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ABSTRACT

Concrete is the main material in infrastructure development throughout the world. Its high
mechanical strength and durability make it the main choice in various construction applications,
from roads to high-rise buildings. However, behind its benefits, concrete production also triggers
serious environmental problems. Natural aggregates such as river sand are used on a large scale.
One of the materials that can be used as a substitute for fine aggregate is iron ore sediment waste.
This study aimed to analyze the characteristics of fresh concrete using iron ore sediment waste as a
substitute for fine aggregate using experimental methods. This study aimed to analyze the
characteristics of fresh concrete using iron ore sediment waste as a substitute for fine aggregate using
experimental methods. From the results of testing iron ore sediment waste aggregates such as the
characteristics of iron ore sediment waste aggregates, 71% met the requirements as a material for
making concrete, except for the mud content and organic content so special treatment is needed,
namely the iron ore sediment waste material must be washed clean before use. The characteristics
of iron ore sediment waste concrete have requirements from the average slump test value of 9 cm
and there is no segregation and bleeding in the fresh concrete mixture.

Keywords: characteristics, concrete, waste, iron ore sediment, fine aggregate.
INTRODUCTION

Currently, the industry in Indonesia is developing along with the development of technology and the
increasing need for development in the industrial sector, one of which is the iron ore industry. Iron
ore is the main element in the steel industry with a deposit in the form of resources of 8,297,110,474
tons and iron ore reserves of 1,630,807,240 tons. These resources and reserves have diverse
characteristics, both in terms of quality and the type of iron minerals contained in them [1]. One of
the industrial sectors that is currently developing more and more is the steel smelting industry and
the nickel processing industry. As industrial growth increases, the waste produced by the industry
also increases [2]. The use of concrete construction for infrastructure is still an option. Currently,
the government is also pursuing infrastructure development that requires large funds and the support
of the latest technology. The public generally wants to build a construction in a short time. With the
presence of technology, the selection of concrete as the main material that can support infrastructure
development is expected to be easier, faster, stronger, better and still economical and
environmentally friendly in its use [3].

Concrete is a composite of materials consisting of fine aggregate, coarse aggregate, water, cement,
or other materials that function as hydraulic binders, with or without the use of additional materials.
These materials are then mixed with a certain predetermined composition to produce concrete that
is durable, easy to work with, has high strength, and is economical [4]. Concrete is the main material
in infrastructure development throughout the world. Its high mechanical strength and durability
make it the main choice in various construction applications, from roads to high-rise buildings.
However, behind its benefits, concrete production also triggers serious environmental problems. The
large-scale use of natural aggregates such as river sand, as well as the high carbon emissions from
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cement production, are increasingly concerning issues. Sand extraction from rivers, which is often
uncontrolled, causes a decrease in water quality, soil erosion, damage to ecosystem habitats, and
threatens the sustainability of natural resources. On the other hand, the production of cement, which
is one of the main components of concrete, produces about 8% of total global carbon emissions,
which contributes greatly to climate change [5], [6]. Conventional concrete is widely used in the
construction sector, concrete can offer several advantages in its use such as its low price and wide
application [7]. In principle, to obtain good quality concrete is greatly influenced by the quality of
the constituent materials, namely fine aggregate, coarse aggregate, cement and water and how it is
processed. Fine aggregate as a basic material for making concrete plays an important role in
determining the quality of concrete, because aggregate is a filler that is bound by cement and water
into a solid mass, so that the quality of fine aggregate directly affects the quality of concrete. Fine
aggregates are widely available directly in nature, such as rivers or made from breaking down natural
rocks, so that each source of aggregate will have different qualities depending on the source and if
used as a material in making normal concrete, it will certainly produce concrete with different
qualities [8].

To overcome this problem, there is a need to find alternative materials that are more environmentally
friendly, which can replace some or all of the natural aggregate components in concrete without
sacrificing the quality and performance of the concrete. One alternative is the use of industrial waste,
such as iron ore sediment waste, which is produced in large quantities by the mining sector. This
waste, which is generally considered a hazardous waste material, can be used as a substitute for fine
aggregate in concrete. Its use not only helps reduce dependence on natural resources but also
provides a solution to the problem of industrial waste disposal which often pollutes the environment
[9], [10]. Various studies have shown that iron ore tailings (IOT) have great potential as a substitute
for river sand in concrete mixtures. Several studies have reported that with a fine aggregate
substitution of 20% to 40%, concrete with iron ore sediment waste shows increased compressive
strength, resistance to carbonation, and resistance to freeze-thaw. At the optimal substitution level,
this waste is able to provide performance that is equal to or even better than conventional concrete.
Other research results show that the use of IOT can improve the Interfacial Transition Zone (ITZ),
a critical area where aggregate particles interact with cement paste, which plays an important role in
determining the strength and durability of concrete [6], [10].

Basically, heavy metals have properties that bind and settle at the bottom of the water and blend
with sediment, so the levels of heavy metals in sediment are higher than in water [11]. Iron Slag is
a waste product of the steel smelting industry and mostly contains iron oxide, silicate and lime and
has stable chemical properties and the same physical properties as sand [12].

However, in addition to the positive impact on the strength of hardened concrete, the use of iron ore
sediment waste also affects the characteristics of fresh concrete. One of the main challenges is the
decrease in workability or ease of concrete work. Research shows that substitution of fine aggregate
with IOT can reduce the fluidity of fresh concrete, which has the potential to complicate the mixing
and casting process. This is most likely due to the physical properties of IOT, such as coarser texture
and uneven particle size distribution, which affect the interactions between components in the
mixture [5], [6]. However, this decrease in workability can still be overcome by adding additional
materials (admixtures) such as superplasticizers that can increase fluidity without reducing the
strength of the concrete [13].

Concrete is usually composed of binder and fine aggregate with some fibers. The excellent
properties of high-strength concrete mainly depend on its low porosity and tight packing density,
which are the result of fine particles and low water-to-binder ratio [14]. With the continuous
improvement of living standards, the construction industry has consumed more natural aggregates
than ever before. The excessive use of river sand for construction projects has caused a series of
serious environmental problems. Therefore, artificial sand is considered as an alternative material to
replace river sand in high-strength concrete. However, the artificial sand supplied in some regions
of China does not meet the market demand due to the unmatched construction industry, and its price
has been rising. In view of this, there is an urgent need to choose low-cost materials such as fine
aggregates in the production of high-strength concrete [15].
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With the increasing demands for sustainable development, the use of waste iron ore sediment in
concrete is one of the innovative solutions that can help reduce the environmental impact of the
construction industry. In addition, the use of this waste material can also reduce the production cost
of concrete, considering that the cost of natural materials is increasing due to limited resources.
Therefore, further research is needed to optimize the composition of concrete mixtures with IOT, as
well as explore other potential benefits of this material, including improving the mechanical
performance and durability of concrete under various environmental conditions.

RESEARCH METHODS
Materials
Research Implementation

As a scientific-research, this research was conducted with a systematic and planned method, so that
the results of this research can be accounted for. For this reason, this research was conducted in
several stages, including:

Experimental Design

The design of the test object in this study refers to the mix design according to SNI 03-2834-2000
Procedures for Making Normal Concrete Mixtures. The concrete test object is placed in a cylinder
measuring 10 x 20 cm with a mixture of iron ore sediment waste as a substitute for fine aggregate.

Working Steps
The working steps in this research are as follows:
1. Stage I (Preparation Stage/Literature Study)
At this stage, a search for material related to the research will be carried out as a reference.
2. Stage II (Preparation Stage of Materials and Tools)

At this stage all materials and equipment to be used are prepared in advance so that the research
runs smoothly.

3. Stage III (Material Testing Stage)

At this stage, testing is carried out on materials which are concrete mixtures intended to
determine the properties and characteristics of the materials. Material testing in this study only
focuses on testing natural materials with heterogeneous conditions, quality and size, so strict
control is needed to obtain the required material. This test uses requirements that are in
accordance with the aggregate characteristic specifications standardized by the Indonesian
National Standard (SNI):

Coarse Aggregate Testing (Split)

Silt content

Water content

Volume weight

Absorption and specific gravity
Sieve analysis

oae o

Fine Aggregate Testing (Sand and iron ore sediment waste)

Silt content

Organic content

Wear

Water content

Volume weight

Absorption and specific gravity
Sieve analysis

2 Rmoao o

Stage IV (Mix Design Planning Stage)
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The planning of making this test object in this study refers to the mix design planning in accordance
with (SNI 03-2834-2000, 2000) concerning concrete mix design planning. In this process, the
manufacture of test specimens for the dimensions of the 10 cm x 20 cm cylinder mold will be
planned.

5. Stage V (Test Object Manufacturing Stage)

One of the requirements for obtaining good concrete quality is that the implementation process in
the field must be appropriate and correct by following the previously determined requirements. This
is related to the process of mixing concrete materials such as cement, coarse aggregate, fine
aggregate, water and substitute materials in the form of iron ore waste sediment from pond sediment,
which must be mixed evenly. The process of mixing and making test objects refers to the guidelines
for the Implementation of Concrete Work of the Engineering Agency of PT. Wijaya Karya as
follows:

a. Concrete components (cement, aggregate, water) are prepared and weighed according to the
results of the mix design calculation.

b.  The sequence of inserting materials into the mixing machine starts with coarse aggregate, fine
aggregate then cement. After the cement is added, water is added and the mixing machine
(molen) is continued.

c.  Mixing must be carried out continuously for at least 3 minutes after all materials are in the
mixing container.

6. Stage VI (Slump Test Measurement)

Testing on concrete slump can be done if the combination of materials to form concrete has reached
plastic properties. Basically, the purpose of testing the slump value is to determine the level of
fluidity or thinness of the concrete mixture made. The effect of this fluidity is useful for assessing
the workability of concrete.

Methods

The iron ore waste sediment material comes from Taliabu Island, North Maluku and the research
was conducted in the Civil Engineering Material and Concrete Testing Laboratory of Fajar
University, Makassar, South Sulawesi. This research was conducted for 2 months, from August 2024
to September 2024.

Data Analysis

Data analysis was carried out using an experimental method on the effect of iron ore sediment waste
as a substitute for fine aggregate on concrete characteristics. In addition, data analysis is also
supported by literature studies related to this research.

RESULT AND DISCUSSION

The characteristics of iron ore sediment waste aggregates as a substitute for fine aggregates on
concrete characteristics meet the requirements as a material for making concrete. If the requirements
of the material do not meet the specified requirements, it will reduce the value of the mechanical
properties of the concrete.

Table 1. Recapitulation of Aggregate Test Results (Iron Ore Sediment Waste)

Fine Aggregate e
No Test Type Test Results Interval Description
Sludge Content 5,18% 0,2% - 5% Does not meet the
2 Water Content 3,09% 3% - 5% Fulfil
Volume Weight
a. Loose Condition 1,66 1,4 - 1,9 Fulfil
kg/liter
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Fine Aggregate ..
No Test Type Test Results Interval Description
b. Solid Condition 1,4-1,9 Fulfil
1,69 .
kg/liter
4  Absorption 0,40% 0,2 -2% Fulfil
Specific Gravity Fulfil
a. Real Material 2,74 1,60 - 3,30 Fulfil
b. Dry Base Material 2,71 1,60 - 3,31 Fulfil
c¢. Dry Material survace Fulfil
2,72 1,60 - 3,32
Modulus Fulfil
6 Fineness 3,02 2,3-3,1
7 Organic content No.3 <No.3 Does not meet the

Source: Primary Data, 2024

From the results of testing the characteristics of iron ore sediment waste aggregates as in Table 1.
that the characteristics of 71% of iron ore sediment waste aggregates meet the requirements as
concrete constituent materials, except for the mud content and organic content so that special
treatment is needed, namely the iron ore sediment waste material must be washed clean before use
If the requirements of the material do not meet the specified requirements, it will reduce the value
of the mechanical properties of the concrete.

Slump Test, Segregation and Bleeding Testing

The slump test aims to determine the viscosity (workability) of the concrete mixture. The viscosity
of the concrete mixture is a measure of the level of ease in the mixture to be worked on in
construction work without causing separation of the concrete constituent materials (segregation).
The level of concrete viscosity is influenced by the amount of water, the amount of cement, the
shape of the aggregate grains and the size of the aggregate grains.

For the slump test in this study, it was carried out 2 times for 6 cylinders. The slump test value
requirement for normal concrete in the mix design calculation is 10 (+ 2) cm.

Table 2. Results of Slump Test Measurement Values 10 (+ 2) cm.

Number of Mix Variation (%) Slump Test I Slump Test II Average Value
Cylinders (cm) (cm) (cm)

6 0 9,6 10,7 10,15

6 0,5 8,4 8,5 8,45

6 1 8,2 8,5 8,35

6 9,7 9,9 9,8

Source: Primary Data, 2024

Table 2. can be seen that the slump test value for normal concrete and concrete with a mixture of
iron ore waste sediment as a substitute for fine aggregate meets the standard slump test requirements
and it can be concluded from Table. 2 that the higher the presentation of iron ore waste sediment
into the concrete mixture will cause the slump test value to be smaller from the slump test
measurement results.
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From all the slump test measurement results, the results obtained show that there is very good ease
of mixing and the results of the Slump Test can be seen in Figure 1. For Segregation and Bleeding,
see Figure 2.

Figure 2. Fresh Concrete Source: Primary data, 2024

In the characteristics of fresh concrete, segregation and bleeding aim to determine whether the fresh
concrete mixture experiences gravel separation (segregation) and water separation (bleeding) during
concrete mixing. From Figure 2, it can be seen that segregation and bleeding do not occur because
the ingredients of the concrete mixture meet the requirements using the Department of Environment
(DOE) method.

CONCLUSION

From the results of testing the iron ore sediment waste aggregate, such as the characteristics of the
iron ore sediment waste aggregate, 71% meets the requirements as a material for concrete, except
for the mud content and organic content so that special treatment is needed, namely the iron ore
sediment waste material must be washed clean before use. The characteristics of iron ore sediment
waste concrete meet the requirements from the average slump test value of 9 cm and there is no
segregation and bleeding in the fresh concrete mixture.
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