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Abstract

Bioinspired materials are among the most durable materials known to man. Mimicking solutions and structures
observed in nature is a modern approach to modeling materials in line with sustainable development. Designers
of mechanical structures are continually seeking new applications and materials that replicate natural effects.
This article presents the primary natural sources of bioinspiration in the production of advanced composite
materials. The focus is on discussing current advances in the production of impact-resistant composite materi-
als. The main sources of bioinspiration for impact-resistant materials are pearl structures, insect exoskeletons,
and fruit shells. Insect cuticles offer a sustainable alternative due to their exceptional stiffness, unique proper-
ties, and mechanical parameters. The use of biocomposites in the production of mechanical structures is ex-
pected to grow in the coming years due to the continuous development of new composite technologies.

Keywords: composites, bioinspired materials, biomimetic materials, impact resistance, mechanical properties

1. Introduction

Bioinspired material science is a field of science that deals with the adaptation of bioinspired tech-
nical solutions in engineering sciences. Thanks to the knowledge gained, it has become possible to trans-
fer material structures created in nature to devices for everyday use. The development of materials
through biomimetic processes refers to molecular, organic, and inorganic mechanisms of self-organiza-
tion (Wang et al., 2024). The development of intelligent biomimetic materials requires engineers, chem-
ists, physicists, and biologists to synthesize their approaches in order to better understand natural mate-
rials (Zhang et al., 2023). The desired miniaturization in all fields of technology, and especially in bio-
medicine and  nanorobotics, requires the ability to  produce  materials  with
a nanometric structure, going beyond the limitations of traditional production techniques (Ku et al.,
2021). The physicochemical properties of nanomaterials are the result of quantum confinement of elec-
trons in nanostructures of small dimensions.

Imitation of natural structures and, on this basis, creation of new structures should be based on
natural building materials to the greatest extent possible (Raghatate et al., 2022). Natural materials have
the ability to self-decompose without a negative impact on the environment (Balakrishnan et al., 2025;
Morris et al., 2016). This socio-economic area poses a significant challenge for economies reliant on

@ ® This is an Open Access article distributed under the terms of the Creative Commons Attribution License CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/)



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7862/rm.2026.2
mailto:sherwan@ntu.edu.iq
https://journals.prz.edu.pl/amme
https://wbmil.prz.edu.pl/en/
https://orcid.org/0000-0003-3412-0716
https://orcid.org/0000-0002-5283-0167
https://orcid.org/0000-0001-6010-8193
https://orcid.org/0000-0001-9349-6671
https://orcid.org/0000-0002-9043-638X
https://orcid.org/0000-0002-7678-0061

16 S. M. Najm, M. T. Mezher, R. A. Shakir, H. K. Sharaf, J. A. Yagoob, S. O. Mohammed

fossil fuels, disrupting the natural ecosystem (Santulli, 2015). The sustainable development of biocom-
posite materials (Fig. 1) should be closely aligned with the development of renewable energy. Methods
of direct modification of natural materials using chemical or physical methods to impart new functions
are based on environmentally friendly materials of biological origin (Munch et al., 2008).
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Fig. 1. Sustainability triangle of bio-inspired materials (Kumar et al., 2024).

Impact-resistant composite materials are a special group of bioinspired materials that utilize the
complex natural structures of plants and animals (Seidel et al., 2009, 2010). As a result of natural evo-
lution, living organisms have acquired the ability to withstand heavy loads, often while maintaining high
structural flexibility (Sarasini et al., 2021). Such materials are often lightweight, particularly desirable
for the production of durable suits, surgical threads, body-impact protection equipment, and bulletproof
vests (Grunenfelder et al., 2014; Zhang et al., 2025).

The basic criteria for selecting the reinforcing chase in bioinspired composites include thermal sta-
bility, elongation at break, fiber adhesion, and manufacturing costs (Lazarus et al., 2020). Considering
the potential of natural fibers in composites and comparing their tensile strength, elasticity, and elonga-
tion at break with synthetic fibers, it becomes clear that hemp and flax fibers can potentially compete
with E-glass fibers (Saftoiu et al., 2024). The layered structure of pearls, the brick-and-mortar arrange-
ments of pearls, and the viscoelastic organic layers comprising chitin fibrils and proteins in nacre are
the primary sources of bioinspiration for the production of impact-resistant materials (Harandi, 2020;
Patek & Caldwell, 2005; Xu & Feng, 2025).

This review concisely presents the primary natural sources of bioinspiration in the production of
advanced composite materials. The main sources of bioinspiration are presented and discussed. The
discussion focuses on current advances in the production of impact-resistant composite materials. The
article provides a concise overview of the broad topic of developing bioinspired impact-resistant mate-
rials.

2. Sources of bioinspiration
2.1. Bone tissues

Bone is composed of two basic components: compact bone, which is located on the outside, and
spongy bone, which is located on the inside (Fig. 1). In flat bones, between the two layers of compact
bone, there is an endosteum. From the outside, the bone is covered by a layer of periosteum. Bone can
be considered a ceramic—polymer composite, consisting of an organic matrix reinforced with inorganic
mineral platelets (Tabrizian et al., 2024). Hydroxyapatite crystals and collagen fibrils assemble at the
nanoscale to form mineralized collagen fibrils.
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Some biological structures, e.g., coral, which have an optimal pore size, exhibit properties that
make it difficult to produce appropriate scaffold shapes. Vecchio et al. (2007) reported promising bio-
compatibility results for hydroxyapatite derived from Tridacna gigas and Strombus gigas in their assays;
however, translation to implant use requires purification, standard cytotoxicity testing, and in vivo test-
ing. Liao et al. (2004) noted the great potential of a microstructure combining collagen and nano-hy-
droxyapatite in mineralized fibers for the production of porous scaffolds for the repair of large bone
defects. Tampieri et al. (2003) produced bone-like composites consisting of self-assembled collagen
fibers and hydroxyapatite nanocrystals.

The porosity in bones increases, particularly from the outside to the inside, followed by a decrease
in the relative modulus and hardness. The core with a large number of pores is connected to the less
porous periphery. In this way, such a composite structure provides high flexural stiffness. The energy-
absorbing function can be enhanced by the arrangement of tubes acting as natural absorbers, such as
those found in tooth dentin, hoof walls, and sheep horns.

Teeth are bone-related composites consisting of a hard inner layer (dentin) and a highly mineralized
outer layer (enamel) made up of woven rods of hydroxyapatite with an average diameter of 5 um (Snead
et al., 2006). Dentin is a tubule embedded in a collagen matrix reinforced with plate-shaped hydroxyap-
atite crystals. The nucleation and growth processes of enamel are regulated by the organism. Biominer-
alization thus corresponds to a mechanism of directed precipitation from the liquid phase that selects the
site of mineralization, establishes the crystallographic orientation of growth, and determines the crystal
morphology. Control of biomineralization can be achieved by biological organic molecules (proteins,
polysaccharides, etc.), some rich in acidic groups, secreted by specific cells of the organism. Self-as-
sembly of molecules leads to the formation of an organic matrix (Chevallard & Guenoun, 2006).

In addition to classical lamination and casting methods, 3D printing (also known as additive man-
ufacturing) can be used to produce bone-inspired composites. Libonati (2016) produced new composites
with a pattern inspired by the microstructure of cortical bone, utilising the additive manufacturing
method. The author considered the influence of reinforcement geometry, simplifying osteons as round
and elliptical, and the role of the stiffness ratio of reinforcement to matrix on fracture behavior. The
developed composites exhibited a significant increase in strength and impact strength, approximately
one order of magnitude higher than the basic components, and demonstrated resistance to damage.

2.2. Mussel

The mussel is characterized by the production of biological substances with adhesive properties.
This structure consists of a bundle of threads, each of which ends with a self-adhesive plate. Mussel
adhesion is based on DOPA-containing mussel foot proteins. Bioinspired adhesives, therefore, mimic
DOPA chemistry and Mfp motifs rather than using collagen or fibroin as the primary adhesive mecha-
nism. Lee et al. (2007) showed that coating microfibers of composite materials with a layer of a polymer
mimicking the adhesion process of mussel secretions improves the degree of wetting of the contact
surface. Similarly, Ma et al. (2010) enhanced the stability of the composite membrane structure and
increased the interfacial adhesion strength by using carbopol, which mimics mussel secretions. To en-
sure good adhesion, it is necessary to ensure the hydrophilic and hydrophobic properties of the compo-
site surface (Muthukumar et al., 2011). Brom et al. (2015) and Morris et al. (2016) indicate the following
features of mollusk shell skeletons that allow their use in medicine: low density and high strength, high
flexibility, bioresorbability, and absorption by living organisms.

2.3. Gecko

Geckos belonging to arboreal species are characterized by an extraordinary ability to adhere to
surfaces and climb even vertically arranged, macroscopically smooth materials. On the underside of the
flattened toes are special lamellae covered with microscopic setae, 5 um in diameter. There are about
14,000 hairs on each square millimeter of the gecko's paw (King, 2014). The adhesion of these lizards'
paws results from the action of intermolecular forces (called van der Waals forces), which occur between
the substrate and billions of tiny protrusions on each foot. According to Gao et al. (2005), spatulas with
curved ends reduce the sensitivity of the adhesion force to surface roughness. This property is also ob-
served in beetles and arthropods. The adhesive properties of gecko toe surfaces are the basis for the
creation of biomimetic fibrillar interfaces and ‘adhesion design maps’ capable of adapting fibers to con-
tact strength (Spolenak et al., 2005). Bioinspired coatings in natural fiber composites applications across
marine and aerospace products (Fig. 2).
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2.4. Nacre

The main components of nacre are calcium carbonate (in the form of aragonite) and a horny protein
substance (conchiolin), which binds microcrystals concentrically around the nucleus. The nacre is found
in the shells of bivalves and gastropod mollusks. The impact strength of nacre primarily depends on
thin, viscoelastic organic layers composed of proteins and polysaccharides; the exact composition varies
by species and may include chitin in some taxa (Zhao et al., 2018). Toughening mechanisms include the
deformability of organic layers and the formation of mineral bridges between aragonite layers.
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Fig. 2. Growing areas of natural fiber composite applications (Balakrishnan et al., 2025).

The adhesion enhancement of gecko-inspired adhesives, intended for both rough and smooth sur-
faces, is a result of contact geometry, contact splitting, and the equal load-sharing mechanism. Drotlef
et al. (2019) proposed high-performance gecko-inspired adhesives that provide strong adhesion to
smooth surfaces. The composite patterns were made of polydimethylsiloxane fibers with elastomeric
mushroom-shaped vinylsiloxane microfibers that were additionally coated with a silicone-based pres-
sure sensitive adhesive. The adhesion strength was 35 times higher than that of unmodified monolithic
fibers.

Brick-and-mortar arrangements of organic and inorganic substances provide toughness, hardness,
and strength to pearls. Composite protein (lustrin) + polysaccharide (B chitin) layers provide flexibility,
while calcium carbonate is responsible for strength. Nacre can be found inside many species of seashells.
Chen et al. (2008) produced an ordered nanostructure with alternating inorganic and organic layers from
clay nanoplatelets and polyimide, exhibiting properties comparable to those of lamellar bones.
Nanostructured nacre-based composite has antibacterial properties (Podsiadlo et al., 2005). The brick-
and-mortar structure of composite can be produced by sequential deposition of clay and polyelectrolytes,
especially for applications in biometics. The nacre layer of mollusk shells is a model system for rein-
forced biological composites mimicking the brick-and-mortar structure. The intimate association of or-
ganic and inorganic components confers these hybrid structures with unique mechanical properties, sim-
ilar to those of conventional composites, which can be modulated by altering the proportions of both
components (mineral-organic stoichiometry) or by adding water.

2.5. Natural fibres

Natural fibers can be classified according to their origin and grouped into (Madueke et al., 2023;
McKay et al., 2024):
o fruit: oil palm, kapok, coir,
grass: bamboo, bagasse,
seed: cotton,
bast: ramie, flax, jute, hemp,
leaf: sisal, palm, abaca, cantala, banana, curaua, pineapple,
stalk: straw.
Plant fibers used as reinforcement in biocomposites are extracted from the stem, leaf, fruit hair, and
bark. The most important plant species that are a source of fibers are shown in Fig. 3.
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Fig. 3. Typical plant fibers are used as reinforcement.

The leaf with hard fibers and bast is most commonly used in bioinspired composites. The most
commonly used plant fibers for the production of polymeric-matrix composites include lignocellulosic
fibers, henequen jute, flax cotton, hemp, coir, sisal, and kapok (Nautival et al., 2025). The action of
chemicals on natural fibers results in the formation of hierarchical structures not directly related to the
biological origin of the material used.

3. Bioinspired impact-resistant composites

A feature of polymer composites is the simultaneous possibility of ensuring high durability and
strength of elements and reducing the weight of the structure. In the automotive and defense industries
(protective helmets, housings of electronic devices), impact-resistant properties are additionally re-
quired. Impact-resistant biological materials are most often mineralized composites consisting of an
organic phase, which is a matrix for mineral growth (Ning et al., 2024). Weaver et al. (2012) noted that
the mantis shrimp uses bulbous clubs or spears with spikes to break the shells of predatory animals by
means of a dynamic impact lasting several milliseconds. The club of Odontodactylus scyllarus produces
strikes with peak accelerations up to 10,000 g and strike speeds up to 23 m/s (Patek & Caldwell, 2005).
Peak impact force must be reported using F = m-a with the striking mass m or as a measured peak force
in newtons (N). If a mass-equivalent is given, label it as kilogram-force (kgf) and compute kgf=N/9.81.
Such a club can withstand thousands of shattering blows, while the hammering mechanism destroys the
shells of the victims, which are built of hard biological composites. At the same time, the club material
must be strong enough to withstand damage. The hardest part of the club is the exocuticular area, which
is also the impact zone. The endocuticle of this structure is characterized by a helical arrangement of
mineralized fiber layers, which is used to design high-performance bioinspired composites of epoxy
resin and carbon fibers. The helical structure enhances the strength of the composite and limits the range
of microcrack propagation, which makes this material suitable for applications in the aerospace industry
and military (Grunenfelder et al., 2014). Natural helical composites can be found in various animals,
including fish, crabs, shrimps, scorpions, beetles, and lobsters.

In nature, phenomena associated with withstanding large loads are quite common in situations such
as the pecking of trees by woodpeckers, the elytra of beetles, the cracking of nuts by squirrels, and the
smashing of mantis shrimp hammering prey. Crustacean elytra are formed by the template growth of
organic minerals on a scaffold consisting of fibers of the long-chain polysaccharide a-chitin (Fabritius
etal., 2011). In the deeper layer, hydroxyapatite is less ordered, and underneath it is chitin - an organic
polymer from which insects and crustaceans create their armor. Each layer has a different elasticity, so
a crack in one does not transfer to the others. Chitin forms a spiral; therefore, any crack also has a spiral
shape, which only slightly weakens the entire structure. The periodic region of the club exhibits a regular
pattern of layers with a characteristic nested arc pattern, which provides a layer that absorbs impact
energy. Fig. 4 shows the design and validation system for implant-resistant plant-fiberre reinforced com-
posites. The use of plant fibers involves their processing, extraction, and matrix coupling. By controlling
the stacking sequence of laminae and the orientation of fibers, the degree of anisotropy of the composite
and its impact response can be controlled.

Many woody plants exhibit damping properties in stems, leaves, and fruits. Among the most inter-
esting for scientists investigating different generators of biological concepts characterized by high en-
ergy dissipation upon impact are rhubarb petioles, nut shells, fruit walls, and pomelo (Citrus maxima
Merr.).

Advances in Mechanical and Materials Engineering, Volume 43, 2026, Pages 15-27 ISSN 2956-4794



20 S. M. Najm, M. T. Mezher, R. A. Shakir, H. K. Sharaf, J. A. Yagoob, S. O. Mohammed

Composite
Reinforcement Matrix . I
volume compatibility Manufacturing Hybridisation
Plant fibres
Selection st
ui‘fi?}?ﬁ
Extraction / ¥ act
7
¥
Treatment Ballistic impact 1al p TS

Fig. 4. Properties of impact-resistant plant-fiber composites, prepared on the basis of Santulli (2008).

Coconut has a sandwich structure of a flexible middle layer of loosely connected mesocarp and
endocarp fibers, thus providing mechanical protection to the embryo by good impact damping (Speck
et al., 2009). The hierarchically organized thick spongy skin of pomelo is responsible for energy dissi-
pation upon impact (Seidel et al., 2010). The nested arc pattern consisting of aggregated acetylglucosa-
mine monomers and chitin nanofibers forming flat sheets has been described in detail by Bouligand
(1972). The flat sheets form successive layers rotated with respect to each other by 180° (Fabritius et
al., 2012). Comparative studies of the composite structure of the stomatopod dactyl club and carbon
fiber-epoxy composites conducted by Grunenfelder et al. (2014) showed that man-made composite sam-
ples with a helical structure exhibited increased impact resistance and damage spread to a lesser extent.
Zimmermann et al. (2013) used synchrotron X-ray scattering in situ to evaluate the arrangement of
Bouligand-type collagen fiber lamellae. It was observed that most of the lamellae adapt to loading con-
ditions by changing orientation in the direction of tension, while other lamellae rotate away from the
tension axis and compress, thereby increasing the strength of the shell to prevent cracking.

Helicoidally laminated Bouligand type structures (Fig. 5), have been widely observed in many dif-
ferent stacking sequences and provide excellent impact resistance. These structures exhibit superior im-
pact resistance due to their unique layer arrangement (Du et al., 2025). The structures described by
Bougliard can be obtained using fiber-reinforced composites by appropriately arranging the individual
fiber layers, which influences the crack propagation and damage mechanisms. Cheng et al. (2011)
showed that, for their tested glass-fiber system and specified layups, helicoidal laminates exhibited
higher shear strength than the baseline laminates used in their study. Chen et al. (2006) designed a bio-
mimetic composite with a helicoidal structure based on a scarabaei cuticle. An increased fracture tough-
ness of the glass-fiber helical architecture was observed compared to the 0°-structure composite unidi-
rectional. Meo et al. (2021) developed a functionally graded sequence to improve the impact perfor-
mance of helicoidal carbon fiber-reinforced polimer (CFRP) laminates (Fig. 6). These structures exhib-
ited enhanced twisting-crack damage mechanisms, which mimic in detail the dactyl club of the mantis
shrimp. Malekinejad et al. (2024) analysed the tensile properties of unidirectional, conventional helicoi-
dal (CH), and gradual helicoidal (GH) laminates (Fig. 7). Utilizing CH and GH configurations has shown
improvements in toughness compared to traditional unidirectional laminates.

“RXX X
890 ®

Fig. 5. Helicoidal layups: a) quasi-isotropic (QI) [0°]1s, b) QI [—45°/0°/0°/45°] helicoidal-linear (HL)
[0°/6°/12°/.../78°/84°/90°], HL [0°/12.8°/25.6°/.../64°/76.8°/90°]2 and ¢) HL [0°/30°/60°/90°]4 (Du et al., 2025).
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Fig. 6. Helicoidal structures: a) functionally graded asymmetric and b) functionally graded pitch symmetric (Meo et al., 2021).
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b)
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Fig. 7. Laminate types: a) unidirectional laminate, b) helicoidal laminate, and c¢) gradual helicoidal laminate (Malekinejad et
al., 2024).

The high strength properties of nacre have motivated the development of impact-resistant transpar-
ent composites. Harandi (2020) has proposed a high-strength composite material of nacre glass and
poly(methyl methacrylate), which has an average optical transmittance of 73% and a fracture toughness
four times greater than that of conventional structured glasses. However, Harandi (2020) reports that,
under the cited impact test conditions, the spin-formed nacre-mimetic composite absorbed 34 times
more impact energy than annealed glass.

Mimicking the trabecular-honeycomb structure of beetle elytron plates, Zhang et al. (2017) pro-
posed a plate structure of beetle elytron with small honeycomb columns (Fig. 8). Beetle elytron plates
offered a compressive strength and a dissipating performance that are several times those of honeycomb
plates. Wu et al. (2017) investigated the crashworthiness characteristics of bioinspired sandwich struc-
tures composed of CFRP panels and aluminum honeycomb. Such plates mimicked the structure of man-
tis shrimp and turtle shells. It was observed that the honeycomb filling was an effective way to improve
the impact resistance of the CFRP structure, providing increased energy absorption at high impact speed.
The impact resistant composite structures at the meso- and micro-scales can be classified into sutured,
tubular, layered, sandwich, and gradient (Lazarus et al., 2020). A review of helicoidal composite mate-
rials, including fabrication methods, typical configurations, and their static/dynamic mechanical prop-
erties, is shown in the paper by Wang et al. (2024). Table 1 presents current developments in bioinspired
impact-resistant composites.

Fig. 8. Sandwich plates: a) dimensions and structures of THS (trabecular-honeycomb structure), b) beetle elytron plate, and c)
honeycomb plate (Zhang et al., 2017).
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Table 1. Recent achievements in bioinspired impact-resistant composites (2020-2025).
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Table 1. Cont.
o . Potential
Inspiration Methods Aim Results C e Reference
application
Finite element-based| Analysis of the pro-
Shell struc- - : -
modeling of a novel [gressive damage pro-| The novel structure features rigid- .
ture of the . . . . - o v Impact-resistant | Feng and
ceramic-composite |cess and energy dis- | flexible coupling and exhibits high
scaly-foot . . S . . . structures Zhu (2024)
smail impact-resistant | sipation mechanism impact resistance
structure under impact
Numerical and ex-
perimental analysis | Exploration of the
The’ dactyl |of tens'lle' propertles he.11c01dal CFRP Utilizing b10-1nsp1.red 'conﬁguratlons High-strength | Malckinejad
club’s struc-| of unidirectional, | laminates, focusing |has shown promising improvements .
) L . . CFRP laminates | et al. (2024)
ture conventional helicoi-|on the non-linear ro- in toughness
dal, and gradual heli- tation angle
coidal laminates

4. Conclusions

Careful observation of animals and plants, along with an increasingly better understanding of the
microworld, allows us to identify various mechanisms and structures that have been shaped as a result
of natural evolution. The biosystem of nature-inspired materials is associated with miniaturization, or-
ganic-inorganic hybridization, determining strength and flexibility, and the structural hierarchy of the
material structure from nano- to macroscale.

The ability to self-heal a damaged structure is desired by composite designers seeking composite
materials with increased strength and reduced mass. Biology-inspired deployment of biomimetic healing
elements and vascular networks is currently a fundamental research topic. Recovery of the structure
after exceeding the yield strength of the reinforcement and self-healing of microdamages are significant
engineering challenges and a key aspect of the future of self-healing engineering.

Nature offers biological materials with unique structural features that inspire the development of
advanced biomimetic materials. Insect cuticles are a sustainable alternative due to their exceptional stiff-
ness, unique properties, and mechanical performance. The cuticle structure can be further stiffened by
webs and stringers, and sometimes can take a sandwich-like structure. Chitin is the basic component of
cuticles and has contributed to the development of many biomaterials. Biomechanical measurements of
insect or plant cuticles are a challenging interdisciplinary task.

Multi-structured ceramic matrix composites and metal matrix composites with high strength and
puncture resistance, corrosion resistance, thermal resistance, and vibration damping ability have great
potential for applications in the defense industry. The use of composites in the defense industry is ex-
pected to continue to grow in the coming years. This is due to the continuous development of new
composite technologies that offer increasingly better properties and manufacturing technologies. The
possibility of artificially producing spider silk can be the basis for the production of lightweight and
durable suits, surgical threads, and bulletproof vests.
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Zastosowanie Bioinspirowanych Kompozytow Odpornych na Uderzenia w Kon-
strukcjach Mechanicznych

Streszczenie

Materiaty bioinspirowane naleza do najtrwalszych materialow znanych cztowiekowi. Nasladowanie rozwiazan
i struktur zaobserwowanych w naturze to nowoczesne podejscie do modelowania materiatdéw, zgodne z idea
zrownowazonego rozwoju. Projektanci konstrukcji mechanicznych nieustannie poszukuja nowych rozwiazan
i materiatow, ktore nasladuja wzorce przyrodnicze. Niniejszy artykul przedstawia gtéwne naturalne zrodta bio-
inspiracji w produkcji zaawansowanych materiatéw kompozytowych i omawia aktualne postgpy w produkcji
materiatow kompozytowych odpornych na uderzenia. Gtéwnymi zrédtami bioinspiracji dla materiatdéw odpor-
nych na uderzenia sg struktury perfowe, pancerze owadow i lupiny owocow. Kutykule owaddéw stanowig zrow-
nowazong alternatywe ze wzgledu na swoja wyjatkowa sztywno$¢ oraz unikalne wlasciwosci i parametry me-
chaniczne. Przewiduje si¢, ze zastosowanie biokompozytéw w produkcji struktur mechanicznych bedzie rosto
w nadchodzacych latach ze wzgledu na ciagly rozwdj nowych technologii kompozytowych.

Stowa kluczowe: kompozyty, materialy bioinspirowane, materiaty biomimetyczne, odporno$¢ na uderzenia,
wlasciwosci mechaniczne
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