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Introduction: Improper disposal of mollusk shells has led to environmental issues
worldwide. Given their primary composition of calcium carbonate, these shells
have been studied for their potential use as aggregate in cement composites,
offering an environmentally appropriate destination for the waste and reducing
virgin raw material use. However, there is a lack of research on the application of
Sururu (Mytella falcata) shells, a species of mollusk commonly fished in countries
such as Brazil. This study investigated the effects of Sururu shells waste from a
Brazilian region on the mechanical and physical properties of mortar when
partially replacing natural fine aggregate.

Methods: Three mortar mixtures were produced, replacing 10, 20, and 40% of
natural sand with Sururu shell aggregate (SSA) by mass. The specimens
underwent consistency and density tests in their fresh state, and compressive
strength, dynamic modulus of elasticity, and capillary absorption tests in their
hardened state.

Results: The results showed that workability decreased with the increase in SSA
replacement, resulting in a reduction of 31.5% in consistency at 40% SSA
replacement level. Compressive strength also decreased with SSA
incorporation, but all samples continued to gain strength after 28 days, with
10% SSA samples showing only a 2.7% reduction compared to the control
specimens. The dynamic modulus of elasticity was minimally impacted at 10%
SSA, but significantly reduced at higher levels. Notably, SSA reduced capillary
absorption in samples after 24, 48, and 72 h, indicating potential benefits in
moisture management.

Discussion: It was concluded that replacing 10% of natural sand with SSA was the
most suitable option, considering the investigated mechanical properties of the
mortar produced with SSA. However, further research is recommended to
examine the durability and environmental impact of this solution.
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1 Introduction

Every year, the global mariculture industry, which farms various
mollusks like mussels, oysters, scallops, and crepidula, produces
massive quantities of shell waste, with approximately 80% of
harvested products ending up as discarded shells (Jovi¢ et al.,
2019). These shells are frequently left haphazardly near farming
areas, leading to severe environmental issues such as soil pollution,
the destruction of mangrove forests, and disruptions to aquatic
ecosystems caused by sediment buildup (Petrielli, 2008; Ruslan et al.,
2022). Additionally, the unregulated dumping of these shells poses
public health risks due to unsanitary conditions, with the waste often
found in public spaces such as streets, empty plots, and coastal zones
(Pecefio et al., 2021; Soltanzadeh et al., 2021). The decomposition of
organic remnants within these shells can also release unpleasant
smells from gases like hydrogen sulfide, ammonia, and various
amines, further exacerbating the problem (Tayeh et al, 2019
Hart, 2020; Tayeh et al, 2020; Hasnaoui et al, 2021; Kim
et al.,, 2022).

As of 2020, mollusk production worldwide was roughly
estimated at 17.7 million tons, with Brazil being a significant
contributor within South America (Marques et al, 2020; FAO,
2022). Within Brazil, the
contributes to 90% of the country’s mollusk yield (Marques et al.,

state of Santa Catarina alone

2020). In specific communities, inadequate waste management has
led to considerable environmental degradation. In Pernambuco, a
state in the northeastern part of Brazil, there are numerous
communities that depend on fishing for bivalve mollusks.
often lack the
required for the proper disposal of shells in an environmentally
friendly manner, leading to soil pollution and damage to local

However, these communities infrastructure

mangroves. A notable example of this situation can be observed
in Ilha de Deus (Figure 1), a small fishing community in Recife, the
state capital. Home to around 2,000 residents, this community
produces an estimated 408 tons of shell waste annually (Cardoso
et al,, 2023). One of the most commonly harvested mollusk species

FIGURE 1
Aerial view of llha de Deus community in eastern Brazil, depicting

the uncontrolled accumulation of Sururu shell waste causing
environmental concerns.
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in this area is the Sururu (Mytella falcata), which typically measures
about 50 mm long and 22 mm wide. The shells exhibit a distinctive
color pattern, with a yellowish-brown hue on the anteroventral side
and a greenish tint on the dorsal side.

Mollusk shells typically contain at least one organic layer and
two calcareous (calcium-rich) layers. The outermost layer is rich in
proteins bound to chitin. It may include up to four crystalline layers
of calcium carbonate, which can be purely aragonite or a mix of
aragonite and calcite (Rimar, 2013). Table 1 presents the chemical
composition and the loss on ignition (LOI) for shells from various
mollusks, as observed in different studies. The quantity of calcium
oxide present in mollusk shells indicates a similar chemical
composition compared to natural aggregates, such as limestone.
There is a significant variation in the reported CaO content across
different studies, ranging from 48.0% to 95.82%. This difference is
related to the origin and species of the mollusk (Hamada et al,
2023). The LOI, which ranges from 23.2% to 51.0%, is attributed to
the presence of calcite, which decomposes into calcium oxide and
carbon dioxide at high temperatures (Mo et al., 2018).

Recent research has increasingly focused on the potential of
using recycled mollusk shells in concrete mixtures, either as a
substitute for aggregates or as an additive to Portland cement
(Oyejobi et al, 2019; Rodriguez-Galan et al, 2019; Edalat-
Behbahani et al., 2021; El Biriane and Barbachi, 2021; Her et al.,
2021; Leone et al, 2023). This recycling approach offers two
significant advantages (Hamada et al.,, 2023): firstly, it mitigates
environmental pollution by reducing the volume of waste that
accumulates in open spaces and landfills. Secondly, its use as a
replacement for aggregates and/or cement mitigates the
environmental impact of cement production, characterized by
substantial CO2 emissions. Additionally, it reduces the
procurement of natural concrete materials, thereby conserving
global resources.

The use of recycled shells as aggregate and supplementary
cementitious materials can lead to different effects on the
mechanical properties of the cementitious composites produced.
Table 2 summarizes the results from studies on the use of different
recycled mollusk shells in concrete and mortar production, focusing
on their effects on workability and compressive strength. This table
highlights a diverse range of outcomes, emphasizing the inherent
complexity and variability in this research field. Kuo et al. (2013)
demonstrated the potential for improving mechanical properties of
concrete by incorporating oyster shells. A significant enhancement
in both compressive and tensile strength was observed when up to
50% of sand was replaced with mussel shells, with a significant
increase of 24.12% in compressive strength at a 40% substitution rate
(Boudjellal et al., 2020). Similarly, Ez-Zaki et al. (2016) identified an
optimal replacement level of 40% of fine aggregate with mussel shell
powder, which only slightly reduced compressive strength.

On the contrary, different outcomes have been observed in other
studies when using seashells as a construction material. Olivia et al.
(2015) and Sangeetha et al. (2022) observed that the partial
substitution of cement with seashells in concrete production led
to a decrease in compressive strength. However, in both studies, the
samples incorporating shells exhibited acceptable strengths,
exceeding 25 MPa after 28 days of curing. A recent literature
review by Hamada et al. (2023) highlighted a discrepancy in
mechanical strengths across studies utilizing seashells as filler
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TABLE 1 Chemical composition and loss on ignition of mollusk shells.

10.3389/fbuil.2024.1381169

Type CaO (%) Fe0s (%) AlLOs (%) SiOz2(%) MgO (%) Naz0 (%) K0 (%) LOI (%) Ref.
52.21 0.06 0.09 0.78 0.30 0.74 — 4491 Leone et al. (2023)
54.31 0.14 0.10 0.30 1.15 — — 44.00 Boudjellal et al. (2020)
48.92 0.27 0.39 5.85 0.16 0.80 0.14 43.09 Rodriguez-galan et al. (2019)
Mussel shells 53.70 0.03 0.13 0.20 0.33 — — 45.60 Yao et al. (2014)
53.40 0.05 0.13 0.73 0.03 0.44 0.02 42.20 Lertwattanaruk et al. (2012)
87.20 0.05 0.03 0.55 0.49 0.50 0.04 — Felipe-Sesé et al. (2011)
Oyster shells 95.06 0.1 4.07 0.11 0.22 — — — Hadjadj et al. (2024)
53.79 0.01 0.04 0.05 0.30 0.57 0.01 44.56 Her et al. (2021)
95.82 0.14 0.30 0.62 0.86 0.90 0.05 43.50 Oyejobi et al. (2019)
48.00 — — — 0.5 0.30 — 51.00 Ez-Zaki et al. (2016)
74.70 0.10 0.19 0.30 — 0.57 — 23.20 Djobo et al. (2016)
86.80 — 1.10 4.60 — — — — Li et al. (2015)
50.49 0.43 0.98 3.93 0.73 0.79 0.21 42.18 Loffi (2014)
77.81 — — 13.28 — — 0.51 — Kuo et al. (2013)
53.59 0.07 0.14 1.01 0.46 0.23 0.02 42.83 Lertwattanaruk et al. (2012)
54.24 0.01 0.20 — 0.37 0.74 — — Petrielli (2008)
51.10 0.20 0.50 2.00 0.51 0.58 0.06 44.20 Yang et al. (2005)
Cockle shells 81.60 240 2.59 6.95 3.07 - 0.30 - Nduka et al. (2023)
52.34 0.20 0.73 3.65 0.42 0.35 0.13 41.25 Edalat-Behbahani et al. (2021)
51.60 — 0.92 1.60 1.43 0.08 0.06 41.80 Olivia et al. (2015)
54.24 0.06 0.17 0.98 0.02 0.37 0.03 42.90 Lertwattanaruk et al. (2012)

material. Nonetheless, high levels of cement replacement with
seashells reduce the concrete’s compressive, tensile, and flexural
strengths. This reduction in strength has been attributed to the weak
bond at the interface between the recycled shells and the cement
paste, characterized by visible cracking and increased porosity.
Moreover, research by Yoon et al. (2003) and Eo and Yi (2015)
highlighted that the fineness of the recycled shell particles plays a
critical role in the mechanical properties of concrete, with coarser
shell aggregates resulting in less impact on the compressive strength
compared to finer particles.

Incorporating recycled mollusk shells into concrete not only
influences the mechanical properties but also affects other crucial
aspects like workability and the modulus of elasticity of concrete.
There is a consensus among most studies that replacing fine
aggregates with recycled the
workability of concrete (Mo et al., 2018; Bamigboye et al., 2021).
This reduction is often attributed to the irregular shapes of seashell
particles, which can increase the interparticle friction among

seashells tends to reduce

seashell aggregates and their higher specific surface area
compared to traditional aggregates, leading to elevated water
demand and absorption. Studies have also reported a decrease in
the Modulus of Elasticity (MoE) in concrete mixtures incorporating
seashells. Olivia et al. (2015) and Tayeh et al. (2019) found that the
MoE of concrete with seashells is lower than that of cement
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concrete without seashells. However, they noted that the rate of
increase in the MoE of seashell concrete over curing time surpasses
that of cement concrete. Similarly, Yang et al. (2010) reported a 10%
reduction in the modulus of elasticity in concrete samples where
20% of the aggregate was replaced with oyster shell, while Martinez-
Garcia et al. (2017) identified a 25% decrease when 25% of the
aggregate was substituted with mussel shell waste.

It is noteworthy that none of the mentioned studies or literature
reviews on the subject (Eziefula et al., 2018; Mo et al., 2018; Tayeh
et al, 2019; Bamigboye et al., 2021; Hamada et al., 2023) have
investigated the use of sururu shells, a mollusk commonly fished in
some Latin American and Asian countries. Furthermore, it is
evident that different types of seashells can produce different
mechanical properties in cementitious systems. This study aimed
to evaluate the impact of sururu shell aggregate (SSA) on the
mechanical properties of mortar produced by partially
substituting natural sand, both in its fresh and hardened states.
Using sururu shell waste as an aggregate in construction not only
provides a solution to its environmentally unsuitable disposal but
also helps to address disposal issues in fishing communities
worldwide, such as the Ilha de Deus community. Additionally, it
helps to reduce the extraction of natural materials for construction
purposes. The research findings contribute to the existing literature,
furthering the advancement of research in this field.
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TABLE 2 Summary of previous studies investigating the application of mollusk shells in concrete and mortar.

% of
substitution

Shell type Application

Replaced
material

Workability Compressive

strength

Mussel Concrete 20-50 Aggregate - T Boudjellal et al. (2020)
Mussel Mortars 20-60 Aggregate - 1 45%, | 6% and | 27% Ez-Zaki et al. (2016)
Mussel Concrete 25-100 Aggregate l 1 Martinez-Garcia et al.
(2019a)
Scallop Mortar 5-10 Cement 1 75% and [10% El Mendili and Benzaama
(2022)
Scallop Concrete 20-60 Aggregate l l Cuadrado-Rica et al. (2016)
Scallop Concrete 5-60 Aggregate - 1 Varhen et al. (2017)
Cockle Concrete 5 Cement - | Othman et al., (2013)
Clam Concrete 5-20 Cement T 1 Tayeh et al. (2020)
Oyster Mortar 15-30 Cement - 1 Xuan et al. (2023)
Opyster Mortar 20-60 Aggregate - 1 Ez-Zaki et al. (2016)
Oyster Mortar 5-30 Aggregate - 1 Loffi (2014)
Oyster Mortar 5-20 Aggregate l T Kuo et al. (2013)
Oyster Concrete 5-20 Aggregate l - Yang et al. (2005)

(1) reduction in the property; () increase in the property; and (=) not specified/not applicable.

FIGURE 2
The transformation of Sururu shells to fine particles.

2 Materials and methods
2.1 SSA preparation and characterization

Sururu shell waste was collected from the Ilha de Deus
community in eastern Brazil, as shown in Figure 1. First, a
manual sorting process was carried out to eliminate solid waste,
followed by washing with running water to drain impurities like
sand and small insects in the SSA. The washed shells were then dried
in an oven at 100°C + 5°C for 24 h. After drying, it was discovered
that the ligament responsible for joining the shells had become
detached. It was suspected that the decomposition of these ligaments
over time could create voids in the cementitious composites,
affecting their durability and longevity. To avoid this, the shells
were sieved again to remove any excess of this material. Next, the
shells were pulverized, using a 900 W power Britannia blender, until
they reached the same fineness as fine aggregate and had a texture
akin to sand grains. Each batch of SSA was pulverized for about 15's.

Frontiers in Built Environment

FIGURE 3
Demolded mortar specimens containing SSA.

The pulverized shells were then sifted through a #200 sieve to
eliminate any excess powdery material and fines, making them
suitable for fine aggregate use. Figure 2 compares the SSA before
and after the processing.

The loss on ignition (LOI) of SSA samples was measured using a
muffle furnace. Initially, a 10 g sample of SSA powder passed through
sieve #200 and dried at 110°C in an oven. Afterward, a portion of the
dried sample was subjected to a muffle furnace and heated to 1,000°C
for 2 h to measure the loss in mass. Thermogravimetric analysis (TGA)
was performed on SSA using a Shimadzu DTG-60. The test was
performed on a 35 mg sample, with a temperature range from 23°C
to 900°C and a heating rate of 10°C/min.

2.2 Mixture design

To explore the impact of using SSA as a substitute for fine aggregate
in cementitious composites, mortar samples were produced by blending
CPII-Z-32 Portland cement and sand in a 1:3 ratio with a water-to-

frontiersin.org
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TABLE 3 Mixture identification and proportions table.

10.3389/fbuil.2024.1381169

ID % SSA (by wgt. fines) Mix (c:s:w/c) # samples Cement (kg) Sand (kg)  Water (kg)  SSA (kg)
SSA00 0 1:3.0:0.55 18 1,872 5616 1,030 —
SSA10 10 1:2.7:0.55 18 1,872 5.054 1,030 0.562
SSA20 20 1:2.4:0.55 18 1,872 4493 1,030 1.123
SSA40 40 1:1.8:0.55 18 1,872 3,370 1,030 2,246

cement ratio of 0.55, following the guidelines laid out in NBR 7215
(Associacao Brasileira De Normas Tecnicas, 1997). Four different mixes
were created, with the first serving as the control group containing no
SSA. In the remaining three mixes, 10%, 20%, and 40% of the fine
aggregate (by mass) were replaced with SSA, respectively. A total of
72 cylindrical specimens, measuring 50 mm in diameter and 100 mm in
height, were cast with 18 specimens for each mix, as shown in Figure 3.
Table 3 outlines additional information about the compositions of the
mixes used in this study.

2.3 Experimental procedure

2.3.1 Consistency index

The consistency index test was conducted on mortar following
the standard procedure of Brazilian NBR 7215 (Associacao
Brasileira De Normas Tecnicas, 1997). The test entails dropping
the mortar from a specified height onto a larger diameter table
30 times within 30s and measuring the average of two base
diameters of the resulting mass in millimeters.

NBR 7215 is quite similar to the methodology of ASTM C1437
(ASTM C1437-20, 2020). However, there are some differences between
the two standards, particularly in measuring equipment. For example,
the NBR 7215 standard requires a larger table diameter of 500 + 10 mm
compared to the ASTM C230 specifications of 255 + 2.5mm.
Additionally, the conical mold used for the mortar specimen is
slightly larger in the NBR 7215 standard, measuring 65 + 0.5 mm in
height, 80 + 0.5 mm in the top opening, and 125 + 0.5 mm in the base
opening, while the ASTM standard specifies 50 + 0.5 mm, 70 + 0.5 mm,
and 100 + 0.5mm, respectively. Furthermore, the NBR standard
requires 30 drops in 30s for the table, while the ASTM
C1437 standard requires 25 drops in 15s. In the NBR standard, the
final result is determined by averaging the mortar mass between two
base diameters expressed in millimeters. On the other hand, the ASTM
C4137 procedure calculates the increasing percentage of the original
base diameter by averaging four base diameters.

2.3.2 Density

The density of the fresh mortar was evaluated according to the NBR
13278 standard (Associacao Brasileira De Normas Tecnicas, 2005)
using a rigid cylindrical container made of non-absorbent material,
which is calibrated before use. The calibration process involves
measuring and recording the weight of the empty container, filling
it with water, and measuring the volume and total weight to determine
its volume. The mortar is then prepared and placed in the container,
which is subsequently weighed. The density of the mortar is computed
by dividing the difference between the weight of the container filled with
the mortar and the empty container by the container’s volume.

Frontiers in Built Environment

FIGURE 4
Ultrasonic pulse velocity testing procedure.

2.3.3 Compressive strength

The NBR 7215 (Associacao Brasileira De Normas Tecnicas,
1997) standard was used to test compressive strength mortar
specimens. The ASTM C109 (ASTM C1437-20, 2020) method is
the equivalent standard for determining the compressive strength
of mortars. The procedures for mortar preparation, specimen
curing, storage, and determining compressive strength are the
same for both methods. The main difference is in the molding of
the specimens. NBR 7215 uses cylindrical specimens with a
diameter and height of 50 + 0.2mm and 100 + 0.5mm,
respectively. In comparison, ASTM C109 uses cubic molds
with a side length of 50 mm. Additionally, the number of
specimens required for testing is also different.

2.3.4 Dynamic modulus of elasticity

A 58-E4800 Ultrasonic Pulse Velocity Tester, as shown in
Figure 4, was utilized to determine the dynamic modulus of
NBR 15630 standard (Associacao
Brasileira De Normas Tecnicas, 2009a). The test

measuring the time in microseconds (ps) for an ultrasonic wave

elasticity following the
involves

to pass through the specimen over a distance “L.” The propagation
speed of the ultrasonic wave (V) in mm/us can be determined from
the equipment’s result using Eq. 1:

V= n (1
Where:
L—Height of the specimen (mm);
t—Time (microseconds) that the ultrasonic wave takes to travel
the distance “L” obtained using an ultrasonic pulse velocity tester.
The dynamic modulus of elasticity (E4) can be determined using
Eq. 2:
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FIGURE 5
Capillary absorption testing setup.

Vip(1+u)(1-2u)

E; = 2
! - @
Where:
E4—Dynamic modulus of elasticity (MPa);
V—Velocity of ultrasonic wave propagation (mm/us);

p—Apparent mass density of the specimen (kg/m®) and
u—Poisson coefficient—Adopted equal to 0.2 according to NBR
15630 (ABNT, 2008).

2.3.5 Capillary absorption

The capillary absorption test was conducted following the
guidelines of NBR 9779 (Associacao Brasileira De Normas Tecnicas,
2012), which closely resembles the procedures outlined in ASTM C1403
(ASTM C1403, 2015) except for the shape of the specimens used, which
were cylinders rather than cubes. Six specimens were cast for the test
and were thoroughly soaked in lime water for 28 days. They were then
weighed to determine their wet mass and dried in an oven at
approximately 105°C + 5°C until they reached a constant mass.
After cooling to room temperature (23 + 2)°C, they were weighed
again and placed on wooden supports in a closed container at a constant
temperature of around (23 + 2)°C as shown in Figure 5. Water was
added to the container until it reached a height of 5 mm above the
bottom face of the specimens. The weights of the specimens were
measured at 24 h, 48 h, and 72 h after they were introduced to the water.
After each weighing, the specimens were immediately returned to the
container. The specimens were broken using diametral compression in
accordance with the NBR 7222 standard (Associacao Brasileira De
Normas Tecnicas, 2011) after the final weighing, which allowed for the
observation of water rising inside the specimens. The amount of water
absorbed was calculated in g/cm® by dividing the weight difference
between the wet and dry specimens by the cross-sectional area in
contact with water at each moment.

3 Results
3.1 SSA characterization

In this study, the SSA had a specific gravity of 2.66 g/cm’, a unit
weight of 1,453 kg/m’, a void index of 42%, and a water absorption rate
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DTG analysis of SSA.

of 1.24%. The particle size distribution curve of the conventional fine
aggregate and SSA, which is almost entirely within the recommended
limits of NBR 7211 (Associacao Brasileira De Normas Tecnicas, 2009b),
is presented in Figure 6. The SSA particle size contains a minimal
amount of grains larger than 1.18 mm, less than 0.1%. This is because
the milling process aimed to obtain grains that resemble sand grains as
closely as possible. This study avoided larger dimensions to avoid
elongation of the SSA particles and their significant impact on the
mixtures workability.

Figure 7 displays the differential thermogravimetry (DTG)
analysis of the SSA. The results indicate that the SSA remains
stable up to approximately 630°C, with only a slight reduction in
mass due to the evaporation of bound water from 194.36°C onwards.
Additionally, there is a mass loss of 2.64% due to the decomposition
of monosulfate when subjected to temperatures between 200°C and
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FIGURE 8
Consistency index results. (A) SSA0O; (B) SSA10; (C) SSA20.

TABLE 4 Chemical composition of SSA (% mass).

SiO;

Al203 (er:10}

49.52 0.07 0.12

“Loss on ignition calculated based on the mass balance from the XRF analysis.

TABLE 5 The influence of SSA on consistency and density.

Testing parameter ~ SSAOO SSA10 SSA20 SSA40

Consistency (mm) 219 205 183 150

Density (g/cm”) 2.18 222 2.12 2.00

360°C. The primary valley observed around 800°C corresponds to
the decomposition of calcium carbonate (CaCO;) and the
production of calcium oxide (CaO) and carbon dioxide (CO,).
The results demonstrate that 97.86% of the SSA’s composition is
CaCOs, highlighting its potential as a fine aggregate.

The thermogravimetric analysis of Sururu shells, as well as other
mollusks such as mussels, oysters, and cockles, found in literature,
generally indicate that calcining shells at temperatures above 600°C
produce shell powder residues with a high CaO content. Table 4 shows
the chemical composition of the SSA aggregate obtained through X-ray
fluorescence spectrometry. Based on the findings, it can be concluded
that Sururu shells have a chemical composition akin to limestone and
other mollusks, primarily comprising calcium carbonate.

3.2 Consistency index and density

Figure 8 presents the average consistency and density of the
mortar specimen. The results showed that the workability of the
mortar was negatively impacted by the addition of SSA, as depicted
in Table 5. A decrease in workability was observed as the percentage
of SSA replacement increased. The flow test results revealed a
reduction of 6.4%, 16.4%, and 31.5% in the mortar spread after
substituting 10%, 20%, and 40% of sand with SSA, respectively. This
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is because SSA has a higher absorption capacity than conventional
aggregate. The adverse effect of SSA on workability was also reported
by other authors such as Wang et al. (2013), Safi et al. (2015), and
others cited by Mo et al. (2018), who attributed it to the irregular
shape and higher surface area of the particles, causing increased
friction between materials.

According to the density measurements, a slight rise in mass
density was observed for SSA10. On the other hand, despite having a
higher specific mass than conventional aggregate, SSA20 and
SSA40 exhibited a decrease in mass density. This decrease is
thought to be due to the angular shape of SSA, resulting in air
getting trapped between the particles. Cuadrado-Rica et al. (2016)
and Martinez-Garcia et al. (2017) have previously noted similar
findings, indicating that this reduction in mass density could be a
prevalent characteristic of SSA aggregates due to their distinct
properties. Additionally, Hamada et al. (2023) assert that the
lower density is attributed to poor particle packing in the
composite incorporating seashells as aggregate.

3.3 Compressive strength

According to Figure 9, the inclusion of SSA in mortar specimens
resulted in a reduction in their compressive strength. The results
show that replacing 10%, 20%, and 40% of fine aggregate with SSA
resulted in an 11.7%, 15.8%, and 41.9% reduction in 7-day
compressive strength, respectively. After 28 days of curing, all
samples continued to gain strength. However, with respect to the
control group with no SSA (SSA00), the 28-day compressive
strength of the SSA samples was still lower. Nevertheless, the gap
between the compressive strength of SSA samples and the control
sample was reduced in most cases. After 28 days, the specimens with
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Compressive strength of mortar specimens with varying
amounts of SSA.

10% SSA had the highest compressive strength compared to other
replacement levels, showing only a 2.7% reduction compared to the
control sample. Samples with 20% SSA also showed a 17.6%
reduction in mean strength. In comparison, those incorporating
40% SSA showed a significant drop (43.7%) in compressive strength.

Other studies that used mollusk shells as a replacement for fine
aggregate also reported a similar reduction in compressive strength
(Elliott Richardson and Fuller, 2013; Eziefula et al., 2018; Martinez-
Garcia et al.,, 2019a). One explanation could be due to the porous
nature of these shells, which can significantly compromise the
mechanical properties of the interfacial transition zone between
the paste and aggregate. In addition, according to Eziefula, Ezeh, and
Eziefula (2018), flaky and elongated in shape aggregates have a poor
bond with the cement paste, resulting in a greater volume of voids
within the concrete matrix, which subsequently leads to a reduction
in compressive strength.

3.4 Dynamic modulus of elasticity

The dynamic modulus of elasticity measures a material’s
capacity to withstand deformation under dynamic loading, such
as vibration or oscillation. Based on Figure 10, replacing 10% of fine
aggregate with SSA has a negligible impact on mortar specimens’
calculated dynamic modulus of elasticity. The error bars in Figure 7
indicate no significant statistical difference relative to the control
group. However, with the inclusion of the SSA substitution level, Ed
was substantially reduced by 13% in SSA20 and 42.6% in
SSA40 samples.

Aggregate properties can significantly impact the dynamic
modulus of elasticity of concrete (Zheng et al., 2008; Beushausen
and Dittmer, 2015; Rao et al., 2016; Vishalakshi et al., 2018). The
size, shape, texture, and surface characteristics of aggregates can all
influence the interlocking and bonding of aggregates with the
cement paste, which can affect the elastic properties of concrete
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(Vishalakshi et al., 2018). Generally, smaller particle sizes and a
smoother surface of aggregates tend to produce a higher modulus of
elasticity due to the increased interlocking of particles and better
bonding with the cement paste. On the other hand, rough and
angular aggregates can produce a lower modulus of elasticity due to
a reduced interlocking of particles and weaker bonding with the
cement paste (Beshr et al., 2003).

SSA and mollusk shells generally have a more porous structure
than traditional aggregates, leading to lower concrete density and,
therefore, lower stiffness (Eziefula et al., 2018). Additionally,
seashells are often irregular in shape and have a rough surface
texture, which can reduce the interlocking of particles and weaken
the bonding with the cement paste, resulting in a lower modulus of
elasticity (Martinez-Garcia et al., 2019b).

3.5 Capillary absorption

According to Figure 11, the incorporation of SSA has a positive
effect on reducing capillary absorption in the mortar specimen. The
best performance was observed in the SSA10 specimen, with an
average reduction of more than 99% in capillary absorption at 24, 48,
and 72h compared to the control sample. This was followed by
SSA20 and SSA40, which also showed a reduction in capillary
absorption. The results
increased with time during the first 72h of exposure to water.

indicate that capillary absorption

There was no significant difference in performance between the
control sample and SSA40 at 24 and 72 h. However, the results show
a considerable reduction in capillary absorption after 48 h.

SSA’s beneficial effect on mortars’ capillary absorption can be
attributed to the rough surface texture of the aggregate. This texture
can create a more complex pathway for water to travel through the
mortar matrix, thereby reducing the amount of water absorbed by
the specimen. However, it is essential to note that there is a trade-off
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between surface texture and aggregate shape. If the SSA content
exceeds a certain threshold, it could negatively impact capillary
absorption. This is mainly because an increase in the angularity of
aggregate shape can increase the capillary network, resulting in
higher capillary absorption. Therefore, as the replacement level of
SSA increases, so does the capillary absorption.

This phenomenon was also noted in the experiments conducted
by Martinez-Garcia et al. (2019a), who investigated the influence of
mussel shell aggregate on the pore structure of lime mortar. The
authors also emphasized that the presence of a natural protein
(chitin) in mussel shell particles, which may exhibit hydrophilic

DME (GPa)

72-h CA (g/cm?)
24-h CA (g/cm?) -0.62
28-d CS (MPa)
7-d CS (MPa)
Density (g/cm®)

SSA (%)

_0'43 _0.42

10.3389/fbuil.2024.1381169

properties, may decrease the water contact angle and, consequently,
the capillary water absorption.

4 Discussion

Figure 12 presents Pearson’s correlation matrix for the variables
investigated in this study, which include SSA replacement level,
density, 7- and 28-day compressive strength, 24- and 72-h capillary
absorption, and dynamic modulus of elasticity. The correlation
values between SSA replacement level and other variables align
with the discussions in previous sections, revealing that SSA
replacement level has a significantly negative correlation with
density (p = -0.92), 7- and 28-day compressive strength
(p £ —0.90), and dynamic modulus of elasticity (p = —0.97). The
correlation observed between the levels of SSA substitution and the
resultant compressive strength is similar to the findings of
Bamigboye et al. (2022) in their research, with a value
of -0.92 for 28days of curing. Conversely, a low positive
correlation was observed between SSA replacement levels and 24-
and 72-h capillary absorption (p = 0.25), indicating that SSA
marginally enhances water absorption through capillary action.

The significant negative correlation between SSA replacement
level and critical properties such as density, compressive strength,
and dynamic modulus of elasticity can be attributed to the inherent
characteristics of seashells. Unlike sand, seashells are less dense and
more porous, resulting in a less compact mortar and a higher volume
of voids. This reduced density and altered internal structure weaken
the interfacial transition zone between the aggregate and cement
paste, thereby decreasing the mortar’s compressive strength and
stiffness under dynamic loads, as reflected by the lower dynamic
modulus of elasticity. Concurrently, the slight positive correlation

1.00

0.75

0.25

0.00

—0.25

—0.50

—0.75

7-d CS (MPa)-

28-4CS (MPa){ g !

Density (g/cm’)
24-h CA (g/cm?)

FIGURE 12

—-1.00

DME (GPa)

72-h CA (g/cm?)

Relationship between SSA replacement level and physical and mechanical properties of mortar (CS, compressive strength; CA, capillary absorption;

DME, dynamic modulus of elasticity).
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between SSA levels and capillary absorption suggests that the porous
nature of seashells marginally increases the mortar’s ability to absorb
water through capillary action.

Figure 12 illustrates a strong positive correlation among density,
compressive strength, and dynamic modulus of elasticity, indicating
that as the density of a material increases, so do its compressive
strength and stiffness under dynamic loading. This relationship is
attributed to the more compact microstructure of denser materials,
which have fewer voids and defects, leading to an enhanced ability to
withstand and distribute applied loads effectively (Silva et al., 2016).
Conversely, a strong negative correlation is observed between
capillary absorption and these variables, suggesting that materials
with higher porosity and capillary action tend to exhibit lower
density, reduced compressive strength, and decreased dynamic
modulus of elasticity (Lian et al., 2011). The increased voids and
pore spaces in such materials reduce their overall mass per unit
volume and compromise their structural integrity and stiffness,
allowing for more deformation under applied stresses. These
correlations align with established principles in materials science,
confirming that a denser, less porous material is generally stronger
and stiffer, while higher capillary absorption is indicative of a weaker
and more deformable structure (Abdul and Wong, 2004; Choucha
et al., 2018; Iffat, 2015; R. Othman et al., 2021; Saberian et al., 2017).

5 Conclusion

This research investigated the potential of Sururu shells as a
substitute for fine aggregates in mortar mixtures. The study focused
on the effects of substituting natural fine aggregate with 10, 20, and
40% with Sururu Shell Aggregate (SSA) on consistency, density,
compressive strength, dynamic modulus of elasticity, and capillary
absorption of mortar mixtures.

The findings showed a decrease in workability with the increase
of SSA substitution. A slight increase in mass density of specimens
with 10% SSA was observed, while those containing 20% and 40%
SSA showed decreased mass density. The compressive strength of
mortar specimens was also reduced with higher SSA replacement
levels. However, all samples continued to gain strength after 28 days
of curing, reducing the difference with the control sample. The
dynamic modulus of elasticity was minimally affected at 10% SSA
but and  40%.
Additionally, SSA reduced capillary absorption in the mortar

replacement, significantly reduced at 20%
specimens, with the best performance observed in 10% SSA
replacement specimens.

Based on the evaluated mechanical properties, the authors
conclude that Sururu shells have a potential to be incorporated as
fine aggregate into mortar in small quantities, preferably less than
10 percent by weight of sand. However, it is essential to note that
this study only focused on the mechanical and physical properties
of mortar mixtures with SSA. Factors such as durability and
environmental impact were not considered, and the laboratory
conditions used may not reflect the performance of SSA-based
mortar in real-world construction settings. The long-term effects
of using SSA in mortar mixtures require further investigation to
establish the durability and lifespan of structures constructed
with SSA-based mortar. To further our understanding of SSA as
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an eco-friendly alternative in construction, future research
should explore its environmental impact as a substitute for
fine aggregates in mortar mixtures, including the carbon
and the

footprint energy consumption associated with

production and transportation of SSA.
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