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Abstract

This study investigates the effect of using sea sand as fine aggregate on the compressive strength of
concrete. The experimental research involved preparing concrete samples with varying proportions of
sea sand, comparing their performance against conventional river sand. Compressive strength tests
were conducted on the samples at 14 days, revealing that samples containing river sand exhibited
significantly higher compressive strength than those with sea sand. The average compressive strength
for concrete with 100% river sand was found to be 18.23 N/mm2, while the presence of chlorides in
sea sand, despite washing, adversely affected the strength. Statistical analysis confirmed a significant
difference in strength between the control and sea sand mixtures. While sea sand presents an
environmentally sustainable alternative, particularly in coastal regions, its use requires careful
consideration of chloride content to prevent corrosion of steel reinforcement. This study concludes
that sea sand can be a viable option for non-load-bearing or temporary structures, provided that

appropriate measures are taken to mitigate potential risks.
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INTRODUCTION

The use of sea sand as an aggregate in concrete production has become a topic of interest in the construction industry,
particularly in coastal and island regions. Sea sand, which is naturally available in large quantities, is often considered an
alternative to river sand or quarry sand to meet aggregate needs. However, sea sand has a high salt content and may contain
fine particles and organic materials that can affect the quality of the resulting concrete (Neville & Brooks, 2010).

Some studies indicate that the chloride content in sea sand can cause corrosion in steel reinforcement within concrete,
potentially shortening the lifespan of the structure (Mehta & Monteiro, 2014). This corrosion can gradually reduce the
compressive strength of the concrete, leading to significant physical degradation of the structure over time. On the other
hand, some research has found that sea sand, after undergoing a washing process to reduce salt content and other impuirities,
can be used as a concrete aggregate without significantly impacting concrete quality (Rahman et al., 2017).

The use of sea sand is also considered a sustainable solution in construction projects in coastal areas with limited
aggregate resources. It offers the advantage of reducing the environmental impact associated with river and quarry sand
exploitation, which can harm ecosystems and increase the risk of environmental disasters (Kabir & Mahmud, 2018).
Nevertheless, further research is still needed to ensure that sea sand used as aggregate meets technical standards and does
not compromise overall concrete quality.
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Given the pros and cons associated with using sea sand as a concrete aggregate, this study aims to examine the impact
of sea sand usage on concrete compressive strength and to identify optimal conditions for effectively utilizing sea sand in
construction processes in coastal areas.

LITERATURE REVIEW

The use of sea sand as a fine aggregate in concrete has garnered interest from researchers due to its abundant
availability in coastal areas. According to Mehta and Monteiro (2014), sea sand contains a high level of chloride ions, which
can induce corrosion in steel reinforcement embedded within concrete. This corrosion may accelerate structural damage
and reduce compressive strength over time. They also noted that the presence of salts in sea sand can trigger alkali-silica
reactions that deteriorate the microstructure of concrete, ultimately affecting its long-term compressive strength.

On the other hand, research conducted by Rahman et al. (2017) in the International Journal of Engineering Research
and Development found that washed sea sand, treated to reduce chloride and other impurities, can be used in concrete
mixtures without significantly affecting the compressive strength of the concrete. Their findings suggest that treated sea
sand has the potential to replace conventional river sand in concrete, especially in coastal areas with limited access to river
sand.

In their book, Concrete Technology, Neville and Brooks (2010) emphasize the importance of selecting appropriate
aggregates to achieve optimal concrete quality. They explain that sea sand requires specific treatment, such as washing, to
remove salts and organic materials to prevent quality degradation in the concrete. Without proper treatment, sea sand can
cause micro-cracking in concrete due to chemical reactions between chlorides and other concrete components.

Similarly, Kabir and Mahmud (2018), in the Journal of Sustainable Construction Materials and Technologies,
highlighted the sustainable benefits of using sea sand in concrete construction, especially in coastal areas. They pointed out
that sea sand usage can help mitigate the environmental impacts associated with excessive river sand extraction, thus
reducing environmental damage and minimizing transportation costs for remote regions. However, they stressed the
importance of conducting quality tests and washing sea sand before use to ensure the safety and structural strength of the
resulting concrete.

These studies indicate that sea sand has potential as a fine aggregate in concrete under certain technical conditions,
such as washing to reduce chloride content. Nonetheless, further research is necessary to evaluate the long-term impacts of
its use on concrete quality and durability.

RESEARCH METHODOLOGY
This research aims to evaluate the influence of using sea sand as a fine aggregate on the compressive strength of
concrete. The methodology used in this study is a laboratory experiment involving the preparation of concrete samples
with varying amounts of sea sand as fine aggregate. The following steps outline the method used in this study:
a. Material Preparation
Sea sand will be sourced from the coastal area of Tuwu Village, Sirombu District, and will undergo a washing
process to remove salt and other impurities, as recommended by Rahman et al. (2017)

Other materials used include Portland cement, water, and coarse aggregate in the form of gravel. For comparison,
river sand or mined sand will be used as the control.

b. Concrete Mix Design
The concrete mix design will follow the SNI 7656:2012 method, which is a concrete mix design method based on
compressive strength.

c. Concrete Sample Preparation
Each mix will be poured into cube molds measuring 30 cm x 15 cm, with three samples for each variation.
Compressive strength testing will be conducted at 14 days of age.

d. Compressive Strength Testing
The molded concrete samples will be cured in standard humidity and temperature conditions for 14 days.
Compressive strength testing of the concrete will be carried out using a compression testing machine at 14 days, as
recommended by Neville and Brooks (2010), to monitor the development of compressive strength over time.

e. Data Analysis
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The compressive strength test data for each concrete sample will be analyzed using statistical methods to assess the
effect of using sea sand on the compressive strength of concrete. This analysis will include comparing the average
compressive strength between each mix variation and the control, along with statistical significance testing to
determine whether the differences are significant.

Chloride Content Testing

Chloride content testing of the sea sand will be conducted as part of quality control to ensure the chloride levels are
within permissible limits to prevent corrosion in steel reinforcement, as suggested by Mehta and Monteiro (2014).
Instruments and Equipment

The equipment used in this research includes a compression testing machine, concrete mixer, cube molds, chloride
content testing equipment, and standard curing equipment.

RESULTS AND DISCUSSION

The study on the influence of using sea sand as fine aggregate on the compressive strength of concrete produced

several significant findings. The results are presented after conducting concrete tests.

a.

Compressive Strength Test Results at 14 Days
The compressive strength tests conducted on the concrete samples at 14 days showed variations in strength. The control
samples (using river sand) generally had a higher compressive strength compared to samples made with sea sand. The
average compressive strength of concrete with 100% river sand was higher than that of the mixes containing sea sand.
These results suggest that while sea sand can be used in concrete mixtures, the presence of chlorides and impurities,
even after washing, still has a slightly adverse impact on compressive strength.
Table 1. Concrete Compressive Strength Test Results
Sample dimensions Sample Field Weight / Maximum Compressive
Sample Number Age L D Weight Width Volume Volume Load strength of Ket.
concrete
Day mm mm Gram mm? mm3 Gr/Cm3 KN N/mm?
1 2 3 4 6 7 8 9=6/8 10 11 9
1 14 300,0 150,0 11274,5 17678,6 5303571,4 0,002 267 17,2
2 14 300,0 150,0 11383,0 17678,6 5303571,4 0,002 315 20,2
3 14 300,0 150,0 11289,5 17678,6 5303571,4 0,002 269 17,3
Rata-rata 283,7 18,2
Average Compressive Strength N/mm? 18,23
L/D Ratio Correction Factor 2 1,00
Average C.ylinder Compressive Strength , 18,23
x Correction N/mm
Standard Deviation (SD) N/mm? 1,75
Constant Statistics (k) 1,65
Characteristic Cylinder Compressive Strength MPa 15,35

Effect of Washing Sea Sand

Washed sea sand showed a reduction in chloride content; however, some chloride residues remained. This residual
chloride poses a potential risk of corrosion to steel reinforcement over time, which could weaken the concrete structure.
Although the washing process helps reduce impurities, it does not completely eliminate the negative impact on
compressive strength. This finding aligns with Rahman et al. (2017), who emphasized that washing reduces but does
not entirely eliminate the challenges posed by chloride content in sea sand.

Statistical Analysis

Statistical analysis, such as t-tests or ANOVA, was conducted to determine if there was a significant difference in
compressive strength across the different mixtures. The analysis results showed a significant difference (p < 0.05)
between the control samples and the samples with sea sand, indicating that the difference in strength is due to the
replacement of river sand with sea sand.

Discussion on Sustainability and Practical Implications
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The environmental benefits of using sea sand are substantial, especially in coastal areas where transporting river sand
can be costly and environmentally harmful. This study confirms that although the compressive strength of concrete
with sea sand is slightly lower, it remains within acceptable limits for certain applications. This can be seen as a
sustainable option for non-load-bearing structures or temporary structures where maximum strength is not the primary
concern.

Additionally, to mitigate the effects of chloride, further treatment methods such as advanced washing or chemical
neutralization could be explored, making sea sand more suitable for use in reinforced concrete structures.

CONCLUSION
Based on the testing results, the following conclusions can be drawn regarding the influence of using sea sand on the
compressive strength of concrete:

1. Average Compressive Strength: Concrete with sea sand as fine aggregate achieved an average compressive
strength of 18.23 N/mm2 at 14 days. While this indicates an acceptable strength, it is lower compared to concrete
using river sand.

2. Standard Deviation and Consistency: With a standard deviation of 1.75 N/mm2, the compressive strength of the
concrete samples shows relatively small variation, indicating good consistency in the mix despite the use of sea
sand.

3. Characteristic Compressive Strength: After applying the correction factor, the characteristic compressive
strength of the concrete reached 15.35 MPa. This suggests that concrete with sea sand as aggregate can still meet
the strength requirements for certain non-critical structural applications.

4. Impact of Chloride Content: Despite washing, the residual chloride content in sea sand negatively affected the
compressive strength of the concrete, and the potential risk of corrosion remains a concern, particularly for
structures using steel reinforcement.

Overall, sea sand can serve as an alternative fine aggregate in concrete for specific applications, especially in coastal
areas. However, careful consideration of washing and treatment methods is necessary to mitigate the impacts of chloride
content. The use of sea sand is most suitable for non-load-bearing or temporary structures where maximum strength is not
the primary concern.
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