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Abstract

The research location is located in the Ulujadi area, Palu City, Central Sulawesi Province, which is one
of the areas that has abundant andesite mineral content. This research aims to optimizing use of andesite
rocks in the Ulujadi area of Palu City. The research was carried out using qualitative and quantitative
methods in the form of rock sampling and laboratory analysis, namely compressive strength test
analysis to determine the technical properties of rocks and petrographic analysis to determine the quality
of andesite based on the minerals that make up it. The results of petrographic analysis show that the
andesite rocks in the study area are composed of minerals that have a good level of resistance. ST 07
has a mineral composition of plagioclase (38%), pyroxene (5%), biotite (5%), hornblende (7%), and
soil mass (45%), and has a compressive strength test of 123 MPa, included in the classification strong,
and is used as a foundation for light to medium buildings (SNI 03-0394-1989). ST 08 has a mineral
composition of plagioclase (32%), ground mass (50%), opaque minerals (5%), orthoclase (5%), quartz
(4%), and hornblende (4%), with a compressive strength test value of 97MPa, including in the strong
classification, and can be used as a foundation for light to medium buildings. Meanwhile, ST 09 has a
mineral composition of plagioclase (30%), hornblende (12%), quartz (3%), biotite (3%), orthoclase
(7%), pyroxene (5%), and soil mass (40%). ), it is included in the weak category due to the relatively
high degree of weathering, and can only be used as an ornamental stone.
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Introduction

Indonesia is known as an archipelagic
country that has conditions The most
complex geology in the world. The
uniqueness and complexity of geological
conditions in the Indonesian archipelago is
very interesting to study and study, because
the products of these geological processes
have the potential to be utilized and used to
support development in Indonesia (Wisonir
etal., 2018).

The Central Sulawesi region is one of the
regions in the world that experiences active
geological processes, and this area is
included in the Geological Mandala area of
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Central Sulawesi which has positive and
negative impacts. One of the positive things
mentioned was the discovery of natural
resources in the form of various kinds of
minerals and rocks which have quite large
potential, such as rock minerals which are
useful in the fields of science and
engineering, especially in the construction
sector. One of the rocks which is a mineral
with great potential is andesite.

The use of class C minerals, especially
andesite, in the industrial world and
construction sector has a very important
role in supporting a development project
(Alkhabsi et al., 2020). The rapid
development of Indonesia has caused an
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increase in the need for mining materials
such as andesite which meets certain
criteria (Adjie et al., 2020).

Andesite is a common type of volcanic
rock, composed primarily of plagioclase
feldspar and amphibole minerals. Its
identification and characterization are
essential for geological and environmental
studies, as well as resource exploration
(Sidik et al., 2023).

The increasing need for building materials
is marked by an increase in demand for
basic raw materials, including andesite
stone. This has caused many companies to
increase their efforts to increase andesite
stone production, either in the form of
developing activities to search for new
sources in areas that have never been
touched to search for main sources or
increasing existing production capacity
(Hmi et al., 2018).

The volume of mining production of
minerals tends to decline, for this reason,
efforts are needed to increase the
production of minerals, especially andesite
which is the basic material for road
construction (Setiawan et al., 2023).

Andesite lava igneous rock has a
porphyritic texture and has a sheeting joint,
massive and vesicular structure and has a
mineral composition of plagioclase and
pyroxene (Soviati et al., 2017). Andesite
rock must meet the requirements and
quality of natural stone for building
materials in accordance with the Indonesian
Industrial Standard (S110378-80) (Karim &
Suriadi 2019).

Petrographic analysis is used to see the
composition of the minerals in rocks.
Composition This is done by entering the
mineral percentage so that the rock type is
obtained. Petrographic analysis can analyze
the genesis of its formation something rock.
Observations through rock incisions were
madeto classify mineralsmainand
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secondary rock constituent (Yani et al.,
2019).

Based on petrography, andesite rocks are
composed of several materials and minerals
that have microscopic properties that can
only be seen with the help of a microscope.
These materials include (1) silica (SiO>)
with an amount between 52 — 63%, (2)
quartz with an amount of around 20%, (3)
biotite, (4) basalt, (5) felsic, (6) plagioclase
feldspar, (7) pyroxene (clinopyroxene and
orthopyroxene), and (8) hornblende with a
very small percentage (Imron et al., 2019).

There are many studies regarding the
quality of andesite developed, one of which
is in the Batujajar East area, West Bandung
Regency. According to Ridwan et al.
(2018) andesite in this area can be utilized
as road covering material, sidewalks, and
decorative stone.

Andesite rock is one of the promising
natural resource potentials in Central
Sulawesi because it is a raw material for
infrastructure development activities. One
area in Central Sulawesi that has relatively
abundant mineral content is the Ulujadi
area, Palu City and is a rock sampling area
(Figure 1).

In the research area, the distribution of
andesite stone is quite wide, so it is
important to provide information about the
quality of andesite stone and its use. One
way to determine the quality of andesite
stone is to determine the mechanical
properties of the rock, which is testing
carried out by crushing the rock or
(destructive testing). For construction
needs, it is very important to know the
mechanical properties of rock as a
benchmark for the quality of the materials
used. (Andika & Purnawan, 2020). Noor
(2021) states the compressive strength test
as one technical property, it is important to
know the rock’'s crushing point against
maximum pressure application.
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The uniaxial compressive strength test is
one of the important tests in rock
mechanics. This compressive strength test
is carried out to measure the uniaxial
compressive strength of a block-shaped
rock sample in one direction (uniaxial). The
main purpose of this test is to classify rock
strength and compact rock characteristics.
This test produces several information,
such as stress-strain curve, Poisson's ratio,
uniaxial compressive strength, fracture
energy, and specific fracture energy (Leba
et al., 2020).

Uniaxial Compressive Strength carried out
to determine the suitability of andesite
stone as a basic material for highway
construction. The uniaxial compressive
strength of various types of rock varies
greatly. Uniaxial compressive strength of
intact rock is influenced by its physical
properties (Melati, 2019).

The use of rocks is closely related to the

physical properties of the rock itself. SNI
03-0394-1989 is generally wused to
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Figure 1. Geological map of research location (Sukamto, 1973).

determine the physical and mechanical
properties of rocks, and is used as a quality
requirement for natural materials for
building materials. Table 1 — 3 are used as
a reference to determine the quality of a
rock based on the results of the compressive
strength test.

Rock compressive strength measurements
were carried out on each intact rock in the
research area. The rock compressive
strength test is one of the laboratory tests
using a point load test, then the final value
is converted into a UCS value in Table 1
(Asupyani, 2020).

Ariyanto et al. (2020) stated that the UCS
test is a comparison between the pressure
exerted on a rock sample and the surface
area of the rock sample under pressure. This
compressive strength is calculated when
each rock sample experiences failure with
the load (P) acting at the time the failure
occurs. In the stress-strain curve, the
uniaxial compressive strength of each rock
sample is at the peak.
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Table 1. Strength of Materials (Bienawski, 1989).

Qualitative Description UCS (MPa) MORE (MPa) Rank
Very strong (very strong) >250 >10 15
Very strong (very strong) 100-250 4-10 12
Strong 50-100 2-4 7
Medium (average) 25-50 1-2 4
Weak 5-25 The use of UCS 2
Very weak 4-5 was continued 1
Very weak (very weak) 1 further 0

UCS: Uniaxial Compressive Strength

Table 2. Quality Requirements for Natural Stone Building Materials (SNI. 03-0394-1989).

Natural Stone For

Historical

Foundation Building : Covering :
Property Milestones the Floor Decorative
and Stone or
) _ . or
Heavy  Medium Light Roadside o, . Paste
Stones
1 Press the minimum average 1500 1000 800 500 600 200
strength (Kg/cm?)
2 Rudel off crush resistance
a. Index, minimum b. Chapter. -16 -24 -30 - - -
Penetrate 2 mm max %
3 Los Angeles shear resistance, 27 40 50
through section 1.7 mm, max%
4 friction wear resistance with - - -
Bauschinger, mm/ min, max
5  Maximum water absorption % 5 5 8 5 5 5*
12**
6  Form immortality with
a. Destroyed, maximum % 12 12 12 12 12 12
B. Cracked/ broken/ deformed No cracks and no defects No cracks and no defects

Table 3. Utilization of andesite stone in the research area based on SIl 0378-80.

No Testing Quar Press Stone/ Mineral Minimum Kg/cm?
1 Foundation Building

a. Building Pressure Axles Heavy > 7,000 Kg 1500

b. Building Under Axles Heavy < 7,000 Kg 1000

¢. Building Pressure Axles Heavy > 7,000 Kg 8000
2 Heavy Class

a. Class Il Heavy Concrete Construction 1200

b. Class Il Heavy Concrete Construction 800

c. Class | Heavy Concrete Construction 600
3 New Roadside Milestone 500
4 Covering Floor Pavements 400
5 Decorative Stone or Stick Stone 200

The aim of this research is to determine the
characteristics of andesite stone based on its
constituent minerals and the presentation of
chemical elements, as well as to determine
the quality of andesite stone in the Ulujadi
area, Palu City based on the results of
compressive strength tests.
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Materials and Methods

In this research, the author used 2 methods,
which are qualitative methods and
guantitative methods. The qualitative
method is the result of data collection in the
field, while the quantitative method is the
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result of petrographic analysis of rocks and adjusted to the quality requirements of
the results of laboratory tests on natural stone for building materials (SNI
compressive strength which are then 03-0394-1989).

| Study of Literature |
Field Data Collection
(Ulujadi Area
Figure 3. Rock example cut to size 4x4x4 cm.
Research is carried out by observing
Rock Samples

andesite rock outcrops on the surface at 3
points (Figure 2). Before the compressive
strength test is carried out, rock samples
were cut to size 4x4x4 cm (Figure 3), Next cub

a compressive strength test is carried out by Thin Section P
applying a one-way load using a uniaxial
compressive strength testing machine. The

load applied to the sample will increase

i H Compressive
every second until the sample reaches its Petrografi . '; o
elastic limit which is marked by the rock rength of Roc
sample breaking.
Andesite Quality and Its

Use

Figure 4. Flow diagram.
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Petrographic analysis is needed to prove
that the sample taken is indeed andesite
rock, and this step includes making a thin
incision and then observing the incision
under a polarizing microscope to determine
the color, texture, structure, and
presentation of the mineral composition.

After obtaining the results of the
compressive strength test and petrographic
analysis, the two were correlated to obtain
the type of andesite stone with its
compressive  strength  value.  The
assessment obtained will determine the
quality of the andesite stone and its optimal
use. The use of andesite stone refers to the
quality requirements of natural stone for
building materials based on SNI 03-0394-
1989. The research flow diagram can be
seen in Figure 4.

Results and Discussion

Rock Compressive Strength Test

Testing the mechanical properties of
andesite rock at the research location by
analyzing the compressive strength of the
rock at several observation locations. Each
observation location produces different
values (Table 3).

Based on classification Bienawski (1989),
very significant differences were found,
which are samples ST 07 = 123 MPa, ST 08
=97 MPaand ST 09 = 17 MPa. Differences

in compressive strength are influenced by
several internal factors such as rock
composition and external factors such as
weathering. The average compressive
strength value is 79 MPa. Based on the
average compressive strength value, the
rock unit is included in the strength
classification (Table 1).

The differences in the variations in each
value in the research area are of course
influenced by several factors, such as the
mineral composition where the minerals
that make up the rock have experienced
weathering so that they are less resistant
and affect the compressive strength value of
the rock. The level of intensive weathering
is influenced by weather conditions, if it
rains frequently then weathering takes
place intensively, as well as the geological
conditions of the research area which are
greatly influenced by the structure of the
Palu Koro so that the rocks are easily
fractured and become weathered.

Petrographic Analysis

The results of petrographic analysis using
thin section media show that the rocks at the
observation location are porphyry andesite
rocks. Apart from that, petrographic
analysis is also carried out to determine
weathering of rocks. The weathering value
affects the compressive strength value
(Table 4).

Table 4. Compressive Strength Test Data.

No. Weight S_ize _ Con_tent Crc_Jss- Maximum Compressive
No Station @ Length Width Height  Weight sectional Load (N) Strength
(cm) (cm) (cm)  (grlcm®)  area (mm?) (MPa)
1 ST 07 185.7 41 4.1 4.1 2.65 1701.00 209.842 123
2 ST 08 150.8 3.6 3.7 3.5 3.23 1332.00 129.862 97
3 ST 09 129.5 35 3.6 3.5 2.94 1260.00 21.096 17
Table 5. Results of petrographic observations.
No Samplecode Matter Md Opq Qz Hbd Pixels Bt Stone Name
1 ST 07 38 45 - - 7 5 5  porphyry andesite
2 ST 08 32 50 5 4 4 - - porphyry andesite
3 ST 09 30 40 - 3 12 5 - porphyry andesite

© 2024 Dept. of Geophysics, Hasanuddin University


http://journal.unhas.ac.id/index.php/geocelebes

Alimuddin et al. / Jurnal Geocelebes Vol. 8 No. 1, April 2024, 98-107

Minerals formed in the study area are
plagioclase, orthoclase, quartz, hornblende,
opaque, pyroxene, biotite, and groundmass
(Table 5). Table 5 discusses the
presentation of the constituent minerals and
the naming of rock types based on the
composition of the minerals contained
therein. In addition, there are photos of the
incision and the special texture that forms
in the incision. Cross-sections of parallel
nicol and cross nicol in samples ST 07, ST
08 and ST 9 can be seen in Figure 5—7.

The results of microscopic observations of
thin sections with sample code ST 07 show
the appearance of a yellowish white
absorption color, blackish gray interference
color, the texture consists of holocrystalline
crystallite, aphanitic porphyry granularity,
inequigranular relations, mineral size 0.03
mm - 24 mm. The mineral composition
consists of plagioclase (38%), hornblende
(7%), pyroxene (5%), biotite (5%), and
basal mass (45%) with the name Porphyry
Andesite (Travis, 1955).

The results of microscopic observations of
thin sections with sample code ST 08 show
the appearance of a yellowish white
absorption color, blackish gray interference
color, the texture consists of holocrystalline
crystallite, aphanitic porphyry granularity,
inequigranular relations, mineral size 0.03
— 22 mm. The mineral composition consists
of  plagioclase  (andesine)  (32%),
hornblende (4%), quartz (4%), opaque
(5%), orthoclase (5%), and glass base mass
(50%) with the name Porphyry Andesite.
(Travis, 1955).

The results of microscopic observations of
thin sections with sample code ST 09 show
the appearance of a vyellowish white
absorption color, a blackish gray
interference color, the texture consists of

holocrystalline  crystallite,  aphanitic
porphyry  granularity, inequigranular
relations,  subhedral-anhedral — mineral

shape, mineral size 0.05 mm - 12mm. The
mineral composition consists of plagioclase
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(30%), quartz (3%), hornblende (12%),
pyroxene (5%), orthoclase (7%), and glass
base mass (40%) with the name Porphyry
Andesite (Travis, 1955).

< s
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Figure 5. Thin section of andesite stone at ST 07.

Nikol Nikol X
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Figure 7. TAhin section of andesite stone at ST 09.
Based on the petrographic analysis above,
it can be concluded that this rock is an
intermediate type of igneous rock with the
name Porphyry Andesite (Travis, 1955).

Correlation analysis and recommendations
for its use

The research area is porphyry andesite
rock, where texture and mineral
composition are the dominant factors that
influence the compressive strength value.
Based on the quality requirements for
natural stone for building materials, the
compressive strength test results of andesite
rocks in the research area (ST 07 and ST 08)
meet the qualification standards as rocks
that have the potential to be used in the light
sector medium building foundations, while
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ST 09 has the potential to be used as
decorative stone or plaster stone.

Then, based on the specifications issued by
the Ministry of Public Works (Indonesian
Industrial Standard (S11) 0378-80), andesite
stone in the research area can be used as
building materials (ST 07 and ST 08),
which is for light to medium construction.

Conclusion

Analyzed  results of  petrographic
observations related with the compressive
strength of andesite rocks in the research
area. The compressive strength values
obtained at the research location were ST
07 = 123 MPa, ST 08 = 97 MPa, both of
which are included in the strong and very
strong specifications, while ST 09 = 17
Mpa including in the weak category
because the level of weathering is quite
high compared to the two other locations.

Based on the quality requirements for
natural stone for building materials (SNI
03-0394-1989), andesite rocks at ST 07 and
ST 08 stations can be used as building
foundation material, while ST 09 is only
intended as decorative stone or plaster
stone. Then, based on SI1 0378-80, andesite
rocks in the ST 07 and ST 08 research areas
can also be used as road construction
concrete, while ST 09 can only be used as
decorative stone or plaster.
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