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Abstract: Fly ash is widely used in the construction sector, but application with seawater has not fully utilised.
Seawater is used in construction to minimise the scarcity of drinking water. The concrete was strengthened by the
application of fly ash. Seawater replacing 100% tapwater as mixing water. Meanwhile, fly ash was substituted
with ordinary Portland cement at 10%, 20%, 30%, and 40%. To achive the objective, the 100 mm x 100 mm x 100
mm cube size with 0.33 water-cementitious ratio were prepared. All series of mixture were casted and cured in
water for 7 and 28 days. The fly ash blended with seawater in concrete were investigate through its compressive
strength. In addition, scanning electron miscroscope were carried out to capture surface image of the specimen.
The experimental work result shows, with the existence of fly ash in concrete mixture, it decreases workability,
density and compressive strength. Though the decreasing pattern was seen in every series, the structural strength
was still deemed adequate.
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1. Introduction

Concrete is increasingly utilised due to the expanding population and demand for construction in urban and rural
locations. Nonetheless, there would ultimately be a knock-on effect from the growing demand for concrete on
environmental issues such as environmental contamination. A significant contributor to carbon dioxide (CO,)
emissions is the manufacture of cement, an essential component of concrete. CO; is a by-product of the clinker
formation process in cement kilns. Creating more environmentally friendly cement formulations is one of the initiatives
aimed at lowering these emissions. Meanwhile, water is required for concrete mixing and curing. Excessive water
consumption in concrete manufacturing can burden local water resources, especially in locations where water shortage
is an issue. By incorporating sustainable resources into concrete elements, research in concrete has discovered
alternative ways of reducing the use of concrete material. In the long run, this system will enable society to advance in
the building and construction sectors while maintaining sustainability [1].

The most efficient way to produce concrete sustainably is to utilise waste and by-product materials rather than
natural resources [2]. A fine, powdery material known as fly ash is produced when pulverised coal is burned in power
plants. Along with boiler slag, bottom ash, and components used in flue gas desulfurisation (FGD), it is one of the by-
products of coal combustion. Fly ash is commonly categorised into two primary categories according to its
characteristics and origins. Fly ash classified as Class F can react with lime to generate cementitious compounds due to
its pozzolanic qualities and Class C possesses pozzolanic and self-cementing capabilities. Using fly ash in concrete is
considered a sustainable practise since it decreases the demand for conventional cement, lessening concrete's carbon
footprint. The utilisation of fly ash in the concrete mixture was proven to improve the properties of concrete and be
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environmentally friendly. Based on past studies, the use of fly ash in concrete increases the concrete's compressive
strength at 28 days and 120 days of curing due to the continuity activity of pozzolanic activity in fly ash with time [3].
Fly ash can occasionally cause an early-age compressive strength decrease, usually between 7 and 28 days [4]. This
occurrence is referred to as the "pozzolanic effect delay". After hydration, fly ash and calcium hydroxide undergo a
slower pozzolanic reaction than Portland cement. As a result, the concrete may show reduced strength values in the
short term (see Fig. 1). But at the later age, the strength is increasing. As a pozzolanic substance, fly ash creates more
cementitious compounds when it combines with calcium hydroxide during hydration. This process enhances the
cohesiveness of the concrete mixture, making it more workable [5]. The use of fly ash in the construction industry has
also been commercialised in Malaysia and practically used in conventional concrete design. In Malaysia, the use of fly
ash in concrete is usually controlled by local rules and regulations. These restrictions may stipulate the types of fly ash
that can be used, the replacement ratios that can be utilised, and quality control procedures [6].

Moist-cured concretes a%

Control

£

o

c

7]

=

7]

@ Increasing levels

= of fly ash

]

[i}1]

-

[= ]

E

[=]

Q
I\. T T L T T T T
\ Age —»

Fig. 1 - Fly ash's effect on the development of concrete's compressive strength [7]

Another essential material in concrete is the tap water used as mixing water. As part of concrete production, tap
water is also widely consumed by flora and fauna, the agriculture industry and humankind. Malaysia is facing several
issues with water supply, distribution, and management, including water shortage, a significant problem. In Malaysia,
several factors lead to water shortage: uneven distribution, climate change, increasing demand, deforestation, pollution,
inefficient water management, dams and reservoirs and transboundary issues [8]. Climate change, including
fluctuations in rainfall and temperature, can impact water availability. Malaysia has seen erratic rainfall patterns,
resulting in droughts in certain areas and affecting water availability. Much research, including fundamental and
applied has been performed on seawater-mixed concrete. There is worldwide interest in using seawater-mixed concrete
to reduce concrete tap water consumption [8]. Seawater is abundant and can be a suitable water supply for concrete
mixing in coastal building projects. Seawater can be a sustainable choice in coastal places where there are few tap
water supplies. This reduces the need for tap water for building activities. In some circumstances, using seawater in
concrete can be explored; nevertheless, it will need to be carefully studied along with any potential drawbacks and the
necessary steps to mitigate them. Seawater usage could be more appropriate for non-structural applications and non-
reinforced concrete, such as concrete blocks, when used in conjunction with proper mix design, material selection, and
quality control procedures. Using seawater can sometimes lead to improved early strength development. Specific ions
in seawater, such as sulphate and magnesium, may accelerate the hydration process, causing an early strength boost and
a more rapid setting. However, seawater can cause a decrease in the compressive strength of concrete, especially over
time. Several elements, including the concrete mix design, exposure circumstances, and seawater quality, determine the
influence on strength. For non-reinforced concrete, replacing tap water in the concrete mixture with seawater can
benefit and maintain the concrete production's sustainability [9]. Several variables influence concrete strength,
including the quality of the concrete compaction, humidity, water-cement ratio, raw materials, and concrete curing. A
study by Hairan et al. [10] shows that the compressive strength of seawater-concrete result is comparable to the control
mixture of conventional concrete.

Adding fly ash as a replacement cementitious ingredient and utilising seawater as the mixing water component is
known as "blending" seawater with fly ash in concrete. Seawater can present some challenges when used in concrete,
but when combined with fly ash, additional consideration is introduced. Combining seawater and fly ash is a viable
solution, particularly in coastal areas with limited tap water supplies. This method decreases the need for tap water in
concrete mixing. Continuous research and development in Malaysia's building sector may lead to breakthroughs in
using these alternative and sustainable resources in concrete. Researchers and industry experts may investigate
optimised mix designs and building practices to maximise the benefits of blending fly ash and seawater in concrete. To
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account for the combination of fly ash and seawater, the concrete mix design should be carefully optimised. This can
involve adjusting the water-cement ratio, using chemical admixtures, and taking into account other additional materials.

2. Materials and Experimental Procedures

The experimental work starts with collecting seawater and fly ash from the resources area. Seawater (SW) was
collected from Pantai Sungai Lurus, Batu Pahat Johor during high tide and at locations 5 to 10 meters from the
seashore. It was used directly as mixing water without any treatment. Fly ash (FA) was taken from Tanjung Bin Power
Plant located in Pontian, Johor and classified as Class F fly ash. FA was sieved passing 75 um and replaced ordinary
Portland cement (OPC) at 10% to 40% by weight. Other concrete materials were river sand passing 5 mm and crushed
aggregate passing 20 mm sieve as prescribed in BS 12620:2002+A1:2008 [11] and BS EN 933-2-2020 [12]. Table 1
presents the concrete material’s properties, including water absorption for the aggregates. The density for seawater,
gravel, and kerosene was determined following BS EN 1097-3:1998 [13], while the binder's specific gravity was
determined using ASTM D854-10 [14]. The density of fly ash was measured at 2.05 g/cm?, which is lower than the
OPC, meaning that a given volume of fly ash will weigh less than the same volume of OPC. From the literature review,
the density of fly ash is usually between 1.9 and 2.4 g/cm> and it can influence the hardened density of concrete at 28
days [15]. As for seawater, it gets denser when its temperature drops and its salinity rises. Under typical conditions,
seawater has a density of around 1.025 g/cm?, and in this experimental work, 1.03 g/cm?® seawater density was recorded,
aligning with other findings [16]- [18].

The water absorption for fine and coarse aggregate was 2.59% and 1.13%, respectively. Highly absorbent particles
often absorb a significant portion of the mixing water, which modifies the concrete mix's total water-to-cement ratio.
This may lead to decreased workability and difficulty in attaining uniformity and placement ease. Thus, aggregate
water absorption properties must be considered while designing concrete mixes. To obtain the intended performance,
adjusting the mix proportions, including the quantity of free-water used and the usage of chemical admixtures, could be
essential. This experimental work divided mix design into two main groups: tap water and seawater. Six mixture series
were developed to achieve the research objective, as tabulated in Table 2. Water-to-cementitious was fixed at 0.33, and
seawater was used 100% in replacing tap water. The control mixture (TW-0FA) was designed using the British Design
of Experiment Method (DOE) with a target strength of 60 MPa at 28 days of water curing. Other series were designed
according to each material density, as presented in Table 1.

Table 1 - Materials physical properties

Material Density (g/cm?) Water absorption (%)

Tapwater 1.00 -
Seawater 1.03 -
Ordinary Portland cement 2.96 -
Fly ash 2.05 -

Fine aggregate 2.42 2.59

Coarse aggregate 2.65 1.13
Kerosene 0.79 -

Table 2 - Series of the mix design

T™W SwW OPC FA S CA
(kg/m?)
Tapwater (TW) TW-0FA TW + 1000PC 199 0 601 0 581 949
SW-0FA SW + 1000PC 205 620 0 581 949
SW-10FA SW + 10% FA + 90% OPC 0.33 205 558 62 581 949
Seawater (SW)  SW-20FA SW +20% FA + 80% OPC 205 496 124 581 949
SW-30FA SW +30% FA + 70% OPC 205 434 186 581 949
205 372 248 581 949

SW-40FA SW +40% FA + 60% OPC

Mixing water  Designation Description w/c

S O o o O

TW= Tap water; SW= seawater; OPC=ordinary Portland cement; FA= fly ash; S=sand; CA= coarse aggregate.
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3. Results and Discussion
3.1 Hardened Density and Workability of Concrete

Table 3 shows the result of concrete slump, hardened density and strength development at 7 and 28 days. It was
observed that there were no significant changes in slump value when seawater replaced tap water in SW-0FA series.
However, when fly ash was added, a reduction pattern can be seen with the increase of fly ash (10% to 40%) in the mix
design. Compared to a similar amount of Portland cement, a larger volume (weight) of fly ash is required to achieve a
specific mass because it is less dense, which might increase water demand [19]. A similar decrease trend was seen in 28
days of hardened density, except for the combination in which 10% of fly ash was blended with seawater (SW-10FA).
Hardened density for this series was 2.4%, slightly higher than the control series (TW-0FA). This may be caused by a
lower density of fly ash than ordinary Portland cement [20]. When the amount of fly ash was increased in the series
mixture, the total weight of fly ash also increased. This contributes to the concrete hardened density reduction.

3.2 Concrete Compressive Strength and Pore Volume

Compressive strength for 7 and 28 days is presented in Table 3. A systematic strength reduction can be seen in all
mixture series. At 28 days, strength for the seawater series without fly ash (SW-0FA) decreased by 4% in comparison
with the control series. The same reduction percentage was seen in SW-10FA. This loss increased with the increment of
fly ash in the mixture series, with a 24% drop in strength recorded at 40% fly ash-seawater substitution, as illustrated in
Fig. 2. The mechanism of strength reduction is shown in Fig. 1. When compared to 100% ordinary Portland cement
concrete, the pozzolanic reaction of FA is slower, produces fewer hydration products, and has a larger porosity in its
early stages [21]. In the seawater group, the highest strength was seen in 10% fly ash replacement. Even though the
strength was reduced when fly ash was utilised up to 40%, compressive strength showed a positive result where 52.6
MPa was still under the accepted structural strength level. According to Cho et al. [22], replacing 50% of Portland
cement (PC) mass with supplementary cement materials reduces CO; emissions by 1 billion tons annually.

Table 3 - Slump, density and concrete compressive strength

Series Slump Hardened density (kg/m?) Compressive strength (N/mm?)
(mm) 28 days 7 days 28 days
TW-0FA 230 2430 64.1 69.5
SW-0FA 230 2419 61.8 66.8
SW-10FA 18000 2491 57.4 L 667
SW-20FA 1700 2410 a 48.7 62.2
SW-30FA 170 23970 46.0 57.0
SW-40FA 17200 2374 1 40.8 52.6

Series of mixture

TW-0FA SW-0FA SW-10FA SW-20FA SW-30FA SW-40FA

0 L@ : : :

Strength reduction (%)
/

Ostrength reduction at 7 days ~
-35 1 DOstrength reductionat 28 days A

Fig. 2 - Concrete strength reduction at 7 and 28 days

The relation between compressive strength () and total pore volume (x) is evaluated using data obtained by Rita
[23] as illustrated in Fig. 3. The relationship is given in Eq. (1). The volume of voids or pores inside the concrete
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material is referred to as the total pore volume of concrete. Total pore volume of control sample (TW-0FA) is
calculated as 11.5 percent with compressive strength of 69.5 MPa. When fly ash was blended with seawater (SW-
10FA), total pore volume slightly increased to 11.94 percent. At 40 percent fly ash replacement, total pore volume rose
marginally to 14.2 percent. Fly ash is a pozzolanic substance that contributes to a refined pore structure and thereby
reduces the overall pore volume in the concrete. However, increment in fly ash content may lead to an increase in total
pore volume in some situations. Several factors which can influence the relationship between fly ash content and total
pore volume are particle size distribution, water demand and workability, cement replacement ratio, curing condition,
mix design and composition and specific characteristics of fly ash.

y=-79.79 In (x) + 264.26 (1)

< €025 H031 @035 A045 @066

Compressive Strength (MPa)
3

Total Pore Volume (log scale)-percent

Fig. 3 - Relationship between compressive strength and total pore volume [23]

3.3 Scanning Electron Microscope (SEM)

The presence of C-S-H in most cement-based materials becomes the main factor of its strength and durability [24].
Fig. 4 shows an image of TW-0FA sample in the magnitude of 10,000 and 25,000 using a scanning electron
microscope (SEM). The observation of TW-0FA micro-structure resulted in many C-S-H being produced from the
reaction of C3S and H,O from ordinary Portland cement and water. There were cracking, which may lead to a reduction
in the strength of the concrete. [25]. However, the compressive strength result was 69.5 MPa, exceeding the targeted
strength and considered a good result. Fig. 5 shows the image of SW-10FA concrete surface. Based on Fig. 5(a), voids
were detected. The presence of voids in the concrete mixture led to the decrement of compressive strength. There were
slight differences in the compressive strength of SW-10FA concrete compared to the control mixture.

Fig. 4 - SEM image for TW-0FA in (a) 10,000 magnitude, and; (b) 25,000 magnitude
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(b)
Fig. 5 - SEM image for SW-10FA in (a) 10,000 magnitude, and; (b) 25,000 magnitude

However, the pozzolan material such as fly ash required more time to enhance their strength due to the pozzolanic
effect delay. Another substance has been found in the concrete mixture shown in Fig. 5(b) which is portlandite
(Ca(OH),). The main effect of the cement on the pozzolanic reaction is the provision of the Ca(OH), that reacts with the
glassy silica to form the calcium silicate hydrate (C-S-H) [26]. The production of C-S-H will improve the later age of
concrete strength while filling the void in the concrete. Fig. 6 is the image for the series with 40 percent fly ash
replacement and a smaller result of compressive strength. Fig. 6(a) shows there was an unreacted fly ash particle (SiO»)
in the concrete specimen that can reduce the concrete strength. Other factors contributing to the low strength of SW-
40FA concrete are pores, gypsum and cracking. Study from Li et al. [27] mentioned that the pore structure of concrete
affected concrete where there was deterioration in durability and strength of concrete. Fig. 6(b) shows a large quantity
of developing gypsum and a lot of voids and microcracks on this concrete mixture. Excessive gypsum can reduce the
concrete's compressive strength [28].

®

Fly ash particle

Gypsum

— 1|Vm| MiNT-SR( ©6/21/2023 — lpm  MiNT-SRC 6/21/2023
3.0kV SEI GB_HIGH WD 4.4mm 2:49:03 X 10,000 3.0kV SET GB_HIGH WD 4.4mm 2:49:52

(@) (b)
Fig. 6 - SEM image for SW- 40FA in (a) 5,000 magnitude, and; (b) 10,000 magnitude

4. Conclusion

Fly ash's low density resulted in a 24% drop in compressive strength when it was used up to 40% of the total
binder. The existence of gypsum affects this result. A decrease in slump, density, and compressive strength was
observed in concrete with increasing fly ash dose. Even though all results show a reduction in all testing, the fresh
mixture was still workable and density in the range of 2370 kg/m> to 2400 kg/m?3. Furthermore, the strength remains
within the range of acceptable structural strength values. However, there was no significant result on the role of
seawater in the study due to the study's limitations. In future studies, research can be conducted on the specimen pH,
salinity, chloride content, mixture setting time and long-term compressive strength. The observation of the SEM picture
also supported the result of SW-10FA as an optimum replacement where the presence of portlandite in the concrete
mixture is expected to improve the concrete's later strength. This research may include using non-reinforced concrete,
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such as concrete blocks. Seawater can be used in concrete, but it requires careful consideration and appropriate
measures to mitigate the potential adverse effects. Advantagely, using seawater and fly ash in concrete is a sustainable
approach and cost-saving.
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