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ABSTRACT

The durability of concrete can be determined by mixing coarse aggregate, fine aggregate, cement,
and water, with or without additives. The properties of concrete can be influenced by several things,
such as the mixture ratio, mixing method, transportation method, molding method, and compaction
method. To analyze the values of compressive strength, flexural strength and split tensile strength
of concrete submerged in seawater with variations in fineness modulus. The research used 3
variations in fineness modulus of coarse aggregate, 6.0, 6.52, and 7.1 with fresh water and sea water
treatments. The compressive strength results were 35.67Mpa, 31.63Mpa, 29.30Mpa respectively,
while the compressive strength of concrete soaked in sea water was 36.94Mpa, 36.52Mpa and
30.15Mpa. The splitting tensile strength results were 2.71Mpa, 2.65Mpa, and 1.91MPa respectively,
while the splitting tensile strength of concrete submerged in seawater with the same variations were
3.29MPa, 2.76MPa and 2.12MPa respectively. The flexural strength results were 4.22Mpa,
4.21Mpa, and 4.14MPa respectively, while the flexural strength of concrete submerged in seawater
with the same variations was 4.27MPa, 4.22MPa and 4.18MPa respectively. The influence of the
fine grain modulus on the resulting compressive strength, split tensile strength and flexural strength
is very significant, the higher the coarse aggregate fineness modulus, the smaller the resulting value.

Keywords: compressive strength; split tensile strength; flexural strength; concrete;
coarse aggregate.

INTRODUCTION

Concrete is a building material that is widely used for implementing construction projects, especially
in marine areas, this cannot be separated from its advantages, namely the ease of finding materials
and the ease of the manufacturing process. Concrete is a mixture of hydraulic cement as well as
other Portland cement, water, gravel and sand with or without additives, thus forming a solid mass
(BSN, 2002). Concrete will harden over time and produce compressive strength (f ¢) within 28 days.
Concrete has quite good compressive strength, therefore concrete is often used and used as a
structural choice, especially for road structures, buildings and bridges. Mix ratio, mixing method,
transportation method, molding method, compaction method, etc. influence the properties of
concrete (Pujianto et al., 2019). The volume of concrete usually occupies 70% to 80% of coarse
aggregate so it has an important influence on the properties of concrete (Ginting, 2014).

Concrete is resistant to corrosion, easy to shape and easy to work with, which is very beneficial for
development in coastal areas, especially on a large scale. One of the development concepts that
many investors are starting to look at to develop in Indonesia is a waterflow city, which is a maritime
country. In several countries, for example Singapore, Japan, England, America, they succeeded in
implementing this concept long before, thus triggering the Indonesian government to support the
project to implement this concept. Maximizing coastal areas is a very good solution to improve the
economy and the distribution of sea water development is very aggressive, so this building requires
sea water resistant building materials. Concrete is a good choice of building material for use in
coastal areas compared to corrosive steel.
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Sea water has a high salt content, so it can reduce the strength and durability of concrete. In general,
sea water contains sea salts of + 3.5% of its weight, while the salt content in fresh water is less than
1%. Concrete structures that are located on the edge of the sea and are exposed to salt in sea water
can be damaged after some time of exposure. Salt can gradually enter the structure and cause the
iron inside to corrode, causing the concrete to be unable to withstand the load. The smaller the iron
construction, for example bridges, docks, ports, the faster it will corrode. Damage can occur in
concrete due to the reaction between aggressive sea water that enters the concrete and the compounds
in the concrete which causes the concrete to lose some of its mass, lose its strength and stiffhess and
speed up the weathering process. Damage to concrete will result in losses, especially concrete used
in marine infrastructure such as ports and docks. This damage will of course have an impact on
reducing the strength of the structure and shortening the service life of the building. If left untreated
and the damage gets worse, the building cannot be used again (Khirunnisa, Rifgi and Amin, 2019).

Lightweight concrete is a type of concrete that has a lower density compared to conventional
concrete, usually due to the use of lightweight aggregates such as pumice, vermiculite, or styrofoam.
The use of lightweight concrete is generally to reduce structural loads and increase thermal
efficiency. Lightweight concrete offers many advantages in terms of load reduction and thermal
efficiency, but usually has lower compressive and tensile strengths than conventional concrete. With
the right material selection and good quality control, lightweight concrete can be used effectively in
a variety of construction applications, both structural and non-structural (Artawan IP et.al, 2023);
(Verdian R, Muin RB, 2023); (Paikun P et.al, 2023).

Compressive strength is one of the important parameters in determining the quality and ability of a
concrete material to withstand loads. For simple construction projects, such as creating small
concrete blocks or floor slabs, it is important to know the compressive strength that can be achieved
with the materials and methods available. In simple construction, following the steps above can help
determine and ensure the concrete used has adequate compressive strength. Proper testing and good
care are key to achieving desired results. For larger or more complex projects, it is recommended to
follow stricter standards and procedures and work closely with civil engineering professionals
(Sitompul ST, Pariatmono P, 2022); (Romadhon ES et.al, 2022); (Widodo S et.al, 2022).

RESEARCH METHODS
Materials

In the research several materials were used. Types of Portland Composite Cement (PCC), fresh
water, sea water, local crushed stone (maximum size 20 mm), local sand (maximum size 4.75) and
super plasticizer while the equipment used is a scale with a capacity of 50 kg for weighing the
aggregate, cement, water. Oven with temperature 300 oC and electric power 2200 W to dry material.
Sieve with sieve numbers 1 Y4, %, 3/8, 4, 8, 16, 30, 50, 100, 200, PAN. The test object mold is a
cylinder measuring 100 mm x 200 mm and a concrete block measuring 100 mm x 100 mm x 400
mm. Compression Testing Machine. Universal Testing Machine.
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Figure 1. Flow chart

Methods

This research was carried out using scientific methods, so this research must be carried out in a
systematic and more organized manner in order to obtain reliable research results. The independent
variables used in this research are coarse aggregate fineness modulus and sea water immersion,
while the dependent variables are concrete compressive strength, split tensile strength and flexural
strength. The mixture variations for coarse aggregate consist of Fine Grain Modulus 6.0; 6.5 ; 7.1
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with additional curing of sea water and fresh water for 28 days. By using varying fineness modulus
measurements in the concrete mixture, it is hoped that the compressive strength, splitting tensile
strength and flexural strength will be used as reference data in determining the effect of fineness
modulus on compressive strength, splitting tensile strength and flexural strength.

Testing for compressive strength in this study was divided into two, namely compressive strength
in fresh water immersion and compressive strength in sea water immersion. A cylindrical test object
measuring 10 cm x 20 cm is mounted on the UTM testing equipment in a vertical position. The load
is applied until the sample breaks or the sample can no longer withstand the load received, if the
black needle has gone down then the load on the test object has reached its maximum.

Figure 2. Compressive Strength Test

Testing for split tensile strength in this research consisted of 2 types of treatment, first with sea water
and also fresh water as a comparison. This is intended as a control test object. The test object is a
cylinder with dimensions of 10 cm x 20 cm installed on the UTM tool with the test object horizontal.
Loading is carried out until the test object cracks or the test object can no longer withstand the given
load, this is indicated by the pointer on the UTM tool, if the colored needle has gone down then the
load on the test object has reached its maximum.
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Figure 3. Split Tensile Strength Test

Flexural strength testing in this research consisted of 2 types of treatment, first with sea water and
also fresh water as a comparison. This is intended as a control test object. The test object is a beam
with dimensions of 10 cm x 10 cm x 40 cm installed on the UTM tool with the test object positioned
horizontally. Loading is carried out until the test object cracks or the test object can no longer
withstand the given load, this is indicated by the pointer on the UTM tool, if the colored needle has
gone down then the load on the test object has reached its maximum.
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Figure 4. Flexural Strength Test

Data Analysis

Data analysis researchers tested the characteristics of the materials that make up high quality
concrete, namely fine aggregate and coarse aggregate. In this test the requirements are adjusted to
the aggregate characteristic specifications according to SNI. From this test, it can be seen that the
concrete constituent materials meet the standards.

RESULTS AND DISCUSSION
Compressive Strength Testing

The compressive strength test submerged in sea water can be seen in Figure 4.3, concrete with MHB
6.0 has an average compressive strength value of 36.94 then decreases to MHB 6.5 with an average
compressive strength value of 36.52 MPa and decreases. at MHB 7.1 with an average compressive
strength value of 30.15 MPa. The effect of fine grain modulus on the compressive strength of
concrete which forms a 2nd order polynomial equation, Y = -8.8879x2 + 110.26x — 304.65 and R2 =
1.
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Figure 5. Relationship between fine grain modulus and compressive strength of concrete
submerged in sea water

Meanwhile, when testing the compressive strength of concrete by immersion in fresh water, it can
be seen that there is a decrease in the compressive strength value. Concrete with MHB 6.0 has an
average compressive strength value of 35.7 MPa, then decreases to MHB 6.5 with an average
compressive strength value of 31.63 MPa and decreases again to MHB 7.1 with an average
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compressive strength value. -average 29.3 MPa. Besides that, Figure 4.4 shows the effect of the fine
grain modulus on the compressive strength of concrete which forms a 2nd order polynomial
equation, Y =-3.7959x2 + 55.517x — 232.12 and R2 = 1.
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Figure 6. Relationship between Fine Grain Modulus and Concrete Compressive Strength
Submerged in Fresh Water

Split Tensile Strength Testing

Split tensile strength testing, fresh water soaked concrete with a fineness modulus of 6.0; 6.52 and
7.1 have split tensile strength values that continue to decrease, starting with 2.71 MPa then
decreasing to 2.65 MPa and ending at 1.91 MPa. The results of the graphic analysis of polynomial
equations show that y = -1.055x2 + 13.093x - 37.868 or R2 = 1.
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Figure 7. Relationship between tensile strength of concrete and fresh water immersion
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The split tensile strength test results show that seawater soaked concrete with a fineness
modulus of 6.0, 6.52 and 7.1 has a split tensile strength value that continues to decrease, starting
with 2.71 MPa then decreasing to 2.65 MPa and ending at 1.91 MPa. The results of the graphic
analysis of polynomial equations show that y = -1.055x2 + 13.093x - 37.868 or Rz = 1.
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Figure 8. Relationship between tensile strength of concrete and sea water immersion

Flexural Strength Testing
Flexural strength testing, freshwater-soaked concrete with a fineness modulus of 6.0, 6.52, and 7.1
has a flexural strength value that continues to decrease, starting with 4.22 MPa then dropping to 4.21

MPa and ending at 4, 14 MPa. The results of the graphic analysis of polynomial equations show that
y =-0.0922x2 + 1.1356x + 0.7271 or R2=1.
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Figure 8. Relationship between tensile strength of concrete and sea water immersion
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Flexural Strength Testing

Flexural strength testing, freshwater soaked concrete with a fineness modulus of 6.0, 6.52, and 7.1
has a flexural strength value that continues to decrease, starting with 4.22 MPa then dropping to 4.21
MPa and ending at 4, 14 MPa. The results of the graphic analysis of polynomial equations show that
y =-0.0922x2 + 1.1356x + 0.7271 or R2=1.
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Figure 9. Relationship between the flexural strength of concrete and sea water immersion
CONCLUSION

Compressive strength value with variations in fineness modulus 6.0; 6.52; and 7.1, there was a
decrease of 36.94 MPa, 36.52 MPa and 30.15 MPa respectively in seawater immersion. Meanwhile,
samples soaked in fresh water had a lower compressive strength than sea water with values of 35.67
MPa, 31.63 MPa and 29.30 MPa. So there is a decrease in strength with immersion in fresh water
compared to sea water. Split tensile strength value with variations in fineness modulus 6.0; 6.52;
and 7.1, there was a decrease of 3.29 MPa, 2.76 MPa and 2.12 MPa respectively when submerged
in sea water. Meanwhile, samples soaked in fresh water had a lower split tensile strength than sea
water with values of 2.71 MPa, 2.65 MPa and 1.91 MPa. So there is a decrease in strength with
immersion in fresh water compared to sea water. Flexural strength value with variations in fineness
modulus 6.0; 6.52; and 7.1, there was a decrease respectively of 4.27 MPa, 4.22 MPa and 4.18 MPa
in seawater immersion. Meanwhile, samples soaked in fresh water had lower flexural strength than
sea water with values of 4.22 MPa, 4.21 MPa and 4.14 MPa. So there is a decrease in strength with
immersion in fresh water compared to sea water. The greater the fineness modulus value of the
coarse aggregate, the smaller the compressive strength, splitting tensile strength and flexural strength
values obtained.
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