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READING ASSIGNMENT: Sections 8.5 and 8.7 in the Grodzinsky-Chapter 8 notes.

Problem 1 Oscillatory Compression of Poroelastic Tissue

This problem is modeled after the poroelastic stress relaxation response derived in
the previous Problem Set [3.2, parts (¢) and (e)]. Using the same confined compression
geometry of Problem 3.2, we now wish to find an expression for the displacement 4(z, w)
that results from an applied “sinusoidal steady state” displacement u(z = 0,t) = u, coswt
at the surface z = 0.

(a) From the poroelastic diffusion equation for u(z,1), let the solution u(z,t) have the
form

u(z,t) = ReAelalb=2)giut

which represents a “diffusion wave” at frequency w decaying in the z-direction with the
space constant «. Inserting this form into the diffusion equation along with (8/9t — jw),

show that
o =+(1—j)/w/2Hk

(b) Since the complex diffusion equation is second order in z, the solution is the
superposition of two solutions corresponding to +a and -«. Using the boundary conditions
on u(z,w) at z=0 and z=L, show that the solution has the form:

~ _ upsinhy(L—z)
z,w) = gl

Find v in terms of material properties and frequency, and interpret the poroelastic
“penetration depth” «y by sketching your solution at an instant in time, but identifying the
“envelope” sinhyL.
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