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1. Introduction

Due to its ability to account for shear effects, the Reissner-Mindlin plate model [1-3] is often preferred in the engi-
neering literature (see [4]) over the Kirchhoff-Love plate model. So, as done for the Kirchhoff-Love plate model [5,6], it
is challenging to proceed with a rigorous mathematical derivation of the Reissner-Mindlin plate model by studying the
asymptotic behavior of a thin 3-dimensional elastic body when its thickness goes to zero. This was done in [7-9] by using
a second gradient or Cosserat continuum for the body jointly with constitutive symmetry assumptions; here - being aware
of the results of [10] on the bonding of thin plates - we prefer to consider a strongly heterogeneous classical linearly elastic
body made of a periodic distribution of thin anisotropic plates abutted together.

Let {eq, ez, e3} be an orthonormal basis of R3 assimilated to the Euclidean physical space. For all £ = (&1, &7, &3) in R3,
é stands for (£1,&). The space of all (N x N) symmetric matrices is denoted by SN and equipped with the usual inner
product and norm denoted by - and |- |, as in R3. For all e in S3, we set

e=é+et (1)

where (8)gp =eqp and (e1)gp =0, 1<, <2,and )3 =0, (et)i3=ej3, 1 <i<3.Forall g, bin R3 a®;b stands for the
symmetrized tensor product of a by b. Moreover, for all subset O of RN, x¢ is the characteristic function of O. Finally, we
will use the symbol b, to denote n-dimensional Hausdorff measure and the letter C to introduce various constants which
may vary from line to line.

Let @ be a domain of R? with a Lipschitz continuous boundary dw and 21, &9 two positive real numbers lesser than 1.
Let Y := (0, 1)?, Y= (=n,1+ 72, Y};“ =, 1= l,:={ieZ?; (i + YY) C w} for all 1 in (0,70) and

* Corresponding author.
E-mail addresses: christian.licht@umontpellier.fr (C. Licht), thibaut.weller@umontpellier.fr (T. Weller).

https://doi.org/10.1016/j.crme.2018.04.014
1631-0721/© 2018 Académie des sciences. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.crme.2018.04.014
http://www.ScienceDirect.com/
http://www.sciencedirect.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:christian.licht@umontpellier.fr
mailto:thibaut.weller@umontpellier.fr
https://doi.org/10.1016/j.crme.2018.04.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crme.2018.04.014&domain=pdf

C. Licht, T. Weller / C. R. Mecanique 346 (2018) 432-438 433

int .__ : int ext ext
oM = Jel+Y™), o i=w\| i+ YT
ielg i€le

int ext

Wn.e =0y VW), byei=w\wy;

Let h be a small positive number, we will consider a structure occupying QM := w x (=h, h) made of an eY-periodic
distribution of thin linearly elastic plates inhabiting Qh ‘“t = a)‘,]“; x (—h, h) abutted together through a thin and narrow

soft linearly elastic adhesive layer filling B,’,‘E i=bye x ( h,h) and surrounded by a thin linearly hollow plate occupying
Qext:= W&t x (—h,h). We set Qf . := QN y Q& and assume that all the constituents of the structure are perfectly
bonded together

For brevity and simplicity, we assume that the structure is subjected to body and surface forces on its upper/lower
boundary I := w x {£h} of densities f", g/, respectively, and, as in [7,8], is clamped on its lateral boundary Tl :=
dw x (—h, h). The strain energy W; of the body reads as:
Wee)ae.xeQl .

Ws(x, e) := . n 0
UAWa(e) + i Wi(e—)ae.xe B,N3

for all e in S3, W, W,, W, being positive definite quadratic functions on S3.
Hence the equilibrium of the structure involves a quintuplet of data s := (s, &), 8" := (n, i1, N, h) and reads as:

(P%) Min{ /Ws(x,e(v))dx—/fh(x)-v(x)dx— / 2" x) - v dby: veH;?At(Qh;]}@)]

h h
rhurk

where e(v) is the strain tensor associated with the displacement v and, in the sequel, for all domain @ in RN and all
smooth part y of its boundary 90, H}, (O; RN) denotes the subspace of H'(®; RV) made of the elements with vanishing

trace on y. Clearly, if (f", g") belongs to L2(Q" x (l"}r UT™); R3), (P*) has a unique solution u® and, considering the data
s as a parameter, we are interested in its asymptotic behavior when s takes values in a countable subset of (0, +00)? x
(0, no) x (0, +00) x (0, &9) with 0 as a unique limit point. Like in the mathematical derivation of the Kirchhoff-Love theory
of plates [5,6], it is convenient to introduce the linear mappings I1" and Sj:

t=E &) R > " = (¢, h&y)
1,0h. o3 1 3 1 h h
vel (YR Spv el (2 R?) st (Spv)(x) = HH v(II"x)), Vxe Q:=w x (-1,1)
We make the following assumption on the loading:
af, floe) e PR x B RY) x L®°TTUTr—; R stt.

(H) o {0 =h(xgy, M F00 + g T/ (9), Vxe @
gh(hx) =h2M" xr, ., ur,. 8(X), VX € Tpe Uy e -

where Ty ¢ + 1= wy,¢ x {£1}. Therefore, us:= Spu® is the unique solution to
(P Min {Z(v);v e HE (@R
where

Ts(v) == /Ws(x,e(h, V) = (X9 [+ X8y f) - vdx— / g-vdh

Fye+Ulpe -

1
e(h, V)gp :=e(V)ag, e(h,V)e3:= Ee(v)oa, 1<a,B<2, e(h v)3:= E(V)33

h2

with I the reciprocal image by TT" of Il and, similarly, index h will be dropped for the image by I""' of of .,
and T
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