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INTRODUCTION

Worldwide, urban areas are becoming eco-
logical problem zones due to the increasing pop-
ulation, coupled with the limited availability of 
green spaces. This situation is exacerbated by the 
extensive use of concrete surfaces, which hin-
der rainwater absorption, prevent plant growth, 
and contribute to the urban heat island effect. 
The innovative application of porous concrete 
in developed countries has been proposed as an 
alternative solution to address these issues [Mari-
nelli and Rasheed, 2024]. Porous concrete is an 
environmentally friendly choice for improving 
urban drainage quality [Yahyaee and Mofidi, 
2024] and has gained significant attention in re-
cent decades due to its ability to mitigate issues 

related to stormwater runoff [Sánchez-Mendieta 
et al., 2024]. Porous concrete is a sustainable 
concrete innovation that lacks fine aggregates and 
possesses high porosity [Fynnisa Z et al., 2023], 
making it effective for water absorption. It con-
tains voids that allow water to flow directly into 
the ground [Megasari et al., 2021]. The void con-
tent in porous concrete ranges from 18% to 35%, 
with compressive strength varying between 400 
and 4000 psi (28 to 281 kg/cm²) [Ramadhan et al., 
2021]. As an efficient and eco-friendly pavement 
material, porous concrete facilitates rainwater in-
filtration into the ground, replenishing groundwa-
ter reserves and reducing surface water accumu-
lation [Setyawan et al., 2021].

The continuous advancement of construction 
technology encourages the industry to explore 
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ABSTRACT
The study aims to determine the effectiveness of kepah clam shell waste from Batu Bara regency, north Sumatra 
province, Indonesia, as a partial replacement for cement in porous concrete production. The concrete production 
process follows the ACI 522R-10 method with cylindrical samples (15 cm in diameter and 30 cm in height) and 
a curing period of 28 days, using partial cement replacement with variations of 5%, 10%, and 15% kepah clam 
shells. The XRF and FTIR characterization results of the kepah clam shells indicate that the highest dominant 
compound is CaO at 94.68%, which can enhance concrete quality. The main composition of this material consists 
of calcium carbonate in the form of aragonite and calcite, along with minor organic compounds and moisture con-
tent. SEM average particle size of approximately 10.79 µm for normal concrete and 14.97 µm for concrete mixture 
with 15% kepah clam shell. Porosity and compressive strength tests of porous concrete show that the higher the 
percentage of kepah clam shell mixture in the concrete, the porosity and compressive strength also increase, reach-
ing values of 22% and 17.76 MPa, respectively. The addition of 5% kepah clam shells can improve the split tensile 
strength. Optimal management of kepah clam shells can prevent negative environmental impacts and provide eco-
nomic benefits to the community. Additionally, the potential use of shell powder can significantly enhance concrete 
strength due to its mineral content. Therefore, this study contributes to sustainable concrete technology innovation, 
as it addresses water absorption issues and enables efficient water infiltration into the soil.

Keywords: kepah clam shell, porous concrete, CaO.

Received: 2025.03.17
Accepted: 2025.04.30
Published: 2025.05.15

Journal of Ecological Engineering, 2025, 26(7), 417–427
https://doi.org/10.12911/22998993/203525
ISSN 2299–8993, License CC-BY 4.0

Journal of Ecological Engineering

https://orcid.org/0000-0003-2996-6522


418

Journal of Ecological Engineering 2025, 26(7), 417–427

innovative concrete production techniques [Irfan-
syah et al., 2021]. One such innovation is the uti-
lization of Polymesoda erosa (kepah clam shell) 
from Batubara Regency. This species, commonly 
associated with mangrove ecosystems [Bahtiar et 
al., 2023], contains high levels of calcium carbon-
ate, making it suitable for enhancing mechanical 
properties [Cahyadi et al., 2022]. Shell waste is a 
solid by-product with a rough texture that is dif-
ficult to decompose and contributes to environ-
mental pollution [Ananto et al., 2022]. Disposing 
of shell waste poses a significant challenge to the 
shellfish industry, with both practical and eco-
nomic implications [Seesanong et al., 2022; Azra 
et al., 2021]. Proper management of shell waste 
can prevent negative environmental impacts 
while offering economic benefits to local commu-
nities (Bahtiar et al., 2023). The potential use of 
shell powder as an additive can significantly im-
prove concrete strength due to its mineral content 
[Helmi et al., 2024], particularly calcium carbon-
ate, such as calcite [Hadiyanto, 2022].

Fresh shellfish products consist of 65% to 90% 
shell material (Cala et al., 2023) FAO, 2022], mak-
ing shell waste a common byproduct of the aqua-
culture industry and a significant environmental 
concern [Caroscio et al., 2024]. To address this 
issue, researchers have explored various recy-
cling alternatives [Diokhane et al., 2022; Ali et al., 
2022], including the use of bivalve shells in asphalt 
concrete as coarse aggregates or fillers [Çevrim 
and Iskender, 2023; Alharthai et al., 2021] and 
the impact of shell waste on cementitious material 
properties. Several studies have investigated the 
use of marine shell waste as a modifier in asphalt 
concrete pavements [Fan et al., 2022; Wu et al., 
2022]. Some research has specifically examined 
the role of shell waste as a biofiller in asphalt con-
crete mixtures, analyzing its effects on the asphalt-
aggregate interface using thermodynamic proper-
ties [Lv et al., 2021; Guo et al., 2021].

Alternative methods have been developed for 
shell-based construction, such as pneumatic form-
work, KnitCrete [Popescu et al., 2021], flexible 

formwork [Soto et al., 2024], 3D printing, and ad-
ditive manufacturing [Lin et al., 2023], as well as 
precast concrete or modular formwork [He and Lu, 
2023; He et al., 2023]. These studies have exam-
ined the durability and valorization of marine shells 
for application in porous concrete pavements. 
Based on the existing literature, research has been 
focused on utilizing shell powder as a partial ce-
ment replacement [Han et al., 2022; Ruslan et al., 
2022], with crushed shell particles improving the 
surface roughness of concrete. The shells used in 
this study come from coal clams harvested in Batu 
Bara Regency, North Sumatra Province, Indonesia 
[Sibagariang and Priani, 2021].

METHODS

The method used for producing porous con-
crete refers to the ACI 522R-10 standard. The ma-
terials used include kepah clam shell from Batuba-
ra Regency, which has been processed into 200 
mesh powder, Tiga Roda brand cement, coarse 
aggregate in the form of crushed stone (1–2 cm in 
size), and water. The porous concrete is prepared 
based on the mix design presented in Table 1.

Porous concrete was made with three samples 
for each composition variation in the form of a 
cylindrical shape with a diameter of 15 cm and 
a height of 30 cm. The curing of porous concrete 
was carried out by immersion for 28 days. After 
curing, the concrete was tested for porosity, com-
pressive strength, and split tensile strength.

The equipment used in the testing included 
Fourier transform infrared (FTIR) spectroscopy, 
an advanced automatic instrument for quantitative 
analysis capable of examining various substances, 
including organic compounds, polymers, inor-
ganic compounds, and biomolecules. It can also 
accurately determine the mass and/or composition 
of a sample [Hu et al., 2021; Baddini et al., 2022; 
Giraldo and Marin, 2025]. X-ray fluorescence 
(XRF) is an instrument that utilizes X-rays emit-
ted by a material, which are then captured by a 

Table 1. Variations in porous concrete composition

Sample
Variations in porous concrete composition Number of 

samples (units)Cement (%) Kepah clam shell (%) Crushed stone (kg) Water (liter)

I 100 0 47.064 4.482 6

II 95 5 47.064 4.482 6

III 90 10 47.064 4.482 6

IV 85 15 47.064 4.482 6
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detector to analyze the elemental composition of 
the material (Pamungkas et al., 2024). Scanning 
electron microscopy (SEM) images the surface to-
pography of the sample in a sufficiently detailed 
area (Mitaphonna et al., 2023). The universal test-
ing machine (UTM) was used to measure the com-
pressive strength and split tensile strength of the 
concrete specimens (Nafiyanto et al., 2025).

RESULTS AND DISCUSSION

XRF analysis of kepah clam shell

The results of the XRF analysis of the Kepah 
clam shell from Batubara Regency are presented 
in Table 2. The XRF test revealed that the highest 
dominant compound was CaO, with a content of 
94.68%. This percentage is close to the findings 
of [Larosa, 2022], which reported a CaO content 
of 97.31% for kepah clam shells from Pontianak. 

The high CaO content in the shells can enhance 
concrete quality and has potential as an alterna-
tive concrete material [Rangan, 2023; Irwan, Mu-
hammad Nadir, Paharuddin, 2023]. This theory 
supports the results of the mechanical testing of 
porous concrete.

Previous studies have also shown a high cal-
cium content in kepah clam shells. [Trisakti et 
al., 2022] found that kepah clam shells contain 
calcium carbonate (CaCO₃) with a Ca content of 
97.63%. These findings confirm that kepah clam 
shells are a rich source of calcium and have poten-
tial for various industrial applications, including 
concrete production.The high calcium content in 
kepah clam shells makes them a potential mate-
rial for use in concrete production, both as a par-
tial replacement for cement and as fine aggregate 
[Helmi et al., 2024]. According to [Kurniawan et 
al., 2021], the use of clam shell powder as a fine 
aggregate substitute in mortar can enhance the 
mechanical properties of concrete, particularly in 
improving early compressive strength. Thus, the 
utilization of kepah clam shells as an additive ma-
terial in concrete production has significant poten-
tial, especially when used in the right proportions.

FTIR analysis of Kepah clam shell

Kepah clam shells that have been processed 
into 200 mesh powder were characterized using 
FTIR to identify the active functional groups pres-
ent. Clams are one of the dominant marine spe-
cies found along the coastal areas of Batubara Re-
gency. Most coastal communities only harvest the 

Table 2. XRF analysis of kepah clam shell from 
Batubara Regency

Compound wt (%) Element wt (%)

CaO 94.68 Ca 67.67

Al2O3 3.78 Al 2.00

Fe2O3 0.87 Fe 0.61

SrO 0.32 Sr 0.27

P2O5 0.18 P 0.08

SO3 0.09 S 0.04

K2O 0.06 K 0.05

MnO 0.02 Mn 0.01

Figure 1. FTIR spectrum of kepah clam shell from Batubara



420

Journal of Ecological Engineering 2025, 26(7), 417–427

edible parts of the clams for sale while discarding 
the shell waste without utilizing it (Figure 1). The 
Fourier transform infrared spectroscopy spectrum 
of the kepah clam shell reveals various absorption 
bands, indicating the presence of specific function-
al groups in their chemical composition.

Identification of characteristic absorption 
bands

Based on the FTIR spectrum obtained, sev-
eral key peaks were detected:
	• 3906.85 cm⁻¹ and 3598.3 cm⁻¹: these peaks in-

dicate the presence of hydroxyl (-OH) groups, 
which may originate from water or hydrated 
carbonate minerals.

	• 2926.14 cm⁻¹: this peak is commonly associat-
ed with aliphatic C-H stretching, which could 
come from minor organic compounds.

	• 2510.53 cm⁻¹ and 2515.5 cm⁻¹: these peaks are 
typically linked to calcium carbonate in the 
forms of aragonite and calcite.

	• 2317.98 cm⁻¹ and 2483.2 cm⁻¹: indicating 
the presence of carbonate (-CO) groups often 
found in biominerals [Doe and Smith, 2021].

	• 1984.23 cm⁻¹ and 1601.14 cm⁻¹: these bands 
correspond to the symmetric and asymmetric 
vibrations of carbonate groups [Kumar and 
Patel, 2022].

	• 1180.4 cm⁻¹ and 1090.18 cm⁻¹: these peaks in-
dicate stretching vibrations of C-O bonds in 
carbonate compounds.

	• 883.92 cm⁻¹ and 705.98 cm⁻¹: these absorption 
bands are often associated with the characteristic 
structure of aragonite found in mollusk shells.

Implications and material composition

The FTIR spectrum confirms that the kepah 
clam shell is primarily composed of calcium 
carbonate in the forms of aragonite and calcite. 
The presence of hydroxyl groups suggests the 
existence of water content within the biominer-
als, which may influence their structural stability. 
Additionally, the FTIR analysis indicates small 
amounts of organic compounds that contribute to 
the mechanical properties of the shells.

Comparison with previous studies

These findings are consistent with previous 
studies on the mineralogical characterization of 
mollusk shells, where calcium carbonate in the 

form of aragonite was identified as the dominant 
component. The strong carbonate bands in the 
FTIR spectrum suggest that the biomineralization 
of coal clam shells follows a similar pattern to 
that of other marine mollusks.

The results of FTIR analysis on high-strength 
concrete have been previously conducted by oth-
er researchers, showing that the absorption peak 
characteristics of the calcium carbonate func-
tional group follow the commonly referenced fre-
quency region. Therefore, it can be stated that the 
resulting compound is calcium carbonate [Khair 
et al., 2024].

SEM analysis of porous concrete

Figure 2 SEM at 1000× magnification shows 
the microstructural morphology of the analyzed 
sample. Based on the SEM image, the particles 
in the material exhibit a diverse size distribution, 
ranging from 1.7 µm to 14 µm, with an average 
particle size of approximately 10.79 µm, along 
with some small aggregated particles.

The SEM image reveals that the material has 
a porous structure with irregularly shaped parti-
cles. This porosity can influence the mechanical 
and functional properties of the material, such as 
compressive strength, permeability, and water ab-
sorption. According to [Zulkifli, 2022], larger pore 
structures can enhance water absorption capacity 
but may also reduce the mechanical strength of 
concrete. Particles with varying sizes indicate that 
the material may have undergone an inhomoge-
neous mixing process or natural aggregation of its 
components. As stated by [Rahman and Fitriani, 
2021], a uniform particle size distribution can im-
prove the mechanical properties of the material by 
contributing to structural densification.

The rough and porous microstructure suggests 
the presence of void spaces between particles, 
which can affect the compressive strength and 
durability of the material. According to [Santoso 
and Pratama, 2023], the presence of pores in a 
material contributes to structural weaknesses, par-
ticularly in porous concrete, which requires mix 
optimization to enhance strength. A recent study 
by [Hidayat and Suryadi, 2023] shows that the mi-
crostructure of a material significantly determines 
its physical and mechanical properties. High po-
rosity can negatively impact compressive strength 
but may enhance water absorption capacity, which 
is beneficial for specific applications such as per-
meable concrete or adsorbent materials. Figure 
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3 displayed is a Scanning Electron Microscope 
(SEM) image with a magnification of 1000×. This 
image illustrates the microstructural morphology 
of a material that appears porous with a varying 
particle size distribution. 

Key characteristics in the image

Pore size

The pore size ranges from 5.0 µm to 23.5 µm, 
with an average pore size of approximately 14.97 
µm. Several large pores (≥ 18 µm) are clearly vis-
ible, indicating a relatively high level of porosity.

Material structure

Particles have an irregular shape, with small 
aggregations in certain areas. The surface appears 
rough with a non-homogeneous particle size dis-
tribution. Impact on material properties. The po-
rous structure suggests a potential increase in wa-
ter absorption and permeability.

Porosity of porous concrete

Concrete porosity is an important factor in-
fluencing strength, durability, and resistance to 
external environmental conditions. The presented 
Table 3 shows a comparison of porosity between 
normal concrete and concrete with variations of 
kepah clam shell mixture at 5%, 10%, and 15%. 
In general, it is observed that an increase in the 
proportion of kepah clam shells in the concrete 
mixture correlates with an increase in porosity.

The presented Figure 4 shows in normal con-
crete, the measured porosity is 20.61%. With the 
addition of 5% kepah clam shell, the porosity in-
creases to 21%. Meanwhile, with a 10% kepah 
clam shell mixture, porosity rises to 21.60%. The 
highest increase occurs in concrete with a 15% 
kepah clam shell mixture, where the porosity 
reaches 22%.

This increase in porosity is most likely due 
to the porous structure of the kepah clam shell, 
which results in more void spaces within the 
concrete. Recent studies indicate that the use 
of shell waste in concrete can affect the mate-
rial’s mechanical properties due to changes 
in microstructure and pore distribution [Tang 
et al., 2022]. Another study by [Ismail et al., 
2021] states that substituting aggregates with 

Figure 2. SEM of normal concrete

Figure 3. SEM of concrete mixture with 15% kepah 
clam shell

Table 3. Porosity of porous concrete

No. Variation of porous concrete samples
Porosity (%)

Average porosity (%)
1 2 3

1. Normal concrete 21 20 21 20.61

2. Concrete mixture with 5% kepah clam shell 22 20 21 21

3. Concrete mixture with 10% kepah clam shell 22 21 22 21.60

4. Concrete mixture with 15% kepah clam shell 21 22 23 22
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waste-based shell material increases air voids 
in concrete, leading to higher water absorption 
and potentially reducing compressive strength. 
Higher porosity can negatively impact concrete 
durability, such as increasing water permeabil-
ity, which may accelerate the corrosion process 
in steel reinforcements. Therefore, although the 
use of kepah clam shell can be an environmen-
tally friendly solution to reduce waste, further 
research is needed to balance the mixture pro-
portion to prevent excessive impact on con-
crete’s structural quality [Chen et al., 2023]. 

Compressive strength of porous concrete

Compressive strength is one of the primary 
parameters in assessing the quality and perfor-
mance of concrete in structural applications. 
The presented Table 4 shows a comparison of 
compressive strength between normal concrete 
and concrete with variations of kepah clam 
shell mixture at 5%, 10%, and 15%. In general, 
it is observed that an increase in the propor-
tion of kepah clam shell in the concrete mix-
ture tends to enhance its compressive strength. 
The presented Figure 5 shows in normal con-
crete, the measured compressive strength is 
13.23 MPa. With the addition of 5% kepah 

clam shell, the compressive strength increases 
to 13.43 MPa. Meanwhile, in concrete with a 
10% kepah clam shell mixture, the compres-
sive strength rises to 14.33 MPa. The highest 
increase occurs in concrete with a 15% kepah 
clam shell mixture, where the compressive 
strength reaches 17.76 MPa.

This increase in compressive strength is most 
likely due to the physical and chemical proper-
ties of the kepah clam shell, which contains cal-
cium carbonate (CaCO3) that contributes to the 
cement hydration reaction. According to a study 
by [Zhang et al., 2022], substituting aggregates 
with marine shell waste can enhance the bond 
between cement particles, thereby strengthening 
the concrete microstructure. Additionally, re-
search by [Lee et al., 2021] indicates that utiliz-
ing kepah clam shell in concrete can reduce po-
rosity by filling voids in the mixture, ultimately 
improving durability and compressive strength. 
However, it is important to note that although 
compressive strength increases, other factors 
such as workability and durability of concrete 
must also be further evaluated. A study by [Chen 
et al., 2023] emphasizes that an excessively high 
shell content can lead to segregation in the con-
crete mixture, affecting its long-term resistance 
to aggressive environments.

Figure 4. Average porosity of porous concrete

Table 4. Compressive strength of porous concrete

No. Variation of porous concrete samples
Compressive strength (MPa) Average compressive 

strength (MPa)1 2 3

1. Normal concrete 14.7 11.7 13.3 13.23

2. Concrete mixture with 5% kepah clam shell 13.8 13 13.5 13.43

3. Concrete mixture with 10% kepah clam shell 14.7 17 11.3 14.33

4. Concrete mixture with 15% kepah clam shell 13 14.3 26 17.76
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Splitting tensile strength of porous concrete

Splitting tensile strength is a crucial parameter 
in evaluating the resistance of concrete to tensile 
forces that may cause cracking or structural fail-
ure. The presented Table 5 compares the splitting 
tensile strength of normal concrete and concrete 
incorporating kepah clam shell mixtures at 5%, 
10%, and 15%. The data indicate that variations 
in the kepah clam shell mixture affect the tensile 
strength of concrete differently. The presented Fig-
ure 6 for normal concrete, the measured splitting 
tensile strength is 1.23 MPa. With the addition of 
5% kepah clam shell, the tensile strength slightly 

increases to 1.27 MPa. However, with a 10% kepah 
clam shell mixture, the tensile strength decreases 
to 0.92 MPa. A slight improvement is observed 
in concrete with a 15% kepah clam shell mixture, 
where the tensile strength reaches 0.95 MPa.

The increase in tensile strength at 5% kepah 
clam shell substitution may be attributed to better 
particle distribution and potential pozzolanic reac-
tions, which enhance the bond between aggregates 
and the cement matrix [Gao et al., 2022]. Howev-
er, at 10% and 15% substitutions, the reduction in 
tensile strength could be due to the porous nature 
of kepah clam shell, which may weaken the inter-
facial bond between aggregates and cement paste 

Figure 5. Average compressive strength of porous concrete

Table 5. Splitting tensile strength of porous concrete

No. Variation of porous concrete samples
Splitting tensile strength (MPa) Average splitting tensile 

strength (MPa)1 2 3

1. Normal concrete 1.37 1.28 1.04 1.23

2. Concrete mixture with 5% kepah clam shell 1.45 1.11 1.25 1.27

3. Concrete mixture with 10% kepah clam shell 0.76 1.25 0.76 0.92

4. Concrete mixture with 15% kepah clam shell 0.84 0.97 1.06 0.95

Figure 6. Average splitting tensile strength of porous concrete
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[Ali et al., 2021]. Additionally, excessive shell 
content may lead to increased air voids, accelerat-
ing microcrack formation and reducing resistance 
to tensile forces [Chen et al., 2023].

Although the use of kepah clam shell presents 
an environmentally friendly alternative material 
for concrete production, optimizing the mixture 
composition is essential to prevent a significant 
decline in mechanical properties. One possible 
strategy is pre-treatment of kepah clam shell, 
such as grinding or chemical processing, to en-
hance reactivity and mitigate its negative effects 
on concrete strength [Huang et al., 2023].

CONCLUSIONS

The XRF and FTIR characterization results of 
kepah clam shell indicate that the highest dominant 
compound is CaO at 94.68%, which can enhance 
concrete quality. The primary composition of the 
material consists of calcium carbonate in the form 
of aragonite and calcite, along with minor organic 
compounds and water content. This data is essential 
for understanding the biomineral structure and the 
potential applications of biogenic-based materials. 
SEM average particle size of approximately 10.79 
µm for normal concrete and 14.97 µm for concrete 
mixture with 15% kepah clam shell. Porosity and 
compressive strength tests of porous concrete show 
that the higher the percentage of kepah clam shell 
mixture in concrete, the higher its porosity and 
compressive strength. The addition of 5% kepah 
clam shell in concrete can improve splitting tensile 
strength. However, using 10% and 15% kepah clam 
shells tends to decrease the splitting tensile strength 
due to increased porosity and weakened bonding 
strength within the concrete structure. Therefore, 
further research is needed to develop methods that 
can minimize the negative impact of kepah shell 
addition on the splitting tensile strength of concrete. 
Possible approaches include modifying mixing 
techniques or combining kepah clam shells with 
other supplementary materials.
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