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This study explores enhancing the mechanical properties of fiber-reinforced polymer composites using a biomimetic 

approach inspired by nacre. Composites were fabricated with hexagonal glass fiber platelets cut via high-precision 

laser, embedded in a polyester resin matrix. Ten specimens were produced with varying platelet sizes (10–30 mm) and 

interplatelet gaps (2–6 mm), arranged in three laminate layers with a 0°/45°/90° stacking sequence. Mechanical testing 

revealed that larger platelets improved tensile strength, hardness, and density, while wider interplatelet gaps reduced 

performance. The optimal configuration, with 25 mm platelets, showed an 18% increase in impact strength (1.9 J/m !

2.3 J/m) and a 115% increase in flexural strength (59 MPa ! 127 MPa) compared to monolithic laminates. Fourier trans

form infrared spectroscopy analysis indicated variations in resin curing and fiber–matrix interactions, and X-ray diffrac

tion patterns showed changes in crystallinity and residual stress. Scanning electron microscopy imaging confirmed 

reduced delamination and enhanced crack resistance in biomimetic laminates. These findings demonstrate that nacre- 

inspired glass fiber composites exhibit significantly improved mechanical behavior, highlighting their potential for engi

neering applications, including automotive crash components and protective headgear.

Keywords: biomaterials/biomimetic materials/glass fiber platelets/interplatelet spacing/mechanical characterization/nacre-inspired 

composites

1. Introduction 

The living organism has long been a foundation of motivation for 
engineering structure, mostly in the advancement composite mate
rial.1 One specific natural design that has gathered significant 
attention is nacre, generally known as mother of pearl, a natural 
composite material found in inner layer of mollusk shells having 
exceptional toughness and strength, which is obtained to its hier
archical structure composed of brittle aragonite platelets and a soft 
organic protein matrix.2 This unique combination of stiff platelets 
and a compliant matrix has motivated researchers to replicate 
these bioinspired structures in synthetic composites to improve 
their mechanical properties.3–5 Bioinspired composites address 
remarkable mechanical strength under extreme environmental 
conditions and demonstrating high toughness and stiffness in high 
pressure environment, possess good thermal stability at elevated 
temperatures, and resistance against chemical degradation.1–5

Natural nacre material contains significant crushing strength,6

having multilayered lamellar architecture,7 contains biopolymer 
linkage with excellent interfacial strength,8 possessing structural 
and mechanical properties used in various application like Velcro, 
Al2O3-PMMA (aluminum oxide, poly-methyl-methacrylate),9 and 
combination of natural ceramic and biopolymer constituent.10 The 
architecture of the lamellar structure of mollusk shell have been 

identified over different length scales11–13 from numerous charac
terization tech-niques, including scanning electron microscopy 
(SEM), transmission electron microscopy (TEM), atomic force 
microscopy (AFM), and Fourier transform infrared spectroscopy 
(FTIR). Gebremaryam et al.14 explored the utilization of Teff seed 
coat powder act as a bio-filler reinforcement in epoxy composites 
which demonstrating significant enhancement in mechanical prop
erties and thermal stability, with an optimum composition 7.5% 
Teff powder composite leads to promising percentage of bio-filler 
which is suitable for structural applications. Shahapurkar et al.15

investigated the embedding of Habeshian short banana fiber in 
epoxy matrix core which is sandwiched between woven banana 
fiber composite that demonstrating improvement of tensile, com
pressive, and fracture toughness properties with optimal value of 
10 wt.% fiber content reflect the significant improvement of 
mechanical properties for structural applications.

Nacre-inspired designs have been progressively used in different 
types of composite materials, including ceramic/polymer compo
sites having dental CAD/CAM application,16 carbon fiber-based 
ceramic composite,17 Al-based metal matrix composites,18–20

graphene-based composites,21–23 and polymer matrix compo
sites.24–26 These designs mimic the hierarchical structure of 
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natural nacre, leading to significant enhancements in mechani
cal properties such as strength,18 toughness,19 and flexibility. In 
addition, they improve tribological behavior, offering superior 
wear resistance and reduced friction.20 The microstructural fea
tures of nacre-inspired composites also contribute to enhanced 
radiation resistance, making them suitable for applications in 
extreme environments.22 Moreover, these materials demon
strate shape memory properties, further broadening their poten
tial applications in advanced engineering and smart material 
systems.23

Nacre-based carbon fiber composite is fabricated using vat photo
polymerization process with the effects of various fillers on flex
ural properties being examined and molecular dynamics 
simulations used for study of atomic structure and filler interac
tions within the nacre scaffold. But the high cost of the fabrication 
process and time are still challenging aspects; moreover, the only 
flexural property is analyzed; it required characterization of other 
properties like tensile strength, impact strength, and so on for 
broader characterization.17 Ji et al.27 fabricated nacre-inspired 
composite having aramid papers with a ‘brick-and-mortar’ struc
ture and combination of 3D aramid nanofiber (ANF) matrix and 
2D carbonylated basalt nanosheets (CBSNs) as fillers material. It 
provides remarkable mechanical and electrical properties. Nacre 
like ceramic-polymer composites with different orientation of archi
tectures and its effect on compression fatigue strength are observed. 
This study reveals that fatigue strength is improved by hindering 
the crack propagation through crack deflection due to different ori
entation of brick-and-mortar and lamellar structure.28 Review of 
different natural materials having good mechanical properties like 
nacre, shrimp shell, conch shell, horns, hooves, and beetle wings 
inspired composite material fabricated through multi-material addi
tive manufacturing process.29 Study of nacre-inspired brick and 
mortar structure and its value of fracture strength 1700–3000 times 
higher than single constituent aragonite material.30 The effect of the 
hierarchical structure of nacre in mechanical properties like tensile 
strength and shear strength observed by Lin and Meyers.31 Low 
velocity impact strength of bioinspired composite like dactyl clubs 
of mantis shrimp like material for enhancement of damage tolerance 
capability studied.32 Patel and Adalja33 investigated the dynamic 
performance of a glass fiber based rotating composite shaft through 
experimental and FEM analysis which gives a significance of lami
nate composite in dynamic properties and application. In addition, 
bioinspired mechanism implemented in various filed like medicine 
for protecting blood cell membren,34 electronics equipment 
design,35 cleaner and absorber improvement,36 photocatalyst appli
cation,37,38 organ implant,39 milling process optimization,40,41 anti
bacterial drug system,42 and biomedical implant design.43

Based on above literature, the bioinspired material having great 
potential for developing advanced composite material having capa
bility to improve the mechanical and dynamic strength of material 
under different loading condition. Majority of work mainly depend 
on high-cost manufacturing process like multi-material additive 

manufacturing process; high-cost reinforcement fiber material like 
(carbon fiber, aramid fiber and graphene etc.) leads to the reduc
tion scalability of bioinspired material in real-world utilization. 
So, this research work explores the low-cost fabrication process 
like E-glass fiber reinforcement material and GP LR grade resin 
as matrix material and mechanical characterization of nacre- 
inspired composites, which focused on the influence of biomimic 
platelet size and interplatelet spacing on the mechanical proper
ties of bioinspired composite material. By using hexagonal- 
shaped glass fiber platelets as reinforcements within a polyester 
resin matrix, the impact and flexural strength of composite mate
rial was improved. The values of the impact strength and flexural 
strength improved by 18% and 46%, respectively. The study 
focuses on effect of different platelet dimensions and their distri
bution on tensile strength, flexural strength, hardness, density, 
and impact resistance.

2. Material and methods 

Nacre like three layered glass fiber chopped strand matt (CSM) form 
with 350 GSM (grams per square meter) used as a reinforcement 
material, LR grade (laminated resin) polyester resin used as a matrix 
material to mimic bonding part of nacre. Laminate prepared through 
simple hand layup technique in open molding process environment 
having dimension 300 × 300 mm and thickness 3 mm maintained to 
fulfill ASTM standard requirement for evaluating mechanical and 
physical properties. Hand lay-up process is applicable for large-scale 
composite production through its low initial investment, flexibility in 
manufacturing large and complex shapes, and increasing scalability 
through employing large manpower and workstations suitable for 
dense population countries. This hand layup method is widely 
employed in industries involved in the fabrication of manholes and 
chemical containers, where achieving cost-effective production at 
medium scale. A total of ten bio-inspired laminates were prepared, of 
which the first five were fabricated with a uniform platelet gap, while 
the biomimetic platelet size varied from 10 mm to 30 mm. Similar 
way another five biomimetic laminate prepared with the same platelet 
size variation with change in gap between biomimetic platelet like 
2 and 6 mm. Figure 1 shows the hierarchical architecture of biomi
metic laminate having three distinct layers with each layer plantlets 

Figure 1. Biomimetic platelet orientation of three different layers 

of laminate
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are arranged at angle of 0�/45�/90� to mimic nacre like lamellar 
brick-and-mortar structure. Fabrication of biomimetic platelet with 
different size, gap, and orientation is obtained through laser cut
ting process with accuracy 0.01 mm. All three layered biomi
metic reinforcement material with LR grade polyester resin as a 
matrix material makes laminate thickness 3 mm through hand 
lay-up process. Figure 2 represents a hexagonal platelet with a 
side length fixed to 10 mm and a thickness of 1 mm engraved by 
CO2 gas laser cutting machine. The cutting process was per
formed with process parameters like a cutting speed of 7 mm/min 
and a cutting mode operation. Initially, a computerized drafting 
model was constructed with varying side length and thickness, 
which acts as an input for the laser cutting machine to generate 
cutting path on reinforcement.

2.1 Nacre-inspired biomimetic reinforcement and 

matrix material 

Figure 3 shows the arrangement of nacre like platelet with varying 
hexagonal side length like 10, 15, 20, 25, and 30 mm and gap 
between platelet is fixed at 1 mm maintained through automated 
highly precision laser cutting machine. The fabrication of different 
platelet sizes reveals the influence of size of platelets in mechani
cal and impact performance of biomimic composite laminate over 
plain non-biomimic laminate. Low-cost E-glass fiber chopped 
strand matt is used to mimic the nacre like platelets material.

Figure 2. Hexagonal platelet with side length 10 mm

Figure 3. Biomimetic platelet sizes (10–30 mm) with fixed 1 mm gap

Figure 4 reveals the biomimetic platelet with varying gap like 2, 3, 
4, 5, and 6 mm obtained through same laser cutting process. 
Figures 2 and 3 represent the single layer of reinforcement with 
zero-degree platelet orientation and rest of the other two layer 
arranged at 45� and 90�, respectively. Total ten laminate fabricated 
to find effect of biomimetic platelet size and gap distribution. 
Biomimetic platelet with different size provides the stiffness and 
gap between platelet filled with resin material provides the 
required softness for overall laminate. Combination stiffness and 
softness lead to lighter and tougher laminate for required mechani
cal application.

Laminated resin (LR) grade polyester is used for matrix material 
and it is also used for filling gap between two platelets. It mimics 
as a mineral bridge function in overall laminate structure.

2.2 Fabrication of biomimic nacre like laminate 

Total ten laminates with variation of platelets size and interplatelet 
placing are processed through low-cost hand layup method per
formed with help of rigid and highly finish flat mold surfaces as a 
base for processing by cleaning of molding surface with 70 grade 
fine stone grinding paper to remove leftover particles, cure resin 
dumps, and maintain uniform surface finish. After surface prepa
ration surface coating is applied through petroleum wax material 
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which acts as mold release agent after curing process. Allowing 
wax to dry for 10 min after that the lamination work is carried out 
at normal room temperature and pressure. The total weight of 
cobalt and hardener was determined as 1% of the total weight of 
laminated-grade resin used to fabricate the laminates with E-glass 
fiber reinforcement. Air bubble interruption is removed with help 
of manual roller pressing. After that allowing bioinspired lami
nates to cure at room temperature for 48-h time duration and then 
raw samples with dimension 300 × 300 × 3 mm were released 
from mold surface with help of chisel tool. Standard shape and 
size of specimen for different mechanical test were cut as per 
ASTM D638 for testing tensile properties, ASTM D790 for evalu
ating bending property and ASTM D256 used for Izod impact test 
strength measurement. Hardness of specimen is directly measured 
from raw sample size through barcol indenter as per ASTM 
D2583 standard. For density measurement, samples were cut as 
per size of platform 20 × 20 mm of hydrometer.

2.3 Fabrication of non-biomimetic laminate 

(monolithic (plain) laminate) 

Stacking of total three layers of glass fiber CSM sheet with 350 
GSM having size 300 × 300 mm used as reinforcement material, 
while in matrix material configuration: GP resin LR grade with 
mixing of 1 percentage hardener and 1 percentage cobalt by 
weight of LR resin used for fabrication of monolithic material 
laminate which is non-biomimetic and its property compare with 
nacre-inspired biomimetic composite laminate.

2.4 Testing of biomimic nacre like laminate 

2.4.1 Tensile test 

Tensile test in uniaxial manner is performed as per ASTM 
D63844–48 standard. Figure 5 shows the sample attachment in 
Universal testing machine with capacity 1000 kN and displace
ment rate 5 mm/min. Extensometer is attached to specimen for 
measurement of strain within the elastic limit. The test is con
ducted on different sizes of nacre like platelet 10, 15, 20, and 
30 mm size and variation of interplatelet spacing 2, 3, 4, 5, and 

6 mm and also non-biomimetic monolithic sample with same 
thickness 3 mm and geometry tested. All biomimic and non- 
biomimic laminate specimen contains smooth vertical side and 
having constant cross-section geometry at gauge section gradual 
increase with beveled shaped grips located at its end’s specimen 
geometry having following configuration (length × width × thick
ness) 165 × 19 × 3 mm maintained (refer to Figure 6) which repre
sent the dog bone shaped specimen.

Figure 4. Biomimetic platelet with varying gap (2–6 mm)

Figure 5. Specimen attachment with extensometer arrangement
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2.4.2 Flexural test 

In this test findings flexural properties like flexural strength and flex
ural modulus of nacre like biomimetic composite laminate are obtained 
through static flexural testing as per ASTM D79049–53 standard all 
specimen fabricated in rectangular-shaped geometry which is clearly 
illustrated in Figure 7 having following configuration 70 × 12 × 3 mm 
maintained. All arrangement like sample arrangement and position of 
roller support grip are mentioned in Figure 8. The flexural specimen is 

placed between two roller supports with span length 48 mm in UTM 
with recommended testing speed of 2 mm/min maintained.

2.4.3 Impact test 

The energy absorption-dissipation capacity, impact resistance, and 
fracture resistance of a material can be obtained from the Izod 
impact. In addition, it gives the information about the nature of 
material in terms of combination of brittle and ductile region. 
Figure 9 shows the impact testing apparatus with notched sample 
held between the fixture subject to following machine parameters: 
impact load 24 J and speed 3.6 m/s, specimen geometry having fol
lowing configuration 50 mm (length) × 30 mm (width) × 3 mm 
(thickness) maintained. Impact tester of IT504 Plastic Impact 
(Tinius Olsen, USA) is used to perform impact test with hammer 
of 41.25 N force and specimen notched tip radius of 1 mm used to 
fulfil the standard requirement. Testing machine and specimen 
arrangement maintained as per ASTM D25654–58 requirement. All 
test specimen were conditioned like finishing edges of samples 
with fine emery paper, and specimen maintained at standard room 
temperature and so on; specimen geometry, Izod impact tester 
machine with display unit is shown in Figure 10.

Figure 6. Bioinspired dog bone specimen

Figure 7. Flexural testing specimen

Figure 8. Specimen subjected to three point bending in UTM 

apparatus

2.4.4 Hardness test 

The surface hardness of bioinspired laminate is obtained by adopting 
ASTM D2583 standard procedure which reflects the Barcol hardness 
value of all class of glass fiber reinforcement polymer matrix com
posite material. Total 11 specimens with 40 mm × 40 mm dimension 
with thickness 3 mm were indented through barcol indenter. All cured 
bioinspired nacre like laminate specimens were kept in normal 
atmospheric condition for 48 h time duration before testing. The hard
ness test is then conducted in the laboratory at ambient atmospheric 
conditions. Five indentation marks are placed on different location of 

Bioinspired, Biomimetic and Nanobiomaterials 

Volume 14 Issue 4 

Biomimetic nacre-inspired composites reinforced 

with glass fibers for enhanced strength 

Vaghasia, Rachchh, Mehta, Paramasivam and Ayanie

181 

Downloaded from http://ftp.nowpublishers.com/jbibn/article-pdf/14/4/177/10425731/jbibn.25.00017en.pdf by guest on 27 May 2026



each of the specimens which is at least 4 mm away from the edge of 
the specimen. The average values of reading of different bioinspired 
configurations are recorded. The specimen setup for hardness testing 
is shown in Figure 11.

2.4.5 Density test 

The density of all ten specimens was measured using a Saffron 
instrument with an accuracy of 0.1 mg. The specimen, prepared 
according to platform size of weighing instrument, sample had 
dimensions of 20 × 20 mm with a thickness of 3 mm. The digital 
instrument automatically measured the density based on calculation 
of the weight of the specimen measured both in air and water. This 
procedure ensured precise and reliable density measurement, and 
also accounted for buoyancy effects during the measurement process.

3. Results and discussion 

3.1 Effect of platelet size and platelet spacing in 

tensile strength 

Figure 12 illustrate the tensile strength of the F12 biomimetic 
fiber-reinforced composites was evaluated for two different con
figurations: varying nacre-like platelet sizes from 10 mm to 
30 mm, and varying inter-platelet spacing from 2 mm to 6 mm. 
These results indicate that the tensile strength is influenced by var
iations in platelet size and inter-platelet spacing. Results reveal 
that values of tensile are improved by increasing the size of plate
let and reverse trend observed that value degrade by increasing 
gap between platelet. Overall strength and modulus become lower 
than plain non-biomimetic composite plate due to higher tendency 
of material homogeneity and proper load distribution between 
fiber and matrix material achieved so that it promotes the distribu
tion of stress thoroughly inside the laminate parallel between glass 
fiber and GP LR grade resin.

Figure 9. Samples with notched shape

Figure 10. Sample attachment with Izod impactor testing machine

Figure 11. Barcol hardness tester
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Higher value of tensile strength 78 MPa and tensile modulus 87 GPa 
obtained at plain non-biomimetic laminate material which is greater 
than rest of all other combination biomimic combination laminate 
with same size and weight. This happened due to proper and uniform 
coating of fiber material with resin which allow maximum stress 
transfer in non-biomimetic plain laminate material. A decrease in ten
sile strength in bio-mimetic materials is attributed to increased dis
continuity and heterogeneity between the reinforcement platelets and 
the resin matrix. Consequently, under axial tensile loading, the load 
transfer between the fibers and the matrix is inefficient, leading to a 
reduction in the overall tensile strength of the laminate. As per graph 
higher value of tensile strength is obtained for laminate having fixed 
gap 1 mm and higher platelet size 30 mm as compared with same 
size with 6 mm gap. Lowest value of tensile strength is obtained for 
laminate having maximum gap (interplatelet placing). Incremental 
trend of tensile strength is observed for laminate having fixed gap 
with increasing size of biomimic platelet from 10 to 30 mm. 
Maximum value is achieved at 34.1 MPa for laminate having platelet 
size 30 mm. The tensile strength decreased as the inter-platelet gap 
increased from 2 mm to 6 mm, with the lowest value of 19 MPa 
observed at the maximum gap of 6 mm. The above results represent 
the influence of platelet size and spacing in tensile strength of mate
rial. The results indicate that increasing the platelet size (with uniform 
orientation) promotes a more uniform and parallel distribution of ten
sile stress. In contrast, increasing the inter-platelet gap leads to local
ized stress concentrations, which facilitate rapid crack initiation and 
propagation within the laminate. Larger gaps reduce fracture strength, 
lower crack resistance, and allow cracks to propagate both in-plane 
and radially.

The above results show the effect of both the platelet size and pla
telet spacing on tensile properties of the biomimic composite lami
nate. Both parameters studied and platelet spacing have a greater 

impact on the composite laminate due to drastic reduction of ten
sile strength from highest value of 78–19 MPa lowest one in maxi
mum platelet gap. Most concerning parameter of biomimic design 
is interplatelet size that directly reduces overall tensile strength of 
laminate under application of tensile load. While designing indus
trial components higher value of platelet size 30 mm and minimum 
gap are preferable for fabrication of laminate for satisfying maxi
mum safety requirement.

Figures 13 and 14 demonstrate that all bioinspired composite 
materials with various configuration indicate a brittle nature of 
stress–strain profile which contains minute strain value before 
rapture point. Moreover, the stress–strain graph represents the 
bioinspired composites which exhibits the higher deformation 
under minimal stress condition as compared to plain laminate 
material. This behavior obtained through gap between the plate
let promotes the significant deformation as compared to plain 
laminate material. Consequently, an increase in platelet sizes 
leads to minimized deformation and uniformly distribute the 
applied stress over large platelet area which enhanced tensile 
response clearly indicated in graph of 30 mm platelet size stress–
strain behavior. Increasing the gap between platelets results in 
higher deformation and strain at lower stress levels due to 
uneven stress distribution between the fiber platelets and the 
matrix. This leads to a reduction in the tensile strength of the 
bio-inspired material compared to plain monolithic material. 
Higher gap between platelet leads to increasing tendency of 
stress polarization which promotes the crack propagation in gap 
between platelet and matrix material.

Figure 12. (Left) Platelet size (10–30 mm plotted against tensile property chart); and (right) platelet gap plotted against tensile property 

chart values are compared with plain laminate

The composite exhibited a maximum tensile strength of 34.1 MPa 
when a platelet size of 30 mm and an interplatelet spacing of 1 mm 
were used. In contrast, increasing the spacing to 6 mm caused a 
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significant reduction in tensile strength to 19 MPa, highlighting the 
adverse effect of larger gaps on load transfer efficiency and crack 
propagation resistance. Similarly, the optimal configuration of 
30 mm platelet size and 1 mm spacing achieved a flexural strength 
of 127 MPa, representing a 46% improvement compared to non- 
bioinspired monolithic laminate materials. This improvement can 
be attributed to the enhanced crack resistance provided by the inter
locked fiber–matrix interface. However, larger interplatelet spacings 

significantly reduced flexural rigidity, with the lowest flexural 
strength recorded at 6 mm spacing.

Figure 13. Stress plotted against strain plot for platelet size varies 

from 10 to 30 mm and compared with plain laminate graph

Figure 14. Stress plotted against strain plot for platelet gap varies 

from 2 to 6 mm and compared with plain laminate graph

Figure 15. Flexural strength and flexural modulus of platelet size 

10–30 mm

Figure 16. Flexural strength and flexural modulus of platelet gap 

2–6 mm

3.2 Flexural strength 

The line chart in Figure 15 reveals the value of the flexural test 
results for platelet size 10–30 mm and interplatelet spacing (gap) 
2–6 mm shown in Figure 16. It can be observed from the result 
that there is a significant improvement of flexural strength from 
platelet size 30 mm laminate while the lowest value of flexural 
strength from interplatelet spacing is maximum at 6 mm gap. 
Values of flexural strength and flexural modulus declined by 
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increased the interplatelet spacing from 2 to 6 mm. The results 
reveal the influence of reinforcement platelet size and interplatelet 
spacing perform key role in flexural strength and modulus of bio
inspired composite material.

The flexural strength of laminate composite material depends on 
laminate structural rigidity and post yield behavior under applica
tion of three-point bending load. Flexural rigidity is reduced 
through development of crack or pre-existing crack and its propa
gation leads to the failure of laminate in brittle nature and the flex
ural behavior. Non-destructive testing was carried out through 
visual inspection procedure to assess presence of defects on sur
face and failure severity after conducting the flexural test. Crazing 
pattern on top surface on laminate is observed which indicates the 
deformation due to compression of laminate top layered subject to 
bending. Cracks in the bottom layer occurred due to the presence 
of microvoids formed during the manufacturing process. The 
development of microcracks and micro-gaps at the fiber–matrix 
interfaces generates high tensile stress in the bottom regions of the 
composite, leading to the formation of visible cracks. However, 
size and shape of reinforcement fiber platelet and minimum gap 
distribute the compressive and tensile uniformly through fiber–
matrix interface and withstand maximum bending load, i.e. opti
mum combination of platelet size 30 mm and gap 1 mm gives 
maximum value of bending strength 127 MPa and modulus 
3261 GPa which is greater than plain non-biomimic laminate by 
46% and 35%, respectively. The nacre-like hierarchical structure 
interlocks the fiber–matrix interface, reducing crack propagation 
within the interface. This phenomenon is responsible for the 
higher bending strength and modulus observed in bio-inspired 
laminates ,in comparison with plain non-bioinspired monolithic 
laminates. In case of plain laminate, the interlocking mechanics is 
absent and crack propagation easily and rapidly happed within 
fiber and matrix interface that magnifying the brittle failure of 
laminate with application of small bending load. While decline of 
bending strength observed from 2 to 6 mm platelet gap and lowest 
value 81 MPa achieve at 6 mm inter platelet spacing in spite of 
maximum platelet size 30 mm happed due to increasing interface 
between platelet and matrix material promotes the bending load 
localization leads the stress concentration in matrix material low
ering value of bending strength in laminate. Higher platelet size 
and lower gap promotes the easy stress distribution throughout the 
laminate promotes highest value of bending strength.

The flexural stress vs strain graph of the bioinspired epoxy-glass 
fiber composite is shown in Figures 17 and 18, which clearly indi
cates the influence homogeneous and continuous distribution of 
platelets within bioinspired composite material. The laminate with 
a platelet size of 30 mm contains the highest slope over the non- 
bioinspired plain laminate and other bioinspired configurations. 
This can be obtained by the uniform distribution of bending loads 
over a larger area having higher platelet size which effectively 
improving resistance to deformation. The larger platelet size facili
tates improved load transfer capabilities and minimizing localized 

stress concentrations so that it enhancing the overall flexural 
strength. Moreover, reducing the gap between platelets also pro
motes the bending strength by uniform stress distribution; how
ever, the flexural strength remains comparatively lower at with 
larger platelet size. Consequently, an optimal platelet size of 
30 mm is observed as the most effective configuration for achiev
ing maximum flexural strength value due to as its superior bend
ing loads resistance capacity with minimal deformation. Higher 
platelet size leads the increasing the interlocking tendency 

Figure 17. Flexural stress plotted against flexural strain graph for 

platelet size varies from 10 to 30 mm and compared with plain 

laminate graph

Figure 18. Flexural stress plotted against flexural strain graph for 

platelet gap varies from 2 to 6 mm and compared with plain 

laminate graph
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between fiber and matrix interface leads to increasing flexural 
load bearing capacity.

3.3 Impact strength 

Figure 19 provides the Izod impact strength for bioinspired nacre 
like platelet e-glass fiber reinforcement polyester resin composite 
material and it reflects variation of the impact strength gradually 
improved with the increase in platelet size and gap up to 25 mm 
platelet size and gap 5 mm but after that values are decreasing. 
These results clearly depict the influence of platelet size and gap 
on impact strength of nacre like bioinspired composite material. 
Performance of bioinspired laminate under impact load gives an 
important trend that the improvement of impact strength happened 
by incorporating optimum platelet size and gap that add structural 
heterogeneity and lower crystallinity which dissipate and absorb 
the impact energy. The brick-mortar and nacre like platelet struc
ture minimize the crack propagation which reduced the sudden 
impact failure of laminate. Lowest value of impact strength 
observed at platelet size 10 mm and gap 2 mm which indicates the 
energy distribution between fiber and matrix material not attained 
properly with low platelet size of reinforcement that leads to for
mation of micro-cracks during impact loading. While increasing 
platelet size up to 25 mm gives highest possible values of impact 
strength after that further increasing platelet lead to decreasing the 
impact strength that promotes structural homogeneity at higher 
value of platelet size after 25 mm that promotes the crack propaga
tion easy and rapid within laminate and reducing impact strength. 
However, impact strength of plain laminate (1.98 J/mm) becomes 
lower than bioinspired nacre like platelet composite material 
(2.345 J/mm) which shows the improvement of impact strength by 
84.4% than non-biomimic material due nacre like structure having 
greater tendency for absorbing and dissipating impact energy and 
also reduced crack propagation within laminate. Increasing inter 
platelet spacing leads slight increasing in impact strength up to 
5 mm gap, after further increasing the gap minimize the value of 

impact strength which is lower than plain laminate material, this 
happened due to increasing the gap between platelet promotes the 
micro voids and reduced the stiff material interface with matrix 
material cause the weakening the material impact strength through 
impact load concentration and proper dissipation not achieved.

Figure 19. (Left) Izod impact strength of platelet size 10–30 mm; (right) platelet gap 2–6 mm

3.4 Hardness test 

The results obtained through Barcol hardness tester as per the 
ASTM D 258359–63 standard are mentioned in Figure 20. The 
results show the effect of bioinspired platelet size and interplatelet 
on hardness of nacre like composite material. Values of hardness 
increase with increasing platelet size maximum at 30 mm platelet 
size with 49 BHN values and reverse trend observed from increas
ing interplatelet gap 2–6 mm, low value 40 BHN observed at max
imum platelet gap 6 mm. plain laminate possess the highest value 
56 BHN for both nacre like (i.e. platelet size variation and platelet 
gap variation) composite material configuration. Maximum hard
ness value obtained in plain laminate compared with nacre like 
composite material due to continues and dense distribution glass 
fiber content increased the overall hardness value unlike in biomi
mic laminate having platelet orientation and gap cause the discon
tinuity and lowering fiber density on outer surface leads the 
declining hardens value of laminate.

Higher value of platelet size in bioinspired composite material 
exhibits large surface area of glass fiber content on outer surface 
morphology which leads to higher value of wear resistance proper
ties offered by this composition which is comparatively higher 
than other platelet size. Higher platelet size also increased glass 
content on surface which promotes the higher wear resistance than 
any other composite. Reverse trend observed while increasing gap 
between platelet, that is, 2–6 mm, leads to reduce the glass content 
on outer surface reduce the wear resistance capacity. However, the 
plain monolithic laminate having maximum possible glass content 
possess highest value of hardness and wear resistance.
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3.5 Density test 

Figure 21 shows the physical properties (i.e. density) variation 
with platelet size and interplatelet gap and these two configura
tions directly compare with plain laminate (non-biomimic com
posite material). The results indicate the effect of platelet size and 
platelet gap on density of composite material having maximum val
ues obtained by plain laminate material with value 3.125 g/cm3. 
While in bioinspired material values of density increased with 
increasing size of platelets from 10 to 30 mm with density values 
increasing from 1.0219 to 2.6071 g/cm3. The reduction in overall 
laminate density is influenced by platelet size and inter-platelet 
spacing. An increasing trend in density is observed with larger 
platelet sizes, as they result in a higher fiber content within the 
laminate, increasing both area density and volumetric density. 
Conversely, increasing the inter-platelet gap reduces the area 
density of glass fiber platelets. Larger gaps also cause fiber–
matrix interference, leading to the formation of micro-voids 

within the laminate, which further decreases the overall density. 
In the plain laminate configuration, the fiber density is maxi
mized, resulting in the highest density value of 3.125 g/cm3 

among all variants of the bio-inspired laminates.

Figure 20. (Left) Barcol hardness value of platelet size varied 10–30 mm; (right) platelet gap 2–6 mm

Figure 21. (Left) Density value for platelet size 10–30 mm; (right) platelet gap 2–6 mm

The density value increases with increasing platelet sizes 
(10–30 mm), represent the influence of glass fiber content, which 
is responsible for a higher overall density value due to its greater 
density compared to the epoxy resin matrix material. A larger pla
telet size (i.e. 30 mm) results in an increased concentration of glass 
fiber population within the matrix and also dense packing between 
matrix and fiber which leads to enhancing the composite’s density. 
Conversely, an opposite behavior is observed when the gap 
between platelets increases from 2 to 6 mm, as this phenomenon 
promotes the higher gap between platelet and matrix have a higher 
tendency for void formation due to inadequate matrix infiltration 
between the platelets leads to lowering density value like lowest 
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value observed at gap 6 mm. While the maximum value density 
observed at plain laminate configuration having maximum possi
ble glass content within fiber matrix interface.

3.6 SEM result and interpretation 

SEM inspections conducted on the bioinspired laminates and the 
conventional laminate revealed the microstructural features associ
ated with their respective failure mechanisms during tensile test
ing.64–70 Figure 22 presents the SEM image of the cross-section of 
the conventional laminate and bioinspired laminate. Plain laminate 
exhibits severe damage at the fiber–matrix interface, including 
complete delamination of the fiber and matrix system. This behav
ior is primarily attributed to the absence of an interlocking mecha
nism between the fiber platelets and the epoxy matrix structure. 
The homogeneous and uniform arrangement of E-glass fibers 
within the matrix material facilitates crack propagation along the 
fiber–matrix interfaces, ultimately resulting in the weakening of 
the composite structure.

Figure 22. SEM image of conventional laminate and bioinspired laminate

In contrast, SEM analysis of the bioinspired laminates, character
ized by a heterogeneous distribution of fiber platelets and matrix 
interfaces, demonstrated improved load transfer and enhanced 
crack-arresting capabilities. This microstructure of the bioinspired 
laminates, which exhibits higher stiffness, resulted in minimal 
delamination between the fiber and matrix, and the bonding 
between the fiber platelets and the matrix material remained 
largely unaffected under tensile loading conditions. Figures depict 
the microscopic observations of two bioinspired laminates con
taining platelet sizes of 30 mm, which showed the highest tensile 

strength, and laminates with a maximum platelet gap of 8 mm, 
which exhibited the lowest tensile strength, respectively. Both bio
inspired laminates demonstrated significantly less damage to the 
fiber–matrix bonding compared to the conventional laminate 
material.

3.7 X-ray diffraction result 

Figure 23 shows the X-ray diffraction71–74 patterns of the plain E- 
glass epoxy laminate and the two bioinspired epoxy glass fiber 
composites (i.e. 30 mm platelet size and 6 mm gap) indicates the 
characteristic features of partially amorphous nature of polymeric 
matrix reinforced with crystalline silica phases (glass phase). All 
three samples exhibited a various diffraction peak at approxi
mately value 2θ � 7.22�–7.23�, with a high intensity close to 
800 000 counts and corresponding to reflections obtained from the 
glass fiber reinforcement. A secondary reflection shows the con
sistently near value 2θ � 28.5�–28.8�, represent the crystalline 
contributions of silicate phases. Compared to the plain laminate, 
the bioinspired composites displayed a marginally broader back
ground and slightly higher baseline intensity value in the low- 
angle region, suggesting a minor increase in amorphous content 
and the presence organic material. Among the three graph, the first 
graph (plain laminate) showed the sharpest diffraction peaks and 
the lowest background intensity which denotes the higher struc
tural uniformity, homogenous distribution of fiber and matrix 
material and lower microstructural disorder. The second and third 
bioinspired composites represent comparable characteristics, with 
the third sample having maximum showing a subtly higher degree 
of diffuse scattering, potentially reflecting more extensive 
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dispersion of bioinspired reinforcements within the matrix. 
Overall, while all samples demonstrated effective incorporation of 
glass fiber phases, the plain laminate exhibited the most well- 
defined crystalline reflections and the least amorphous scattering.

Figure 23. XRD result of conventional plain laminate and bioinspired laminate

3.8 FTIR result 

Fourier transform infrared spectroscopy (FTIR) analysis was per
formed on both bioinspired and plain laminae composite samples 
to examine their chemical structure and functional group charac
teristics. Figure 24 clearly depict the result of plain E-glass epoxy 
laminate (Sample 1) characteristic absorption bands achieved near 
2920 cm−1 corresponding to C–H stretching vibrations, and strong 
bands between 1250 and 1030 cm−1 attributed to C–O–C stretch
ing of the epoxy matrix system. In Sample 2 (bioinspired compos
ite with platelet size 30 mm) having peaks appeared with 
increased transmittance and sharper definition, particularly the 
band near 1720 cm−1 indicating C=O stretching of ester or car
bonyl groups which indicates the higher degree of cross-linking 
through better resin curing process. Furthermore, Specimen 2 hav
ing higher platelet size shows distinct peaks in the region (around 
700–500 cm−1), possibly reflecting interactions between the bio
inspired platelet orientation and epoxy matrix. Sample 3 (bioins
pired composite with platelet gap 6 mm) similarly showed 
prominent peaks near 1715 and 1240 cm−1, but the overall trans
mittance levels were slightly lower than Sample 2 indicating the 

moderate level matrix–filler interaction. Compared to the plain 
conventional laminate, both bioinspired composites presented 
more defined and intense absorption capability, indicating 
enhanced chemical interactions and potentially improved network 
structure. Among them, Sample 2 exhibited the most prominent 
carbonyl and ether functional group bands, reflecting a higher 
cross-link density and better phase integration.

Table 1 provides a brief overview of the mechanical properties 
that includes the value of tensile strength, flexural strength, Izod 
impact resistance, density, and hardness which is obtained through 
various relevant testing procedures. These mentioned properties 
are directly compared with bioinspired composite materials having 
different configurations like variations in platelet size and gap, as 
detailed in the subsequent section. This comparative analysis aims 
to assess the significant of structural modifications on the overall 
mechanical performance of the bioinspired advanced composite 
materials.

4. Conclusions 

This study systematically outlines the effect of platelet size and 
interplatelet spacing on the mechanical properties of bioinspired 
nacre-like composite materials. The results are reflected that opti
mizing these parameters significantly improves tensile strength, 
flexural strength, impact resistance, hardness, and density. 
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Notably, a platelet size of 30 mm having an interplatelet spacing 
of 1 mm resulted in the highest tensile strength of 34.1 MPa and 
flexural strength of 127 MPa which indicates a 46% improvement 
over conventional non-bioinspired plain laminates. The improved 
mechanical properties are subject to enhancement of crack resist
ance and efficient stress distribution within the fiber–matrix inter
face. However, increasing interplatelet spacing to 6 mm reduced 
load transfer and distribution capacity which leads to a gradient 
reduction in both tensile and flexural strengths. Experimental 

results revealed that the minimum tensile strength was observed 
for a platelet size of 10 mm, with a value of 24.3 MPa. In contrast, 
the maximum tensile strength reached 34 MPa for the specimen 
with a platelet size of 30 mm, indicating enhanced load transfer 
capability due to the larger platelet dimensions. Furthermore, the 
effect of platelet gap was found to be significant; an increase in 
the gap between platelets resulted in a decline in tensile perform
ance. Specifically, specimens with a 2 mm gap exhibited a tensile 
strength of 23.8 MPa, whereas those with a 6 mm gap showed a 

Figure 24. FTIR result of plain laminate and bioinspired structure

Table 1. Mechanical properties overview for plain laminate and bio-mimic laminate

Sr. no.

Plain laminate  

(non-biomimic composite)

Biomimetic composite

Fixed platelet size: mm Platelet gap: mm

Mechanical properties Value 10 15 20 25 30 2 3 4 5 6

1 Tensile strength: MPa 78 24.3 25.4 26 30 34 23.8 23.26 21.64 20.18 19

2 Tensile modulus: GPa 87 19 22.2 35.2 50.7 79 33.2 32.7 32.5 27.9 21.1

3 Flexural strength: MPa 59.29 41.94 51.72 83.6 100.75 127.38 125 104 102 81 59

4 Flexural modulus: GPa 1168 216 832 1938 2047 3261 2798 2691 1370 582 338

5 Izod impact strength: J/mm 1.98 1.8 2.1 2.17 2.3 2 1.6 1.7 1.9 2 1.8

6 Hardness: BHN 56 39 41 44 45 49 54 52 50 46 40

7 Density: g/cm3 3.12 1.1 1.4 1.6 1.8 2.6 2.1 1.5 1.4 1.3 1.17
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reduced value of 19 MPa. This reduction suggests a weakening of 
the stress distribution and interfacial bonding between the platelet, 
fiber, and matrix phases at wider gaps. These findings confirm 
that both platelet size and spacing are critical parameters influenc
ing the mechanical behavior of bioinspired composite laminates.

The hardness and density measurements show a direct relation 
between platelet size and material compactness. Larger platelet 
sizes contributed to higher density and hardness due to increased 
fiber content on surface morphology. However, bioinspired con
figurations contain the slightly lower values as compared to mono
lithic laminates, which can be attributed to the uniform fiber 
distribution over entire surface area. These notions provide valua
ble insights for tailoring high-performance bioinspired composites 
designed for structural applications. The optimized configurations 
of given parameters (i.e. platelet size and spacing) observed in this 
work reflect the potential of such materials for utilization in 
impact-resistant automotive components like crash boxes, bumper 
beams, and engine splash bottom covers.

FTIR analysis revealed higher peak intensities at 915 and 
1250 cm−1 for the bioinspired laminate, indicating improved 
epoxy curing and �18%–22% stronger interfacial bonding com
pared to the conventional laminate. X-ray diffraction (XRD) 
results showed an increase in crystallinity index from 62.4% (con
ventional) to 71.8% (bioinspired, 30 mm platelet), along with a 
reduction in calculated crystallite size from 5.8 to 4.9 nm, suggest
ing lower residual stress. SEM analysis demonstrated a decrease 
in fiber–matrix delamination width from �14.2 mm (conventional) 
to �6.5 mm (bioinspired, 30 mm platelet), correlating with the 
highest tensile strength, while the 8 mm platelet variant exhibited 
moderate performance with �9.4 mm delamination.

However, the composites in this study were fabricated using the 
hand layup process, which may introduce variability in the results. 
However, automating the manufacturing process could enhance 
repeatability and improve the accuracy of the findings.
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