed a slight reduction
in flexural strength. A concrete mix containing 20% silica has 24.4% less flexure strength than a concrete mix containing
15% silica [85]. In the case of rice husk ash, the improvement in flexural strength was only observed up to 5% content.
The addition of 5% husk ash increased the flexural strength of concrete by 12%, but subsequent additions of husk ash
began to reduce the flexural strength [86]. However, as the GGBFS percentage in the concrete increases, the flexural
strength starts to decrease. Most of the researchers concluded that the flexural strength of concrete increased up to 50%
of GBBS-cement replacement. The flexural strength of concrete with GGBFS reached its highest value of 6.28 MPa at
50% GGBFS content. When the GGBFS content was increased to 60%, the flexural strength decreased by 18% as
compared 50% GGBFS concrete mix [77]. Fly ash and GBBFS have a detrimental influence on the flexural strength of
concrete, similar to compressive strength and modulus of elasticity; however, the inclusion of rice husk and silica content
increased the flexural strength of concrete.

DURABILITY PROPERTIES OF GREEN CONCRETE
Water Absorption and Porosity

Bulk density decreases when the percentage of recycled glass powder in a material rises, while water absorption
decreases [87]. Both the water absorption and the porosity of geopolymer concrete were reduced with the addition of
cement, as reported by Aliabdo et al. [81]. Waste glass powder's pore filling and pozzolanic activity caused water
absorption and voids ratio to decrease with increasing amounts of waste glass powder added. Binici's [88] research showed
that alkali activation temperatures decrease water absorption. However, the percentage reduction varies from material to
material, as shown in Fig. 3. Water absorption and apparent porosity are said to change with curing ages and fly ash
cement, as reported by Tian and Zhang [89]. This indicates that the mechanical performance of green concrete is affected
by the ratio of supplemental cementitious material (SCM) to cement, as well as the apparent porosity and water absorption
of the SCM. Regardless of the water-cement ratio, Hesami et al. [28] found that increasing husk ash mixed with glass and
steel fibres reduced porosity. The authors suggested that a rice husk ash content of 8-10% and a water-cement ratio of
0.33 is optimal. According to Momtazi and Zanoosh [90], RHA-cement composites made using waste rubber tyres and
polypropylene fibre (PPF) may be utilized to lessen water absorption. Fly ash, GGBFS , and silica fume all work together
or independently to make concrete less porous and hence more water resistant. Immersed concrete absorbs less water
when treated with GGBFS than micro silica [91]. Steel slag impacts the early-age hydration of cement [92] negatively.
The variation of water absorption for different wastes i.e. GGBFS, silica fume, and fly ash are depicted in Fig. 3.

97 journal.ump.edu.my/construction <«



Fuzail Hashmi et al. | Construction | Vol. 2, Issue 2 (2022)

[N
N

[N
N
1

m 100 degree celcius
m 150 degree celcius

Water absorption (%)
[o2] [o0) S

N

N

GGBFS Silica fume Fly ash

Figure 3. Water absorption for different materials at varying temperatures [81].
Elevated temperatures

Poon et al. [93] tested the effectiveness of metakaolin as a replacement for OPC in eight regular and high-strength
concrete mixes at temperatures up to 800 °C. Metakaolin was used at 0%, 5%, 10%, and 20%. The test samples were
heated at high temperatures in an automated electric furnace. The metakaolin concrete mixes achieved higher compressive
strength than the OPC, fly ash, and silica fumes concrete up to 400 °C but then experienced a sharp reduction in
compressive strength, severe cracking, and explosive spalling after being heated above 400 °C [94]. This was attributed
to the dense micro-structure of the metakaolin concrete mixes, which allowed pore pressure to build up by steam.
Nevertheless, the mixture containing 5% metakaolin outperformed similar concrete without spalling at failure throughout
a wide temperature range [93]. High-performance concrete mixtures containing between 5 and 20 percent metakaolin and
between 20 and 60 percent fly ash were tested for their mechanical and durability properties at high temperatures [95].
The concrete mixtures were heated to temperatures between 27 and 800 degrees Celsius, then cooled either slowly in the
air or quickly in water. Overwhelmingly, the loss of compressive strength was found to be more pronounced after
exposure to 400 C, followed by rapid cooling. For all mixtures tested between 400 and 600 C, the sorptivity and chloride
permeability values dramatically increased with increasing temperature. However, the Metakaolin specimens showed
greater resistance to water penetration than the fly ash and cement concrete specimens at room temperature. However, at
temperatures of 600 degrees Celsius and above, the 20% fly ash mixture had the lowest sorptivity. Rashad and Sadek [96]
fired 70% GGBFS paste to 400, 600, 800, and 1000 °C for 2 hours to increase its compressive strength. The authors
proposed a weighted replacement ratio of 2- 10% of metakaolin for the GGBFS. Their findings showed that compressive
strength was improved before and after being subjected to high temperatures. Compared to a control mixture, the residual
compressive strength of pastes containing 2%, 4%, 6%, 8%, and 10% metakaolin were 10%, 15%, 20%, 27%, and 35%
greater at 800 to 1000 °C.

Siddique and Kaur [97] examined the mechanical behaviour of concrete subjected to temperatures up to 350 C, where
the OPC was substituted by weight with 20%, 40%, and 60% of GGBFS. The authors reported that after 28 and 56 days
of curing at 100, 200, and 350 degrees Celsius, the concrete's compressive strength, splitting tensile strength, and elastic
modulus were all 40% lower than the control mix stored at 27 degrees Celsius. The 20% GGBFS mixture performed best
among the GGBFS mixtures and was shown to be amenable to use in nuclear structures. The performance of GGBFS in
concrete exposed to high temperatures (150-700 °C) for 90 days was investigated by Li et al. [98] using replacement
ratios of 10%, 30%, and 50% by weight of OPC. Greater carbonation depth was seen in GGBFS-containing mixes. Lower
compressive strength was seen at temperatures over 400 °C, with the trend becoming more evident as the temperature
was raised. Compressive strength decreases by 40%, 38%, 56%, and 59% at 500 °C for concrete containing 0%, 10%,
30%, and 50% of GGBFS, respectively. In addition, concretes containing 10%, 30%, and 50% GGBFS saw a greater
decline in elastic modulus compared to the unheated specimens (by 22%, 25%, and 27%, respectively) when exposed to
heat. The effect of temperature on the compressive strength of concrete containing different types of waste materials is
shown in Fig. 4.
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Acid attack, chloride ion penetration and Freezing and Thawing

Li and Zhao [100] investigated the short- and long-term sulphate resistance of three concrete mixes: standard cement
concrete, fly ash concrete, and concrete containing 25% fly ash and 15% GGBFS. In terms of sulphate attack resistance
after 50 weeks of exposure, GGBFS + fly ash concrete outperformed conventional and fly ash concrete.

Mc Carthy and Dhir [101] tested the chloride diffusion, permeability, and absorption of concrete containing 45% fly
ash as a cement component to assess its durability. A 100 mm 25 mm deep concrete cylinder was immersed in 5 M NaCl
and 5 M Ca(OH); solutions at 20 C and then subjected to a chloride diffusion test. However, a concrete core of 54 mm in
diameter and 50 mm in depth was subjected to a permeability test, which included monitoring the airflow rates through
the specimen at different intake pressures. Overall, the durability performance of fly ash concrete was superior to that of
cement concrete, while the performance of fly ash concrete was comparable to that of cement concrete for carbonation
depth.

The effects of adding 0, 5, 10, 15, and 20% metakaolin and silica fume to concrete were studied by Kim et al. [102].
Chloride ion permeability and other properties decreased with increasing amounts of metakaolin and silica fume.
Concrete mixtures containing 0% and 10% metakaolin or silica fume retain their relative dynamic elastic modulus after
freezing and thawing for up to 300 cycles. In order to determine how well concrete would hold up against carbonation, it
was exposed to accelerated circumstances for 7, 14, 28, and 56 days at 30 °C and 60% relative humidity. Mortar
specimens containing 15% metakaolin or silica fume had a 20% decrease in compressive strength when subjected to a
2% acid solution for 56 days, compared to the control mix.

The influence of fly ash and silica fume on chloride permeability, electric resistivity, and water absorption in concrete
was investigated by Sabet et al. [103]. Their investigation revealed that the chloride diffusion coefficient was decreased
when 10% and 20% fly ash were included in the mix and then exposed to a NaCl solution for 90 days. The most
remarkable improvement was the 10% and 20% silica fume concrete.

Wang et al. [104] studied the effects of sulphate attack and freezing-thawing cycles on the durability of concrete
containing silica fume at 5%, 8%, and 11% by weight to replace the OPC, and fly ash at 10%, 15%, and 25% by weight.
Samples of prismatic concrete were submerged in 5% and 10% sodium sulphate solutions and subjected to 175 cycles of
freezing and thawing. The findings showed that the durability of concrete was greatly enhanced by adding up to 25% fly
ash and between 5% and 8% silica fume.

SCOPE FOR FUTURE RESEARCH

More research is needed on the reinforced structural elements of green concrete, such as beams, slabs, columns, etc.,
particularly at high temperatures. The long-term shrinkage and creep characteristics of commercially processed green
concrete should also be studied, including experimental findings compared to conventional i.e. OPC concrete. In order to
expand the available database of green concrete, the authors recommend doing more experimental and analytical studies
on reinforced green concrete structural elements using a variety of conditions and mix designs. The study on green
concrete mix design and performance assessment must be accomplished to design, build, and effectively expand concrete
industries.

CONCLUDING REMARKS

The present paper reviewed the fresh and hardened properties as well as the durability properties of green concrete. A
literature review revealed that extensive work had been carried out on green concrete utilizing different waste materials,
but limited study is available related to the long-term behaviour of structural elements prepared using green concrete. The
important conclusions derived from the past studies are summarized below:
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Green concrete is one of the most efficient, cost-effective, innovative, and environmentally friendly methods to
improve the performance of concrete structures. It is recommended that green concrete be utilized in large-scale
worldwide infrastructure projects.

Higher percentages of rice husk ash and agricultural waste reduce the slump values and workability of concrete.

The silica fume effectively gained higher early strength than the control mix. At later ages, the GGBFS and fly
ash concrete reported higher compressive strength and further increased with concrete age.

The literature revealed that green concrete containing silica fume and low percentages of rice husk ash could
achieve good mechanical strength.

Compressive strength in concrete mixtures that included GGBFS, fly ash, or silica fume dropped dramatically at
temperatures over 400 degrees Celsius. Pozzolanic cement pastes have a far lower sorptivity than Portland cement
paste. Concrete containing metakaolin has shown good compressive strength at elevated temperatures.

Long-term sulphate resistance of GGBFS and fly ash containing concrete was higher than that of traditional cement
concrete. Carbonation depth was shown to rise with cementitious concentration and to be greater in the
green concrete mix compared to the control mix.

The current review offers considerable updated information on the fresh, hardened, and durability aspects of green
concrete. It will benefit designers, practicing engineers, and researchers working in the field of sustainable
construction.
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