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Classification, abrasion, and compressive strength conditions of rocks can affect the
quality of concrete and potentially cause damage/failure of building structures. This local
rock research is needed for utilization as coarse aggregate in concrete mixtures. Rocks
are located in 4 quarries in Kutai Kertanegara Regency. Each quarry was identified by
taking rocks in the form of boulders and coarse aggregates. Rock samples were observed
visually from a geological perspective and tested for physical and mechanical properties.
Rock compressive strength test with cube-shaped samples measuring 5 x 5 x 5 cm. The
compressive strength value of 50 MPa was continued to make high-quality SCC concrete
samples in cylinders measuring 10 x 20 cm for each age of 3, 7, 14, 21, 28, 56, and 90
days. Then, the rock classification was obtained, including limestone, and it had many
cracks. The average rock abrasion value was obtained at less than 40%. The compressive
strength of the rock at location KM.45 was 64.89 MPa, KM.40 obtained 42.05 MPa,
while other places did not meet the minimum value. The 28-day concrete compressive
strength was obtained 28.662 MPa from the KM.45 location and 23.884 MPa from the
KM.40 location. The development of concrete strength according to age shows a trend
that does not increase and fluctuates. Compared to concrete, it generally shows a trend
that continues to increase according to age. This condition indicates that the limestone
has uneven or inconsistent strength, so it is unsuitable for high-quality concrete use. This
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information is expected to be a guideline for using local rocks.

1. INTRODUCTION

Relating the nation's capital from Java Island to Kalimantan
Island is no longer just a discourse. The issuance of Law
Number 3 of 2022 concerning the National Capital (IKN Law),
signed and officially enacted on February 15, 2022, is proof of
the government's seriousness [1]. The law regulates the
establishment of the nation's capital, Nusantara, the nation's
capital and the establishment of the Nusantara Capital City
(IKN) authority. The location of the New National Capital
City has been determined to be part of Penajam Paser Utara
Regency (PPU) and part of Kutai Kartanegara Regency, East
Kalimantan Province [2]. The relocation of the New National
Capital City to East Kalimantan impacts development in
various fields, including development in the infrastructure
sector [3]. The Nusantara Capital City's development has
positive and negative direct and indirect impacts on the
surrounding cities and provinces. The existence of the nation's
capital city with an innovative city concept requires support
from buffer areas covering the borders of Penajam Paser Utara,
Kutai Kartanegara, West Kutai, Balikpapan, and Samarinda
[2], so the use of materials is increasingly needed. Materials
imported from outside Sulawesi, namely Palu stone and Palu
sand, are available. It is also following the data submitted by

the Indonesian Capital City Authority Agency and the
Ministry of Public Works and Public Housing (PUPR) at the
National Seminar themed "Strategy and Policy for the
Implementation of IKN Development Related to the Role of
Construction Service Actors in East Kalimantan Province" on
October 26, 2023, that until 2024 the provision of stone
material needs as a primary material for concrete is still very
large. For the sustainability of development, diversification of
stone quarries is required. Therefore, innovations such as
utilizing the potential of local materials from quarries in East
Kalimantan Province, especially materials for making
concrete, need to be carried out.

The concrete mixture's main elements are cement, water,
sand, and stone. Mortar is a mixture of cement, water, and sand,
while the matrix is a mixture of cement and water [4]. Concrete
is a heterogeneous material, and the cement paste's strength is
not completely maintained when sand and aggregate are added.
Concrete strength is one of the most important properties of
concrete. The properties of concrete made from various
mixtures are usually measured in terms of compressive
strength. Aggregates added to concrete are essential elements
in concrete (Coarse aggregates make up about 50-60% of the
concrete volume, significantly impacting its strength and
durability [5].
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Rocks are a mixture of one or more different minerals, do
not have a fixed composition, and are not the same as soil. Soil
is a mobile, fragile material close to the earth's surface [6].

Rocks have two properties, namely physical properties and
mechanical properties. The physical properties of rocks are
obtained from non-destructive testing. The physical properties
of rocks are specific gravity, water content, degree of
saturation, porosity, and pore number. The mechanical
properties of rocks are obtained by destructive testing, while
mechanical properties are obtained from testing carried out in
the laboratory [7-9]. Natural rocks can be classified into the
history of geological formation events: igneous, sedimentary,
and metamorphic rocks. These are then divided into smaller
groups by breaking rocks into the desired grain size by blasting,
breaking, filtering, and so on [10, 11].

Concrete, an important material in infrastructure
construction, exhibits performance characteristics that are
greatly influenced by the properties of its components,
especially coarse aggregates. Concrete strength largely
depends on coarse aggregates' strength and properties because
most of the concrete volume is covered by coarse aggregates
[5]. This study is a continuation of previous studies that
explore the mechanical properties of concrete using equivalent
mortar, which aims to explain further the factors that affect
concrete performance. Previous studies have emphasized the
importance of coarse aggregate characteristics, including
shape, size, surface condition, and type, in determining
concrete performance [12]. Concrete development has
progressed very rapidly in terms of implementation methods
and materials. Self-compacting concrete (SCC) is concrete
that can compact itself so that it does not require a compactor
[13, 14]. Its very high flowability allows the fresh concrete
mixture to flow its mass, which is obtained by providing
additional materials in superplasticizers with doses that can
cause slump flow [15]. SCC concrete has resistance to
segregation, easy filling, easy passability, high fluidity, and
high deformation ability, and can maintain homogeneity
during and after transportation and pouring. Due to fewer
defects in the microstructure, self-compacting concrete can
meet the requirements of strength, volume stability, and
durability of concrete [16]. According to Prasetia and Krasna
[17], the results of the examination of split stone material from
Mount Katunun obtained an abrasion value of 24%, split stone
from Mount Martadah of 25.8% and Awang Bangkal stone of
33.3%.

According to Safarizki et al. [18], replacing coarse
aggregate from Palu with coarse aggregate from Lebak Cilong
could not produce the concrete quality of fc' 30 Mpa.

According to Abdi et al. [19], the abrasion test of Muara
Wahau aggregate was 14.4%, Santan aggregate was 29.05%,
Senoni aggregate was 22.7%, and Batu Besaung aggregate
was 26.4%. The results of this test meet the requirements for a
class B foundation layer with a specification limit of 0 - 40%.

According to Surya and Purnamasari [20], Birayang split
aggregate can be used in a concrete mixture of fc' 35 MPa. Its
use is more efficient and economical 41% lower than the
aggregate price from Palu.

According to Resti et al. [21], the use of Muara Asa
aggregate and Keay sand produces a flexural strength of 3.62
MPa at the age of 28 days, and compared to aggregate and sand
from Palu, the flexural strength obtained is 3.57 MPa or lower.

The elements that form the strength of concrete consist of
mortar strength, rock strength and bond strength between rock
and mortar [22]. This study aims to determine the effect of

rock strength on the strength of concrete.

One area with the potential for rock mining is Kutai
Kertanegara Regency. With such an abundance of rock mining
potential in 4 locations, Kutai Kertanegara Regency has
attracted researchers to examine the strength of its rocks.

This research is needed to maximize the use of the strength
of local rocks that are processed into coarse aggregates in
concrete mixtures.

2. RESEARCH METHODOLOGY

Problem-solving approach by conducting field surveys and
laboratory testing and analyzing data related to rocks and
concrete according to SNI. Direct geological survey at several
research quarry locations. Sampling, processing, and rock
compressive strength testing into 20 cube-shaped samples
measuring 5 x 5 X 5 cm. The manufacture of test objects was
carried out at the Civil Engineering Laboratory of the
Muhammadiyah University of East Kalimantan. The test
objects in this study were local stones in 4 locations of Kutai
Kertanegara Regency from mountain stones from the Teluk
Dalam Quarry, mountain stones from the Sukamaju Quarry,
mountain stones from the Tenggarong-Kota Bangun KM.40
main road quarry, and mountain stones from the Tenggarong-
Kota Bangun KM 45 main road Quarry. The location of the
sample collection can be seen in Figure 1 and Table 1 below.

Figure 1. Rock sampling locations

Table 1. Rock sample location

Location Code Sampling Location

Quarry 1-TLD Teluk Dalam Village

Quarry 2 - SKM Sukamaju Village

Quarry 3 - BK40 Tenggarong-Kota Bangun axis road KM.40

Quarry 4 - BK45 Tenggarong-Kota Bangun axis road KM.45




Furthermore, coarse aggregate abrasion testing was carried
out during the production of each quarry. Finally, SCC
concrete samples with a planned mixture strength of 50 MPa
and compressive strength testing at 3, 7, 14, 21, 28, 56, and 90
days.

The stages of the research can be explained as follows:

Stage 1: prepare testing equipment rock surveys and take
coarse aggregate samples from the quarry location.
Furthermore, visual testing of rocks and physical properties of
coarse and fine aggregates (ex., Palu) includes volume weight,
specific gravity, absorption, water content, mud content,
aggregate sieve analysis and abrasion. Survey process
indicators, equipment and physical property tests. Testing of
aggregate physical properties using ASTM C127-15, ASTM
C128-15, ASTM C136/C136M-14, ASTM C39/C39M-14,
ASTM D4791-10, ACI Committee 211, 2008 [23-28].

Stage 2: conduct a visual inspection of rocks and coarse
aggregate abrasion in the laboratory, with process indicators
producing rock classification and coarse aggregate
classification based on rock properties [29].

Stage 3: conduct compressive strength testing of rocks in
cube samples measuring 5 x 5 X 5 cm with a minimum strength
limit equal to or greater than 45 MPa. The process indicates
minimal rock compressive strength to achieve high-quality
concrete strength and determine the crushing/collapse pattern
[30].

Stage 4: calculates the high-quality concrete material mix
plan, while rocks that do not meet the minimum strength
standards are made into a regular concrete mix plan. The
composition of the concrete-forming material mix obtains the
process indicator.

Stage 5: casting, slump testing and molding of SCC
concrete and standard concrete according to the mix design
results. The molding of 10 x 20 cm cylindrical concrete
samples totaled 21 pieces, and 15 x 30 cm cylindrical concrete
samples totaled 15. The process indicator was obtained by
mixing the composition with additional materials/additives
based on slump flow with a value of 550 mm and self-
compacting concrete (SCC) based on SNI 6468-2000 [31],
SNI 1972-2008 [32]. Stage 6 was curing and compressive
strength testing of concrete samples for ages 3, 7, 14, 21, 28,
56, and 90 days. Treatment begins after 24 hours of hardening
by soaking in room temperature water for concrete ages above
three days. Compressive strength testing is conducted in dry
conditions for 24 hours before testing [33]. Process indicators
are obtained from the concrete hardening process, concrete
compressive strength classification and strength development,
and crushing/collapse patterns of SCC and normal concrete
[34, 35]. Stage 7 analyzed the relationship between local rock
strength and the maximum concrete compressive strength
achieved according to the mix design, obtained strength
development against concrete age, and classified concrete
collapse types. Based on these characteristics, the indicators
are local rock potential as a mixed material for high-quality
concrete production with the SCC process [30, 31, 36]. In
addition, a classification of rock strength for concrete
structural output is obtained [32, 33].

3. RESULTS AND DISCUSSIONS
3.1 Physical properties of local aggregates

Based on the results of testing the physical properties of

local aggregates, the specific gravity of Quarry 1 = 2.713,
Quarry 2 = 2.645, Quarry 3 =2.510 and Quarry 4 = 2.576 was
obtained. The specific gravity of the four quarries has met the
specifications of ASTM C 127 [18] and, according to Neville
[22], is 2.50 - 2.80.

Based on the results of testing the mud content of local stone
in the Quarry 3 quarry, the results were 0.867% and met
ASTM C136 [25]. As shown in Table 2, Quarry 1, Quarry 2,
and Quarry 4 did not meet the maximum permissible coarse
aggregate mud content value of <1%.

The water content of the four quarries has met ASTM C556-
89, with the permissible coarse aggregate water content value
of 0 - 3%.

The aggregate absorption from 4 quarries did not meet the
ASTM Cl127 [23] specifications, which state that the
absorption value is 2% - 7%.

Table 2. Result of local aggregates physical properties

Physical Quarry  Quarry  Quarry
Properties 1 2 3
Specific gravity 2.713 2.645 2.510 2.576

Volume weight
(gr/cmd) 2.600 2.643 2.576 1.328
Sludge levels (%) 5.260 4.359 0.867 8.130
Wate[(%’”te”t 0600 0736  0.750  5.260
Absorption (%) 0.738 0.908 1.042 1.506

Quarry
4

3.2 Classification and compressive strength of local rocks

Based on the aggregate wear test results on quarry 2 samples
as shown in Table 3, a relatively large value of 34.72% was
obtained, while quarry one samples had the smallest value of
29.48. The abrasion value on the aggregate is related to the
compressive strength value. The greater the abrasion value
produced, the lower the compressive strength value produced.
The aggregate wear study from 4 quarries has met the
specifications of <40%.

Table 3. Local rock abrasion

Testing Quarry 1 Quarry 2 Quarry 3 Quarry 4
Abrasion
%) 29.48 34.72 34.14 31.75

3.2.1 Mechanical properties of stone

After testing the physical properties of the stone samples
before and after they were cut into 5 cm cubes, the mechanical
properties of the stone were tested by conducting a
compressive strength test.

3.2.2 Mechanical properties of 5 cm stone

After the stone was cut into a cube shape measuring 5 x 5 x
5 cm, the compressive strength of the stone was tested. So that
it can be written using the formula according to SNI 1974-
2011 [30].

Based on Table 4 From the results of the compressive
strength of the rock that can be used as coarse aggregate for
structural concrete with the SCC method is the location of
Quarry 4, where its strength is greater than the compressive
strength of concrete 50 MPa. For Quarry 3, the rock strength
is between 30 - 50 MPa, so a typical concrete sample is made.
While Quarry 1 and Quarry 2 have less than 30 MPa, no
concrete samples are made because they will produce non-



structural concrete (Less than 17 MPa) [37, 38].

Table 4. Compressive strength test of rock (5 cm Cube)

Sample Dimensions Compressive Average

Code (cm) Strength (MPa) (MPa)
5.25 18.21
5.29 26.98

Quarry 1 5.11 30.25 25.15
5.15 24.96
5.23 25.34
5.01 26.14
5.23 17.04

Quarry 2 5.09 34.74 25.97
5.20 24.19
5.14 27.74
5.40 36.80
5.20 43.34

Quarry 3 4.95 40.24 42.05
5.10 27.76
4.90 62.10
5.50 40.23
5.00 91.32

Quarry 4 5.00 67.20 64.89
5.00 66.96
5.00 58.76

3.3 Regional geological conditions of local rock samples

Based on the regional geological map of the Samarinda
sheet on a scale of 1:250,000, the location of rock sampling is
in Quarry 3 and Quarry 4, including the Pamaluan formation
(Figure 1). The Pamaluan Formation shown in Figure 2 is
composed of quartz sandstone with inserts of claystone, shale,
limestone, and siltstone that are very well layered. The
research location and rock samples in the research conducted
are sedimentary rocks that are identified as limestone [39]. The
limestone based on the regional geological map has a gray
color, is solid, has medium-coarse grains, has a layered

structure in some places and contains large foraminifera fossils.

The Pamaluan Formation is the oldest rock exposed on the
Samarinda Sheet Geological Map, and the upper part of the
Pamaluan Formation has a finger-like relationship with the
younger rocks above it, namely the Bebulu Formation [40].
The thickness of the rock in this formation ranges from 2000
m, and the age of the Pamaluan Formation is Oligocene to
early Miocene.

Regional Geological Map of Kotabangun,
Sebulu, Kutai Kartanegara
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Figure 2. Regional geological map of research area

Based on macroscopic observations, the limestone in the
Quarry 3 and Quarry 4 samples is gray and solid, with a grain
size generally in sand. The rock reacts with HCI, which
indicates that the rock is composed of calcite minerals. In the
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rock samples, fractures are also filled with secondary calcite
minerals. Petrographic analysis was carried out on two
limestone samples, namely in the Quarry 3 and Quarry 4
samples, showing that the rock is composed of calcite minerals
and tends to be massive. Cracks or fractures in the rock filled
with secondary calcite minerals can also be observed in
microscopic appearance (Figure 3). The presence of joints or
fractures as discontinuity planes in the rock can be weak
planes in the rock and reduce the strength of the rock [41].

(b)

(a)

Figure 3. Results of microscopic analysis of limestone in
samples (a) Quarry 3 and (b) Quarry 4

3.4 Comparison with rock samples from Palu

The rocks used as construction materials originating from
Palu have different characteristics. Analysis shows that the
stones are included in the type of igneous rocks, which, based
on the IUGS classification, are called andesite [42].
Megascopically, the stones have a slight color, aphanitic
texture (minerals are so minor that they cannot be observed
directly), and massive structure. In microscopic observations,
the andesite is entirely composed of minerals with a mineral
composition predominantly plagioclase, pyroxene, and
hornblende, and quartz minerals are present in smaller
amounts (Figure 4.) Microscopic results of rock samples from
Palu show that the rocks are andesite igneous rocks. Mineral
composition: Pl: plagioclase, Px: pyroxene, Hb: hornblende,
and Qz: quartz.

Figure 4. Microscopic results of rock samples from Palu

3.5 Slump flow result

The slab for Quarry 3 concrete is obtained at 100 - 140 mm,
according to the planned standard. Meanwhile, the slump flow
for quarry 4 concrete ranges from 510 - 550 mm according to
the SCC concrete standard.

3.6 Compressive strength of concrete
3.6.1 Local stone quarry 3

The average compressive strength of Quarry 3 aggregate
concrete is 22.838 MPa as shown in Table 5.



Table 5. Standard deviation (Quarry 3)

Compressive Strength -

No. i) Xi-X (Xi - X)2
1 14.006 -8.832 78.007
2 13.067 -9.771 95.475
3 13.706 -9.132 83.392
4 15.935 -6.903 47.655
5 21.382 -1.456 2.120
6 18.254 -4.584 21.014
7 30.466 7.628 58.193
8 29.199 6.361 40.467
9 33.809 10.971 120.373
10 27.451 4.613 21.284
11 27.067 4.229 17.883
12 26.693 3.856 14.865
13 24.103 1.265 1.600
14 22.881 0.043 0.002
15 24.549 1.712 2.930

>Xi 342.567 605.260

>Xi = Total compressive strength of test specimens
n = Lots of data
ZXi = 342.567
n =15

Z(Xi — X)2 = 605.260

Average compressive strength

_Yxi
g=2X

n
7o 342.567 S~
-o13 T

Standard Deviation (s)

Y(Xi—X)?
s= |[/——
n—1

605.260
s = |[———=6.575
14

Achieved compressive strength:
fe'=X +(1.16x5)

=X + (116 xs)

=22.838 + (1.16 x 6.575)
= 30.465 MPa
=X-(1.16x5s)

=22.838 — (1.16 x 6.575)
=15.211 MPa

The average compressive strength of concrete is 22.838
MPa while stone is 42.05 MPa, with concrete strength
achieved only 54.31% of the strength.

Upper limit fc'

Lower limit f¢’

3.6.2 Local stone quarry 4
The average compressive strength of Quarry 4 aggregate
concrete is 30.852 MPa as shown in Table 6.

Table 6. Standard deviation (Quarry 4)

Compressive Strength

No. i Xi-X (Xi - X)2
1 24.255 -6.597 43519
2 23.936 -6.915 47.822
3 24.637 -6.215 38.623
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Compressive Strength

No. (xi) Xi-X (Xi - X)?
4 29.732 -1.119 1.253
5 35.529 4.677 21.874
6 31911 1.059 1.122
7 35.134 4.282 18.336
8 41.452 10.601 112.372
9 34.255 3.403 11.581
10 26.573 -4.278 18.305
11 25.401 -5.450 29.707
12 38.331 7.480 55.943
13 24.943 -5.909 34.916
14 31.490 0.639 0.408
15 29.554 -1.298 1.684
16 37.975 7.123 50.735
17 37.108 6.257 39.145
18 34.013 3.161 9.992
19 29.350 -1.501 2.254
20 28.318 -2.533 6.417
21 23.987 -6.864 47.120
>Xi 647.885 593.129
Total compressive strength of test specimens
Y Xi = 647.855
Lots of data, n =21
Amount of data, Y(Xi — X)2 =593.129
Average compressive strength (X) = 30.852
Standard Deviation (s) = 5.466
Achieved compressive strength:
Upper limit o’ =X + (1.08 xs)
=30.852 + (1.08 x 5.466)
=36.733 MPa
Lower limit fc’ =X - (1.08x5s)
=30.852 — (1.08 x 5.466)
=24.970 MPa

The average compressive strength of concrete is 30.852
MPa while the stone is 64.89 MPa with the concrete strength
achieved only 47.55% of the stone strength.

3.7 Development of concrete strength

Based on the concrete compressive strength data according
to its age from Table 4 and Table 5, it is made into a strength
development graph in Figure 5. The graph shows that the
concrete experiences fluctuating strength development and
generally experiences decreasing strength from 14 to 28 days.
Meanwhile, for high-quality SCC concrete, its strength
increases from 28 days to 56 days and decreases again at 90
days. Thus, the strength of this local stone concrete shows a
decrease at 28 days for standard concrete and 90 days for high-
quality SCC concrete. While the strength of concrete using ex-
hammer stone shows that the development of concrete strength
is increasing according to the increase in concrete age [22],
this indicates that the local rock used does not meet the
standard of concrete strength development. This condition is
greatly influenced by the strength of the stone, which is the
main element that forms the strength of concrete. Quarry
stones 3 and 4 are types of limestone, and there are many
fracture fields, so this stone is more accessible to break or split
in concrete when receiving loads. In addition, the water for the



cement hydration process at the age of 21 and 28 days begins
to be partially absorbed by the stone, filling the fracture field
so that the stone becomes weaker in strength. The variation in
the condition of this stone makes the strength of the concrete
low and fluctuates after the age of the concrete is 14 days.

Compressive Strength (MPa)

w
-

14 21 28 56 90
Age (Days)

—+—Quarry4 -®-Quarry3 —s—Ex-Palu Stone

Figure 5. Concrete compressive strength development graph

3.8 Concrete collapse patterns

The collapse pattern generally forms columnar [30]. This
condition is predominantly influenced by coarse aggregate and
mortar. Following the sedimentary rock type with many weak
areas, it first experiences destruction [41]. The development of
concrete strength that decreases is influenced by rock fractures
that absorb water from the concrete mixture so that over time,
the fractures become weak and the weak areas become more
extensive. The evidence causes 28-day-old concrete and 90-
day-old high-quality SCC concrete to experience a decrease in
strength, as shown in Table 7.

Figure 6 above shows that the coarse aggregate is more
broken or split, which indicates the rock's lower strength
compared to the strength of the mortar and the bond between
the rock and the mortar. The strength of coarse aggregate is the
main element that forms the strength of concrete. If the
strength of the stone is low, it can significantly impact the
concrete's strength and durability [22]. In addition, the strength
of concrete depends on the physical properties of the coarse
aggregate, where most of the concrete's volume is filled by the
coarse aggregate, which can affect its performance [5].

Table 7. Concrete collapse patterns

Collapse Patterns

No. Concrete Age
1 3 days

2 7 days

3 14 days

12




Collapse Patterns

No. Concrete Age
4 21 days
5 28 days
6 56 days
7 90 days

Figure 6. Concrete compression test result: Riven stone
(yellow circle) & Detached stone from mortar (red circle)
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4. CONCLUSIONS

Local stones from 4 quarry locations in Kutai Kertanegara
Regency have a strength of between 25.15 - 64.89 MPa.

Local quarry 3 and quarry 4 stones have a strength
contribution in the concrete mixture of approximately 50% of
the strength of the rock. Therefore, this local stone can be
recommended for constructing concrete buildings with a low
risk level such as residential buildings up to 2 floors,
environmental roads, and drainage cast on site (non-
precast/precast).

This is evident from the observations of rock geology,
where there is a non-uniform rock content in a chunk or
aggregate grain and cracks in the rock that are quite dominant
as weak planes so that they produce fluctuating strength in
reducing the strength of the concrete.
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