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Аннотация. Раковины гигантских африканских 
наземных улиток (GALSS), являющиеся обычными 
биологическими отходами ресторанов и поставщи-
ков улиток, создают проблемы для окружающей 
среды из-за неразборчивой утилизации. В предыду-
щих исследованиях изучалось их применение в меди-
цине, химии, строительстве и автомобилестроении. 
В данном исследовании изучается введение измель-
ченных галлитов в состав керамических матриц на 
основе глины для оценки их влияния на механические 
свойства и пригодности для производства высоко-
вольтных изоляторов. Характерные частицы рако-
вины улитки (63 мкм и 75 мкм) смешивали с глиной в 
различных пропорциях, формовали в виде брусков и 
цилиндров, сушили и обжигали при температуре 
1200°C. Механические характеристики оценивались с 
помощью трехточечных испытаний на изгиб и сжа-
тие. Образец 632080 продемонстрировал прочность 
на изгиб 25,6 МПа, модуль упругости 3,40 ГПа и рас-
сеиваемую энергию 45,04×10-3 Дж, в то время как 
образец 752080 продемонстрировал прочность на 
изгиб 23,3 МПа, 4,05 ГПа и 34,76 × 10-3 Дж. Плот-
ность чистой глины (C100) составила 24,20 МПа, 
3,33 ГПа и 38,32 × 10-3 Дж. Наибольшая прочность 
на сжатие (70,5 МПа) была достигнута в образце 
752080. Исходя из механических характеристик, оп-
тимальные коэффициенты армирования были опре-
делены как 632080 и 752080. Эти результаты свиде-
тельствуют о том, что дробленый галс является 
экологичным армирующим материалом, обладающим 
улучшенными свойствами керамического композита 
и эффективным решением для управления отходами 
окружающей среды. 
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Abstract. Giant African Land Snail shells (GALSs), a 
common bio-waste from restaurants and snail vendors, 
pose environmental challenges due to indiscriminate 
disposal. Previous studies have explored their applica-
tions in medicine, chemistry, construction, and automo-
tive industries. This study investigates the incorporation 
of crushed GALSs into clay-based ceramic matrix com-
posites to evaluate their influence on mechanical prop-
erties and assess suitability for high-voltage insulator 
production. Characterized snail shell particles (63 µm 
and 75 µm) were blended with clay in varying propor-
tions, molded into bars and cylinders, dried, and fired at 
1200 °C. Mechanical performance was assessed through 
three-point flexural and compression tests. Sample 
632080 exhibited a flexural strength of 25.6 MPa, modu-
lus of 3.40 GPa, and energy dissipation of 
45.04 × 10⁻³ J, while sample 752080 recorded 
23.3 MPa, 4.05 GPa, and 34.76 × 10⁻³ J. Pure clay 
(C100) yielded 24.20 MPa, 3.33 GPa, and 
38.32 × 10⁻³ J. The highest compressive strength 
(70.5 MPa) was achieved by sample 752080. Based on 
mechanical performance, optimum reinforcement ratios 
were identified as 632080 and 752080. These findings 
highlight crushed GALSs as a sustainable reinforcement 
material, offering both enhanced ceramic composite 
properties and a viable solution to environmental waste 
management. 
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1. Introduction  

 
All technological devices are conceived, en-

gineered, and manufactured through the exper-
tise of engineers; a process fundamentally de-
pendent on the availability of suitable engineer-
ing materials. The development of new materi-
als has consistently represented one of the most 
significant achievements across civilizations, 
underpinning human progress, prosperity, secu-
rity, and quality of life throughout history. In-
deed, the emergence of novel materials has in-
variably enabled the advancement of new tech-
nologies, spanning disciplines such as civil, 
chemical, construction, nuclear, aeronautical, 
agricultural, mechanical, biomedical, and elec-
trical engineering (Buranyi, 2015). The growing 
demand for advanced materials arises from the 
need to achieve an optimal balance of strength, 
toughness, wear resistance, high-temperature 
performance, and corrosion resistance. In re-
sponse, researchers are increasingly focused on 
these properties, often combining two or more 
constituents to develop novel composites. The 
present study explores the potential of Giant Af-
rican Land Snail shells (GALSs) in combination 
with clay. As technological progress accelerates, 
the search for new materials becomes impera-
tive, given that conventional options such as 
common metals and alloys exhibit limitations in 
attaining desirable mechanical properties. The 
pursuit of materials with synergistic properties 
distinct from their individual components has 
therefore become essential. GALSs have al-
ready served as a foundation for research in bi-
ology, chemistry, engineering, and medicine 
(Tobins et al., 2018). Extending their applica-
tion into engineering contexts aligns with the 
broader quest to discover and develop innova-
tive materials as shown in Figure 1. 

   
Figure 1. Giant African Snail Shell 

  
2. Literature Review 

 
Research on snail shells has experienced 

nearly exponential growth over the past decade 
(Jatto et al., 2010; Ani et al., 2011; Yigezu et 
al., 2013; Odusanya et al., 2014). However, to 
the best of the researcher’s knowledge, the ap-
plication of Giant African Land Snail shells 
(GALSs) as reinforcement in clay-based ceram-
ic matrix composites, and the subsequent effects 
on their mechanical properties, has not yet been 
explored. For ceramic insulators used in electric 
power distribution and transmission systems, 
the most desirable properties include high die-
lectric strength, robust mechanical performance, 
and excellent thermal radiation and insulation 
capacity, even under humid and corrosive con-
ditions (Adams, 2008). Testing ceramics—
whether fiber-reinforced or unreinforced—
under pure tension, compression, or shear re-
mains challenging due to their brittle nature, 
which complicates specimen gripping and uni-
form loading. Ceramic insulators are essentially 
ceramic matrix composites, and in this study, 
the mechanical properties of interest are flexural 
strength and compressive strength. Other prop-
erties such as thermal shock resistance, electri-
cal resistance, dielectric strength (breakdown 
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voltage), and physical characteristics are ad-
dressed in separate works. 

Flexural strength 
Flexural strength, also known as modulus of 

rupture, bend strength, or fracture strength, a 
mechanical parameter for brittle materials, is 
defined as a material's ability to resist defor-
mation under transverse loads. The transverse 
bending test is most frequently employed, in 
which a specimen having either a circular or 
rectangular cross-section is bent until fracture or 
yielding using a three-point or a four-point flex-
ural test technique. The flexural strength repre-
sents the highest stress experienced within the 
material at its moment of rupture. It is measured 
in terms of stress, here given the symbol, σ (Ad-
ams, 2008).  

In the bending/flexural test, a specimen is 
loaded at one point or two points along its 
length, under uniaxial bending stress (tension 
and compression) to obtain information on the 
bending behaviour of materials, making the test 
very easy to perform. This explains why it is 
used for ceramic matrix composites and other 
brittle materials such as hard metals, tool steels 
and grey cast iron (Barrata, 1998; Adams, 
2008). Generally, a flexure test is designed to 
measure the bend strength of a brittle material, 
whereas a bend test is designed to measure the 
crack resistance of a ductile material (Barrata, 
1998; Adams, 2008). 

A flexural specimen simply rests on two 
supports and is loaded at one point, known as 
the 3-point flexural test or at two points, the 4-
point flexural test (Figures 2 and 3). The sample 
is loaded until it is completely ruptured allowing 
for the determination of the sample’s maximum 
bend strength. 

  

  
Figure 2. The Three-point Flexural Test  

(Kopeliovich, www.substech.com) 

        
Figure 3. The Four-point Flexural Test  

(Kopeliovich,  www.substech.com) 
 

The flexural strength of brittle materials is 
very sensitive to the surface finish since the 
maximum tensile stress occurs on the beam sur-
face. Adams (2008), therefore recommended 
rounding or bevelling of the corner to avoid 
stress concentration and to reduce premature 
failure. ASTMC 1161 C is the primary govern-
ing standard for flexural testing of ceramics 
(Adams, 2008). He also stated the ASTM C 
1341 allows a range of specimen sizes and sup-
port span-to-specimen thickness ratios. ISO 
14125 is the leading non-ASTM standard, and, 
like ASTM D 7264, it is focused specifically on 
composite materials and presents relatively con-
cise guidelines and test conditions ((Quinn and 
Morrel 1991; Adams, 2013). The specimen di-
mensions according to ASTM D 7264 could be 
128mm x 13mm x 4mm for 3-point and 4-point 
flexural tests. The standard ASTM D790-93, 
1998 was suggested by Barrata (1998) for flex-
ural testing for ceramic materials.  

 
3. Methodology  

 
3.1. Materials  

 
Snail shells and fireclay served as the pre-

cursor materials for this study. The shells were 
obtained from the Giant African Land Snail 
(Achatina fulica; class Gastropoda, family 
Achatinidae), collected from refuse sites and 
restaurants in the Kugbo Clan and Port Harcourt 
areas of Rivers State, Nigeria. Commercially 
processed fireclay, consisting of a proprietary 
shale-fireclay blend, was sourced from Good-
wins Build & DIY Products (Dublin) under the 
trade name "DINEEN CLAY MIX." The base-
line analytical profile of this clay is presented in 
Table 1. 
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Table 1 
The analysis of the Dublin clay as supplied by 

BUILD & DIY PRODUCTS’ 

  
Pre-incorporated with 12 wt.% fired grog of 

matching composition. Composed of hydrous 
aluminum silicates, this refractory clay exhibits 
high thermal stability, featuring a minimum ser-
vice temperature of 1515 °C and a fusion point 
superior to 1600 °C.  

 
3.2. Experimental Methods 

 
3.2.1. Processing and Sieve Analysis 

 
Post-collection, the GALSs were processed 

at the University of Abuja's Faculty of Engi-
neering workshop. The shells were soaked in 
water overnight, washed thoroughly with a sur-
factant solution to remove impurities, and sub-
sequently sun-dried for three days to achieve 
complete dehydration shown in Figure 4.  

 

 
Figure 4. The snail shells being dried  

under the sun 
 
The dried ground African land snail shells 

(GALSs) were mechanically comminuted using 
a hammer mill to obtain particles of varying siz-

es. The resulting fragments were subjected to 
particle size classification through a sieve anal-
ysis in accordance with the BS 410 standard. A 
series of sieves with apertures of 2000 µm, 1180 
µm, 600 µm, 425 µm, 300 µm, 212 µm, 150 
µm, 75 µm, and 63 µm were arranged sequen-
tially on a sieve shaker. The assembly was oper-
ated under continuous vibration for 20 minutes 
to ensure effective separation. Following the 
analysis, the fractionated particles were collect-
ed, bagged according to their respective size 
ranges, and subsequently transported to Trinity 
College Dublin for further experimental investi-
gation.     

 
3.3. Material Characterization 

 
The crushed ground African land snail shells 

(GALSSs) and clay fractions with particle sizes 
below 150 µm were subjected to microstructural 
and compositional characterization. Scanning 
Electron Microscopy (SEM) was performed at 
the Irish Centre for Research in Applied Geo-
sciences (iCRAG), Trinity College Dublin, to 
examine surface morphology and microstructur-
al features. In addition, both materials were ana-
lyzed to determine their chemical compositions, 
providing insight into their elemental and min-
eralogical constituents.  

  
3.4. Samples for Flexural and Compressive 

Tests  
 

Rectangular specimens for flexural and 
compressive strength testing were prepared us-
ing a mould with internal dimensions of 90 mm 
× 14 mm × 7 mm (Figure 5). The preparation 
procedure followed the guidelines specified in 
ASTM C1161-18 (Quinn and Morrel, 1991) for 
flexural testing of advanced ceramics and 
ASTM D790-93 (Barrata, 1998) for flexural 
properties of plastics.   

Specimens were prepared for mechanical 
and physical property evaluation, including 
flexural strength, fracture toughness, impact 
strength, thermal shock resistance, and dielectric 
breakdown voltage. Additional determinations 
included shrinkage, water absorption, porosity, 
and bulk density. 

S/N Clay mix constituents Percentage (%) 
1 Al2O3 25 
2 SiO2 63 
3 Fe2O3 7.5 
4 K20 2.5 
5 Na2O 1.4 
6 MgO 0.4 
7 CaO 0.2 

Total 100 
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Figure 5. The mould for five samples, each 
90mm x 14mm x 7mm. 

 
Crushed ground African land snail shells 

(GALSSs) were blended with clay in varying 
proportions, as outlined in Table 2. For exam-
ple, to obtain a 10:90 mixture (10% GALSSs: 
90% clay), 10 g of GALSSs particles (<63 µm) 
were combined with 90 g of clay particles (<120 
µm). Approximately 20–25 mL of water was 
added to the dry mixture to achieve a homoge-
neous plastic consistency. The mixture was 
compacted into a mould (90 mm × 14 mm × 7 
mm) by ramming and allowed to set for 12 
hours. The resulting greenware bars were re-
moved from the mould and oven-dried at 250 
°C for one hour to eliminate residual moisture. 

Baseline specimens composed of 100% clay 
were also prepared. All samples were subse-
quently fired at temperatures between 1100 °C 
and 1200 °C to ensure densification and phase 
development. 

Table 2 
 Samples prepared according to GALSs/clay 

ratios and particle size 
S/N Particle 

Size (µm) 
GALSs and CLAY 

Ratios 
Total 

10/90 20/8
0 

30/
70 

 

1 -63µm 10 10 10 30 
2 63µm 10 10 10 30 
3 75µm 10 10 10 30 
4 150 µm 10 10 10 30 
5 C100 

100% clay) 
   30 

Total 40 40 40 150 
 
Cylindrical ceramic matrix composite spec-

imens for compression testing were prepared in 

accordance with ASTM C1424−15 (2019), em-
ploying test methods specified in ASTM C773. 
The samples were fabricated with dimensions of 
30 mm in length and 15 mm in diameter (Figure 
6). The preparation procedure was analogous to 
that used for flexural test specimens, except 
those cylindrical moulds were employed in 
place of rectangular ones. 

 

  
Figure  6. The mould for cylindrical samples  

for compression tests 
 

Following moulding, the greenware speci-
mens were oven-dried at 250 °C for one hour to 
remove residual moisture. Subsequently, the 
dried samples were fired at temperatures ranging 
from 1100 °C to 1200 °C to achieve densifica-
tion. Figure 7 illustrates both rectangular and cy-
lindrical specimens after drying, prior to firing. 

 

 
Figure 7. Rectangular and cylindrical samples 

arranged and ready for firing 
 
Selected rectangular specimens (Figure 7) 

were subjected to three-point flexural testing 
using an Instron 3366 universal testing machine. 
The tests were conducted to determine the flex-
ural strength, flexural modulus, and energy dis-
sipation during deformation of the ceramic ma-
trix composites. The procedure followed stand-
ard protocols to ensure reproducibility and accu-
racy of mechanical property evaluation. 

The flexural strength, flexural modulus, and 
energy dissipation (quantified as the area under 
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the load–deflection curve) were determined 
from the raw data generated by the Instron 3366 
testing machine. For the three-point bending 
tests conducted on rectangular specimens, the 
flexural strength (σf, MPa) was calculated using 
the following expression: 

                       (1) 
where P is the maximum applied load (N), L is 
the span length (mm), b is the specimen width 
(mm), and d is the specimen thickness (mm). 

The flexural modulus was obtained from the 
slope of the initial linear portion of the load–
deflection curve, while the energy dissipated 
during deformation was determined by integrat-
ing the area under the curve up to fracture. 

The compressive strength (CS) of the ceram-
ic matrix composites was determined by divid-
ing the maximum applied load at failure (F) by 
the original cross-sectional area (A) of the spec-
imen: 

                          (2) 
where CS is compressive strength (MPa), F is 
maximum load at failure (kN), A is initial cross-
sectional area of the specimen (mm2). 

For cylindrical specimens, the cross-
sectional area was calculated as: 

A=                              (3) 
with d representing the diameter of the sample 
after firing. In this study, the fired diameter was 
14 mm, yielding an area of 153.94 mm2. Ac-
cordingly, the compressive strength for all cy-
lindrical samples was expressed as: 

CS =                             (4) 

This formulation ensured consistency across all 
tested specimens. 

 
4. Results and Discussions 

  
4.1.  Flexural and Compressive Tests Results 

 
The results of the flexural tests are presented 

in the order in which they were conducted. The 
initial series of experiments involved specimens 
fired at a temperature of 1100 °C, with the ob-
jective of evaluating the influence of firing con-
ditions on flexural strength, flexural modulus, 
and energy dissipation. A subsequent series was 

performed on samples subjected to firing tem-
peratures ranging from 1130 °C to 1200 °C, 
aimed at identifying the optimum operational 
temperature. Finally, tests were conducted on 
specimens fired at 1200 °C to determine which 
sample exhibited the most favorable mechanical 
properties under that condition. 

The results obtained from individual speci-
mens are presented in Figures 8 and 9, orga-
nized according to the particle size of the 
GALSs, the GALSs-to-clay ratio, and the firing 
temperature. For example, the designation “–63 
1090 1100” refers to a specimen prepared with 
GALSs of –63 µm particle size, a GALSs/clay 
ratio of 10:90, and subjected to firing at 
1100 °C. The curve reaches a maximum load of 
approximately 65–70 N at an extension of 
around 0.4mm. This peak represents the ulti-
mate load-bearing capacity of the specimen. 
Beyond this point, the material can no longer 
sustain additional stress, marking the onset of 
failure. Following the peak, the curve drops 
sharply, indicating a sudden loss of load-bearing 
ability. This steep decline is characteristic of 
brittle fracture, where crack propagation occurs 
rapidly once the critical stress threshold is ex-
ceeded. Representative load–extension curves 
exhibiting similar profiles were also illustrated 
in Figures 10 and 11. 

 

 
Figure 8. The load-extension curves of sample -

631090 
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Figure 9. The load-extension curves of sample 
632080 

  
Figure 10. The load-extension curves of sample 

751090 
 

 

Figure 11. The load-extension curves of sample 
1502080 

Figure 10 presents the load–extension curve 
of the specimen composed of 100% clay and 
fired at 1100 °C. The profile of this curve differs 
markedly from the others, indicating brittle fail-
ure following the appearance of a plateau-like 
feature. This suggests that, during deformation, 
the material required additional energy input to 
progress toward fracture. In contrast, the incor-
poration of GALSs altered the fracture behavior 
of the ceramics, as evidenced by the absence of 
brittle failure in the curves shown in Figures 10 
and 11 at the same firing temperature. The cal-
culated values of flexural strength (MPa), flex-
ural modulus (GPa), derived from Equations 1 
and 2, together with the energy dissipated dur-
ing deformation (J), represented by the area un-
der the curves, are summarized in Table 3 and 
illustrated in Figure 12. 

 
Table 3  

GALSs Particle size 63 µm fired at 1100oC 
 
 
 
 
 
 
 
 
 

 

 
Figure 12. Graph of flexural strength and area under curve (energy) against ratio for 63 µm GALSs 

particle size with 100% clay 
  

S/N Sample 
GALS: Clay 

Max load 
(N) 

Flexural 
strength (MPa) 

Flexural mod-
ulus (MPa) 

Area under 
curve    

(N-m)x10-3 
1 10:90 43.81 4.12 139.11 3.30 
2 20:80 29.87 2.81 180.43 3.15 
3 30:70 13.21 1.24 52.84 2.13 
4 40:60 7.58 0.74 70.10 1.17 
REF: 0:100 135.51 12.77 700.60 24.75 
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The load–displacement curves for specimen 
63 1090 subjected to varying firing temperatures 
are presented in Figures 14–18. The correspond-
ing values of maximum load at fracture, flexural 
strength (MPa), flexural modulus (GPa), and 
energy dissipated (J) are summarized in Table 4. 
Figure 16 illustrates the influence of firing tem-
perature on the ceramic matrix composite for 
specimen 63 1090. Representative load–
displacement curves for the clay-only specimens 

(C100) are shown in Figures 14 and 15, with the 
associated mechanical properties reported in 
Table 4. The effect of firing temperature on the 
100% clay ceramics is depicted in Figure 13. 
Overall, the results demonstrate a consistent in-
crease in maximum load at fracture, flexural 
strength, flexural modulus, and energy dissipat-
ed during deformation as firing temperature in-
creases. 

Table 4  
The effect of firing temperature on Sample 63 1090 

 
S/N Firing 

temperature (oC) 
Max load 

(N) 
Flexural 

strength (MPa) 
Flexural 

modulus (MPa) 
Area under curve 

(N-m)x10-3 
1 1130 54.28 5.11 1528.93 5.22 
2 1160 110.83 10.44 2263.87 26.20 
3 1180 156.69 14.76 3479.92 31.75 
4 1190 165.15 15.56 3023.42 29.93 
5 1200 176.58 16.63 3632.10 29.20 

 

 
Figure 13. The effect of firing temperature on the ceramic sample C100 (100% clay) 

 
 

 
Figure 14. Load-extension graphs of flexural 

test for samples 6310901130 at 1130oC 
 

 
Figure 15. Load-extension graphs of flexural 

test for sample 6310901180 at 1160oC 
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Figure 16. Load-extension graphs of flexural 

test for sample 6310901180 at 1180oC 
 

 
Figure 17. Load-extension graphs of flexural 

test for sample 6310901180 at 1190oC 
 

 
Figure 18. Load-extension graphs of flexural 

test for samples 63 µm with firing temperature 
1200oC 

 
4.2.  Compressive Tests Results   

 
The load–displacement diagrams obtained 

from the compression tests of selected speci-
mens are presented in Figure 19, categorized 
according to the GALSs-to-clay ratio and the 
particle size of the GALSs. 
 

  
Figure 19. Load-extension graphs of compres-

sion tests for sample 63 20801200 
 
The mechanical properties of the ceramic 

matrix composites namely flexural strength, 
flexural modulus, and energy dissipation exhib-

ited progressive improvement with increasing 
firing temperature. A characteristic plateau re-
gion was observed in all load–deformation 
curves (Figures 19-21) for specimen 63 1090 
fired between 1160 °C and 1200 °C, resembling 
the behaviour of the clay-only specimens (Fig-
ure 11). During deformation at approximately 
80 N loading, additional energy was required for 
the process to continue, suggesting residual load 
resistance at this stage. For specimen 63 1090 
fired at 1200 °C, the maximum load attained 
was 176 N, with a flexural strength of 
16.63 MPa, a flexural modulus of 3.63 GPa, and 
energy dissipation of 29.20 × 10⁻³ J. In contrast, 
the flexural modulus of the clay-only specimens 
remained consistently around 3 GPa across all 
firing temperatures.  

 

 
Figure 20. Load-extension graphs of 

compression tests for sample 75 2080 1200 
 

 
Figure 21. Load-extension graphs of  

compression tests for sample 150 1090 1200 
 

Firing transformed the ceramic material 
from a weak, unfused state into a strong, per-
manent structure. As furnace temperature in-
creased, significant microstructural changes oc-
curred within the ceramics. According to the 
kiln firing chart (Hall, 2014), clay begins vitrifi-
cation between 1100 °C and 1200 °C, corre-
sponding to cone numbers 03–01 and 2–5. 
Within this range, particles begin to melt and 
crystallize, leading to shrinkage, densification, 
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and hardening, which collectively enhance the 
maximum load capacity with rising firing tem-
perature. Furthermore, extended soaking time at 
peak firing temperature facilitated greater parti-
cle fusion, thereby improving the mechanical 
integrity of the ceramics. 

Table 5 presents the maximum load, com-
pressive strength and the energy dissipated dur-
ing the compression tests while Figure 21 shows 
how the samples of different particle size and 
GALSs/clay ratios relate with the compressive 
strength and the energy dissipated. 
 

Table 5  
Results of compression tests of selected samples 

 

 
5. Conclusions 

The load–deflection curves obtained from 
compression testing (Figure 13) exhibit distinct 
characteristics compared to those recorded dur-
ing flexural testing. Whereas flexural curves 
generally display smooth profiles, the compres-
sion curves reveal irregularities, likely attributa-
ble to the presence of multiple yield points dur-
ing crushing. As illustrated in Figure 14, both 
compressive strength and energy dissipation in-
creased with higher GALS content and larger 
particle size, attaining values of 70.48 MPa and 
5.15 J, respectively, for specimen 75 µm 2080. 
On average, the energy dissipated during com-
pression was approximately 3.40 J. In compari-
son, the clay-only specimen (C100) exhibited a 
compressive strength of 49.94 MPa and energy 
dissipation of 3.75 J. Elevated firing tempera-
tures (1200 °C) promoted phase development, 
densification, and reduced porosity. However, 
higher GALS content (20%) introduced addi-
tional porosity, underscoring the need for care-
ful control of firing conditions to optimize me-
chanical performance. The most favorable bal-
ance of mechanical strength and thermal stabil-
ity was observed in specimen 632080. Accord-
ingly, mixtures corresponding to specimens 
631090 and 632080 are recommended for 
achieving optimum results. 
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