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Abstract

Utilization coral limestone aggregate as a sustainable alternative in the
construction industry has become critical in order to reduce reliance on
traditional aggregates. Previous research Lukas A. Y, et al. revealed that
concrete with fine aggregate of zone IV gradation and coarse aggregate
coralline limestone replacing 25% coarse aggregate gravel can raise
compressive strength concrete to 33.37 MPa. It is predicted that fine
aggregate with a zone IV gradation, which has small particle sizes, will
fill voids in concrete, enhancing its strength. However, increasing
coralline limestone component to 50% reduces concrete compressive
strength. This suggests that macroscopically, fine particles of zone IV
grading have yet to make a significant contribution to increase in
concrete compressive strength. Therefore, the current study attempts to
optimize concrete mix employing fine aggregate with zone II gradation
and its impact on concrete compressive strength. Meanwhile, study
employs a laboratory experimental test for compressive strength and
ultrasonic pulse velocity, with a target concrete compressive strength of
30 MPa. Study found concrete with coralline limestone content of 0%,
5%, 25%, 50%, and 75%, as well as fine aggregate from zone II grading,
had 28-day compressive strengths of 20.27 Mpa, 22.10 Mpa, 23.80 Mpa,
24.42 Mpa, and 18.19 Mpa. Fine aggregate in Grading Zone II reduces
concrete strength.

Keywords: Concrete Compressive Strength, Coralline Limestone
Aggregate, Coral Aggregate Concrete, Fine Aggregate Gradation Zone
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Introduction

As a result of technological advancements and their impact on resources, the building sector
has undertaken a transformation toward greater sustainability. Using local materials in the
manufacturing of concrete is one possible course of action.One environmentally friendly
development in concrete forming materials is the use of coral aggregate (CA) as a local aggregate
(Zhang. Jinhua. et al, 2021a); Wu. Zhangyu. et al, 2020). By using coral aggregate, we may lessen
our reliance on conventional aggregates, which are frequently acquired through mining operations
that impact to the environment. Utilizing coral aggregate in the production of concrete can also
effectively mitigate the scarcity of building supplies in island regions, thereby reducing the energy
required for their transportation from the mainland.

Coralline limestone is one example of a local coral aggregate that could be used in concrete
manufacturing. According to geological studies, coralline limestone in East Nusa Tenggara is most
commonly found on Semau Island, Rote Island, and Timor Island, especially in the western
Kupang region (Krisnasiwi. I. F. et. al, 2025 ; Boimau. Y. et al, 2024 ; Kotta. H. Z. et. al, 2022
Setiani. E. et al, 2015). Although this rock has potential, its usage in the East Nusa Tenggara
construction sector remains limited; it is now used only as a foundation layer in road construction,
building foundations, and building walls(Made Suparta. I. et al, 2024 ; Leto. R. M. et al, 2023). As
a result, more research is needed on the usage of coralline limestone aggregate in concrete.

In general, there are four methods that can be applied to improve the performance of
concrete using coral aggregate (Huang. Yijie. et. al, 2024 ; Liang. Xiangzhou. et. al, 2021), namely:
first, strengthening the coral aggregate itself through cleaning and reinforcement by applying a
layer of cement (Chu. Yingjie. et al, 2021 ; Wang. Aiguo. et al, 2021). Second, optimizing the
concrete mix. Third, adding cementitious materials (A. Wang et al., 2022 ; X. Wang et al., 2017).
Fourth, blending fibers (Zhang et al., 2025a) ; (Dai et al., 2024). The optimization of concrete
mixtures employing coralline limestone aggregate will be the main emphasis of this study. For
getting clear of the chloride ions that are adhering to the coralline limestone aggregate, it will be
cleaned with ordinary water before usage.

Concrete produced with coral aggregate (CA) can be referred to Coral Aggregate Concrete
(CAC). Many studies have shown that it is feasible to use coral aggregate (CA) in concrete.
However, it is necessary to develop the appropriate mix proportions based on the grading of CA
and the grading of fine aggregates (Guo et al., 2024a). The advantage of CAC is that it has a higher
initial strength than conventional concrete, but the strength will be slightly lower after more than
28 days. Additionally, high-quality CAC can last 10-15 years in its usage period (Zhou. Linlin. et
al, 2021).

Coral aggregate concrete (CAC), which consists of coral coarse aggregate (CA), water, fine
aggregate (sea sand or natural sand), and cement, has become a popular study topic due to its
outstanding performance, specifically lightweight, high efficiency, cost-effectiveness, and the
utilization of local materials. The study of CAC has been developing ever since 1951 and continues
to this day (Da et al., 2016 ; (Yu et al., 2017)). A large number of studies on CAC materials and
components, involving raw mix materials (Lyu Bangcheng. et al, 2019), preparation technology,
basic mechanical properties (Wu Zhang. Yu. et al, 2021), and durability (Wu Zhang. Yu et al, 2020),
has been systematically conducted by many scholars over the past few decades. However, there
has been little published research on how the use of coralline limestone affects the static mechanics
of CAC. Therefore, it is important to explore the effects of using coralline limestone on the
mechanics of CAC, in terms of the proper mix proportions based on CA gradation, fine aggregate
gradation, concrete density quality, concrete mix workability, specific gravity, and crack patterns.

Compressive strength of concrete is also influenced by the grading zone of fine aggregates
(sand). Pramadani Mita. et al (2024), show the relationship between the influence of sand gradation
zones and the compressive strength of mortar. Sand gradation zones of I and II reduce the
workability of the mortar due to the extensive water absorption by the sand and poor setting time,
thereby lowering the quality of the mortar. Meanwhile, sand grading zones of III and IV have
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better performance in increasing the compressive strength of mortar. Lukas A. Y et al., 2024 show
that the use of zone IV sand applied to concrete with coralline limestone aggregate can enhance
performance by increasing the compressive strength of the concrete to 33.37 MPa with a coralline
limestone content of 25% as a substitute for gravel. However, when the percentage of coralline
limestone increased to 50%, the compressive strength of the concrete decreased to 29.51 MPa.
These findings indicate that sand grading of zone IV has not yet had a significant impact on the
compressive strength of concrete when the proportion of coralline limestone aggregate in the
concrete mix is increased. Therefore, the objective of this study is to optimize the concrete mix by
evaluating the extent of the contribution of the sand grading of zone II and the amount of coralline
limestone used as a substitute for gravel in influencing the compressive strength of the concrete.

Density of concrete directly affects the compressive strength of concrete. The greater the
density of the concrete, the higher the compressive strength it usually produces. The increase in
the number of particles in the concrete mix causes more intense interactions between the particles,
thereby creating a denser and stronger structure. Thus, understanding the quality of concrete
density is very important, Putra D. M (2021) shows that conventional concrete with higher density
tends to exhibit lower porosity, thereby supporting increased compressive strength. Zhou Wen. et
al (2020) reported that, compared to ordinary concrete, concrete made from coral aggregate (reef
limestone) has a lower density. This is due to the porous structure of the coral aggregate (reef
limestone). Fikri M. et. al (2024) and Abdullah D. M. et al (2024) inform that coarse aggregates
derived from limestone can be utilized as materials in concrete production. At an aggregate water
absorption rate of 2%, the compressive strength of the concrete reaches 27.88 MPa, whereas at a
concentration of 6%, the compressive strength of the concrete decreases by 136.30 kg/cm? This
indicates that the quality of concrete density is questionable. However, this research was not
followed up with testing on the quality of concrete density. Lukas. A. Y & Rafael. J. W. M (2024)
conducted an evaluation of the concrete density quality using limestone as coarse aggregate. The
quality of concrete density was measured using the ultrasonic pulse velocity (UPV) method. The
results of this study indicate that concrete using coarse limestone aggregate and fine aggregate in
grading zone of IV has a concrete density quality classified as "Excelent" and a compressive
strength of 33.37 MPa. However, this study is limited to the use of 50% limestone coarse aggregate
in the concrete mix. Therefore, the innovation in this research is to assess the quality of concrete
density and compressive strength using 75% coarse corraline limestone aggregate as a substitute
for gravel coarse aggregate in concrete specimens. Meanwhile, for fine aggregate, natural sand in
grading zone of 11, which falls into the medium sand category, was used.

Meanwhile, the assessment of concrete density quality is based on the BS (British Standard)
1881 Part 203, ACI 214R-02, and ASTM C597-16 standards (Hutagalung L. P. et. al, 2022 ; Ma’arif
et al, 2022). The assessment of concrete density quality refers to the average value of the
longitudinal wave propagation speed of the UPV device and the coefficient of variation, as shown
in Table 1 and Table 2 below.

The contribution of this research is to introduce the use of coralline limestone as coarse
aggregate in concrete, which can reduce dependence on conventional aggregates and provide
guidance to practitioners in the construction industry regarding the use of environmentally friendly
local aggregates, as well as the potential to enhance sustainability in infrastructure development in
East Nusa Tenggara.

Table 1. Concrete quality classification using the UPV tool's wave propagation velocity

Pulse Velocity (m/s) Concrete conditions
Concrete > 4500 Excelent
Quality 3500 - 4500 Good
3000 — 3500 Medium
< 3000 Doubtful

Tnvestigation of The Compressive...— 239Q
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Table 2. Concrete Control Standard

Coefficient of Variation for Diefferent Controls Standard, %

Class of Operation

Excelent Very Good Good Fair Poor
Field Construction <3 3to4 4t05 5106 >6
Testing
Research Methods

Material

This study uses coarse gravel aggregate, coralline limestone aggregate, and fine aggregate
(natural sand) according to the particle sizes shown in Figure 1. Coarse gravel aggregate falls within
grading of zone II according to SNI 03:2834:2000 and SNI 7619:2012, with broken grains, sharp
edges, and rough surfaces, while the maximum aggregate size is 40 mm. Fine aggregate uses natural
sand with grading of zone II grading according to SNI 03:2834:2000, categorized as medium sand
as shown in Figure 2.
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Figure 1. Aggregate particle size distribution curve
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Figure 2. Concrete forming aggregate

The coarse coral aggregate used in concrete formation, the type of coralline limestone, is
sourced from Timor Island in East Nusa Tenggara. As shown in Figure 3, the aggregate size is 5
mm — 25 mm, with a block shape, cubic (not flat and elongated). In order to get a block cubical
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shape, the pieces must first be manually broken down into smaller particles. This is the method
that is described. A rough and porous surface is characteristic of this aggregate's surface.

block cubical

AN~ shape

Surface
Texture of
Aggregate

Figure 3. Coralline limestone aggregate in a cubical block shape, both complete and fragmented
The use of PCC (portland composite cement) with SiO2 content of 23.91%, AI203 of
7.21%, Fe203 of 3.62%, CaO of 56.02%, MgO of 1.98%, and SO3 of 1.24%. Meanwhile, the

physical parameters of the concrete aggregate are shown in Table 3.

Tabel 3. Physical Aggregate Parameters

Item Agregat coralline Coarse aggregate Fine

test limestone gravel aggregate
Fineness modulus 7.78 7.52 2.88
Specific gravity (Bulk) 2.09 2.64 2.45
Specific gravity (SSD) 2.19 2.66 2.54
Specific gravity (Apparent) 2.31 2.69 2.71
24-Hour Water Absorption 4.5% 0.7% 4.0%
Water content 4% 0.8% 3.05%
Aggregate degradation 72% 34% -

Preparation of Test Specimens

This study uses cylindrical test specimens measuring 15/30 cm with a total of 60 test
specimens, while the standard for making the test specimens refers to SNI 2493 : 2011. The
observation of concrete compressive strength was conducted at the ages of 7, 14, 21, and 28 days.
A method of curing concrete specimens involves submerging them in water. The treatment applied
to the test specimens is the method of replacing gravel aggregate with coralline limestone
aggregate. According to the weight of the gravel aggregate, the test specimens' coralline limestone
aggregate contents were 5%, 25%, 50%, and 75%.

Investigation of The Compressive...— 241
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Concrete mix composition

The concrete mix design is planned to have a compressive strength of fc’ = 30 MPa with a
water-cement ratio, w/c = 0.5. Meanwhile, the composition of the constituent materials is
presented in Table 4.

Table 4. Composition materials coral aggregat concrete

CAC CAC CAC CAC CAC

Materials Unit
0% 5% 25% 50% 75%
Water 194.09 194.4 195.4 196.6 197.8 liter
PCC 404.30 404.3 404.3 404.3 404.3 kg
Fine Aggregate (natural sand) 618.70 61520  600.62 58257  5064.18 kg
Coarse Aggregat (gravel) 1159.98 1095.80  844.61  546.16  264.46 kg
Coralline Limestone Aggregat 0.0 57.38 280.10 54336  789.31 kg

CAC 0% - CAC 75% is the code given to test specimens that contain coralline limestone
aggregate replacing the presence of gravel. Coralline limestone aggregate needs to be first cleaned
and soaked (pre-wet) for 24 hours before used in the concrete mixing process. The purpose is to
clean the aggregate from adhering microorganisms and to reduce excessive water absorption due
to the porosity of the coralline limestone aggregate (Wet Jingli. et al, 2023).

Testing of Test Specimens

The compressive strength testing of concrete with coarse aggregate of coralline limestone is
conducted using an analog concrete compressive strength testing machine (electric hydraulic
pump) with a capacity of 2000 kN, following the ASTM-C39 test standard, which does not
produce a stress-strain curve. Meanwhile, to determine the concrete density quality of the test
specimens, ultrasonic pulse velocity (UPV) testing was conducted using the Proceq Pundit lab (+)
device with a bandwidth of 20-500kHz. The initial stage of the test is to measure the ultrasonic
pulse velocity (UPV) using 60 concrete specimens. After that, the same specimens will be tested
to determine the compressive strength of the concrete.

The ultrasonic pulse velocity (UPV) test was conducted on the test specimen at 28 days of
age by placing the transducer and receiver at 7 observation points, while the transmission of
ultrasonic waves by the transducer and repeated by the receiver was repeated 25 times at one
observation point. The testing method refers to the guidelines PROCEQ), (2014), while the testing
standards refer to ASTM D 2845 1999b , ASTM-C597-09 , BS 1881-Part 207-92.
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Figure 4. The process of ultrasonic pulse velocity (UPV) testing
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Research Results and Discussion
Compressive Strength of Concrete.

Concrete mix design is specified to have a compressive strength of fc’ = 30 MPa with a
water-to-cement ratio, w/c = 0.5. Standard for concrete mixtures refers to SNI 03:2834:2000.
Results of this study indicate that concrete that doesn't contain coarse aggregate from coralline
limestone (CAC 0%) and only utilizes coarse aggregate from gravel has compressive strength
values at 7, 14, 21, and 28 days of 17.16 MPa; 19.90 MPa; 18.86 MPa; and 20.27 MPa, respectively.
The compressive strength value of the CAC 0% concrete specimens is below the planned concrete
compressive strength of 30 MPa. The explanation of this strength reduction is the use of fine
aggregate that was previously classified in grading zone IV (fine sand category), which has now
shifted to fine aggregate that meets the requirements of grading zone II (medium sand category).
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Figure 5. The compressive strength of concrete in each type of test specimen

Concrete containing coarse aggregate of coralline limestone at 5% - 50% (CAC 5%, CAC
25%, CAC 50%) has compressive strengths of 22.1 MPa, 23.8 MPa, and 24.42 MPa, respectively.
The increase in compressive strength of concrete for CAC 5%, CAC 25%, and CAC 50%
compared to CAC 0% is 8.84%, 17.21%, and 20.47%, respectively. It shows that the higher the
content of coarse coralline limestone aggregate in the concrete specimens, the more positive the
impact on the increase in concrete compressive strength. The research of Golewski, (2023), coarse
coralline limestone aggregate shows good characteristics to form a bond with cement paste. A
greater percentage of coarse coralline limestone aggregate will strengthen the bond between the
aggregate and the cement paste, thereby increasing the strength of the concrete. However, in this
study, the extent of the role of the bond between the aggregate and the cement paste in enhancing
the compressive strength of concrete has not yet been analyzed. Therefore, further research is
needed on the microstructure of the aggregate and cement paste bonds.
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Compressive Strength (Mpa)
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Percentage of coralline limestone (%)

Figure 6. Effectiveness of increasing concrete compressive strength at 28 days

Different conditions in concrete specimens using 75% coarse coralline limestone aggregate
(CAC 75%) as a substitute for coarse gravel aggregate. The compressive strength of the concrete
decreased by 9.65% compared to CAC 50%, resulting in 18.29 MPa. Research by Ajay Kumar Jha,
(2020), coral coarse aggregate typically has a lower density compared to conventional aggregates
like gravel, which can negatively impact the compressive strength of concrete. According to
Golewski, (2023), the varying sizes of coral coarse aggregate can result in an uneven load
distribution, which can reduce the compressive strength of concrete. Therefore, the higher the
content of coarse coralline limestone aggregate in the concrete sample, the more it potentially
reduces the compressive strength of the concrete. This is evident in the CAC 75% concrete
specimens, which show a decrease in compressive strength.

To solve a problem of coral coarse aggregate density, Wang. Aiguo. et al, (2021)
recommended strengthening coral aggregate by washing the aggregate with acetic acid and coating
the aggregate with geopolymer, while according to Huang. Yijie. et. al, (2024) recommended
strengthening coral aggregate by coating the aggregate with paste and Ordinary Portland Cement
powder. Zhang et al., (2025) recommended strengthening concrete using coarse aggregate from
coral, where the strengthening involves adding polypropylene fibers into the concrete mix.
Therefore, for future research, it can be directed towards strengthening coarse corraline limestone
aggregate before it is used as coarse aggregate in concrete production.

Table 5. Concrete's compressive strength is affected by the content of coral limestone

Sour Concrete Coralline limestone content (% , Mpa) Treatment
OUTCe  age (day) 0 5 25 50 75
(Lukas. A. 7 2352 22.83 2549  22.26 - Fine avorcontc
Y, Rafael. 14 2488  28.32 27.97 24.95 - (natural sai%%rir% adin
1. W, et 28 2089 3135 3337 2951 - ey D Ens
al., 2024)
%ulf{zsf'ag 174 - - 2221 ‘Z 35 - - Fine aggregate in the
> - - > - - grading of zone 4 +
J. \zV.lM, 21 - - 24.25 ' - content Superplasticizer
;O ;43 28 - - 26.23 - - 0.8%
Present 7 1716 1650 1560 18.10  13.58 -
Study 14 1999 1870 1890 2159 1471 ] R
21 1886 2040 19.00 2263 1499  (natura o Soienzgr R
28 2027 2210 2380 2442 1829
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Figure 7. Comparing the compressive strength of concrete for each concrete content of coralline
limestone, as well as for each fine aggregate gradation zone

Previous research by Lukas. A. Y, et al, (2024) (Table 5), showed that 25% coralline
limestone aggregate replacing gravel and using fine aggregate in the IV grading zone, categorized
as fine sand, was able to achieve concrete compressive strength of fc’ = 33.37 Mpa. Under the
same treatment and with the addition of a superplasticizer of 0.8% of the binder weight, the
research results showed a decrease in concrete strength performance by 27% to fc’ = 26.23 Mpa.
(Lukas. A.'Y, Rafael J. W. M, et al., 2024). It should be noted that both of these preliminary studies
still utilize the capability of 75% gravel and 25% coralline limestone in concrete.

In this study, coarse aggregate content from coralline limestone between 5% to 75% will be
used as a substitute for gravel in concrete production. This study also modifies the fine aggregate,
which was previously in the grading zone IV (categorized as fine sand), to fine aggregate that meets
the requirements of grading zone II (medium sand category). Fine aggregates in the grading zone
IT reduce the compressive strength of concrete, as shown in this study. The reduction in concrete
compressive strength reaches 36.65%, where the initial compressive strength of 33.37 MPa
decreases to 24.42 MPa (Figure 7).

Additional information obtained from this study shows that the use of 50% coralline
limestone aggregate in concrete, along with the application of fine aggregate (natural sand) in
grading of zone IV, results in a concrete compressive strength fc’ of 29.51 MPa. This value is
17.25% higher compared to concrete that also contains 50% coralline limestone but uses fine
aggregate (natural sand) in grading of zone II, which results in a concrete compressive strength fc’
of 24.42 MPa. Thus, it can be concluded that concrete containing 50% coralline limestone and
using fine aggregates in the gradation of zone II category shows a decrease in compressive strength
compared to concrete with the same coralline limestone content but using fine aggregates in the
gradation of zone IV category, which has proven to be more effective in increasing the
compressive strength of the concrete.

The compressive strength of the CAC 50% concrete specimen, which reached 24.42 MPa,
indicates adequate mechanical characteristics for use in building structures, in accordance with the
provisions set forth in SNI 2847:2019, Article 19.2.1, which states that concrete must have a
minimum compressive strength of 21 MPa. However, further research is needed regarding the
stress-strain behavior and durability of concrete using coarse aggregate from coralline limestone,
due to the presence of chloride ions and porosity that may affect the quality of the material.

Concrete Density Quality

The results of the ultrasonic pulse velocity (UPV) test in Table 6 show that the average
ultrasonic wave velocity sent by the transducer and received by the receiver from the three test
specimens CAC % and CAC 5% is greater than 4.5 km/s, thus the concrete density quality based
on the average longitudinal wave velocity falls into the "excellent" category. However, unlike the
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CAC 25% to CAC 75% test specimens, which fall between 3.5 km/s and 4.5 km/s, the quality
category of concrete density is classified as "good." based on the standards ASTM-C597-09, ASTM
D 2845 1999b, and BS 1881-Part 207-92.

CAC 0% and CAC 5% are test specimens that contain 100% and 95% coarse aggregate
gravel, respectively, so the quality of concrete density is supported by the presence of gravel with
a solid and hard aggregate structure. Meanwhile, in CAC 25%, CAC 50%, and CAC 75%, the
presence of gravel begins to decrease as it is replaced by coralline limestone aggregate, which has
a brittle and porous aggregate structure. However, the density quality of CAC 25% - CAC 75%
concrete is still acceptable, because the coralline limestone aggregate is well-distributed and can fill
the voids in the concrete mix. Additionally, coralline limestone aggregate, characterized by its
unique properties has a rough surface, which enhances the bond between the aggregate and cement
paste, reduces porosity, and increases overall density during the concrete mixing process up to the
concrete hardening process.

Putra D. M (2021) proposed to improve the quality of concrete density through concrete
compaction techniques, which will affect the quality of density and compressive strength of
concrete better by using a vibrator. An effective compaction process can reduce porosity and
prevent segregation. In this study, the concrete mixing technique begins with mixing coarse
aggregate gravel, coralline limestone aggregate with cement, then adding fine aggregate followed
by water. When the concrete mixture is poured into the mold, compaction is carried out using a
vibrator. This treatment was carried out on test specimens with CAC 0% to CAC 75%.

Table 6. Results of the Ultrasonic Pulse Velocity (UPV) Test

] .
a0 . Concrete Quality
Coralline 3 Test Specimen Velocity S Coeff. Based on
limestone  © Average De;r of <
3) .
tent km . verage
content 8 1 2 3 /9 VA Average oot of
© Velocity Var

CAC 0% 7 4.537 4.616 4.627 4.593 0.050 0.011 Excelent Excelent

14 4.625 4.489 4.591 4.568 0.070 0.015 Excelent Excelent

21 4.533 4.583 4.523 4.546 0.032 0.007 Excelent Excelent

28 4.693 4524  4.649 4.622 0.087 0.019 Excelent Excelent

CAC 5% 7 4.634 4579 4.508 4.574 0.063 0.014 Excelent Excelent

14 4.655 4.728 4.687 4.690 0.037 0.008 Excelent Excelent

21 4.626 4.580 4.588 4.598 0.024 0.005 Excelent Excelent

28 4.588 4.508 4.467 4.521 0.062 0.014 Excelent Excelent

CAC 25% 7 4.383 4.343 4.385 4.370 0.023  0.005 Good Excelent
14 4529 4.526 4.476 4.510 0.029 0.007 Excelent Excelent

21 4.460 4.472 4.526 4.486 0.035 0.008 Good Excelent

28 4.576 4.353 4.534 4.487 0.118 0.026 Good Excelent

CAC 50% 7 4.430 4424 4.366 4.407 0.035 0.008 Good Excelent
14 4.360 4.332 4.300 4.330 0.030  0.007 Good Excelent

21 4.335 4.442 4.396 4.391 0.054 0.012 Good Excelent

28 4.386 4.497 4.488 4.457 0.061 0.014 Good Excelent

CAC 75% 7 4.181 4.211 4.179 4.190 0.018 0.004 Good Excelent
14 4119 4.021 4.192 4.111 0.086 0.021 Good Excelent

21 4.282 4.212 4.258 4.251 0.036  0.008 Good Excelent

28 4174 4191 4.308 4.225 0.073 0.017 Good Excelent

The basic concept of ultrasonic testing utilizes wave propagation; from the propagation data,
the density of the concrete being inspected can be interpreted PROCEQ), (2014). Based on Neville,
(2011), one of the benefits of UPV testing is determining the uniformity of concrete density quality.
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Because the UPV test utilizes data in the form of wave propagation velocity, concrete with poor
quality, such as inadequate compaction, weak compressive strength, and uneven distribution of
aggregates, will affect the wave velocity, leading to degradation. However, if the ultrasonic wave
accelerates, it can be indicated that the concrete has good density quality.

In this study, although the UPV results showing the density quality of concrete using coarse
coralline limestone aggregate have been described, the discussion has not yet elaborated in detail
on the possible microscopic effects, such as the porosity of coarse coralline limestone aggregate in
concrete or micro-cracks that occur at the interface between coarse coralline limestone aggregate
and cement paste, which could impact the density and strength of the concrete structure. The
study by Zhang. Jinhua. et al, (2021) and Gao. Weiquan. et. al, (2024) outlines the importance of
studying the microscopic structure of concrete that uses coarse coralline limestone aggregate.
Microscopic studies are capable of revealing the mechanisms of damage and crack propagation
occurring at the microscopic level, which cannot be detected through macroscopic analysis. Coral
aggregate with a high porosity level can create voids in the concrete mix, potentially reducing the
overall density of the concrete. Therefore, it is recommended to conduct further research focusing
on the microscopic analysis of the concrete structure using coarse coralline limestone aggregate.

Concrete Slump Test.

The consistency or workability of the CAC concrete mix from 5% to 75% is not significantly
different from CAC 0%. The slump value is between 9 cm and 10,5 cm with a water-cement ratio,
w/c = 0.5.

10 em 10 cm
added water
1.9 liters
9.5cm
| 0 cm
added water
0.7 liters CAC50° CAC 25 %

Figure 8. Slump value (cm)

For reinforced concrete work, the slump value recommended by ACI 211.1-91 ranges from
2.5 cm to 10 cm. This range is considered optimal to ensure that the concrete mix has good
workability, allowing it to flow well and fill the spaces between the reinforcement without
compromising the strength of the concrete. The presence of coralline limestone aggregate in
concrete at 50% - 70% replacing gravel (CAC 50% - 75%) has a slump value of 9.5 cm and 10 cm.
However, to maintain the slump value at 9.5 cm — 10 cm, an additional water amount of 0.7 liters
for CAC 50% and 1.9 liters for CAC 75% is required during the concrete mixing process. This is
due to the concrete mixture being thicker because the porous coralline limestone absorbs more
water than the planned amount. The resulting impact is that the water-cement ratio increases to
w/c = 0.6.
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Density Of Concrete

After 28 days in CAC 0% conditions, the three test specimens weigh 12.798,83 grams on
average, and the 15/30 cm test specimens have a volume of 0.0053 m’ thus, the specific gravity of
the concrete is 2415.44 kg/m?. The value density of concrete in the CAC 0% condition is the
density of normal concrete formed from normal aggregates, namely gravel and natural sand. It will
be different when the normal aggregate content is replaced by coralline limestone aggregate, as
shown in the test specimens with CAC conditions of 5% = 2371.47 kg/m’ ; 25% = 2310.60 kg/m’
; 50% = 2286.26 kg/m’ ; and 75% = 2203.14 kg/m’.

The concrete's specific gravity decreases with a higher content of coralline limestone in place
of gravel. The specific gravity of concrete decreased by 8.79% compared to concrete with coarse
gravel aggregate. Zhou. Linlin. et al (2021) and Meng. Jian. et al (2022), show that concrete with
coral aggregate generally has a density of 1.900 kg/m’, but there are differences in terms of
concrete compressive strength performance, failure mechanisms, and energy dissipation. The
density of concrete in this study, which had 75% coralline limestone content, was 2203.14 kg/m’,
which was not in compliance with the criteria for lightweight concrete. According to Neville,
(2011) lightweight concrete with a density between 1400 to 2000 kg/m’ can be used for medium
structures.

Coralline Limestone Content (%)
%,
%

2000 2100 2200 2300 2400 2500
Deunsity of Concrete (kg/m?)

Figure 9. Density of concrete (kg/m”)

A decrease in the specific gravity of the concrete is caused by the use of coarse coralline
limestone aggregate, which reaches 75%, replacing the coarse gravel aggregate in the concrete
specimens. The specific gravity (apparent) of the coarse aggregate coralline limestone in this study
is 2.31 g/cm?, which is lower than the specific gravity (appatent) of the coatse aggregate gravel,
which reaches 2.69 g/cm? This is one of the reasons why the higher the content of coarse
aggregate of coralline limestone in concrete, the lower the specific gravity of the concrete.

Table 7. Density of concrete and compressive strength

Coralline Concrete Weight Density of Percentage- of Concret?

. . Decrease in Compressive
limestone Age Specimen concrete .

content (day) (ar) (kg/m’) Concrete Density Strength

() (Mpa)

CAC 0% 28 12798.83 2415.44 0.00 20.27
CAC 5% 28 12565.83 2371.47 1.82 22.10
CAC 25% 28 12243.27 2310.60 4.34 23.80
CAC 50% 28 12114.30 2286.26 5.35 24.42
CAC 75% 28 11673.90 2203.14 8.79 18.29
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The results shown in this study in Table 7 explain that the decrease in concrete density
affects the compressive strength value of the concrete, particularly in CAC specimens from 0% to
50%. The addition of coarse coralline limestone aggregate in the concrete samples up to 50%
resulted in a decrease in concrete density, followed by an increase in concrete compressive strength
from 20.27 MPa to 24.42 MPa. However, when the content of coralline limestone coarse aggregate
in the concrete specimens reached 75%, the compressive strength of the concrete decreased to
18.29 MPa. However, the specific gravity of the concrete continues to decrease until it reaches
2203.14 kg/m’.

Research by Golewski, (2023), the rough texture of coral aggregates helps enhance the
interaction between the aggregates and the cement paste. This rough structure plays a role in
building a stronger bond between the aggregate and the cement paste, which is crucial for the
strength and stability of the concrete. Therefore, as shown in this study, the CAC 5% - 50%
concrete samples exhibit an increase in compressive strength, despite a decrease in the concrete's
specific gravity.

After the percentage of coarse coralline limestone aggregate in the concrete sample reaches
75%, the compressive strength of the concrete decreases. This is due to the brittle nature of the
coarse coralline limestone aggregate. Based on research of Huang. Yijie. et. al, (2024), coral
aggregate is a type of aggregate that exhibits a high level of brittleness due to the porosity both
inside and outside the aggregate. The deficiency in coral aggregate results in increased brittleness
of the concrete, leading to a reduction in compressive strength. The solution is to strengthen the
coral aggregate by washing it to remove trapped sediments, then coating it with paste or cement
powder. In this study, coarse aggregate content from coral limestone was used up to 75% in
concrete, and reinforcement on coralline limestone aggregate has not been conducted. This means
that the defect spaces in the concrete are increasing, resulting in a decrease in the compressive
strength of the concrete to 18.29 MPa.

In this study, the initial treatment of coralline limestone aggregate is the pre-wet method,
where the coralline limestone aggregate is soaked in water for a period of 24 hours before use.
This method is not sufficient to address the weaknesses of coralline limestone aggregate. For
further research, it is necessary to improve the strength of coralline limestone aggregate initially
before it is used as coarse aggregate in concrete.

Crack Pattern of Test Specimen.

The crack patterns on 15/30 cm concrete cylinders are a valuable indicator of the properties
and quality of the concrete mix used. The failure shape is evaluated using SNI 1974: 2011. Failure
mode of CAC cylinder specimens after concrete compressive strength test is displayed in Figure
10. The test specimen's failure mode usually falls into the cone and shear failure categories at CAC
5%. At CAC 25%, the test specimen's failure mode tends to be classified as shear failure. At CAC
50%, the failure mode of the test specimen tends to fall into the shear failure category, while at
CAC 75% the failure mode of the test specimen tends to fall into the shear failure category.

The failure mode of cylindrical specimens containing 25% to 75% coralline limestone (CAC
25%, CAC 50%, and CAC 75%) replacing gravel is dominated by shear failure. As the load
increases, the crack pattern on the cylindrical specimens forms a diagonal direction along the entire
surface of the cylindrical specimens without concentrating on the weakest areas. Compared to the
cylindrical specimens containing 5% coralline limestone, the failure mode is conical and shear
failure. The conical and shear failure forms in the cylindrical specimens occur due to shear stress
exceeding the material's capacity, causing cracks and deformation. This type of failure frequently
occurs in concrete subjected to vertical loads, where shear forces create a conical pattern in the
weakest areas (Wang. X. etal., 2017).

The form of destruction of the CAC 25%, CAC 50%, and CAC 75% cylinder specimens is
caused by a weak material structure (Guo et al., 2024). Materials with non-homogeneous internal

Tnvestigation of The Compressive...— 249
Lukas, A. Y., et al.



Jurnal Pensil : Pendidikan Teknik Sipil

structures or defects (such as cracks, pores, or inclusions) are more susceptible to shear failure.
These defects may serve as starting points for cracks that develop along the shear plane (Golewski,
2023). From the crack patterns of the cylindrical specimens, further investigation of the
microstructure of the coralline limestone material is needed.

Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3

Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3

Figure 10. The failure modes of cylinder specimen of CAC

The mode of failure in various concrete cylinder specimens is consistent with the research
by Zhang. Bai. et al (2023). Concrete cylinder specimens with coral aggregate (reef limestone)
experienced gradual cracking, developing and spreading to both ends of the specimen as the load
value increased. When the applied load approaches the maximum value, the cylindrical specimen
suddenly fails and is accompanied by the formation of cracks along the diagonal and axial
directions. According to Zhang. Jintuan. et al (2023), the main reason for the occurrence of
diagonal cracks is the low strength of coral aggregate, particularly on the aggregate surface that is
not strongly bonded to the cement matrix. The friction marks that appear on the shear surface will
become more pronounced as the normal stress increases. The wear on the coral aggregate at the
shear surface will worsen, causing damage to the aggregate and cement matrix.

CAC S CAC 25%

¢

Figure 11. Distribution of coral aggregat
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Gao. Weiquan. et. al (2024) reported a number of concrete cylinder specimens with coral
aggregate (reff limestone) at a temperature of 25°C tend to show typical brittle failure
characteristics. As the compressive strength level increases, the specimens become increasingly
brittle. Upon closer observation, the cracks on the specimen reveal themselves as diagonal cracks
that penetrate into the coral aggregate. Coral aggregates experience cracking and breaking. Luo.
Yi. et al (2023) found that the way reef limestone aggregates fail happens along the growth line of
the coral aggregate, showing failures that look like fins of different sizes. The same thing was found
in this study, a number of concrete specimens using coralline limestone aggregate tended to show
shear failure characteristics. This shear failure is associated with increased stress concentration in
the specimens, making them susceptible to cracking under external forces. The subsequent crack
propagation causes further damage to the specimen. Figure 11 shows that a few coralline limestone
aggregates also experienced cracking or breaking when the load was applied; some coralline
limestone aggregates still appeared intact and adhered to the cement paste, while more cracks
occurred in the cement paste.

Conclusion

The research on the use of coarse coralline limestone aggregate in concrete concludes as
follows: First, coralline limestone aggregate from Timor Island — East Nusa Tenggara, is suitable
to be used as a substitute for coarse gravel aggregate in concrete formation, whether considering
the use of fine aggregate in the grading zone II or in the grading zone IV. Second, concrete with
25% coralline limestone replacing gravel and fine aggregate in the grading zone IV has a
compressive strength of 33.37 MPa. Meanwhile, with the same coralline limestone content and
fine aggregate in grading zone I, the concrete compressive strength value decreases to 23.80 MPa.
Meanwhile, concrete with 50% coralline limestone replacing gravel and fine aggregate in grading
zone 1V has a compressive strength of 29.51 MPa, and fine aggregate in grading zone II has a
compressive strength of 24.42 MPa. This shows that the smaller the grading zone of the fine
aggregate, the lower the compressive strength of the concrete. Third, concrete using coarse
coralline limestone aggregate 5%-75% has concrete density quality in the very good category,
without any segregation, and results in a concrete density lower than 2400 kg/m3. Fourth, the
workability of concrete mixtures containing 50%-75% coarse coralline limestone aggregate
replacing gravel aggregate requires special attention regarding water usage (w/c), as the concrete
mix becomes thicker due to the porous nature of the coarse coralline limestone aggregate, which
absorbs more water than the planned amount. Fifth, concrete specimens using coarse coralline
limestone aggregate tend to exhibit shear failure characteristics.

Further research is recommended to conduct a more in-depth study on strengthening of
coral limestone aggregates. Strengthening includes aggregate cleaning techniques as well as coating
the aggregate with cement paste or cement powder. Further research can focus on the
microstructure of aggregates, particularly the relationship between aggregates and cement paste.
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