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SUMMARY

CHARACTERISTICS OF GEOPOLYMER ARTIFICIAL AGGREGATE USE
IN NORMAL CONCRETE

This papers is in the form of a dissertation, May 2024
Bimo Brata Adhitya; Promoted by Prof. Dr. Ir. H. Anis Saggaff, MSCE, IPU, Dr.
Ir. Hanafiah, MS, and Dr. Saloma, ST, MT

The amount of natural coarse aggregate available is decreasing as construction
demand grows and rock resources are exploited. The present decrease in the
amount of natural aggregates poses an imminent threat to the concrete industry's
sustainability, necessitating a quest for alternatives for natural coarse aggregates
in concrete manufacturing. Artificial Geopolymer Aggregate manufactured from
fly ash is a substitute to natural aggregate as a concrete filler. In the present study,
class F fly ash from coal combustion residue at PT. Pupuk Sriwijaya was utilized
as a precursor, with Na,SiOz and NaOH solution acting as alkali activators.

This study assessed the compressive strength of geopolymer using 5 cm x 5 cm x
5 cm cube specimens dated 7 days. The geopolymer mixture is constructed based
on numerous parameters, including fly ash (FA)/alkali activator (AA) mass ratio,
Na,SiO3s/NaOH mass ratio, NaOH concentration, sand/fly ash mass ratio, oven
curing temperature, and oven curing time. After obtaining the highest compressive
strength for each parameter, the mixtures were blended and the compressive
strength test was performed again to determine the optimal compressive strength.
The mixture with the greatest capacity for compression is subsequently used for
manufacturing artificial geopolymer aggregates via pelletization and crushing.

Artificial geopolymer aggregates generated by pelletization and crushing were
evaluated for aggregate characteristics and compared to natural coarse aggregates
from the Merak quarry. This study examined moisture content, specific gravity,
water absorption, sieve analysis, and aggregate impact value (AlV). Concrete test
specimens were subsequently manufactured using three different types of coarse
aggregate and a design compressive strength f'c of 30 MPa. Furthermore, The
present research examined the compressive strength, split tensile strength, and
density of concrete at ages 3, 7, 14, and 28 days as well.

The research indicates that the ideal geopolymer composition involves a mass
ratio of 2.75 FA/AA and 3.5 Na,SiO3z/NaOH. The Sand/FA possesses an added
mass ratio of 0.15. To achieve the highest compressive strength, apply 15M
NaOH and cure at 80°C for 24 hours in the oven. The optimum mixture has a
compressive strength of 71.28 MPa. Natural aggregate has a bulk-specific gravity
SSD value of 2.55, while crushing aggregate has a value of 2.08, and pelletization
aggregate has a value of 2.078. Natural aggregate contains 4.30% water content,
while crushing aggregate has 1.81% and pelletization aggregate has 1.05%. Water
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absorption values for natural aggregate are 4.96%, crushing aggregate is 10.66%,
and pelletization aggregate is 6.413%. The AIV values for natural aggregate is
1.452%, crushing aggregate is 17.4%, and pelletization aggregate is 8.66%.
Natural aggregate concrete has a compressive strength after 28 days of 32.13 MPa,
whereas crushing aggregate concrete has the lowest value of 29.13 MPa.
Pelletization aggregate concrete has a compressive strength of 31.78 MPa. Natural
aggregate concrete has a 28-day split tensile strength of 4,153 MPa, while
crushing aggregate concrete has the lowest at 3.7 MPa. Pelletization aggregate
concrete has a split tensile strength of 4,017 MPa. The density of natural
aggregate concrete is 2307.78 kg/m?, while crushing aggregate has a density of
2023.92 kg/m?3. Pelletization aggregate concrete has a density of 2023.92 kg/m?.

Concrete with geopolymer aggregate using the pelletization method has a
compressive strength that is 1.09% smaller than natural aggregate concrete and
has a lighter density of 11.57%. Pelletization aggregate concrete has a
compressive strength above design f'c of 30 MPa. Meanwhile, concrete with
crushing aggregate has a compressive strength that is 9.34% lower than the
compressive strength of concrete with natural aggregate and has a concrete
density that is 12.30% lighter than concrete with natural aggregate. Crushing
concrete aggregate has a compressive strength that is slightly below the design
compressive strength f'c of 30MPa. This shows that artificial geopolymer
aggregate using the pelletization method can achieve the design compressive
strength and with a lighter weight it will reduce the self-load on the building so
that it can lighten the load carried by a building structure. For further research
regarding the use of geopolymer artificial aggregate in concrete, it can be studied
further regarding the manufacturing process which is easier to work on and can be
studied from an economic perspective.

Keywords: fly ash, artificial aggregate, compressive strength
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CHAPTER 1
INTRODUCTION

1.1. Introduction

Earthquakes pose significant risks to buildings and infrastructure, causing
widespread destruction and loss of life.To mitigate these risks, the use of
lightweight construction materials has emerged as a crucial factor in earthquake
resilience. The use of lightweight construction materials offers several advantages
in earthquake-prone areas. One key advantage is that lightweight materials reduce
the overall mass of the structure, which can decrease the forces exerted on the
building during an earthquake. Additionally, these materials are often more
flexible than traditional construction materials, allowing them to better withstand
the lateral forces and vibrations experienced during an earthquake.

In earthquake-prone areas, the choice of construction materials can
significantly impact the structural integrity and safety of buildings. Therefore, it is
essential for architects, engineers, and policymakers to prioritize the use of
lightweight construction materials in their designs and building codes. By
incorporating these materials, communities can enhance their resilience to seismic
events, ultimately reducing the impact of earthquakes on both infrastructure and
human life.

Furthermore, ongoing research and development in the field of lightweight
construction materials are leading to innovative solutions that offer improved
strength, durability, and cost-effectiveness. (Xin Lu, 2023). As such, the
continued exploration and utilization of these materials are vital to advancing
earthquake resilience in vulnerable regions. In recent years, advancements in the
production of lightweight construction materials have resulted in the development
of new composite materials that exhibit exceptional strength and resilience (Yong
et al., 2023). These innovative materials offer the potential to further enhance the
earthquake resilience of structures in vulnerable areas. Additionally, the use of
lightweight materials can also contribute to sustainable construction practices, as
they often require less energy to produce and transport compared to traditional

construction materials.
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Incorporating lightweight construction materials into building codes and
standards can lead to a significant reduction in the vulnerability of buildings to
earthquake damage. This proactive approach not only ensures the safety of
occupants but also minimizes the need for costly repairs and reconstruction in the
aftermath of seismic events.

Since Indonesian territory is situated on the line of the equator, there are
numerous slopes and mountains. According to the Ministry of Education and
Culture, Indonesia spans three plates: Australian, Eurasian, and Pacific. This
places Indonesia within the ring of fire. This is the reason why earthquakes in
Indonesia to occur frequently: as of early August 2021, the National Board of
Natural Disaster (BNPB) reported 22 earthquakes. Building in earthquake-prone
areas requires careful consideration of construction technologies. The casualties
were not directly caused by the earthquake, but by the fallen construction that
impacted them. Because of this, lightweight construction is critical.

Natural or crushed stone is commonly utilized as coarse aggregate in the
making of concrete. Various forms of natural rock have been utilized in the
concrete business, depending on the local geology conditions, such as limestone,
basalt, and gravel. However, with the increasing demand for construction and the
rapid consumption of rock resources, the amount of natural rock available has
decreased, posing a significant challenge for the sustainable development of the
concrete industry to find other alternatives to replace natural stone as coarse
aggregate in concrete production. To achieve sustainable development, additional
efforts must be made to eliminate natural aggregate scarcity and improve the
sustainability of the concrete industry (Xu et al., 2021).

To overcome the challenges of decreasing the availability of natural coarse
aggregate in nature, three technological routes have been proposed as an
alternative to natural aggregate in concrete production: recycling aggregates from
waste concrete, using coarse waste particles as aggregates such as large particle
bottom ash and steel slag, and producing artificial aggregates. According to
industrial waste or by-products. As technology advances, artificial production
methods become a viable option for producing fine and coarse aggregates that

meet waste requirements (Xu et al., 2021).
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Lightweight concrete is a type of construction that has a lower density than
standard concrete. The maximum unit weight for lightweight concrete is 1800
kg/m3 (SNI-03-3449-2002). In order to achieve this weight, a lighter replacement
material is required. Fly ash and bottom ash are lightweight materials that can be
utilized to replace traditional concrete components.

Fly Ash and Bottom Ash, also known as FABA, are ash created during
combustion that is considered waste and must be disposed according to (Ministry
of Industry, 2021), FABA production from Electric Steam Power Plant
(Pembangkit Listrik Tenaga Uap/PLTU) is expected to reach 12 million of tons in
2021, and 16.2 million tons by 2027. FABA is commonly found in the power
generation business, particularly in plants that use coal as a raw material. The
amount is abundant and only becomes waste material, necessitating processing to
minimize it. The amount of FABA produced has been significantly reduced,
although it is still insignificant in comparison to the FABA generated today.

The use of waste resources is one of the way to reduce the problem of waste
processing. From a different perspective, waste re-use can significantly save
natural resource reserves that cannot be recovered, reduce environmental
contamination, and lessen the need for recycled energy production. Industrial
trash and byproducts must be recognized as materials having a high potential for
reuse. With the proper treatment and processes, it is possible to manufacture
environmentally friendly items. FABA is one of the materials that can be used as a
substitute for cement by combining it with an activator to achieve geopolymer
bond strength. It can be used as a raw material in addition to being an FABA
binder. Fly ash (FA) and alkali activator (AA) can be used to form artificial
aggregates. Alkali activator is a chemical that can react with fly ash to generate a
binding similar to a binder. The most commonly used alkaline activators are
NaOH and Na,SiOsz. The common mix ratio for artificial aggregates is 3:1 (Dewa
Made Alit Karyawan et al., 2020).

The production of artificial aggregates necessitates an additional procedure
that comprises the design of the FA/AA mixture ratio, N.2SiOs/NaOH ratio, and
NaOH concentration. Following the determination of the mixture ratio, the

production process proceeds with the mixing of the ingredients. There are two
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methods for producing artificial aggregates: utilizing a stone crusher and mixing.

The components with a granulator tool (Hui-Teng et al., 2021; Xu et al.,
2021). This study focuses on the crushing process for producing geopolymer
lightweight aggregates, which have an important future for large-scale industrial
production. Geopolymer cubes measuring 100 mm x 100 mm x 100 mm were
manufactured using one-part technology and crushed into coarse aggregates with
angular shapes (Xu et al., 2021). Figure 1.1 shows the outcomes of making

aggregates.

Figure 1.1. Artificial coarse aggregate by stone crusher method (Xu et al., 2021)

Coarse aggregate was made by mixed material and input into a granulator,
this mixing also has parameters that must be met in order to achieve the best
outcomes, as proven by various publications that have conducted study by
focusing on mixing aspects such as granulator slope, rotation speed, mixing
duration, and water content. The results of making aggregates can be seen in

Figure 1.2.
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Figure 1.2. Artificial Aggregate by granulator tool (Hilda Yuliana et al., 2019)

The curing process, which comes after the aggregates are mixed, can be
broken down into three categories: water curing (which requires temperatures
between 21 and 25 degrees Celsius), oven curing (which requires temperatures
between 70 and 100 degrees Celsius), and sintering (which requires temperatures
above 900 degrees Celsius) (Zhao et al.,, 2021). Depending on the curing
procedure employed, this treatment method has varying results.

1.2. Research Questions
The goal of this study was to provide an insight into the manufacture of
lightweight concrete using artificial aggregates using activator and fly ash. This
aggregate can be used to study the characteristics of artificial aggregates in terms
of strength, durability, and ease of production, as well as to substitute
environmentally friendly aggregates. Once manufactured, the aggregate can be
used to make lightweight concrete. This is how the dissertation's problem is
formulated:
1. What is the optimal material composition for geopolymer artificial aggregate
in light-weight concrete production?
2. How do granular tool and stone crusher procedures affect the mechanical
properties of Geopolymer Artificial Aggregates?
3. What characteristics and properties does the proposed geopolymer artificial
aggregated concrete possess?

1.3. Research Objective
The following are the research goals for the production of artificial
aggregates:

1. To identify the optimal material composition for geopolymer artificial
aggregates.

2. To investigate the mechanical properties of artificial geopolymer
aggregates produced utilizing the stone crusher and granular tool
technologies.

3. To investigate the properties of the proposed artificial aggregated
concrete composed of geopolymer.
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1.4. Scope of Work

The focus of this research is a laboratory-scale investigation into the
production of lightweight concrete using fly ash-based geopolymer artificial
aggregates. Based on previous research findings, the initial composition of
artificial aggregate production has been determined. Next, mixed test specimens
are made for each change in the parameter being examined. The FA/AA weight
ratio, Na,SiO3s/NaOH, and NaOH concentration, as well as the percentage of sand
added to the fly ash, the drying temperature in the oven, and the duration of drying
in the oven, are the parameters.

The most optimal compressive strength is then obtained from the new
mixture which is then used as an artificial aggregate mixture using crushing and
pelletization methods. Compared with natural aggregates, the characteristics of
artificial aggregates produced using both processes were evaluated according to
ASTM criteria.

Lightweight concrete made using artificial aggregates was tested for its
properties, and the results were compared with control concrete made with natural
aggregates.

To examine research on lightweight concrete using geopolymer artificial
aggregates using pelletization and crushing methods, scope of work for this
research has been prepared so that the discussion is more focused and can be
directed so that it can answer the research questions carefully and not be divided
into other discussions. The following is the scope of work in this research :

1. The fly ash used comes from burning coal from PT. Pupuk Sriwijaya with

varying FA/AA weight ratios of 1.75, 2, 2.25, 2.5, 2.75, 3, 3.25.

2. The alkali activator used is sodium silicate (Na;SiOs) and sodium

hydroxide (NaOH) with varying weight ratios of 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4,

4.5.

3. The sodium hydroxide (NaOH) used in this research uses variations of 9 M,

10M,11M,12M, 13 M, 14 M, 15 M, 16 M, and 17 M.

4. Adding sand to the geopolymer mixture uses sand from Tanjung Raja with
variations of 0, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.40, and 0.60 to the
weight of fly ash.
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5. Geopolymer mixture with oven curing time parameters varying 6, 12, 18,
24, 48, and 72 hours.

6. Geopolymer mixture with oven curing temperature parameters varying
from 50, 80, 110, and 140°C.

7. Test the fly ash properties with XRD, XRF, and SEM.

8. The three types of coarse aggregate, namely natural aggregate, pelletization
aggregate, and crushing aggregate, have their properties tested using
specific gravity, water absorption, water content, sieve analysis, and
aggregate impact value (AlV).

9. Concrete is tested for its mechanical properties by testing compressive
strength, tensile strength, and density at ages 3, 7, 14 and 28 days.

1.5. Significant of Study

One of the technologies that can be used to reduce the consumption of
natural aggregates is the production of artificial aggregates. A need to utilize the
fly-ash from coal so as to minimize the environmental impact due to coal
production. Due to the demand for extremely quick construction, there are less
natural aggregates in the environment. Fly ash-based artificial aggregate is one
type of artificial aggregate that can be used as a substitute for natural aggregates.
Because fly ash is lightweight, it can be utilized as an element in lightweight

concrete. Fly ash is used as an artificial aggregate.

1.6. Dissertation Layout

The structure of the research is described in this section according to each
chapter ; CHAPTER 1: INTRODUCTION; This chapter describes the research
background which includes the formulation of the problem, research background,
research objectives, scope of work, and Dissertation framework. CHAPTER 2:
LITERATURE REVIEW; In this chapter, many previous studies are discussed
as the basis for research knowledge. Several studies on mix composition and
literature on the manufacture of lightweight concrete aggregates are also presented.
CHAPTER 3: RESEARCH METHODOLOGY:; This chapter presents the
research flowchart. The proposed connection is described and the test settings are
presented in the table. CHAPTER 4: RESULTS AND DISCUSSIONS ;This
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chapter describes the result of the experiment resuls and disscused by comparing
and enriching the result from previous studies accordingly. CHAPTER :
CONLUSIONS; This chapter contains the conclusions and suggestions of the
research.
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