Applied Mathematics Letters 53 (2016) 85-91

Contents lists available at ScienceDirect = Applied
Mathematics

Applied Mathematics Letters

www.elsevier.com /locate/aml —

Exponential stability for a structure with interfacial slip and @Cmssmk
frictional damping

C.A. Raposo

Department of Mathematics - Federal University of Sao Jodao del-Rei, UFSJ Prac¢a Frei Orlando, 170, Sao
Joao del-Rei-MG, Brazil

ARTICLE INFO ABSTRACT
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Timoshenko beam theory, taking into account that an adhesive of small thickness
is bonding the two layers and produce the interfacial slip. It is assumed that
the thickness of the adhesive bonding the two layers is small enough so that the
contribution of its mass to the kinetic energy of the entire beam may be ignored.
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1. Introduction

There are few papers that deal with systems of interfacial slip, we cite [1-5]. In [1], Hansen and Spies
derived the mathematical model (1)—(3) for two-layered beams with structural damping due to the interfacial

slip
pup + G —uy)s =0, z€(0,1), t>0, (1)
Ip(?)Stt — wtt) — G(Q/J — Uz) — D(3Smm — wmz) = 0, T € (O, 1), t Z 0, (2)
31,54 + 3G (Y — ug) +460S + 470S; —3DS,, =0, x € (0,1), t >0, (3)

where u(z,t) denotes the transverse displacement, 1(x,t) represents the rotation angle, and S(x,t) is
proportional to the amount of slip along the interface at time ¢ and longitudinal spatial variable x. The
coeflicients p, G, 1,, D, 6o, 70 are the density, the shear stiffness, mass moment of inertia, flexural rigidity,
adhesive stiffness, and adhesive damping of the beams. Eq. (3) describes the dynamics of the slip.
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Now, we consider s(z,t) = 3S(x,t) and p1 = p, p2 = I,, k=G, b= D, 35 = g, 37 = 79, then we deduce
from (1)—(3) the following system

prug + k(Y —ug), =0, (4)
P2(5 - 7/1)tt - b(S - 1/1)m - k(U) - Ux) =0, (5)
P28t — bszz + 3k(1/} - um) + 465 + 4fyst = 0. (6)

Combining (5) and (6) we have

prug + k(Y —uz)e =0, (7)
ptht - b"/)mz + 4/€(1/) - ux) + 65 + ﬂst = O (8)

Putting s = 0 in (8) we obtain the following system

prugs + k(Y —ug)e = 0,
p2¢tt - bwmx + 4k(¢ - uz) = 07

that is a conservative system closely related with the Timoshenko’s beam.

In [3] was proved that the frictional damping created by the interfacial slip alone is not enough to
stabilize the system (1)—(3) exponentially to its equilibrium state. In recent paper, see [5], was showed that
for viscoelastic material there isn’t need for any kind of internal or boundary control to stabilize exponentially
the system of laminated beams with interfacial slip while in [6] was proved that for Timoshenko’s beams
with viscoelastic damping, the exponential stability holds, if and only if, the velocities of propagations are
equal, that is, p1b = pok. In this direction, the viscoelastic damping may have different influence when acts
in the stabilization of Timoshenko’s system and when is effective on the structure with interfacial slip. Now
for frictional damping, if we introduce the damping cu; on the transverse displacement and (G, on the
rotation angle in the Timoshenko’s system, we obtain the dissipative system

prugg + k(1 — ug)y + aup = 0, (9)
p2wtt - b¢zz + k(w - um) + 5¢t = 07 (10)
that is exponentially stable, see for example [7] and reference therein.

Motivated by the exponential stability of (9)—(10), we intent to investigate the action of the frictional
damping in the system (1)—(3), more precise, we consider the following system

prug + k(Y — ug)y + aup = 0, (11)
02(8 - w)tt - b(S - w)mw - k(w - uac) + ﬁ(s - w)t =0, (12)
p2Str — bSupe + 3k(V — uy) + 49s + 4ys, =0, (13)

where (z,t) € (0, L) x (0,00) with boundary conditions

u(0,t) = ¥(0,t) = s(0,t) =0, (14)
Sm(Lat) = 7/]z(L7t> =0, uz(Lat) = w(Lat)v (15>
and initial data
(u(x, 0)7 ¢($, 0)7 S(.’L‘, 0)) = (UO($)7 ¢0($), 50(*7")) eEH= [H(% (0, L)P, (16)
(s (2, 0), 0 (2,0), 5:(,0)) = (w1 (@), 91 (2), 51(2)) € V = [L*(0, L)]*. (17)

For the system (1)—(3) in [2] was proved the existence and uniqueness of solution in the class

(u,v,s) € C([0,T]: H)NC([0,T]:V).
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