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APPENDIX A

This appendix is concerned with the derivative of the general solutions for a
homogeneous poroelastic material undergoing axisymmetric vibrations. Consider
the governing equations, equations (3.4) and (3.5) in Chapter Ill. These equations
can be solved by introducing the displacement decomposition based on Helmholtz
representation for an axisymmetric vector field, equations (3.6) to (3.9), together
with the assumption that the motion is time-harmonic yield two sets of partial
differrential equations for ®,,®, and ¥,,¥, as

(A +a*M" +2)V? +5%]®, =—(aM'V? + p'6*)D, (A1)
(@M'V? + p'8*)®, = (ib'6 ~m' 6> = M'V?)D, (A.2)
(V2 +82)¥, =—p'82%, (A.3)

p &Y, =(ib'6—m'5*)¥, (A.4)

where the dimensionless parameters 4°, M', p’, m" and b" are defined as

Pl prdl g B o L (A.5)
H H P P N PU
and V? is the Laplacian operator defined by
2 2
v —_—-?—2—+li+a—2 (A.6)
or" ror oz

In addition, a dimensionless frequency, & , is defined as

o= \/Za)a (A7)
u

Application of the zeroth-order Hankel transform to equations (A.1) to (A.4)
yield the ordinary differential equations for @,,®, and ¥,,¥, as

2 2
[(,1‘ +a’M’ +2)(:—z;-§2J+52]&>, =[aM'( ’ —%)—p‘az}iz (A.8)

* d2 * = * * * d2 e
[aM (E—fz)ﬂo 52:|¢1 =[ib S-mdé*-M (52 —E;ﬂq)z (A.9)
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d? e N
(52 —?—52}?, =po W, (A.10)
P8, =(ib'6 —m's*) P (A.11)
1 2

It can be shown that the general solutions of Hankel transforms of ®, and
¥, (i=1,2) can be expressed as

@, = 4e’” + Be™ +Ce’” + De™™* (A.12)
D, =z, (Ae"’ + Be"'z)+x, (Ce”’ + De"”’) (A.13)
P, = Ee™ + Fe '~ (A.14)
¥, = 15 (Ee™ + Fe ™) (A.15)

where A(&,96), B(&,0).,..., F(&,6) are the arbitrary functions to be determined by
using appropriate boundary and/or continuity conditions relevant to a given
problem and

% (/1' +a’M’ +2)Lf -5’

Zi_ p‘é‘z—aM.Lz_ ) i=1,2 (A.16)
)
A3 =m ‘ (A17)

v =& -1, i=132 (A.18)
¥y =€ - S? (A.19)
Lf W +,/w,2 —4w,

: (A.20)
l§=w‘_“;‘2_4w2 (A.21)
8 =(p' 15 +1)8” (A.22)

_(m'&-ib'5)(A" +a’ M +2)+ M'85* ~2aM ' p' e
s (A" +2)M" e

_(m's*-ib'5)8* (') &* A.24
o (2" +2) M s

In view of equations (3.1)-(3.3), (3.6)-(3.9) and (A.12)-(A.15), the general
solutions for Hankel transforms of displacements », and w, (i=r, z), stresses o,
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and excess pore pressure p, given in equations (3.12) to (3.17), can be obtained.
In addition, the variables 7;, B, and S, are defined by

m=(a+x)M'L, i=12 (A.25)
B,=2y}-AL -an, , i=12 (A.26)

S, =& +y; (A.27)



APPENDIX B

This appendix is given the non-zero arbitrary functions appearing in the

general solutions given by equations (3.12)-(3.17) for different loading cases.

B.1 Arbitrary Functions for Vertical Loading:

ﬂze-m'
2uN,

4= i(g)

7 (vze" ¥ 428,671 —4E S v e )
2uN.R

T.(9

e-)’zz' =
=TT

2uN,
28,6 —y e L 4E2 S ve ) _
Dlzﬂz(‘f 4 6 S S )7;(6)
2uN,R
ve ™ —
=25 1)
2puysN,
v, (v,,e"’ O L ) +&Evv,e " B
o 2uy3N,\R ;
B, = B~ Ae"*
D, =D, -Ce”*

F,=F,+Ee"*
where

b Rt Tt

v, =B =mp

V3 =417,75

v, =4m,737,

(B.1)

(B.2)

(B.10)
(B.11)
(B.12)

(B.13)



vy =8, =& (v; +v,)

Ve =S, +&2 (v +v,)

v, =8y, +&2 (v -v,)
and

N, =2&%, -,

R=-8v,+& (v;-v,)
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(B.14)
(B.15)

(B.16)

(B.17)

(B.18)

In the above equations, T.(£)= p,al,(£a)/& is the zeroth-order Hankel
transform of the applied axisymmetric vertical load over a circular area of radius a and

uniform intensity p, at (z=2").

B.2 Arbitrary Functions for Applied Fluid Pressure:

i —(A"+2) e

i 2N, P()
AR R - n ) g
UN.R
(2 @)™
G = 25N, P(S)
UNR
_ g(r+2)(B-B)e _
o 2y N, o
5 ﬂ.. o) ; k -z ; -7 & 2 g -y3z' 7
bl ( + )[v (,Be . Bie )+v (L, Lz)e ]P(f)
HysNR
B, =B, — 4"
D, =D, -Ce*

F,=F+Ee™

(B.19)

(B.20)

(B.21)

(B.22)

(B.23)

(B.24)

(B.25)

(B.26)

(B.27)
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where
By =4y,7.1; (B.28)
B, =4y L (B.29)
Bs=25,(L-1) (B.30)

In the above equations, P(&)= p,at(§a)/ & is the zeroth-order Hankel
transform of the applied fluid pressure over a circular area of radius a and uniform
intensity p, at (z=2').
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