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Abstract: Based on Biot’s model for saturated porous
media, the governing equation of fluid-saturated porous
rectangular plates is presented, in which the compress-
ibility of solid particles and fluid and the viscosity of pore
fluid is taken into account. A series solution is given for
simply-supported fluid-saturated porous plates. The ac-
curacy of the solution is validated by degenerating the
fluid-saturated porous rectangular plates into single-phase
solid rectangular plates. As a numerical example, the free
vibration characteristic and the dynamic response under
harmonic loads are analysed. The influence of surface
infiltration conditions, porosity, pore fluid permeability
coefficient and loading frequency on the free vibration
frequency is discussed.

Keywords: dynamic response; free vibration; power series
method; rectangular plates; saturated porous media.

1 Introduction

Since Biot (1956) [1, 2] put forward the basic equations
describing the dynamic characteristics of saturated porous
media, the theory of porous media has become the founda-
tion for studying the dynamic characteristics and performing
dynamic analysis of saturated porous media, and has been
widely used in different engineering of a variety of fields.

To date, research on saturated porous media in the fields
of geotechnical engineering, earthquake engineering and
geophysical has mainly focused on geotechnical materials
whose geometric characteristics are associated with the half-
space domain or an infinite horizontal layer, including
theoretical analysis and numerical simulation of dynamic
responses [3-10] and wave propagation characteristics [11—
14]. However, few studies have been focused on flexible
structures, such as porous media beams, plates and shell
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structures. On the one hand, the behaviour of flexible porous
structures is an important issue in biomechanics [15, 16], such
as the mechanical analysis of cartilage tissue and the stems of
plants. On the other hand, porous materials such as poly-
urethane foams and fibrous materials have been widely used
in the automotive and aerospace industries for damping and
sound absorption [17, 18]. Therefore, it is necessary to further
study the static and dynamic mechanical behaviours of
flexible porous structures.

In terms of fluid-saturated porous plate structures,
considering the lateral diffusion of fluid, Taber [19] estab-
lished the solid-phase and fluid-phase governing equation
of the isotropic fluid-saturated porous media based on
Biot’s model to analyse the dynamic bending of simply
supported rectangular porous plates using the Laplace
transformation and the perturbation method. Leclaire et al.
[20] analysed the transverse vibration problem of rectan-
gular thin plates for four-edge-clamped porous media us-
ing the Rayleigh-Ritz method, which takes the effect of
fluid viscosity on energy dissipation into account. Based on
the research of Theodorakopoulos and Beskos [21] on the
bending vibration of porous elastic plates and Biot’s the-
ory, Anke and Heinz [22] established the dynamic mathe-
matical model of saturated porous elastic Mindlin plates
and gave the principle of virtual work using the deflection,
angle and pore stress as basic unknown quantities. Based
on the classical theory of homogeneous plates and Biot’s
stress—strain relations in an isotropic porous medium with
a uniform porosity, Feng-xi and Xiao-lin [23] researched the
dynamic bending mathematical model of saturated porous
elastic plates, and the influence of porosity, tortuosity and
permeability on the resonances was studied to determine
the condition of maximum damping considering these
parameters. Nagler and Schanz [24], using the series
approximation method, obtained another plate shear
deformation theory of porous material plates. Many studies
on the mechanical response of fluid-saturated porous
plates used various simplified plate theories, such as
classical thin plate theory and Reissner—Mindlin thick
plate theory. Rezaei and Saidi [25] presented an exact so-
lution for the free vibration analysis of porous rectangular
plates under undrained conditions, and the results show
that the effect of coupled fluid—solid deformation may not
be disregarded. However, other studies have shown that
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the mechanical quantity cannot be a polynomial of coor-
dinate variables in the thickness direction. In various
simplified theories, incompatibility among the funda-
mental equations can be found, that is, some mechanical
quantities can meet only some and not all of the basic
equations, and the error will increase greatly with
increasing thickness [26].

Based on Biot’s model of porous media and three-
dimensional elastic theory, the dynamic governing equation
of fluid-saturated porous rectangular plates is established in
this paper. The free vibration and forced vibration responses
of simply supported fluid-saturated porous rectangular
plates are researched. The influence of the surface infiltra-
tion conditions, porosity, pore fluid permeability coefficient
and loading frequency parameters on the free vibration
frequency, the solid skeleton stress, the pore fluid pressure,
the solid skeleton displacement and pore fluid displacement
of plates are analysed via numerical examples.

2 The governing equation of
fluid-saturated porous
rectangular plates

A rectangular plate occupying the region [0, L;] x [0, L,] x [-H/
2, H/2] in the unstressed reference configuration is described
in rectangular Cartesian coordinates x; (i = 1, 2, 3). Based on
Biot’s model of porous media, the basic equations of homo-
geneous saturated porous media are as follows.

The constitutive equations for a fluid-saturated porous
media are

0j = )lekk&,- + 2’1811 - apSU (1)
p= M c - aMekk (2)
The strain tensor for infinitesimal deformations is

related to the displacements u; by

1
8,']' = 5 (ui,j + u,-,i) (3)
The equilibrium equations in the absence of a body
force are

0y, = pU; + pewW; (4)

b= pflii + mW, + le (5)

where 0; and p are the total stress components and pore
fluid pressure (i, j = 1, 2, 3), respectively. u; and w; are the
displacement components of the solid skeleton and pore

fluid, that is e = u;; and { = -w;;. A and u are the Lame
constants and g; is the strain vector of the solid skeleton. b
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is a parameter accounting for internal friction due to the
relative motion between the solid and the pore fluid and
b = n/ky, where ks is the dynamic permeability and 7 is the
viscosity of the fluid. « and M are the Biot parameters
considering compressibility of the two-phase material, and
a =1- K/K,, 1/M = (a—n)/K; + n/Ky, where K, K and Krare
the bulk modulus of the solid skeleton, solid particles and
pore fluid, respectively, while n is the soil porosity. p is the
total density of the saturated soil and can be represented by
p = (1 - n)ps + npy, where ps and py are the densities of the
solid phase and liquid phase, respectively. m is a para-
metric representation related to the mass density of the
pore fluid and pore geometry features m = pg/n.
Combining Egs. (1)-(5), the governing equations of the
dynamic response of the saturated media can be obtained as

uVu+ (A+p+a’M)Ve - aMV{ = pii+pw  (6)
V(aMe - M() :(pfli+mv'1'/)+bw @)

Considering the simply supported boundary condi-
tions, that is

on=0,u,=u; =0,w, =w3 =0, atx; =0,L;;
0n=0,u;=u; =0,w; =w3 =0, atx, =0,L,.

(8)

3 The exact solution for
fluid-saturated porous
rectangular plates

A solution for the displacement field in the fluid-saturated
porous rectangular plate is sought in the form.

> mmx; . M7nx;
uy= Y U(x3)cos —— sin ——= ™,
m;=0,n1=0 Ll L2
> my7xy mmx, ;
wy= Y  W;(x3)cos sin ——= e
m;=0,n1=0 Ll L2
= . MyTxq mmnx, ;
= Y U,(x3)sin —— cos —— ",
m;=0,n1=0 Ll 2
9)
fnd . myTxy mmx, ;
wy= Y  W,(x3)sin —— cos —— e™*
m;=0,n=0 Ll L2
bt . mmxy . mnx;
us= Y Us(xs)sin sin —— e,
m;=0,n=0 Ll LZ
o L oMymIx, . mMIX,
ws= Y W;(x3)sin —— sin ——= "
m;=0,n=0 Ll 2

where w denotes the angular frequency. Assume that
& = my/Ly, & = mym/L, and that m; and n; are positive in-
tegers. The chosen displacement field described by Eq. (9)
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satisfies the homogeneous boundary conditions described
by Eq. (8) at simply supported boundaries. Substituting Egs.

m,m

Op =
mp,m

mp,m
Jon= Y u(§Un +§,U;) cos§,x; cos §x,e
my,m
o= Y u(U, +&,Us) cos &,x; sin &, x,e™"
my,nm
05 = Y u(U,+&,Us)sin&;x; cos & e
my,m

p:

m,m

where a prime denotes differentiation with respect to xs.
Substituting Eq. (9) into Egs. (6) and (7), the following
coupled system of second-order ordinary differential
equations can be obtained:

[pw? - (81 + &) u— A+ p+ ®M)| EU, + pU;
+(pr” — aME) Wy = (U i+ M) §,6,Uz — aM&, &, W,
+ (A+p+ M) U, + aME W, = 0
(11a)
- (A tH+ azM) §1§,U1 — aMg W,
+ oW - (& + &) u- A+ u+aM)E|U, +uU,
+ (oW — aME W + (A+p+ M) &,U; + aME, W, = 0
(11b)

- (A+u +o’M) {lUll _aM‘lell - (A+p+ azM) ‘szUlz
- aMEW, + [pw’ - u(& + &) Us + (A+2u+ o°M) U;
+p;w*Ws + aMW, = 0
(110)

(ppw? — aM&7) Uy + (mw? — bwi - ME) W, - aME,£,U,
- M&.&,W) + aME, Uy + ME W, = 0
(11d)
- aM§,8,Us - M&,§, W + (pfw2 - (XMfﬁ) U,
+ (mw? - bwi - ME) W, + aME&, U, + ME,W, = 0
(11e)
- aM§,U, - M§,W, — aM§,U, - M§,W, +pfw2U3 +aMU,
+ (mw? - bwi) W3 + MW, =0
(11f)

Y (aM&,Uy + ME,W, + aME,U, + ME,W, — aMU, - MW, sin &, x; cos £,x,e™"
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(3) and (9) into the constitutive equation of Eq. (1), the
stresses can be given in terms of displacements as

= Y [~ A+2u+&@M)&U, - aME, W, - (A + M) &,U, - aME, W, + (A + M) Uy + aMW, | sin&,x; sin &,x,e™"
Y [~ A+ @M)& U - aME, W, - (A+ 2+ M) &,U; — aME,W, + (A+ M) Uy + aMW, | sin£,x sin &,x,e™"

o= Y [~ (A+@M)&U, - aME,W, — (A + M) §,U, — aME, W, + (A+2u + M) U + aM W, | sin & x; sin & x,e™"

(10)

The power series method is used to obtain the solution
for Eq. (11). According to a general method, we assume a
power series solution for the displacement functions Uy(x3)
and Wj(x;) as

Ui(x3) = E ﬁi(ﬁ)X§> Wi(x3) = § Wi(ﬁ)Xg (12)
B=0 B=0

Substituting Eq. (12) into Eq. (11) yields the following
coupled recurrence algebraic relations:

gD P g Pr’s: 7 (0
W = b 07 (mw? - bwi) (B +1) Us
T 0
+lm W,
(13a)
TG B LA 1 S 5
AE Iy v L (mw? - bwi)(B+1) 3
IR0
+ Brl |74
(13b)
7 () _ A5+ 83) —pre” - ()
e - Mg, (B+1) Ui
+wa2£z - ad, (mw? - bwi) _ (p)
prw* (B+1) ’
. (aM{% —pfa)z) (maw? - bwi) +pfw2M§f W(ﬁ)
prwME (B +1) !
- al~J3(ﬁ+1)

(13¢)
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5 (82) _ (ap; —p) @ + (& + &) (A +2p) g®
1 kB+2)(B+1) 1

(A+u)é&¢, (mwz - bwi) W(ﬁ)
upy? (B+2)(B+1) 7

[ap@? + (A + p)&3] (mw? - bwi) - (pfa)z)z _ (8)
+ W,

Hp;w? (B+2)(B+1)
_ (A+n)é, f](ﬁﬂ)
up+2 7’
(13d)
g _ [+ +85) + (apr -p) @] )
: H§, (B+2)(B+1) '
_ (A+mé, U(ﬁ“)
uB+2) 7’
, (me? = bwi) & [ (ap; —p)? + (§+ &) ur A+ W& =)
prwzfl (B +2) (.B + 1) !
_(mwz—bw0@w2+u@f+ﬁ)+(A+u)£]—0vwﬂzﬂAm
Hppw? (B+2) (B +1) ?
(13e)
[73(ﬁ+2) _ (A + V) & = (B+1) (/1 + H) §) i (B+1)

A+2m)(B+2) 1 T A+20)(B+2)
(apy -p) w? + u(&; + &) g®
A+2m)(B+2)(B+1) 2

a(mw’ - bwi) - pw* — (p)

+ w
A+2n)(B+2)(B+1) °

(13f)

Clearly, the recurrence relations described in Eq. (13)

are evaluated successively for § =0, 1, ... , to obtain I?i(ﬁ )

and W In terms of the eight arbitrary constants ",

77(0) 77(0) =(0) 7(0) (1) (1) (D)
W, W, Uy, W, U, Uy, and U and the angular

frequency w as

07 = 4P ()0 + 4P (wyw

7(0)

AP W + AP )0 + 4P ()W)

+ AP (0T + 4P ()T + AP ()T

(14a)
W =B ()7 + B ()W + B ()W
+ Bigﬁ) (w)f];o) + Bigﬁ) (w)WéO) + Bl-gﬁ) (w)f]l(l)
+B® ()0 + BY ()0
(14b)

Here, Aig.ﬁ ) (w) and Bl;.ﬂ ) (w) are known polynomials in
w and they are determined by the recurrence formula in
Eq. (13).
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Substituting Eq. (14) into Eq. (12) gives the rewritten
displacement expression as

75(0) =,(0) - (0)
Ui(x3) = An ()U; " + Ap )W, + A (63) W,

= (0 ~ (0 = (1)

+ A (06)T5 + As 06) WS + Aig (06)T," (15a)
=~ (1) = (1)

+ Ay (Xs)Uz +Ajg (X3)U3

=(0) = (0) 7,(0)
Wi(x3) = By (x3)U;  + Bp (x3)W, " + B (x3)W,

= (0) ~(0) =
+ By (x3)U; " + Bis (x3)W5 7 + Bis (x3)U; (15b)
= =
+Bi; (x3)U, " + Big (x3)U;
where A;;(x3) = Y5 ,AP'x5, and By(xs) = Y5 B, The
degree of each of the polynomials increases as more terms
are retained in the series expansion in Eq. (12).
Substituting the expressions of displacement in
Eg. (15) into the stress components in Eq. (10) repre-
sented by displacement yields the following expression
of stress:

S=0Q;U (16)

where S = [033 03 03 p]T, U= [ffl(o) W1(0) 62(0)

— ~ — ~ = W4T

WZ(O) U;O) W;O) U 1(1) U;l)] , and the matrix of coeffi-

cients Q;; is a 4 x 8 matrix for each i, j given in Appendix A.
At this point, a series solution of the displacement and

stress components are obtained.

3.1 The free vibration of fluid-saturated
porous rectangular plates

If the upper and lower surfaces of the plate are both freely
permeable, and the boundary conditions for the free vi-
bration are:

033 =0,03=053=0,p=0 atxs = —H/2

033 =0,03 =053 = 0,p =0 atxz = H/2 (17)

Therefore, substituting Eq. (16) into the boundary
conditions in Eq. (17) yields the frequency equation in
matrix form:

Qi(x3)TU=0 (18)

where Q;;(x3) is an 8 x 8 matrix and given in Appendix B.

If the upper and lower surfaces of the plate are
impermeable, the boundary conditions for the free vibra-
tion change to be:

033=0,03=05=0,w3 =0 atxz = —H/2

033=0,03=053=0,w3=0 atx3=H/2 (19)

Similarly, Egs. (15b), (16) and (19) can obtain the matrix
form of Eq. (20):



DE GRUYTER

Gij(x3)U=0 (20)

where G;j;(x3) is an 8 x 8 matrix and given in Appendix C.

The left coefficient determinant of the above equation
needs to be set to zero to ensure that a nontrivial solution of
Eq. (18) or Eq. (20) exists. Thus, the free vibration frequency
of fluid-saturated porous rectangular plates can be ob-
tained if the upper or lower surfaces are either freely
permeable or completely impermeable.

3.2 The forced vibration of fluid-saturated
porous rectangular plates

Since an arbitrary load function can be expanded as a
double Fourier series in x; and x,, considering the upper
and lower surfaces of the plate to be freely permeable, the
boundary conditions for the forced vibration with the
harmonic load can be expressed as:

033 = qe™ sin& x; sin&,x,,013 =03 =0,p=0 atx; =-H/2
033=0,03=053= 0,p =0 atxs = —H/Z
1)

where g is the amplitude of the normal loads applied on the
top surfaces.
Egs. (16) and (21) can be combined to obtain

Q () U=P (22)

whereP=[-g 0 0 0 0 0 0 0]"isavectorof length 8.
If the upper and lower surfaces of the plate are imper-
meable, the boundary conditions for the forced vibration are:

iwt

033 = (e Sinflxl SiI'I{zXz,UB =03 = 0,W3 =0 atxs = —H/2
033 = 0,0'13 =03 = 0,W3 =0 atxs = —H/2
(23)
Similarly, Eq. (24) can be obtained:
G (x;)U =P (24)
~(0) 7,(0) =,(0) (0)

After determining the constants U, ~, W, ', W, ", U; ",
W;O), Ufl), UZ(D, and U;D with Eq. (22) or Eq. (24), the
transient response of fluid-saturated porous rectangular
plates with harmonic load can be computed by combining

Egs. (15) and (16).

4 Results and discussion
4.1 Results validation

To verify the validity of the presented solution in this pa-
per, the fluid-saturated porous rectangular plates are
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degenerated into single-phase solid rectangular plates by
ignoring the pore fluid pressure p and setting n = 0, ps= 0
and 77 = 0. Then, Eq. (18) transforms into

Q;(x3)U =0 (25)
where Q;i (x3) is a 6 x 6 matrix and given in Appendix D.
= [0 =0 =0 =0 =0 =017
U= [Ul Uz U3 U1 Uz U3 ]

The parameters selected for the numerical simulation
of a fluid-saturated porous rectangular plate are as follows
[24]:

E =144 x10"° Pa,v = 0.2,p, = 2.458kg/m’,
p; = 1.000kg/m’, K, = 3.6 x 10" pa, L; = L, = 1m,
K; =33x10"°pa,n=0.19andH = 0.1m

where E is Young’s modulus and v is Poisson’s ratio.

The dimensionless fundamental frequencies w =

“’TLf \/g obtained from Eq. (25) are given in Table 1. The listed

values in Table 1 indicate that our results are in excellent
agreement with those presented by Senthil and Bara [27].
We have also listed the natural frequencies computed from
the three plate theories in Table 1 to compare the exact
results with those obtained from classical plate theory
(CPT) [28], first-order shear deformation theory (FSDT) [29]
and third-order shear deformation theory (TSDT) [30]. The
comparative results show the validity of the proposed
algorithm.

4.2 Free vibration

To analyse the influence of the surface infiltration condi-
tions on the frequency of the fluid-saturated porous rect-
angular plates, the above calculation parameters are
adopted to calculate the natural frequencies of plates ac-
cording to Egs. (18) and (20), and the finite series truncated
term is 8 = 10. The boundary conditions on the upper and
lower surfaces are permeable and completely imperme-
able, respectively. The results are listed in Table 2, showing

Table 1: Comparison of exact natural frequencies with natural fre-
quencies from the literature with 10 terms in the series solution.

Theory Cx! @iy @)
L,/H=10

Present analysis 5.7762 27.546 46.498
Senthil S.Vel [27] 5.7769 27.554 46.503
CPT [28] 5.9248 27.554 46.574
FSDT [29] 5.7693 27.554 46.574
TSDT [30] 5.7317 27.554 46.574
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Table 2: Natural frequencies of the fluid-saturated porous rectan-
gular plates with permeable and completely impermeable upper and
lower surfaces.
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Table 4: Variations in the natural frequencies of fluid-saturated
porous rectangular plates with kfunder freely impermeable
conditions.

Li/H=10 5(11,)1 w(lz.)l w?.)l a(11.‘)1 Egs.)l Li/H=10 w(ll.)l 5(12.)1 5(13,)1 5(1?)1 5(15,')1
Free 4.1329 28.1538 192.3431 310.9472 380.5576 kr=1x10""" 6.3857 41.8547 192.2755 309.8590 379.9485
permeable ke=5x10""" 6.4143 41.8562 192.2759 309.8705 379.9533
Completely 6.4177 41.8564 192.2777 309.8759 379.9566 kr=1x10""" 6.4158 41.8562 192.2768 309.8790 379.9553
impermeable ke=5x10""" 6.4314 41.8563 192.2769 309.8795 379.9564

ke=1x10" 6.4579 41.8564 192.2772 309.8810 379.9570
that the surface infiltration conditions have a great influ- kr=5x10" 6.4646 41.8568 192.2860 309.9202 379.9594

ence on the basic natural frequency of vibration but have
little impact on the higher-order frequency.

The natural frequencies are calculated according to
Egs. (18) and (20) under different porosities, permeability
coefficients and boundary permeability conditions. The
results are listed in Tables 3—6. Tables 3 and 4 show that the
natural frequencies of the fluid-saturated porous plates
increase with the permeability coefficient whether the up-
per and lower surfaces are permeable or completely
impermeable. Furthermore, the permeability coefficient
has more of an influence on the natural frequencies if the
upper and lower surfaces are freely permeable. Tables 5
and 6 indicate that the natural frequencies decrease with
increasing porosity, whether the upper and lower surfaces
are permeable or completely impermeable, and that the
porosity has a greater influence on the natural frequencies.
These phenomena result from the effect of deformation
coupling between the solid and fluid.

4.3 Harmonic vibration

The response of the fluid-saturated porous rectangular
plates under the dynamic load is analysed with the har-
monic load g = 1000 pa. The results for the forced vibration
are plotted in Figure 1 with the harmonic load and forcing
frequencies w = 5, 10, 20 and 50. The solid skeleton stress,
the pore fluid pressure, the solid skeleton displacement
and the pore fluid displacement of the fluid-saturated
porous rectangular plates decrease with increasing forcing

Table 3: Variations in the natural frequencies of fluid-saturated
porous rectangular plates with kcunder freely permeable conditions.

Li/H=10 5(11.)1 Egz.)l 533.)1 E(llf)l 525.)1

3.2660
3.4294
3.7030
5.1163
6.0176
6.1392

28.1499
28.1538
28.1538
28.1551
28.1593
28.2661

192.3364
192.3369
192.3374
192.3376
192.3378
192.3462

310.9297
310.9306
310.9448
310.9455
310.9468
310.9827

380.5646
380.5649
380.5650
380.5650
380.5651
380.5691

ke=1x10""
ke=5x10""
ke=1x107"°
ke=5x107"°
ke=1x10"?
ke=5x107°

Table 5: Variations in the natural frequencies of fluid-saturated
porous rectangular plates with n under freely permeable conditions.

Li/H=10 5(11,)1 5(12.)1 5(13)1 w(llf)l D(1!—?)1
n=0.1 7.5457 33.0610 194.0023 311.1301 410.9468
n=0.2 7.2097 27.4169 192.2516 311.3392 378.6239
n=0.3 6.0900 25.7622 191.2195 308.6478 361.0776
n=0.4 5.4114 22.7983 190.6838 307.9684 351.5924
n=0.5 5.1513 19.3084 190.3310 307.1975 345.4127

Table 6: Variations in the natural frequencies of fluid-saturated
porous rectangular plates with n under freely impermeable
conditions.

L/H=10 &P @ @) @i @)
n=0.1 8.1046 45.2650 193.9892 310.7382 410.8423
n=0.2 6.3019 41.5898 192.1471 309.7844 377.6833
n=0.3 5.5479 39.6392 191.2456 308.8960 361.2867
n=0.4 5.2050 38.4804 190.6969 308.0337 351.6839
n=0.5 5.0440 37.7265 190.3310 307.2106 345.4780

frequencies whether the upper and lower surfaces are
permeable or completely impermeable, but the transverse
shear stress 0,3 and the transverse normal stress o33 of the
solid skeleton are influenced only slightly. Due to the
strong transverse pressure gradients that occur on the
beam sections and are undertaken by both the solid skel-
eton and pore fluid as the beam bends, the transverse
bending deformation causes compression in the upper
beam for x; < h/2 and tension in the lower beam for x5 > h/2,
which is similar to the stress distribution in a single-phase
continuous elastic beam. The relationship between the
total pressure and pore pressure leads to positive pore
pressures in the compression zone of the upper beam and
negative pore pressures in the tension zone of the lower
beam, resulting in pore suction, as shown in Figure 1.
Considering different values of porosity, the variations
in the solid skeleton stress, pore fluid pressure and dis-
placements of the solid skeleton and fluid in the thickness
direction are shown in Figure 2 with a frequency of w = 10.



DE GRUYTER W. Lixian: Dynamic response analysis =—— 1015

6
8
4 =
2 24
3 N
S 2+ 2
§ ,,,,,, e ,,_:_,_,::',':,,A §0
S OF s S
= - S
~ mm T . >
T 2F- %=5 f\ -4
----0=10
4+ =20
---w=50 -8
_6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05
xy/H xy/H
5 60 F
L ettt R e R R e St 50
s
2 27
T i B
< < 30 | =5
= = —_
= -15F Y ----0=10
S _ S 20 ®=20
S 20f _ =
S o= z - @=50
S ----0=10 > 10+
& -25F — Z
> @=20 >
230 - ==-»=50 O e e e e et
35+ -10
_40 1 1 1 1 1 1 1 1 1 _20'777;777;777;777{777&7777A7777A7777A7777A7777
-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05
xy/H xy/H
0.03
0.0003
0.02
0.0002 |-
2 ~
3001 o
N 2 00001 F
= R
& &
g 000 § 0.0000 =S m 2 men e S
= N -
2 < _
& -0.01 Q\ -0.0001 | @=5
= ----0=10
0.02 -0.0002 ©=20
- == =50
-0.03 S S S 00003 R S
-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 20.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05
xy/H xyH
4
0.0014
0.0012 —o=5
----0=10
2 3 0.0010 =20
3 > - = 5=50
< 3 0.0008 o=
~ =
2 s
§ 2 "E 0.0006
~ )
' 'S 0.0004
™ ™
& & 00002
kg 1 H
0.0000 -
-0.0002
0 — T =Tl
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-0.0004
-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05
xy/H xy/H

Figure 1: The variations in the solid skeleton stress, pore fluid pressure, solid skeleton displacement and pore fluid displacement in the
thickness direction with w.

1), (3), (5), (), (9), (11), (13) and (15) are under freely permeable conditions, and (2), (4), (6), (8), (10), (12), (14) and (16) are under completely
impermeable conditions.
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Figure 2: The variations in the solid skeleton stress, pore fluid pressure, solid skeleton displacement and pore fluid displacement in the

thickness direction with n.

), 3, (5), (7), (9), (11), (13) and (15) are under freely permeable conditions, and (2), (4), (6), (8), (10), (12), (14) and (16) are under completely
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Figure 2: Continued.
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Figure 3: The variations in the solid skeleton stress, pore fluid pressure, solid skeleton displacement and pore fluid displacement in the

thickness direction with k.

®, 3, (5), (7), (9), (11), (13) and (15) are under freely permeable conditions, and (2), (4), (6), (8), (10), (12), (14) and (16) are under completely

impermeable conditions.
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Figure 3: Continued.

The results indicate that porosity affects the solid skeleton
stress, pore fluid pressure and solid skeleton and fluid
displacements, although the upper and lower surface
infiltration conditions have a more significant effect.

To analyse the influence of the permeability coeffi-
cient on the dynamic responses of plates, Figure 3 shows
the variations in the solid skeleton stress, pore fluid

1 1 1
-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01

xy/H

0.02 0.03 0.04 0.05

pressure and solid skeleton and fluid displacements in
the thickness direction. The results indicate that the
permeability coefficient has an impact on the solid
skeleton stress, pore fluid pressure and solid skeleton
and fluid displacements. Moreover, these factors can

be affected significantly by the surface infiltration
conditions.
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5 Conclusions

A series solution is presented for the dynamic responses of
a simply supported fluid-saturated porous rectangular
plate. Considering the compressibility of solid particles
and fluid and the viscosity of pore fluid, the dynamic re-
sponses of simply supported fluid-saturated porous rect-
angular plates and the influence of the surface infiltration
conditions, porosity and pore fluid permeability coefficient
on the free vibration frequency of porous plates are dis-
cussed. Parametric studies indicate that the effect of

Appendix A

Qll _ [ - (A + azM) §1A11 (X3) - (A + azM) {2A21 (X3,) + (A + 2}1 + azM) A31 (X3), ]
| —aM§&Bui (X3) — aM&,By (x3) + aMBs; (x3) ]
0, = [ —(A+ ®M) &A1, (x5) — (A+ M) &,A () + (A +2u + M) Az, (x5) ]
| —aM§ By, (x3) — aM§,Bx (x3) + aMBs;, (X3) ]
0, = [ —(A+ M) &, As3 (x3) — (A + &2M) &,A () + (A+2u+ a’M) A ()" ]
| —aM{§Bi3 (x3) — aM&,Bx (x3) + aMBs3 (x3) ]
Ou = [ —(A+ M) &A1 (x3) = (A + M) &,Ay, () + (A + 21 + M) Asy (x3)' ]
| —aM§&,Bi, (x3) — aM&,Bay (X3) + aMBsy (x3) ]
Oy = [ —(A+ @M) &, A5 (x5) — (A+ M) &,A () + (A+2u + M) Ass (x3)' ]
| —aM§,Bis5 (x3) — aM&,B)s (X3) + aMBss (x3) ]
0 = [ (A + @M) &A1 (x5) = (A+ M) £A56 (x5) + (A+ 2 + €M) Asg (x5) ]
| —aM§&Big (x3) — aM&,Bas (x3) + aMBsg (x3) ]
0 = [ —(A+@M) &,Ar (x5) — (A+ M) &,Ay () + (A+2u+ M) As; (x3)' ]
| —aMé&,By7 (X3) — aM§,By; (X3) + aMBs; (X3) |
O = [~ (A + M) &A1 (x5) = (A+ M) £A55 (x5) + (A+ 2 + €M) Asg (x3) ]
L —aMlels (x3) - U(M§2328 (x3) + aMBsg (x3)
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coupling between a solid and fluid is important for
increasing the frequency and must be considered in the
case of dynamic responses.
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Qu = PAu (X3) +Ué A5 (X3), Qo = PAR () + pé An (x5), Qs = pA (X3) + ué,Ass (x3)
Q= pAy, () + U Az (X3), Qa5 = pAss ( () + ME A3 (x3),  Qu = pAsg () + U8, Ass (x3)
Qy = YAy () + p&As; (x3), Qo = PA1s (X3) + U, Asg (X3)

Qs = pAy () + UEA3 (x3), Q3 =pAp () + UE A (x3), Q33 = pAy () + UEHA33 (X3)
Qs = MA2 (X3) + UE A3 (x3),  Qs5 = HAgs (X5) + pé,As5 (X3),  Qag = Phs (X5) + pé,Az6 (X3)
Q37 = HAy (X3) + pé,A5 (X3),  Qss = PAgs (X3) + Ué,As5 (X3)

Qu = aM& Ay (X3) + aM&,An (X3) — aMAsz (x3) + M¢&Byy (x3) + M§&,Bx (X3) — MB3 (x3)
Qa2 = aM& A1 (x3) + aM§, Ay (x3) — aMAsy (X3) + ME,Byy (X3) + M&,By (X3) — MBs, (6)
Qa3 = aM§,As3 (x3) + aM&,Ax (x3) — aMAs; (Xs)' + M&,Bi3 (x3) + M&,By3 (x3) — MB33 (Xs),
Qus = AME Ay (x3) + AME Ay, (X5) = AMAsy (X5) + M&,Bus (x3) + M&,By (x3) = MBss (x3)
Qus = aM§,Ass (X3) + aM&,Ax (X3) — aMAss (X3)l + M&,Bis (x3) + M&,Bys (x3) — MBs; (X3)I
Qus = aME A (X5) + AME, A (x3) — aMAsg (X3) + M&,Big (X5) + M&,Bas (x3) ~ MBss (x3)
Q7 = aM§,Ay (x3) + aM§,Az (x3) = aMAs; (5) + M&,Byy (x3) + M&,By (X;) = MBy (x3)
Qus = AME Ass (x3) + AME,Ax (X5) ~ AMAsg (X5) + M&,Bug (x3) + M&,Bas (x3) = MBss (x3)
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Appendix B

[ Qu(—H/z) le(—H/Z) Qs (—H/2) Qs (—H/2)
Qx(-H/2) Qu(-H/2) Qx(-H/2) Qu(-H/2)
Qs (-H/2) Q(-H/2) Qs5(-H/2) Qs (-H/2)
Qu(-H/2) Qiu(-H/2) Qu(-H/2) Qu(-H[2)

oS = 0,H/D  QuH/D  Qu(H2  QuH/2)
Qu(H/2) Qn(H/2) Qus(H[2) Qu(H/2)

Q1 (H/2)  Qn(H/2) Q5(H/2) Qs (H/2)

LQu(H/2)  Qu(H/2) Qs(H/2) Qu(H/2)

Appendix C

[ Qu(-H/2) Qu(-H/2) Qs(-H/2) Qu(-H/2)

Qu(-H/2) Qu(-H/2) Qs(-H/2) Qu(-H/2)

Qn(-H/2) Qun(-H[2) Qs(-H/2) Qs (-H/[2)

600 < | B CH/D Bo(-H[2) By (-H/2) By (-H/2)
T Qu(H/2) QuH/2)  Qu(H/2)  Qu(H[2)
Qu(H[2) Qu(H[2) Qs(H/2) Qu(H/2)

Qn(H/2) Qn(H/2) Qs(H/2) Qu(H/2)

| By (H/2)  By(H/2) Bs(HJ2) B, (H[2)

Appendix D

Qu(-H/2) Qu(-H/2) Qi(-H/2)

Qu(-H[2) Qu(-H/2) Qs(-H/2)

Q0o = | @CHD) Qu(-H[2) Q5(-H/2)

1373 Qu(H/2) Qu(H/2) Qi(H/2)

Qu(H/2) Qu(H[2) Qs(H/2)

Qu(H/2) Qn(H/2) Qs(H/2)
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