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STABILITY OF A BEAM-SPRING SYSTEM WITH LOCAL VISCOUS DAMPING
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Abstract. In this paper, we consider a beam-spring system consisting of two parallel
beams, one on the top of the other, and connected by several vertical springs in between.
The mass of the springs is assumed to be negligible when compared with the mass of the
beams. The springs are at its natural length when the beams are at its resting positions.
Therefore, the governing partial differential equations of the system are

ρ1u1,tt(x, t) = −a1u1,xxxx + k(x)(u1(x, t)− u2(x, t))− δ1k(x)u1,t(x, t) (1)
ρ2u2,tt(x, t) = −a2u1,xxxx − k(x)(u1(x, t)− u2(x, t))− δ2k(x)u2,t(x, t) (2)

for x ∈ (0, L), t > 0, where u1, u2 are the displacement of the beams; the function
k(x) ≥ 0 indicates the location and strength of the springs; ρ1, ρ2, a1, a2 > 0 are material
constants; δ1, δ2 ≥ 0 are damping coefficients. The energy of the system is

E(t) =
∫ L

0

[
a1|u1,xx|2 + ρ1|u1,t|2 + a2|u2,xx|2 + ρ2|u2,t|2 + k(x)|u1 − u2|2

]
dx. (3)

Our interest is the decay rate of the energy for several type of boundary conditions when
both beams are damped or only one beam is damped. The conclusions are the following
(1) If δ1, δ2 > 0, then E(t) decays exponentially,
(2) If δ1 > 0, δ2 = 0, then E(t) does not decay exponentially, but decays polynomially.
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