Global existence for the full von Kármán System

J.P.Puel M. Tucsnak

Ecole Polytechnique, Centre de Mathématiques Appliquées, 91128 Palaiseau Cedex, France and Université de Versailles.

Abstract. We consider here the full system of dynamic Von Kàrmàn equations, taking into account the in-plane acceleration terms, which is a model for the vibrations of a nonlinear elastic plate. We prove global existence and uniqueness of strong solutions for this system with various boundary conditions possibly including feedback terms which are useful for stabilization purposes.

Key Words Nonlinear plate vibrations, Global existence, Semilinear evolution equation AMS Classification.Primary 35Q72,Secondary 73D35

1 Introduction 1

1 Introduction

In this paper we give a global existence result for a system of semi-linear evolution equations, with nonlinear boundary conditions, modelling the coupled in-plane and transversal vibrations of a nonlinear plate. We suppose that a part of the boundary is clamped and we give appropriate feedbacks laws for the bending moment and the transverse shear force and twisting moment on the other part of the boundary (in particular our result includes the homogeneous Dirichlet-Neuman boundary conditions). The motivation of the particular form of the feedback laws is given in [14], [15] where the related stabilization problem is studied. In the stationary case the system we consider, proposed in [7], gives the classical von Kármán equations for the equilibrium configurations of a plate. As far as we know, with the exception of [14], [15] all previous papers on global existence and asymptotic behaviour of solutions for related problems neglected the in-plane accelerations (see [1], [3], [7], [17], [18]). This assumption leads, for star shaped domains and suitable boundary conditions, to the existence of an Airy stress function, which considerably simplifies the equations.

In order to state the problem consider Ω ⊂ R^2 an open bounded set representing the domain of the plate, Q = Ω × (0, T ), Γ = ∂Ω. We suppose that there exists Γ_0, Γ_1 a partition of Γ such that Γ̄_0 ∩ Γ̄_1 = ∅, Γ_0 ≠ ∅, and we shall use the notations Σ_i = Γ_i × (0, T ), i = 0, 1. The functions u : Ω → R^2, w : Ω → R represent the in-plane, respectively the transverse displacement of the plate. Let us introduce the linear plane strain tensor ϵ(u) =^1_2 (∇u + ∇^tu) and denote by S the set of all fourth order symmetric tensors on R^2. Define C ∈ L(S) by C[ϵ] = E d(1 − μ^2) [μ(trϵ)I_S + (1 − μ)ϵ], ∀ϵ ∈ S, where I_S is the identity of S, d is the density, E is the Young’s modulus and μ is the Poisson’s ratio of the material. We shall also denote by g^′, g^{′′} for the time derivatives of a fonction g.

With the notations above the full dynamic von Kármán system with feedbacks acting on a part of the boundary can be written in the following form (cf.[7]):

u^{′′} − div{C[ϵ(u) + f(∇w)]} = 0, in Q, (1.1) w^{′′} − γΔw^{′′} + DΔ^2w − div{C[ϵ(u) + f(∇w)]∇w} = 0, in Q, (1.2) u = 0, w = ∂w ∂ν = 0, on Σ_0, (1.3)

C[ϵ(u) + f(∇w)]ν = −c_1(m · ν)u^′ − c_2( ∂u_2 ∂s , − ∂u_1 ∂s ), on Σ_1 (1.4)

D[Δw + (1 − μ)B_1w] = −c_1(m · ν) ∂w^′ ∂ν , on Σ_1, (1.5) D[ ∂Δw ∂ν + (1 − μ) ∂B_2w ∂s ] − γ ∂w^{′′} ∂ν − C[ϵ(u) + f(∇w)]ν · ∇w = = c_1(m · ν)w^′ − c_1 ∂ ∂s [(m · ν) ∂w^′ ∂s ], on Σ_1 (1.6)

u(0) = u^0, u^′(0) = u^1, w(0) = w^0, w^′(0) = w^1, in Ω, (1.7) where f : R2 → S is defined by f(x) =^1_2 x ⊗ x, D represents the flexural rigidity of the plate, ν = ( ν_1 ν_2 ) and s are the unit outward normal, repectively the unit tangent vector to ∂Ω and the operators B_1 and B_2 are given by:

B_1w = 2ν_1ν_2

∂^2w ∂x_1∂x_2 − ν^2_1

∂^2w ∂x^2

− ν^2_2

∂^2w ∂x^2_1

B_2w = (ν^2_1 − ν^2_2 )

∂^2w ∂x_1∂x_2 + ν_1ν_2(

∂^2w ∂x^2 − ∂^2w ∂x^2_1 ). Moreover by m is a smooth vector field and γ, c_1, c_2 are positive constants. We assume that E > 0 and 0 < μ < 1/2 in such a way that the tensor C satisfies the condition:

C[ϵ] · ϵ ≥ λ_0|ϵ|^2, ∀ϵ ∈ S, where λ_0 > 0. (1.8) Let us also mention that for the one dimensional rod model, as well as in a radial symmetric case, the existence and uniqueness of global finite energy solutions is proved in [9], respectively in [14], [15], where damping at the boundary is also considered. The papers quoted above used the imbedding H^1(Ω) ⊂ C^0(Ω) which fails in the two-dimensional case. This is why, in the bidimensional case then nonlinear terms in ( 1.1), ( 1.2) are not lipschitz functions in the energy space.

2 Notations and preliminaries

Let us introduce, following [7] the function spaces

W = {w ∈ H^2(Ω)| w_{|Γ0} = ∂w ∂ν |Γ_0 = 0}; V = {w ∈ H^1(Ω)| w_{|Γ0} = 0}; H = L^2(Ω);

U = {u ∈ [H^1(Ω)]^2| u_{|Γ0} = 0}, K = [L^2(Ω)]^2, S = L^2(Ω, S), S_p = H^p(Ω, S), ∀p ≠ 0.

We denote by (·, ·) the scalar product in H or in K and by || · || the corresponding norm. Consider also the following bilinear and continuous forms e : U × U → R, e(u, ϕ) = (C[ϵ(u)], ϵ(ϕ))+ + c_2 ∫ Ω ( ∂u_1 ∂x_1 ∂ϕ_2 ∂x_2 + ∂u_2 ∂x_2 ∂ϕ_1 ∂x_1 − ∂u_1 ∂x_2 ∂ϕ_2 ∂x_1 − ∂u_2 ∂x_1 ∂ϕ_1 ∂x_2 )dX, ∀u, ϕ ∈ U (2.1) a : W × W → R, a(w, ~w) = D ∫ Ω [ ∂^2w ∂x^2_1 ∂^2 ~w ∂x^2_1 + ∂^2w ∂x^2 ∂^2 ~w ∂x^2

+ μ(

∂^2w ∂x^2_1 ∂^2 ~w ∂x^2 + + ∂^2 ~w ∂x^2_1

∂^2w ∂x^2

) + 2(1 − μ)

∂^2w ∂x_1∂x_2 ∂^2 ~w ∂x_1∂x_2 ]dx. (2.2) b : W × W → R, b(w, ψ) = c_1 ∫ Γ1 (wψ + ∇w · ∇ψ)dΓ_1, (2.3) c : V × V → R, c(v, ψ) = ∫ Ω (wψ + γ∇w · ∇ψ)dX. (2.4) A simple calculation shows that the integration by parts formulas D ∫ Ω (Δ^2w) ~wdX = a(w, ~w) − D ∫ Γ {[Δw + (1 − μ)B_1w] ∂ ~w ∂ν − − [ ∂Δw ∂ν + (1 − μ) ∂B_2w ∂s ] ~w}dΓ, (2.5) ∫ Γ ( ∂u_2 ∂s ϕ_1− ∂u_1 ∂s ϕ_2)dΓ = ∫ Ω ( ∂u_1 ∂x_1 ∂ϕ_2 ∂x_2 + ∂u_2 ∂x_2 ∂ϕ_1 ∂x_1 − ∂u_1 ∂x_2 ∂ϕ_2 ∂x_1 − ∂u_2 ∂x_1 ∂ϕ_1 ∂x_2 )dX. (2.6) hold for u, w, ϕ_1, ϕ_2, ~w smooth enough. Let {u, w} be a classical solution of ( 1.1)-( 1.6), i.e. u ∈ C(0, T ; [H^2(Ω)]^2) ∩ C^1(0, T ; [H^1(Ω)]^2), w ∈ C(0, T ; H^4(Ω) ∩ C^1(0, T ; H^3(Ω)).

If we take the inner product in K of ( 1.1) with ϕ ∈ U and of ( 1.2) with ψ ∈ W , by the use of ( 1.1)-( 1.6), ( 2.5) and ( 2.6) we get:

[(u^′, ϕ)]^′ + e(u, ϕ) + (Cf(∇w), ϵ(ϕ)) + c_1[ ∫ Γ1 (m · ν)u · ϕdΓ]^′ = 0, ∀ϕ ∈ U, ∀t ∈ [0, T ) (2.7) [(w^′, ψ) + γ(∇w^′, ∇ψ)]^′ + a(w, ψ) + [b(w, ψ)]^′+ + (C[ϵ(u) + f(∇w)]∇w, ∇ψ) = 0, ∀ψ ∈ W, ∀t ∈ [0, T ). (2.8) Definition 2.1 We say that {u, w} is a strong solution of ( 1.1)-( 1.6), if

u ∈ C(0, T ; [H^2(Ω)]^2 ∩ U) ∩ C^1(0, T ; U) ∩ C^2([0, T ], K), (2.9) w ∈ C(0, T ; H^3(Ω) ∩ W ) ∩ C^1(0, T ; W ) ∩ C^2([0, T ], V ), (2.10) and they satisfy ( 2.7), ( 2.8) and ( 1.7).

Definition 2.2 We say that {u, w} is a finite energy (weak) solution of ( 1.1)-( 1.6), if:

u ∈ C(0, T ; U) ∩ C^1(0, T ; K), w ∈ C(0, T ; W ) ∩ C^1(0, T ; V ), (2.11) and they satisfy ( 2.7), ( 2.8) and ( 1.7). The total energy of the plate is given (cf.[8,p.18]) by E(t) = 1 2 {||u^′(t)||^2 + ||w^′(t)||^2 + γ||∇w^′(t)||^2+ + a(w(t), w(t)) + (C[ϵ(u(t)) + f(∇w(t))], ϵ(u(t)) + f(∇w(t)))}, (2.12) where ||·|| and (·, ·) represent the norm, respectively the inner product, in [L^2(Ω)]^k, k = 1, 2. For technical reasons (explained in [8], [15]) we shall use the following perturbated energy:

~E(t) = E(t) + c_2 ∫ Ω ( ∂u_1 ∂x_1 ∂u_2 ∂x_2 − ∂u_1 ∂x_2 ∂u_2 ∂x_1 )dXdt. (2.13) It is obvious that, for c_2 small enough we have the inequality C_1E(t) ≤ ~E(t) ≤ C_2E(t), ∀t ≥ 0, (2.14) where C_1, C_2 are positive constants. A simple calculation, based on ( 2.5), ( 2.6) (see also [15]) shows that we have the following estimate

Lemma 2.1 Let {u, w} be a strong solution of ( 1.1)-( 1.6). Then the inequality ~E(t) ≤ ~E(0), holds for any t ∈ [0, T ].

The following three lemmas give some properties of the bilinear forms e and a, introduced by ( 2.1), ( 2.2).

Lemma 2.2 For any w ∈ W there exists at most one couple (y, h) ∈ V × H^12 (Γ_1) such that a(w, ψ) = c(y, ψ) + ∫ Γ1 h ∂ψ ∂ν , ∀ψ ∈ W, (2.15) Proof: Consider two couples (y_1, h_1), y_2, h_2 satisfying ( 2.15) and define ~V = { ψ ∈ W | ∂ψ ∂ν |Γ_1 = 0 } . If we choose w ∈ ~V in ( 2.15) we obtain c(y_1, ψ) = c(y_2, ψ), ∀ψ ∈ ~V . As we can easily check, ~V is dense in V, so the relation above implies that y_1 = y_2. The equality h_1 = h_2 follows now easily. 2

Lemma 2.3 Suppose that ( 2.15) holds for some (w, y, h) ∈ W × V × H^{12} (Γ_1). Then we have the regularity property w ∈ H^3(Ω). Moreover there exists a constant C > 0 such that ‖w‖_H3_{(Ω)} ≤ C(‖y‖_H1_{(Ω)} + ‖h‖_H1/2_{(Γ)}), (2.16) and the relation D[Δw + (1 − μ)B_1w] = h, holds in H^{1/2}(Γ_1).

Proof: Let us first consider the variatonal problem

a(w_1, ψ) = ∫ Γ1 h ∂ψ ∂ν dΓ_1, ∀ψ ∈ W. (2.17)

By Lax Milgram theorem, the equation above admits an unique solution w_1 ∈ W , for any h ∈ H^{− 1}2 (Γ_1). Moreover we can define a linear isomorphism L : H^{− 12} (Γ_1) → W, Lh = w_1. (2.18) On the other hand, it is clear that ( 2.17) is the variatonal form of the regular elliptic boundary value problem Δ^2w_1 = 0, (2.19)

w_1 = ∂w_1 ∂ν = 0, on Γ_0, (2.20) D[Δw_1 + (1 − μ)B_1w_1] = h, on Γ_1, (2.21) D[ ∂Δw_1 ∂ν + (1 − μ)

∂B_2w_1 ∂s ] = 0, on Γ_1. (2.22) By classical elliptic regularity theory, it follows that the solution of ( 2.19)-( 2.22) belongs to H^4(Ω), for any h ∈ H^32 (Γ_1),so L : H^{32} (Γ_1) → H^4(Ω), (2.23) is also a linear isomorphism.

By interpolating between ( 2.18) and ( 2.23) we get that h ∈ H^{12} (Γ_1) =⇒ w_1 ∈ H^3(Ω). (2.24)

We still have to check the regularity of w_2 = w − w_1. Let us notice that w_2 is a solution of the variational problem a(w_2, ψ) = c(y, ψ), ∀ψ ∈ W, (2.25) If we consider the operator ~A : W → W^∗, < ~Aw_2, ψ >= a(w_2, ψ), ∀ψ ∈ W, the equation ( 2.25) can be written in the form ~Aw_2 = y^∗ ∈ V^∗, (2.26) where y^∗ is defined by the relation < y^∗, ψ >= c(y, ψ), ∀ψ ∈ V. Let us notice that, by Lax-Milgram theorem, equation ( 2.26) admits an unique solution w_2 ∈ W , for any y^∗ ∈ W^∗. On the other hand , if y^∗ ∈ L^2(Ω), then ( 2.26) is equivalent to regular elliptic boundary value problem Δ^2w_2 = y^∗, (2.27) w_2 = ∂w_2 ∂ν = 0, on Σ_0, (2.28) D[Δw_2 + (1 − μ)B_1w_2] = 0, on Σ_1, (2.29) D[ ∂Δw_2 ∂ν + (1 − μ)

∂B_2w_2 ∂s ] = 0, on Γ_1. (2.30) By applying again elliptic regularity we get that for y^∗ ∈ L^2(Ω), we have w_2 ∈ H^4(Ω). As V^∗ is the interpolation space of order 1/2 between L^2(Ω) and W^∗ (cf.[12]) we obtain y^∗ ∈ V^∗ =⇒ w_2 ∈ H^3(Ω), By applying ( 2.24) and the relation above we get that w ∈ H^3(Ω). The estimate ( 2.16) follows from continuous dependence on boundary data for regular elliptic problems. 2 Remark. The results of Lemma 2.3 can be obtained directly by Nirenberg translations method after a localization argument.

Lemma 2.4 Suppose that c_2 is small enough, that u ∈ U and there exist f ∈ K, g ∈ [H^{1/2}(Γ_1)]^2 such that e(u, ϕ) = (f, ϕ) + ∫ Γ1 g · ϕdΓ_1, ∀ϕ ∈ U. (2.31) Then, we have u ∈ [H^2(Ω)]^2 and there exists a constant C > 0 such that ‖u‖_{[H}2_{(Ω)]}2 ≤ C(‖f‖_K + ‖g‖_{[H}1/2_{(Γ1)]}2 ). (2.32)

Proof: Let us notice that ( 2.31) is the variational form of the problem − divC[ϵ(u)] = f, in Ω, (2.33) u = 0, on Γ_0, (2.34) C[ϵ(u)]ν = g − c_2 ( ∂u_2 ∂s −∂u1 ∂s ) , on Γ_1. (2.35)

In order to prove that ( 2.33)-( 2.35) admits an unique solution u ∈ [H^2(Ω)]^2 ∩ U, we shall apply a simple fixed point method. More precisely, consider a given function v ∈ [H^2(Ω)]^2 ∩U and the application v → ~v, where ~v is the unique solution of − divC[ϵ(~v)] = f, in Ω, (2.36) ~v = 0, on Γ_0, (2.37) C[ϵ(~v)]ν = g − c_2 ( ∂v_2 ∂s −∂v1 ∂s ) , on Γ_1. (2.38)

By classical elliptic regularity, the problem ( 2.36)-( 2.38) admits an unique solution ~v ∈ [H^2(Ω)]^2∩U, depending continuously on the boundary data. It is easy to see that the application v → ~v is a strict contraction in [H^2(Ω)]^2 ∩U, provided that c_2 is small enough. By Banach fixed point theorem we get existence, regularity and continuous dependence on data for ( 2.33)-( 2.35). 2

3 The linearized problem

In this section we shall derive some estimates on solutions of the linearization of ( 1.1)-( 1.6). More precisely we shall give some wellpossedness results for the following initial value problems:

[(u^′, ϕ)]^′ + e(u, ϕ) + c_1[ ∫ Γ1 (m · ν)u · ϕdΓ]^′ + (f_1(t), ϵ(ϕ)) = 0, ∀ϕ ∈ U, (3.1) u(0) = u^0, u^′(0) = u^1, in Ω (3.2)

where f_1(t) : Ω → S, ∀t ∈ [0, T ), and [(w^′, ψ)+γ(∇w^′, ∇ψ)]^′ +a(w, ψ)+[b(w, ψ)]^′ +(f_2(t), ∇ψ) = 0, ∀ψ ∈ W. (3.3) w(0) = w^0, w^′(0) = w^1, (3.4)

where, f_2(t) : Ω → R2, ∀t ≥ 0.

We begin with the definition of some linear unbounded operators and prove that some of them generate strongly continuous semigroups in appropriate Hilbert spaces. Let us first define the space:

D(A_1) = { ( u v ) ∈ {[H^2(Ω)]^2 ∩ U} × U, such that

C[ϵ(u)]ν + c_1(m · ν)v + c_2 ∂u_2 ∂s − ∂u_1 ∂s = 0 on Γ_1}, (3.5)

and the linear operator

A_1 : D(A_1) → U × K, defined by

A_1 ( u v ) = ( −v −divC[ϵ(u)] ) . (3.6)

The following Lemma is related to the the results of Theorem 2.2 and Theorem 2.3 of [8].

Lemma 3.1 Suppose that c_2 is small enough. Than the operator −A_1, defined by ( 3.6) generates a strongly continuous semigroup in U × K.

Proof: Let us consider the bilinear form (·, ·)_1 : U × K → R defined by (( u v ) , ( ~u ~v )) 1 = e(u, ~u) + (v, ~v). (3.7) It is easy to see that, for c_2 small enough, the above bilinear form defines a scalar product in U × K, which is equivalent to the usual one. A simple calculation shows that ( A_1 ( u v ) , ( u v )) 1 = c_1 ∫ Γ1 (m · ν)v^2dΓ, so A_1 is a linear monotone operator. In order to verify that it is maximal monotone, it is sufficient to show that it is onto. Consider equation

A_1 ( u v ) = ( ~f f ) , with ~f ∈ U, f ∈ K. (3.8) It is obvious that ( 3.8) implies that v = − ~f ∈ U, and that u is a solution of the problem:

e(u, ϕ) = (f, ϕ) (3.9)

By the use of Lemma 2.4, we obtain that equation ( 3.9) admits an unique solution u ∈ [H^2(Ω)]^2. It follows that equation ( 3.8) admits an unique solution ( u v ) ∈ D(A_1), for any f ∈ U, g ∈ K, so A_1 is onto. 2 In order to study equation ( 2.8) we introduce the space

D(A) = {w ∈ W such that it exists (y, h) ∈ V × H^{1/2}(Γ_1), satisfying a(w, ψ) = c(y, ψ) + ∫ Γ1 h ∂ψ ∂ν dΓ, ∀ψ ∈ W }. (3.10) By Lemma 2.3 we know that D(A) ⊂ H^3(Ω) ∩ W , that y and h as above are unique and that D[Δw + (1 − μ)B_1w] = h, on Γ_1. (3.11) This allows us to introduce the operator A : D(A) → V, Aw = y. (3.12) We also define the operator B : W → V by: c(By, ψ) = c_1 ∫ Γ1 (m · ν)yψdΓ + c_1 ∫ Γ1 (m · ν) ∂y ∂s ∂ψ ∂s dΓ, ∀ψ ∈ V, (3.13) where the second integral is taken in the sense of the duality H^{1/2}(Γ_1), H^{−1/2}(Γ_1). Consider now the space:

D(A_2) = { ( w y ) ∈ D(A) × W, s. t.

D[Δw + (1 − μ)B_1w] = −c_1(m · ν) ∂y ∂ν on Γ_1}, (3.14) and define the operator A_2 ( w y ) = ( −y Aw + By ) , ∀ ( w y ) ∈ D(A_2). (3.15) The following lemma partially answers to a regularity question raised in [7] section 4.2.1, and gives the generator of the semigroup associated to equation ( 2.8).

Lemma 3.2 The operator −A_2 : D(A_2) → W × V, defined by ( 3.15) generates a strongly continuous semigroup of contractions in W × V .

Proof: As in the previous lemma we shall prove that A_2 is a maximal monotone operator in the space W × V , endowed with a suitable scalar product. More precisely, we choose the scalar product (( w y ) , ( ~w ~y )) 2 = a(w, ~w) + c(y, ~y), ∀ ( w y ) ∈ W × V. A simple calculation, based on ( 3.11), shows that ( A_2 ( w y ) , ( w y )) 2 = c_1 ∫ Γ1 (m · ν)(y^2 + |∇y|^2)dΓ_1, ∀ ( w y ) ∈ D(A_2), so A_2 is a monotone operator. In order to prove that it is maximal monotone we shall verify that A_2 is onto. It is clear that the equation

A_2 ( w y ) = ( f g ) ∈ W × V, (3.16) is equivalent to the system

− y = f ∈ W, (3.17) a(w, ψ) = c_1 ∫ Γ1 (m · ν)fψdΓ + c_1 ∫ Γ1 (m · ν) ∂f ∂s ∂ψ ∂s dΓ + (g, ψ), ∀ψ ∈ W. (3.18) As we can easily check, the right hand side of ( 3.18) defines a linear and continuous form on V so, by Lemma 2.3, the unique solution w of ( 3.18) has the regularity w ∈ H^3(Ω) ∩ W . By using ( 3.17) we get that ( w y ) ∈ D(A_2), so A_2 is onto. 2 We can now prove the existence of finite energy solutions of ( 3.1)-( 3.2).

Lemma 3.3 Suppose that c_2 is small enough. Than, for any u^0 ∈ U, u^1 ∈ K, f_1 ∈ C^1([0, T ], S), (3.19) problem ( 3.1)-( 3.2) admits an unique solution, having the regularity

u ∈ C([0, T ]; U) ∩ C^1([0, T ]; K), (3.20)

Moreover there exists a positive constant C such that ||u||_L1_{([0,T ];U)} + ||u^′||_L1_{([0,T ];K)} ≤ ≤ C(T ||f_1||_W 1,1_{([0,T ];S)} + ‖f_1(0)‖_S‖ + u^0‖_U + ‖u^1‖_K) (3.21)

Proof: It is clear that problem ( 3.1)-( 3.2) is equivalent to the following evolution equation in U × K.

Z^′_1 + A_1Z_1 + F_1 = 0, , (3.22)

Z_1(0) = Z^0_1 , (3.23) where Z_1(t) = ( u(t) u^′(t) ) , F_1(t) = ( 0 ~f_1(t) )

with ( ~f_1(t), ϕ) = (f_1(t), ϵ(ϕ)), ∀ϕ ∈ U. (3.24) By Lemma 3.1 we know that A_1 generates a strongly continuous semigroup T_1(t) : U × K → U × K. Let us notice that, by assumption( 3.19) the function F_1 defined by ( 3.24) has the regularity

F_1 ∈ C^1([0, T ], (D(A_1))^′. (3.25)

On the other hand, it is well known that if A_1 : D(A_1) → U × K generates a strongly continuous semigroup, then A_1 can be extended to an operator ~A_1 : U × K → (D(A_1))^′ which generates a strongly continuous semigroup ~T_1(t) : (D(A_1))^′ → (D(A_1))^′, extending T_1(t) (cf. Proposition 2.3.1 from [2]). By applying Theorem I.2.2.1 from [5] it follows that problem ( 3.36), ( 3.23) admits an unique solution,

Z_1 ∈ C([0, T ], U × K)| ∩ C^1([0, T ], [D(A_1)]^′), which obviously implies the existence and uniqueness result of the Lemma. The estimate ( 3.21) follows easily from our semigroup setting by applying theorem I.2.2.1 from [5]. 2 The next result shows problem ( 3.1), ( 3.2) is also well posed in a space of more regular functions, provided that the initial data satisfy a compatibility condition.

Lemma 3.4 Suppose that c_2 is small enough. Than for any u^0 ∈ [H^2(Ω)]^2 ∩ U, u^1 ∈ U, (3.26) f_1 ∈ C^2([0, T ], S) ∩ C^1([0, T ], S_1), (3.27) satisfying the condition

C[ϵ(u^0)]ν +C[f_1(0)]ν +c_1(m·ν)u^1 +c_2(

∂u^0_2 ∂s , − ∂u^0_1 ∂s ) = 0, on Γ_1, (3.28)

problem ( 3.1)-( 3.2) admits an unique solution, having the regularity u ∈ C([0, T ]; [H^2(Ω)]^2 ∩ U) ∩ C^1([0, T ]; U), (3.29) Moreover there exists a positive constant C such that

||u||_L1_{([0,T ];H}2_{(Ω))} + ||u^′||_L1_{([0,T ];U)} ≤ C(T ||f^{′′}_1 ||_L1_{([0,T ];S)}+ + T ||f^′_1||_L1_{([0,T ];S1)} + ||f_1(0)||_{S1} + ||f^′_1(0)||_S + ‖u^0‖_H2_{(Ω)} + ‖u^1‖_K) (3.30)

Proof: Taking in consideration conditions ( 3.26) and ( 3.28) it is clear that it exists u^2 ∈ K such that (u^2, ϕ) + e(u^0, ϕ) + c_1 ∫ Γ1 (m · ν)u^1 · ϕdΓ + (f_1(0), ϵ(ϕ)) = 0, ∀ϕ ∈ U. (3.31) Consider now the initial value problem:

[(v^′, ϕ)]^′ + e(v, ϕ) + c_1[ ∫ Γ1 (m · ν)v · ϕdΓ]^′ + (f^′_1(t), ϵ(ϕ)) = 0, ∀ϕ ∈ U, (3.32) v(0) = u^1, v^′(0) = u^2, in Ω (3.33) where u^2 is defined by (3.31). By Lemma 3.3 problem ( 3.32), ( 3.33) admits an unique solution having the regularity v ∈ C([0, T ]; U) ∩ C^1([0, T ]; K), (3.34) If we now define u(t) = ∫ t 0 v(τ)dτ + u^0, by integrating ( 3.32) with respect to time and using (3.28) we obtain that u is a solution of ( 3.1), ( 3.2), satisfying the estimate ||u^′||_L1_{([0,T ];U)} + ||u^{′′}||_L1_{([0,T ];K)} ≤ ≤ C(T ||f^{′′}_1 ||_W 1,1_{([0,T ];S)} + ‖f^′_1(0)‖_S + ‖u^1‖_U + ‖u^2‖_K). (3.35) On the other hand, by using the fact that f_1(t) ∈ S_1, ∀t ≥ 0 and a simple integration by parts the equation ( 3.1) takes the form e(u(t), ϕ) = (−u^{′′}(t)+divf_1(t)), ϕ)− ∫ Γ1 [(m·ν)u^′(t)+f_1ν]·ϕdΓ_1, ∀ϕ ∈ U. (3.36) By the use of ( 5.1) and of Lemma 2.4, the relation ( 3.36) easily gives ||u(t)||_H2_{(Ω)} ≤ C(||f_1(t)||_{S1} + ||u^{′′}(t)||_K). (3.37) The estimate ( 3.30) is now a direct consequence of ( 3.35) and ( 3.37).

2_{The counterpart of Lemma 3.4 for ( 3.3), ( 3.4) is given by the following}

result:

Lemma 3.5 If w^0 ∈ H^3(Ω) ∩ W, w^1 ∈ W, f_2 ∈ C^1([0, T ], K), (3.38) satisfying the condition

D[Δw^0 + (1 − μ)B_1w^0] = −c_1(m · ν) ∂w^1 ∂ν , on Σ_1, (3.39) then problem ( 3.3), ( 3.4) admits an unique solution such that w ∈ C([0, T ], H^3(Ω) ∩ W ) ∩ C^1([0, T ], W ) ∩ C^2([0, T ], V ), (3.40)

Moreover there exists a constant C such that

‖w‖_L1_{([0,T ],H}3_) + ‖w^′‖_L1_{([0,T ],W )} + ||w^{′′}||_L1_{([0,T ],V )} ≤

≤ C(T ‖f^′_2‖_L1_{([0,T ],K)} + ||f_2(0)||_K + ‖w^0‖_H3 + ‖w^1‖_W ). (3.41)

Proof: It is easy to verify that problem ( 3.3), ( 3.4) can be written as an initial value problem in the space W × V . Let us consider the operator A_2 defined by ( 3.15) and ~f_2 : [0, T ] → V defined by c( ~f_2(t), ψ) = (f_2(t), ∇ψ). With these notations, ( 3.3), ( 3.4) are equivalent to the abstract prob- lem Z^′_2 + A_2Z_2 + F_2 = 0, (3.42) Z_2(0) = Z^0_2 , (3.43) where Z_2 = ( w w^′ ) , F_2 = ( 0 ~f_2(t) ) . As by Lemma 3.2 A_2 generates a strongly continuous semigroup in W × V and by ( 3.38) F_2 ∈ C^1([0, T ], W × V ), the conclusion of the present lemma follows from Theorem I.2.2.1 from [2]. 2

4 A local existence result

The aim of this section is to prove that strong solutions of ( 1.1)-( 1.6) exist, at least for small time. More precisely the main result of this section is:

Theorem 4.1 Suppose that c_2 is small enough and that u^0, u^1, w^0, w^1 satisfy the conditions

u^0 ∈ [H^2(Ω)]^2 ∩ U, u^1 ∈ U, w^0 ∈ H^3(Ω) ∩ W, w^1 ∈ W, (4.1)

C[ϵ(u^0) + f(∇w^0)]ν + c_1(m · ν)u^1 − c_2(

∂u^0_2 ∂s , − ∂u^0_1 ∂s ) = 0, on Γ_1. (4.2)

4 A local existence result 17

D[Δw^0 + (1 − μ)B_1w^0] = −c_1(m · ν) ∂w^1 ∂ν , on Σ_1, (4.3)

Then there exists T_0 > 0 such that problem ( 1.1)-( 1.6) admits an unique strong solution for any T < T_0. Moreover one of the following assertions holds true:

(A1) T_0 = ∞; (A2) lim_{t→T0}(||u(t)||_H2 + ||u^′(t)||_H1 + ||w(t)||_H3 + ||w^′(t)||_H2 ) = ∞. In order to prove the above result we shall use Lemmas 3.4, 3.5, combined with a fixed point technique. The first step of this approach consists in some estimates on the nonlinear terms arising in ( 2.7), ( 2.8). More precisely, consider u, w satisfying ( 2.9), ( 2.10) and introduce the applications w → f^w_1 , f^w_1 (t) = Cf(∇w(t)), (4.4) w → f^{u,w}_2 , f^{u,w}_2 = C[ϵ(u(t)) + f(∇w(t))]∇w(t). (4.5) Let us first notice the following regularity property

Lemma 4.1 For any u, w satisfying ( 2.9), ( 2.10) we have

f^w_1 ∈ C^2([0, T ], S) ∩ C^1([0, T ], S_1), f^{u,w}_2 ∈ C^1([0, T ], K). (4.6)

Proof: Let us notice that, in two space dimensions, the following property holds true (cf. [4]):

if r = min{s_1, s_2, s_1 + s_2 − 2} ≥ 0, then pointwise multiplication maps continuously H^{s1} (Ω) × H^{s2} (Ω) into H^r(Ω). (P1)

A simple calculation shows that d dt (f^w_1 (t)) = C(∇w(t) ⊗ ∇w^′(t)), d dt (f^{u,w}_2 (t)) = C[ϵ(u^′(t)) + ∇w ⊗ ∇w^′(t)]∇w(t)+

+C[ϵ(u(t) + f(∇w(t))]∇w^′(t), d^2 dt^2 f^w_1 (t) = 2(C[∇w(t) ⊗ ∇w^{′′}(t)] + C[∇w(t) ⊗ ∇w^′(t)], and, by applying (P1) we easily see that ( 4.6) holds true. 2 Let us now introduce the Banach spaces

Y_1 = C(0, T ; H^3(Ω) ∩ W ) ∩ C^1(0, T ; W ) ∩ C^2([0, T ], V ),

Y_2 = C(0, T ; [H^2(Ω)]^2 ∩ U) ∩ C^1(0, T ; U),

with usual norms. The polynomial character of the nonlinearities and some Sobolev imbedding theorems imply the following result, which is stated without proof.

Lemma 4.2 The application w → f^w_! (resp. (u, w) → f^{u,w}_2 ) is C^1 from Y_1 (resp. Y_2×Y_1) into C^2([0, T ], S)∩C^1([0, T ], S_1) (resp. C^1([0, T ], K)). Moreover the following estimates holds: ||f^w_1 ||_W 2,1_{([0,T ],S)∩W} 1,1_{([0,T ],S1)} ≤ C||w||^2_{Y2}, ∀w ∈ Y_1 ||f^{u,w}_2 ||_W 1,1_{([0,T ],K)} ≤ C(||w||^3_{Y2} + ||w||_{Y2}||u||_{Y1}), ∀(u, w) ∈ Y_2 × Y_1.

Proof of Theorem 4.1: Let us fix u^0, u^1, w^0, w^1 satisfying ( 4.1)- ( 4.3). For R > 1 we make the notation

Y^0_R = ( ~u ~w ) ∈ Y_2 × Y_1 s.t.

u(0) u^′(0) w(0) w^′(0) = u^0 u^1 w^0 w^1 , ‖ ‖ ‖ ‖ ( u w )‖ ‖ ‖ Y2×Y1 ≤ R .

Define P : Y^0_R → Y_2 × Y_1 by: P ( ~u ~w ) = ( u w ) , where u, w satisfy the equations

[(u^′, ϕ)]^′ + e(u, ϕ) + c_1[ ∫ Γ1 (m · ν)u · ϕdΓ]^′ + (f ~^w_1 (t), ϵ(ϕ)) = 0, ∀ϕ ∈ U, (4.7)

[(w^′, ψ)+γ(∇w^′, ∇ψ)]^′+a(w, ψ)+[b(w, ψ)]^′+(f ~^{u,} ~^w_2 (t), ∇ψ) = 0, ∀ψ ∈ W. (4.8) u(0) = u^0, u^′(0) = u^1, w(0) = w^0, w^′(0) = w^1, in Ω, (4.9)

By applying Lemmas 3.4, 3.5 and 4.2 we see that P is well defined and that there exist two positive constants C_1, C_2 such that ‖ ‖ ‖ ‖ ‖ ( u w )‖ ‖ ‖ ‖ Y2×Y1 ≤ C_1T R^3 + C_2. (4.10)

Inequality ( 4.10) implies that, if we choose R great enough and T sufficiently small, the application P maps Y^0_R into itself. On the other hand from Lemma 4.2, combined with Lemmas 3.4, 3.5, we obtain that, for T small enough P is a strict contraction . By applying Banach’s fixed point theorem we obtain the local existence result. Moreover, by a classical continuation argument we obtain that one of the assertions (A1) or (A2) holds true. 2

5 Global existence and uniqueness of strong solutions

The main result of this section is

Theorem 5.1 Suppose that c_2, u^0, u^1, w^0, w^1 satisfy the assumptions of Theorem 4.1. Then there exists a unique global strong solution u, w of ( 1.1)-( 1.7).

We shall easily check that Theorem 5.1 is a straightforward consequence of Theorem 4.1 and of the following estimates:

Lemma 5.1 Suppose that (u, w) is a strong solution of ( 1.1)-( 1.7) defined on [0, T ). Then there exists a constant M_T depending on T such that ||u^{′′}(t)||^2+||u^′(t)||^2_H1 +||w^{′′}(t)||^2_H1 +||w^′(t)||^2_H2 ≤ M_T , ∀t ∈ [0, T ), (5.1)

Lemma 5.2 Suppose that (u, w) is a strong solution of ( 1.1)-( 1.7) defined on [0, T ). Then there exists a constant M_T depending on T such that ||u(t)||^2_H2 + ||w(t)||^2_H3 ≤ M_T , ∀t ∈ [0, T ) (5.2)

Proof: of Theorem 5.1: It is sufficient to notice that, by Lemmas 5.1 and 5.2 the assertion (A2) in Theorem 4.1 cannot hold true. As a consequence we obtain that (A1) takes place so any local solution can be extended to a global one. 2 In the last part of this section we shall prove Lemmas 5.1 and 5.2. Let us denote by C a generic positive constant.

Proof of Lemma 5.1: We notice that our regularity assumptions allow us to to apply Lemma 2.1 which implies that there exists a constant M_1 > 0 such that: ||u^′||^2 + ||w^′||^2_H1 + ||u||^2_H1 + ||w||^2_H2 + ||σ(u, w)||^2 ≤ M_1 (5.3) for all t ∈ [0, T ), where we used the notation σ(u, w) = C[ϵ(u) + f(∇w)]. (5.4) If we write v = u^′ and y = w^′, by taking the derivative of ( 2.7)-( 2.8) with respect to time we obtain: (v^{′′}, ϕ) + (^σ(v, w, y), ϵ(ϕ)) + c_2~e(v, ϕ) + c_1 ∫ Γ1 (m · ν)(u^′ · ϕ) = 0, ∀ϕ ∈ U, (5.5) (y^{′′}, ψ) + γ(∇y^{′′}, ∇ψ) + a(y, ψ)+ (^σ(v, w, y)∇w, ∇ψ) + (σ(u, w)∇y, ∇ψ) + b(y^′, ψ) = 0, ∀ψ ∈ W, (5.6) where ^σ(v, w, y) = C[ϵ(v) + ∇w ⊗ ∇y], (5.7) ~e(v, ϕ) = ∫ Ω ( ∂v_1 ∂x_1 ∂ϕ_2 ∂x_2 + ∂v_2 ∂x_2 ∂ϕ_1 ∂x_1 − ∂v_1 ∂x_2 ∂ϕ_2 ∂x_1 − ∂v_2 ∂x_1 ∂ϕ_1 ∂x_2 )dx. If we choose ϕ = v^′ in ( 5.5) and ψ = w^′ in ( 5.6) we obtain: 1 2 d dt (||v^′||^2 + ||y^′||^2 + γ||∇y^′||^2 + a(y, y) + (^σ(v, w, y), C^{−1}(^σ(v, w, y)))+

+c_2 ~e(v, v) + (σ(u, w), ∇y ⊗ ∇y)) − 3 2 (^σ, ∇y ⊗ ∇y) ≤ 0, ∀t ∈ [0, T ). The inequality above can be written in the form: d dt Q(u, v, w, y) ≤ Ψ(v, w, y), (5.8) where Q(u, v, w, y) = 1 2 (||v^′||^2 + ||y^′||^2 + γ||∇y^′||^2 + c_2 ~e(v, v)+ + a(y, y) + (^σ(v, w, y), C^{−1}(^σ(v, w, y))) + (σ(u, w), ∇y ⊗ ∇y)), (5.9) and Ψ(v, w, y) = 3 2 (^σ(v, w, y), ∇y ⊗ ∇y), (5.10) From the inequalities of Schwarz and Gagliardo-Nirenberg we have ||∇y ⊗ ∇y|| ≤ C_2||∇y||^2_L4_{(Ω)} ≤ C_3||∇y|| ||y||_H2, where C_2, C_3 are positive constants. The inequality above and Lemma 2.1 imply, that ||∇y ⊗ ∇y|| ≤ C||y||_H2. (5.11) As a consequence of ( 5.9) and ( 5.11) we see that there exist positive constants b_1, b_2, b_3, b_4 such that b_1(||v^′||^2 + ||y^′||^2 + γ||∇y^′||^2 + (^σ, C^{−1} ^σ) + ||y||^2_H2) − b_2 ≤ Q(u, v, w, y) ≤ ≤ b_3(||v^′||^2 + ||y^′||^2 + γ||∇y^′||^2 + (^σ, C^{−1} ^σ) + ||y||^2_H2) + b_4. (5.12) On the other hand from ( 5.10) and ( 5.11) we obtain |Ψ(v, w, y)| ≤ C(||^σ||^2 + ||y||^2_H2). (5.13) Inequalities ( 5.8), ( 5.12) and ( 5.13) imply, with the use of Gronwall’s Lemma that ||v^′||^2 + ||y^′||^2 + γ||∇y^′||^2 + ||^σ||^2 + ||y||^2_H2 ≤ C, ∀t ∈ [0, T ). (5.14) As from ( 5.7) we have ϵ(v) = C^{−1}[^σ − ∇y ⊗ ∇w)], using Lemma 2.1, ( 5.14) and Korn’s inequality we obtain ||∇v(t)|| ≤ C, ∀t ∈ [0, T ). (5.15) The relations ( 5.14) and ( 5.15) obviously imply the conclusion of Lemma 5.1.

Proof of Lemma 5.2 Let us notice that ( 2.7) can be considered as the variational formulation of the following elliptic boundary value problem for u − div{C[ϵ(u)]} = −u^{′′} + div{C[f(∇w)]}, in Ω, (5.16) u_{|Γ0} = 0, (5.17) C[ϵ(u)]ν = −C[f(∇w)]ν − c_1(m · ν)u^′c_2 ( ∂u_2 ∂s −^{∂u1}_{∂s} ) , on Γ_1 (5.18)

On the other hand, by Lemma 5.1, Lemma 2.1 and the property (P1) we get that div[Cf(∇w)] is bounded in L^∞([0, T ], S_{−ϵ}), and the right hand side of ( 5.18) is bounded in L^∞([0, T ], H^{1/2−ϵ}(Γ_1)), ∀ϵ ∈ (0,^1_2 ). By using classical elliptic regularity theory, combined with an interpolation argument, we obtain that u is bounded in L^∞([0, T ], [H^{2−ϵ}(Ω)]^2), so it exists a constant C > 0 such that ||σ(u(t), w(t))||_H1�ϵ_{(Ω)} ≤ C, ∀t ∈ [0, T ). (5.19) From Lemma 2.1 and ( 5.19) we obtain ||σ(t)∇w(t)|| ≤ C||σ(t)||_L4||∇w(t)||_L4 ≤ C||σ(t)||_H1�ϵ ||∇w(t)||_H1 . (5.20) On the other hand it is clear that w is a solution of the elliptic problem a(w, ψ) = −(σ∇w, ∇ψ) − (w^{′′}, ψ) − γ(∇w^{′′}, ∇ψ)− − ∫ Γ1 (wψ + ∂w ∂s ∂ψ ∂s )dΓ_1 − ∫ Γ1 ∂w ∂ν ∂ψ ∂ν dΓ_1, ∀ψ ∈ W, . (5.21)

As, by Lemma 5.1, ( 5.19), ( 5.20) the first four terms in the right hand side of ( 5.21) define a linear continuous form on V , from Lemma 2.3 we get that w(t) is bounded in H^3(Ω) if t ∈ [0, T ). In order to complete the proof we notice that the H^3 boundedness of w(t) implies, by applying 2.4, that that u is bounded in [H^2(Ω)]^2. 2 The next result asserts the existence of finite energy solutions of ( 1.1)- ( 1.7). As in the case of ”classical” von Kármán equations (cf. [10]), we are not able to show that this solution is unique. Theorem 5.2 Suppose that u^0 ∈ U, u^1 ∈ K, w^0 ∈ W, w^1 ∈ V. (5.22) Then there exists a global finite energy solution u, w of ( 1.1)- ( 1.7). Proof: In order to prove the global existence above we shall approach the initial data by more regular functions and then we shall use Theorem 5.1 and a compactness argument. More precisely, let us consider the sequences (u^0)_n ⊂ [H^2(Ω)]^2 ∩ U, (u^1)_n ⊂ U, (w^0)_n ⊂ H^3(Ω) ∩ W, (w^1)_n ⊂ W, such that u^0_n → u^0, in U, u^1_n → u^1, in K, w^0_n → w^0, in W, w^1_n → w^1, in V.

We introduce now the following initial and boundary value problem:

[(u^′_n, ϕ)]^′ + e(u_n, ϕ) + (Cf(∇w_n), ϵ(ϕ)) + c_1[ ∫ Γ1 (m · ν)u_n · ϕdΓ]^′ = 0, ∀ϕ ∈ U, ∀t ∈ [0, T ) (5.23) [(w^′_n, ψ) + γ(∇w^′_n, ∇ψ)]^′ + a(w_n, ψ) + [b(w_n, ψ)]^′+ + (C[ϵ(u_n) + f(∇w_n)]∇w_n, ∇ψ) = 0, ∀ψ ∈ W, ∀t ∈ [0, T ). (5.24) u_n(0) = u^0_n, u^′_n(0) = u^1_n, w_n(0) = w^0_n, w^′_n(0) = w^1_n, in Ω, (5.25) By Theorem 5.1 problem ( 5.23)-( 5.25) admits a global strong solution u_n ∈ C([0, T ], [H^2(Ω)]^2) ∩ C^1([0, T ], U), w_n ∈ C([0, T ], H^3(Ω)) ∩ C^1([0, T ], W ).

Moreover it is obvious that this solution satisfies the energy estimate of Lemma 2.1, so we have ||u^′_n(t)||^2 + ||w^′_n(t)||^2 + ||∇w^′_n(t)||^2 + ||∇u_n(t)||^2 + ||w_n(t)||^2_H2 + + ||σ(u_n(t), w_n(t))||^2 ≤ C, ∀t ∈ [0, T ), (5.26) where C is a positive constant. From ( 5.26), by passing to a subsequence, we obtain the existence of u, w satisfying ( 2.11) such that: u_n → u, in L^∞([0, T ], U), weak *, (5.27) u^′_n → u^′, in L^∞([0, T ], K), weak *, (5.28) w_n → w, in L^∞([0, T ], W ), weak *, (5.29) w^′_n → w^′, in L^∞([0, T ], V ), weak *. (5.30) By using a compactness result proved in [16], from ( 5.29)-( 5.30) we obtain that:

∇w_n → ∇w, dans L^∞([0, T ], H^{1−ϵ}(Ω)), strongly, ∀ϵ > 0. (5.31) As, in two space dimensions, we have the imbedding H^{1−ϵ}(Ω) ⊂ L^{2/ϵ}(Ω) the relation ( 5.31) implies that, for ϵ small, we have: ∇w_n → ∇w, dans L^∞([0, T ], L^6(Ω)), strongly . (5.32) On the other hand from ( 5.27) we obtain that

ϵ_{ij}(u_n) → ϵ_{ij}(u), dans L^∞([0, T ], L^2(Ω)]), weak *. (5.33) From ( 5.27)-( 5.33) we easily get that the nonlinear terms in ( 5.23)- ( 5.24) pass to the limit, so u, w is a finite energy solution of ( 1.1)-( 1.7).

Références

[1] M. Bradley and I.Lasiecka, Local exponential stabilization of a nonlinearly perturbed plate, to appear in Non. Anal., T.M.A.

[2] T. Cazenave and A. Haraux, Introduction aux problèmes d’évolution semi-linéaires, Ellipse, Paris, 1991

[3] I.D. Chueskov,Strong solutions and the attractor of the von Kárman equations, Math.USSR Sbornik, 69, pp.25-35(1991).

[4] C. Dafermos and W. Hrusa, Energy methods for quasilinear hyperbolic initial-boundary value problems, Arch.Rat.Mech.Anal., 87, pp. 267-292 (1987)

[5] A.Haraux Semi-linear problems in bounded domains, Harwood, London, 1987

[6] H. Koch and A. Stahel, Global existence of classical solutions to the dynamical von Kármán equations, Mathematical Methods in the Applied sciences, 16, pp. 581-586(1993).

[7] J.E. Lagnese, Boundary stabilization of thin plates,SIAM publications, 1989

[8] J.E. Lagnese, Uniform asymptotic energy estimates for solutions of the equations of dynamic plane elasticity with nonlinear dissipation at the boundary, Non.Anal., T.M.A., pp.35-54(1991)

[9] J.E.Lagnese and G.Leugering, Uniform stabilization of a nonlinear beam by nonlinear boundary feedback, J.Diff.Eq., 91, pp.355-388(1991)

[10] J.L.Lions, Quelques méthodes de résolution des problèmes aux limites non linéaires, Dunod, Paris, 1969

[11] J.L.Lions, Hidden regularity in some nonlinear hyperbolic equations, Mat.Apl.Comp., 6, pp. 7-17(1987)

[12] J.L.Lions and E.Magenes, Problèmes aux limites non homogènes et applications, Masson, Paris, 1968

[13] A.Pazy, Semigroups of Linear Operators and Applications to Partial Differential Equations, Springer, 1983.

[14] J.P. Puel and M. Tucsnak, Stabilisation frontière pour les équations de von Kármán, CRAS, 314, série I, p.609-612, 1992.

[15] J.P. Puel and M. Tucsnak, Boundary stabilization for the von Kármán equations, to appear in SIAM J. on Control

[16] J. Simon, Compact sets in the space L^p(0, T ; B), Annali di Matematica Pura ed Applicata, IV, CXLVI, pp 65-96(1987)

[17] A. Stahel, A remark on the equation of a vibrating plate, Proceedings of the Royal Society of Edinburgh, 106A, pp.307-314(1987)

[18] W. von Wahl, On nonlinear evolution equations in a Banach space and on nonlinear vibrations of the clamped plate, Bayreuter Mathematische Schriften, 7, pp.1-93(1981)