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In the presented paper the effective shear modulus of composite plates with honeycomb core is determined. This elastic
coefficient represents one very important property, especially in constructions subjected to torsion and combined bending -
torsion. The structures investigated in this research consisted of top and bottom plates (of different types of carbon fibers,
T300, AS4 in epoxy matrix) and honeycomb core (HexWeb engineered core). Starting from classical lamination theory, the
effective shear modulus of top and bottom plates was determined for each ply in the stack up sequence. These plies were
“lumped” into a single composite layer for different fiber orientations and plies thicknesses. Elastic coefficients for the
HexWeb engineered core were obtained using Master and Evans relations for the equivalent properties of honeycomb cores.
To verity this approach, finite element method was used to determine the displacement, stress and strain field on composite
plates with honeycomb core. Two types of models were compared: the initial model where all the material components, plates
and the core were modeled with their intrinsic properties and “lumped” model with calculated effective elastic coefficients.
It was found that the method of effective shear modulus calculation can successfully be used in situations where top and
bottom plates are symmetric or quasi isotropic in general.
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Introduction

ANDWICH composites are widely used in aerospace

structural design, mainly for their ability to substantially
decrease weight while maintaining the mechanical
performance. It has been known for a long period of time, that
separating two stiff materials (facings or stress skins) with a
lightweight material (core) increases the structure’s stiffness
and strength.

The faces carry the tensile and compressive stresses in the
sandwich. Faces can be manufactured from metallic material
(such as A13003, A15052, A15056), however polymer matrix
composites are being used more and more as face materials.
Composites can be tailored to fulfill a range of demands like
anisotropic mechanical properties, freedom of design,
excellent surface finish, etc. Faces also carry local pressure.
When the local pressure is high, the faces should be
dimensioned for the shear forces connected to it.

The core’s function is to support the thin skins so they do not
buckle (deform) inwardly or outwardly, to keep them in relative
position to each other and to carry shear stresses. In order to
accomplish this, the core must have several important
characteristics. It has to be stiff enough to keep the distance
between the faces constant. It also must be so rigid in shear that
the faces do not slide over each other. The shear rigidity forces
the faces to cooperate with each other. If the core is weak in
shear, the faces do not cooperate and the sandwich will lose its

stiffness. It is the sandwich structure as a whole that gives the
positive effects. However, the core has to fulfill the most
complex demands. Strength in different directions and low
density are not the only properties the core must have. Often
there are special demands for buckling, insulation, absorption of
moisture, aging resistance, etc. The core can be made of a variety
of materials, such as wood, aluminum (Al 3003, Al 5052, Al
5056), variety of foams (Corecell M Foam) and polymer matrix
composite materials (Fig.1).
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Figure 1. Composite panel with honeycomb core construction

! University of Defence, Military Academy, Generala Pavla Jurisiéa Sturma 33, 11000 Belgrade, SERBIA
2 University of Belgrade, Faculty of Mechanical Engineering, Kraljice Marije 16, 11020 Belgrade 35, SERBIA
» Ecole Polytechnique Fédérale de Lausanne, Institute of Mechanical Engineering, Lausanne, SWITZERLAND

Correspondence to: Lamine Rebhi; e-mail: rebhi.lamine@gmail.com



60 LAMINE,R., etc.: ON THE EFFECTIVE SHEAR MODULUS OF COMPOSITE HONEYCOMB SANDWICH PANELS

To keep the faces and the core cooperating with each other,
the adhesive between the faces and the core must be able to
transfer the shear forces between them. The adhesive must be
able to carry shear and tensile stresses. It is hard to specify the
demands on the joints.

It is of a great importance to predict, during the design
phase, the properties of above mentioned construction. This
usually means accurate estimation of all elastic coefficients
(Ey, Gy, vy, ij=x,y, Young’s modulii, Shear modulii and
Poisson’s ratios) based on sandwich panel geometry (core cell
geometry, cell wall thickness, facings thicknesses, etc.) and
panel constituents material properties.

In the present work, the shear modulii (in-plane G,, and
out-of-plane, G,. and G.) of the panel with composite
hexagonal core and composite faces are investigated and the
model for these properties calculation is proposed.

Nomex production

First, the manufacturing process of the core will be
analyzed. The emphasis will be given to the composite
material cores. Nomex is a trademark of non-metallic paper
(honeycomb core basic building block) material, which is well
known for its excellent mechanical and other properties
relevant for aerospace applications.
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Figure 2. Honeycomb (hexagonal) core production process scheme

In general, the paper is a composite that consists of two
forms of polymers, the fibrids (small fibrous binder particles)
and the floc (short fibers). These two components are mixed
in a water-based slurry and machined in a continuous sheet.
Subsequent high-temperature calendering leads to a dense and
mechanically strong paper material (Fig.2).

During this manufacturing process, the longer floc fibers
may align themselves in direction of the paper coming off the
machine, which leads to orthotropic mechanical structure, or
the fibers may randomly distribute themselves in the paper
resulting in a 2D random composite structure (it is assumed
that the paper is manufactured to be relatively thin, hence 2D
structure results). The latter case will be considered in this
paper.

Further processing of this paper material to form hexagonal
cells is commonly carried out using the adhesive bonding
method, meaning that the bonded portion of two adjacent
paper sheets is held together by adhesive. This method
inevitably leads to double the wall thickness of the bonded
cell walls if compared to the unbonded “free” cell walls
(Fig.3).

After the paper sheets are bonded and shaped to hexagonal
cells, the resulting honeycomb block is dipped in liquid resin
(usually phenolic based) and subsequently oven cured. This

dipping-curing process is repeated until the desired density of
the core is achieved. The resulting resin coating of the paper
leads to a layered material with an orthotropic or 2D
anisotropic ductile center layer (core paper) and two isotropic
very brittle outer layers (resin layers).

Figure 3. Double wall thickness

Analytical model of shear modulus for the
honeycomb core

In order to relate stress and strain in the structure the
constituent material properties have to be known and elastic
coefficient in the stiffness matrix have to be calculated. For
the structures investigated in this paper the determination of
the necessary elastic coefficients is very complex due to
complex geometry of the panel, a furthermore complex
structure of the constituent materials i.e. core and facings. The
analyst relies on the manufacturer data or has to perform tests
if the all required values of the elastic coefficients are not
supplied. Secondly, numerical studies can be performed,
requiring large and cumbersome finite element models if the
equivalent model approach is not taken. This method consists
of lumping several composite layers into a single (lumped)
layer with the same characteristics rendering the same stress -
strain (although averaged) and displacement fields for the
same boundary conditions. It is true that this approach still
requires numerical modeling of the structure, however, the
models based on equivalent material properties are much
smaller in size (less DOF’s), hence requiring less
confrontational resources, computing time and yielding stress-
strain and displacement fields much faster compared to
detailed (micro mechanics models). This is the reason why the
validation and determination of the equivalent material
properties (especially when the composite panels with
honeycomb core are in question). The literature survey on the
subject matter has revealed that the development of equivalent
composite models is in the focus of many researchers. For
example, Master and Evans model for equivalent Young’s
modulii in fiber and cross fiber directions, Ashby’s model for
equivalent in-plane shear modulus are only few of several
existing models. However, all this models assume that the
starting material is isotropic. For example, in Master and
Evans model one of the required input variables is £, which
represents the Young’s modulus of the paper. This is directly
applicable for honeycomb cores where the basic building
material is isotropic (for example: hexagonal aluminum
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cores), in cases where the cores are manufactured from
composite materials (section 2), the equivalent properties of
the building core material have to be determined first before
using one of the already established and proven material
equivalent material properties.

Honeycomb core with 2D random fibers

If the paper material is manufactured in such a way that the
resulting material is anisotropic and consists of polymer
matrix and randomly distributed fibers (in a 2D plane), the
effective Young’s modulus of such a structure can be
determined based on Christensen and Waals model [1]

Christensen and Waals examined the behavior of a
composite system with a three-dimensional random fiber
orientation. Both fiber orientation and fiber-matrix interaction
effects were considered. For low fiber volume fractions, the
modulus of the 3D composite was estimated to be:

V.,
Erp =-L-E; +[1+(1+v,) -V, ] E, (1)

6
Where V;is the fiber volume fraction in the composite, v,,
is the matrix Poisson’s ratio £ran E,, are the Young’s modulii
of the fiber and matrix phase respectively. Since it can be
considered that the core composite (paper) is isotropic (fibers
are evenly distributed), the basic relation between Young’s
modulus (£), Shear modulus (G) and Poisson’s ratio holds.
Manera [2] proposed approximate equations to predict the
elastic properties of randomly oriented short fiber composites.
Using this approach, it can be shown that for this type of
composites (thin plates, with randomly distributed short
fibers) Poisson’s ratio is v=1/3. Using relation:

_ Eyp 2)
G 2-(1+2v,)

In-plane shear modulus for the paper of the composite
honeycomb structure can be calculated.

As described in previous section, the paper core is dipped
in resin (several times until the desired density of the paper
used for honeycomb structure is achieved).

Core Paper
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.

Figure 4. Core paper with added isotropic resin layers

This process adds rigidity to the paper and equations (1)
and (2) have to be modified to account for this effect. Resin
properties (Modulus of elasticity, Shear Modulus) are known

and classical lamination theory (CLT) can be applied in this
case. Also resin itself is considered to be isotropic.
Theretofore, it follows that using CLT, stresses in each core
paper layer can be expressed in the following form:

Ql Q2 0 Ex 3
= Q2 Q 1 0 & y ( )
Txy 0 0 Q6 Vxy

SIS

Where,

E,

i Ei-v
O =7 2 0, =

l—]/.zi 5 Q6 = Gi (4)
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In equations (4), index ‘i’ denotes the elastic coefficient for
the corresponding layer, for example if the central mid-layer
is in question, the value of E; is calculated according to
equation (1) and all other layers (resin) assume their intrinsic
values of E. Same applies to shear modulus and Poisson ratio
in equations (4).

Expressing relation (3) in terms of in-plane resultant forces
one can obtain:

N. t2 | o
X X 5
N, ¢= j. oy dz ®)
Ny, ~1/2 | Tyy
Where t denotes thickness of the layer (Fig.4)
For the whole lay-up it follows:
N n 12 |o
X X 6
N, ¢= o, -dz ©
ny =l —1)2 | Ty

In the previous relation n denotes the total number of layers
(core paper and resin layers), therefore it can be written:

N. n_ %k

~ 7
N, =D _[ [0], -{&}d= M
ny =z

Or rewriting the previous relation,
{N}=[4]-{s} )

Matrix A is stiffness matrix and all coefficients 4; (i=1,2,6
j=1,2,6) can easily be calculated once all the properties of all
the layers are known.

12 "

4= (00 E=300 (5-5.)

—1/2 k=1

Since the lay-up in this case is considered to be symmetric,
it can be concluded that the effective shear modulus for this
structure can be expressed as:

Gy = (10)

In equation (10) h denotes total thickness of the laminate
(core paper and resin layers).

Honeycomb core with orthotropic material

During certain manufacturing process, the floc fibers can
be aligned in the direction of the paper coming off the
machine. This leads to orthotropic mechanical properties of
the paper.
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Figure 5. Core paper (orthotropic) with added isotropic resin layers
For this type of composite equation (3) assumes the
following form:

Oy O O O Ex (11
Oy = O On O &y
Tay 0 0 Ok Vxy

Where Qj are given in the following form:

- Ey - __Ein-viy
= 1=viy vy’ O =0 = 1=viy vy’ (12)
E,
-t =G
Q22 1_Vi12 Vi) ’Q66 i

Coefficients Q; for the mid-layer (core paper) can be
calculated by using standard rule of mixture theory (ROM).
Using rule of mixtures theory shear modulus G,, is obtained
using known relation:

__ GG (13)
Gz = V-G +V, -G,

Where V; and V,, are fiber and matrix volume fractions,
and G, and G,, are shear modulii of the fiber and matrix
phases. This relation, as experiments have shown, tends to
underestimate the value of G, and semi-experimental Halpin-
Tsai theory is used instead. According to this theory the G,
modulus can be obtained using the following relation:

G, Vi m2Vn)-Gs -Gy (14)
(G Vs +n2-V,Gy)

Correction coefficients v, and v,, depend on the fiber type
used in the core paper and are given for typical fibers used in
honeycomb structure production.

Vi2 V2o
Carbon 0.500 0.400
Glass 0.516 0.316
Aramid 0.516 0.400

Once elastic coefficients (equation 14) are computed,
effective shear modulus for this type of composite (core paper
with resin layers) is calculated using equation (10).

Effective in-plane and out-of-plane shear moduli of hexagonal
honeycomb cores

Many authors have developed theoretical approaches for
obtaining the equivalent material properties of honeycomb
cores [3]. The nine core material properties are: two in-plane
Young’s moduli E,, E), the out-of-plane Young’s modulus £,
in-plane shear modulus Gy, out-of-plane shear moduli G,.,
G,., and three Poisson ratios nyy, 7., n,.. Using a sensitivity
analysis, Schwingshackl et al. [3] reported the major influence
of the out-of-plane shear moduli G,., G,. on displacement,

stress and strain fields of the honeycomb core type thin plates.
One of the analytical approaches mentioned in this work [3]
was developed by Gibson and Ashby [4]. They described the
honeycomb core material as a cellular solid made up of an
interconnected network of solid structures which form the
edges and the faces of the cells. These formulas were later
slightly modified by Zhang and Ashby [5] to include double
thickness walls for the out-of-plane values, £., G, and G,.
The honeycomb cell geometry is presented in the following
figure (Fig.6) where 1 and h indicates the length of the
hexagon face; b indicates the height; ¢ indicates the thickness
of the face; 6 indicates the semi-angle between two faces.

Figure 6. Hexagonal honeycomb core and cell geometry

The equations (15) - (18) represent the equivalent material
out-of-plane shear moduli according to [5], and are depicted
in the following figure (Fig.7).

Figure 7. Hexagonal honeycomb core out-of-plane shear moduli (G,. and G,.,

__cosO _(t). g (15)

Gy h/l+sin@ (l) Gy

Glower :M.(z).geﬁ (16)
= (1+2h/1)-cos@ \1)

Gupper —

_1._h/l+2-5in@ _(t).Geﬁ” (17)
= 2 (h/1+sin@)cos@
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The in-plane shear modulus is presented in the following
figure (Fig.8).

Figure 8. Hexagonal honeycomb core in-plane shear modulus (G,,)

The equivalent in-plane shear modulus for the honeycomb
composite core may be expressed by the following equation

(19).

E/-t
G, :0.2910-fT (19)
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Numerical model

In order to verify the validity of the proposed model for
shear material properties of composite honeycomb panel,
numerical approach using finite elements approach was used.
Two FEA models were constructed. The first was mezo-scale
model, where complete structure (composite panel with
honeycomb core) was modeled using plate finite elements
(based on Kirchoff’s thin plate theory). In this model each
honeycomb cell (Fig.9) was modeled using plate elements
according to geometry which corresponds to geometry of
HexWeb engineered core, with HRH 10 Nomex, with cell size
h=13 [mm]. Dimensions of the analyzed model were 250 mm
x 100 mm x 25 mm. The plate was clamped at one end, where
all translations and rotations were prevented. Displacement
was measured at the top plate, free end semi-span. The
software used was ANSYS.

Figure 9. Hexagonal honeycomb core Finite element model

Facings (stress skins, Fig.10) were thin plates, 1 mm thick
made of carbon T-300. Composite lay-up for the facings
(lower and upper) was [0°/45°/-45°/90°].

acing(s)

Figure 10. Hexagonal honeycomb core with facings and refined core mesh
finite element model

In the second verification finite element model (model 2),
the core was modeled using solid elements, where material
properties (elastic coefficients in stiffness matrix) were
determined using the equivalent material approach, as
described in section 3.

Displacement field was calculated for both models and the
results were compared. Boundary conditions under which
displacements of the plate tip were determined were the same
in both cases. The plate was clamped at one end (all degrees
of freedom of end nodes for both translation and rotation are
set to zero), whereas the loading moment was applied at the
plate’s free end. These boundary conditions applied, enforced
honeycomb core and facings twist, where shear moduli of the
complete structure have an important role and great influence

on the complete structure displacement.
The results are shown in the following figure (Fig.11)
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Figure 11. Displacement of plate tip as a function of applied load

Conclusion

In the present paper Shear properties of the honeycomb
plate were investigated. Approach based on the material
equivalent model was proposed for the honeycomb cores
made of different types of composites. In general, due to
complex geometry of hexagonal composite cores, prediction
of the elastic coefficients for these types of structures is
relatively complicated. One of the approaches is to use
numerical approach starting from constituent material
properties and creating honeycomb true scale model in order
to determine stress-strain and displacement fields. As
experiments have confirmed, this approach renders correct
results, however these (true scale) models require quite a long
development time (each honeycomb cell is modeled
independently with large number of elements and hence large
number of degrees of freedom), furthermore, in order to solve
and obtain desired fields large computing power and time is
necessary. Many researchers have focused on finding
methodology to find equivalent material models for different
types of plates with honeycomb cores with different cell
geometries, sizes and constituent materials.

In this paper, Shear moduli (in-plane and out-of-plane) for
the hexagon honeycomb core made of different types of
composite materials (with aligned and randomly distributed
fibers) were investigated. The equivalent material model was
presented. To verify equivalent material model validity, the
numerical approach was deployed, by creating two different
types of models. The true scale model and ‘lumped’ model
were the core material of the honeycomb that was defined
using equivalent material properties. Displacement field was
calculated for both models and the results were compared. It
was found that in the linear region both models yield the same
results. Since the computing time for the lumped model is
significantly lower its application is recommended. In non-
linear region the equivalent material model yields lower
results when compared to the true-scale model which is
probably due to very complex core crushing mechanism, and
if the results are required in this region the true-scale model
has to be developed.
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Efektivni modul klizanja kompozitnih panela sa saastim ispunom

U radu je odreden efektivni modul klizanja kompozitnog panela sa saéastom ispunom. Ovaj elasti¢ni koeficijent predstavlja
veoma vaznu Karakteristiku kompozitnih panela, narodito kod kompozitnih konstrukcija koje su izloZene uvijanju kao i
kombinovanom uvijanju sa savijanjem. Analizirane strukture u ovom radu sastoje se od gornje i donje kompozitne ploce
(razlicitih tipova karbonskih vlakana, T300, AS4 u epoksidnoj matrici) kao i sacaste ispune (HexWeb EC engineered core).
Polazeci od klasi¢ne teorije lamine, efektivni modul elasti¢nosti klizanja je odreden za svaki sloj u kompozitnoj plo¢i. Ovi
slojevi su spojeni u jedinstveni kompozitni sloj za razli¢ita usmerenja vlakana kao i debljine lamina. Elasti¢ni koeficijenti
sacaste ispune HexWeb srediSnjeg sloja kompozitnog panela su izracunati koristeci teoriju Master Evans u cilju dobijanja
ekvivalentnih vrednosti. Za proveru predloZenog pristupa koris¢en je metod kona¢nih elemenata, u cilju dobijanja polja
pomeranja, deformacija i napona u kompozitnim plo¢ama i saéastoj ispuni. Dva tipa numerickih modela su uporedena:
pocetni model, pri ¢emu su svi slojevi ploe modelirani sa svojim karakteristikama i drugi model kod kojeg su spojeni u
jednu celinu sa svojim ekvivalentnim karakteristikama. Zakljuceno je da se ekvivalentni metod odredivanja modula klizanja
kompozitnih panela sa sa¢astim ispunama moze efikasno primeniti u slu¢ajevima kada su gornja i donja kompozitna plo¢a
simetri¢nog slaganja ili uopste kvaziizotropna.

Kljucne reci: kompozitni materijali, saasta struktura, panel, plo¢a, uvijanje, savijanje, modul klizanja, metoda kona¢nih
elemenata.

P PeKTUBHBIN MOAYJb CABUTa KOMIIO3UTHBIX COHIABHY-TIAHEIEH CO

COTOBOW CTPYKTYpPOi

B nacrosimeii padote onpenesén 3 peKTHBHBIN MOAY/Ib CIBHTa KOMIIO3UTHBIX COHABHY-NIAHE el CO COTOBOI CTPYKTYpOii.
10T KOIPGUUMEHT YNPYroCTH NPEACTABJISAET OJHO O4YeHb BA’KHOE CBOWCTBO KOMIIO3UTHBIX IaHesel, 0CO0eHHO B
KOMIIO3MTHBIX KOHCTPYKUHSAX, MOJABEPraeMbIX CKPYYMBAHHMIO, 3 B TOM YHCJI¢ H KOMOMHHPOBAHHOMY CKPYYMBAHHIO €
m3ruéom. CTpyKTypbI, HCC/IeI0BAHHBIE B 3TOi padoTe, COCTOSIN H3 BePXHUX U HHKHHX KOMIIO3UTHBIX aHe el (Pa3IHYHbIX
THIIOB YIJIePOIHBIX BOJIOKOH, T300, AS4 B 3nokcuaHoii MmaTpuue) u cotoBoii cTpykTypsl (HexWeb EC - nn:keHepuu siapa).
Hauunnasi 0T KJIacCHYeCcKOii Teopuu JaMHHUPOBaHUs, YQPeKTUBHBIH MOAY/Ib YIPYTOCUTH CABHMIAa BEPXHMX M HHKHUX
naHeJiei onpeessiyiy JJ1s1 Ka2KI0r0 ¢J1051 B KOMIIO3UTHOIi NaHeJH. DTH ¢JI0M ObLIU COeJHHEHHDIE B eJMHbIH KOMIIO3UTHBII
€J10ii 1S Pa3HBIX HANIPABJICHUI BOJIOKOH U TOJIIIMHBI ¢JI0EB TaMuHupoBaHusa.KoddpuuuenTs ynpyrocru s coToBoii
cTpykTypsl HexWeb cKOHCTPYHPOBAaHHOI0 KOMIIO3HMTHOIO s1APpa ObLIM BBIYHC/IEHbI ¢ HCNOIb30BaHNeM Teopun Master u
Evans cooTHomeHus! AJisl 3KBHBAJIEHTHBIX 3HAYeHUH COTOBBLIX siiep. UToObI NPOBEPHUTH 3TOT NpPEMJIOKEHbIH IMOAX0]
HCINO/1b30BAH METO/I KOHEYHBIX 3JIeMEHTOB /IS TOTr0 4T00bI NMOJYYHTh W ONPeeJUTh MOJs cMelleHus, Jedopmanmii u
HaNPsZKeHHs B KOMIO3HTHBIX NAHeISIX CO COTOBOIi cTPYKTYpoii. CpaBHUBAJIHMCH 1Ba THIIA YHCJIEHHBIX Mo/eJIeli: HauaIbHast
MOJeJIb, B KOTOPOii Bce MaTepUaJIbHbIC CJIOHM B KOMIIOHEHTAX - INIMTA M SiIPO ObLIM CMOICTHPOBAHBI ¢ NPHCYLIUMH UM
CBOJiCTBAMHU M BTOPasi cOeJMHEHHAS B O/THO 11eJI0€e MO/ieJIb ¢ PAcYéTHBIMHU 3(PpdeKTHBHBIMU KOIP(PUIHEHTAMHU YIPYTOCTH.
Bb110 ycTaHOBJI€HO, 4TO 3¢ deKTUBHBII MeTO/I pacuéTa MOAYJIsl CABHIa KOMIIO3UTHBIX NaHesell €O cOTOBOIi CTPYKTYpOii
MOZKeT ObITh YCIEeLIHO HCI0/Ib30BaH B CHTYaLUAX, KOI/1a BEPXHAS M HHKHSASI KOMIIO3UTHBIE aHEeJIH CHMMETPHYHbIC WIH
KBa3H H30TPOIHLIE B 1eJIOM.

Kniouesvie cnoéa: KOMNO3UTHBIE MaTepHAJIbI, COTOBAsI CTPYKTYPa, COHABHY-TIaHe b, IaHeIb, H3ru0aHue, CKPyYuBaHue,
MOJYJIb YIIPYTOCTH HPH H3ri0e, MeTo/l KOHEeYHBIX 2J1eMEHTOB.
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Module de cisaillement effectif des panneaux composites
en nid d’abeilles

Dans ce papier on a déterminé le module effectif de cisaillement des panneaux composites en nid d’abeilles. Ce coefficient
élastique est une caractéristique importante des panneaux composites particuliérement chez les constructions composites
exposées aux torsions et aux combinaisons flexion - torsion. Les structures analysées dans ce travail se composent de deux
plaques composites- supérieure et inférieure - de différents types de fibres de carbone (T 300, AS4 dans une matrice époxy)
ainsi que d’un noyau en nid d’abeilles(Hex Web engineered score). Partant de la théorie classique de lamine le module effectif
de cisaillement des deux plaques a été déterminé pour chaque couche. Ces couches sont ressemblées en une seule couche pour
les différentes orientations des fibres et pour les différents épaisseurs de lamine. Les coefficients élastiques pour le HexWeb
noyau du panneau composite ont été calculés a I’aide de la théorie Master Evans afin d’obtenir les valeurs équivalentes. Pour
la vérification de I’approche proposée on a utilisé la méthode des éléments finis dans le but de déterminer le champ de
déplacement, des déformations et de tension dans les plaques composites et dans le noyau en nid d’abeilles. Deux types de
modéles numériques ont été comparés : modéele initial ou toutes les couches de la plaque ont été modélisées selon leurs
caractéristiques et le modéle rassemblé avec ses caractéristiques équivalentes On a conclu que le modéle équivalent de la
détermination du module de cisaillement des matériaux composites au noyau en nid d’abeilles pouvait s’appliquer
efficacement dans les cas ou les plaques supérieure et inférieure sont symétriques ou quasi isotropes généralement.

Mots clés: matériaux composites, structure en nid d’abeilles, panneau, plaque, torsion, flexion, module de cisaillement,
méthode des éléments finis.



