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Abstract: In this paper, the steady-state response of a saturated half-space with an overlying dry layer subjected to a moving
rectangular load is investigated. The governing partial differential equations are solved using the Fourier transform. The so-
lutions in time-space domain are expressed in terms of infinite Fourier type integrals, which can be evaluated only by numerical
quadrature. Numerical results show that the influence of a drained or undrained interface on the response is related to the
permeability of the underlying saturated soil. Moreover, the effect due to the upper dry layer is associated with the thickness of

the layer.
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1 Introduction

The study of the dynamic response of a soil
medium under moving loads is of fundamental im-
portance to several disciplines such as geotechnical
engineering, seismology and transportation engi-
neering. This problem has received wide attention
over the past decades. For example, the problem of a
line load moving with constant velocity over the
surface of a homogeneous elastic half-space was first
discussed by Sneddon (1952). He obtained the solu-
tion in a closed form, but restricted his attention only
to the case of low velocities of the load. Cole and
Huth (1958) considered the same problem for sub-
sonic, transonic, and supersonic cases. The problem
for a homogeneous elastic half-space subjected to a
moving load was also studied by Eason (1965). Hung
and Yang (2001) obtained the solutions for various
loads with static and dynamic components moving on
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the surface of a visco-elastic half-space. Note that all
the studies discussed above were about an elastic or
visco-elastic soil medium.

Generally, the soil media considered are two-
phase materials consisting of soil grains and pore water,
and the existence of the pore fluid will affect the dy-
namic properties of the soil to some degree. As a result,
for the analysis of the dynamic response of the soil, a
saturated medium model is superior to linear elastic or
visco-elastic models. The first theory of propagation of
elastic waves in a fluid-saturated porous medium was
established by Biot (1956; 1962). Many researchers
have employed Biot’s theory to study the dynamic
response of a saturated medium under a moving load.
For example, Burke and Kingsbury (1984) presented
closed-form analytical solutions for a saturated me-
dium subjected to traveling surface pressure. But their
solutions do not account for inertia forces which are
considered in Biot’s theory and are applicable only to a
single layer. The dynamic response of a saturated
half-space to moving loads under plane-strain condi-
tions was presented by Siddharthan et al (1993).
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However, the relative motion between the solid and
fluid was neglected in their solutions. Theodora-
kopoulos (2003), considering this relative movement,
discussed the dynamic response of a saturated half-
plane under moving line loads. Lu and Jeng (2007)
considered the dynamic response of a saturated
half-space subjected to a moving point load. Jin ef al.
(2004) and Bo (2004) examined the stresses and excess
pore fluid pressure that are induced in a saturated
half-space under a concentrated line load. Cai ef al.
(2007) presented the steady-state responses of a satu-
rated half-space soil medium to a moving rectangular
load. The ground vibration due to a high-speed moving
vertical harmonic rectangular load was investigated
theoretically by Lefeuve-Mesgouez and Mesgouez
(2008). They discussed not only the fully saturated
half-space but also the partially saturated ground. For a
partially saturated ground, a third phase (gas phase) has
been taken into account. The connected porosity is
filled with both liquid and gas phases (the gas phase
forms small bubbles mixed in the liquid phase). Xu et
al. (2008) proposed a 3D analytical solution for the
dynamic response of a saturated multi-layered
half-space subjected to a moving point load applied on
the ground surface.

In all of those studies, the medium was homoge-
neous (saturated or partially saturated up to the free
surface). In practice, however, the underground water
level is usually several meters beneath the free surface.
To consider this effect, the present study introduces
saturation at certain depths below the free surface. The
half-space is divided into two layers: an upper thin dry
layer is modeled by elastic medium and the underlying
saturated half-space is considered as a two-phase me-
dium that follows Biot (1956)’s theory. In addition, the
interface between the upper dry layer and the bottom
saturated half-space is considered to be either drained
(all stresses from the layer are transmitted to the
skeleton of the bottom half-space at the interface while
the pore fluid pressure is zero) or undrained (stresses
from the layer are transmitted to both solid and fluid
constituents of the bottom half-space at the interface,
and thus the pore fluid pressure is not zero). Thus, the
present model is entirely different to models of fully
saturated or partially saturated media.

In this paper, we propose a 3D semi-analytical
approach to study the dynamic response of a saturated

half-space with an upper dry layer induced by a mov-
ing rectangular load. The governing partial differential
equations are solved using the Fourier transform. Us-
ing the boundary conditions on the free surface of the
upper dry layer and the continuity conditions across the
interface, explicit analytical solutions in the trans-
formed domain are established. The solutions in
time-space domain are expressed in terms of infinite
Fourier type integrals, which can be evaluated only by
numerical quadrature. When reduced to some special
cases, our solutions agree very well with the known
results.

This paper concentrated on investigating the ef-
fect of the overlying dry layer on the dynamic response.
The influence of the permeability of the interface (i.e.,
a drained or undrained interface) is also studied.

Note that all the studies mentioned above (in-
cluding this study) are about steady-state response. It is
assumed that the load has been moving for a consid-
erable length of time so that all transient disturbances
produced at the initial point of application have died
out leaving only a steady pattern of response.

2 Governing equations and general solutions

The constitutive relations for a homogeneous
saturated medium based on Biot (1956)’s theory can
be expressed as

0y = }“5179"' ﬂ(”i,j + uj,i) - aé‘ij’pv (1)
p=—aMO+M{, 2)

where the subscripts ( ),; denote spatial derivatives;
o;; is the total stress of the bulk material and p is the
excess pore fluid pressure (suction is considered
negative); 0=u;; is the dilatation of the solid skeleton;
(=—w;; is the volume of fluid injection into a unit
volume of the bulk material; J; is the Kronecher
delta; 4 and u are Lame constants; and a and M are
Biot’s parameters accounting for compressibility of
the two-phase material.

The equations of motion of a homogeneous sat-
urated medium can be written in terms of the dis-
placements u; and w; as (Biot, 1956)
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where u; and w; denote the average solid displace-
ment and the pore fluid displacement relative to the
solid matrix in the i-direction (i=x, y, z) respectively;
The dot over a variable denotes the time derivative; p
and pr are the mass densities of the bulk material and
the pore fluid, respectively; p=nps+(1—n)ps, ps is the
density of the solid skeleton and # is the porosity of
the porous medium; and m is the density-like pa-
rameter that depends on pr and the geometry of the
pores. The parameter £ is the hydraulic permeability
coefficient, which accounts for the internal viscous
friction derived from the relative motion between the
solid skeleton and the pore fluid.

The preceding equations can be reduced to a
simple set of equations through the use of the Helm-
holtz potential. Let the displacement fields u; and w;
be represented as

u; = gradg, +curlg,, (52)

w, = gradg, +curl@,, (5b)

where ¢ and ¢; (j=1, 2) are the scalar and vector
potentials for the solid displacements, while ¢, and @;
(7=1, 2) are those for the pore fluid.

Substituting Eq. (5) into Egs. (3) and (4) yields:
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where V* is the Laplacian operator defined by
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=—t—+—.
o> oy o

In this study, the triple Fourier transform of

function fix, y, z, ) with respect to time and two
horizontal coordinates is defined as follows:

VZ
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and the inverse relationship is given by
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where @, & and 7 represent frequency and the two
horizontal wave numbers corresponding to x and y
directions, respectively. The superimposed symbol
“ above the variable denotes the Fourier transform
with respect to time ¢, and the double “” denotes the
Fourier transform with respect to x and y coordinates.

Performing the triple Fourier transformation on
Eq. (6), the original partial differential equations are
changed to ordinary differential equations with the
vertical coordinate z serving as the variable. In Egs. (1)
—(5), the general solutions in the transformed domain
(frequency-wavenumber domain) for displacements u;
and w; (i=x, y, z), stresses o;; (i, j/=x, y, z) and pore fluid
pressure p can be expressed as

[mx i

where 4=[4 BC D E F G H]", in which A(¢, 7, ), B(,
1, ®), C(&, 1, @), D, 11, @), E(E, 1, @), F(E, 17, @), G(E,
n, o), and H(E, u, o) are arbitrary constants to be
determined by using the corresponding boundary and
continuity conditions relevant to a given problem and
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where the dilatational wave of the second kind and the rota-
tional wave, respectively (Biot, 1956). Note that the
_—(A+2u)L + po’ —ap,&’ 1o radicals 7; (i=1, 2, 3) are selected such that Re(r,)>0.
i o d + ames — awi 7 Further, columns one and two in the right-hand side of
Pr k Eq. (9) belong to the P1 (fast compressional) mode,
P& three and four to the P2 (slow compressional) mode,
L5590 )’ five and six to the SV-mode and seven and eight to the
e SH-mode of the saturated soil.
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where Ly, L, and § are the complex wave numbers
associated with the dilatational wave of the first kind,

In the limiting case of M = p; =m=%=a=0,

the general solutions for a elastic medium can be
easily deduced from Eq. (8):

[iﬁj e B iet i85

yz zz
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where »;° and 6;° (i, j=x, y, z) denote the displacement
and total stress of the elastic medium, respectively;
A°=[4, B, C, D, E, F\, G, H,]", in which 4,(¢, 7, ®),
Bi(&, n, w), Ci(& 1, @), Di(S, 1, ), E(S 1, o),
F1(&, 5, o) are the constants to be determined; the su-
perscript “e” denotes the upper elastic layer and R°(z)
can be expressed by Eq. (11) as shown in the next

page, where

ea)Z ea)Z
r4=\/§2+f72——1f+2#e; = fz+f72—pﬂe ;

ag=(EHrss b= s and e=(A 20 '~
25(F+n%). Similarly, as mentioned above, the radicals
r;(i=4, 5) are selected such that Re(r;)>0 and columns
one and two in the right-hand side of Eq. (11) belong to
the P-mode, three and four to the SV-mode, and five
and six to the SH-mode of the elastic medium.
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In addition, A° and x° are Lame constants and p°
is the density of the elastic medium. Note that the soil
skeleton of the upper dry layer is the same as that of
the underlying saturated half-space. As a result, the
parameter A°=A, u"=u and p°=(1-n)p;. The corre-
sponding compression and shear wave speeds in the
elastic medium, ¢, and ¢, respectively, are defined as

ﬂ/e 2 € <
Cp = —+€,U , CS = ﬂ—e.
V' » \ o

3 Boundary and continuity conditions

The model with an elastic layer overlying the
saturated half-space considered herein is illustrated in
Fig. 1. The thickness of the elastic layer is A;. A
moving vertical load acts uniformly over a rectangle
with dimensions 2ax2b. It moves over the surface of
the upper elastic layer with constant velocity ¢ along
the positive x direction. The boundary and continuity
conditions corresponding to this saturated half-space
with an overlying dry layer can be expressed as (Xu et
al., 2008)

o (x,,0)=0, (12a)
0,.(x,»,0)=0, (12b)
oL (x%,y,00==fH[a" —(x—ct)’'JH[b* - y*], (12¢)
u (X, 3, ) —u (x,y, ) =0, (12d)
us (x, v, b)) —u (x, y, 1) =0, (12e)
u; (%, y, ) —uz (x,,h) =0, (12f)
o (X3, l) =0 (x,y, 1) =0, (12g)
o (. y.l) =0, (x,y,h) =0, (12h)
o (x,y,h) -0 (x,y,h) =0, (121)

[P}

where the superscript “s” denotes the underlying
half-space, fy is the intensity of the uniformly dis-
tributed load, and H[] denotes the Heaviside step
function, which is defined as

1, 9>0,

13
0, $<0. (13)

H[I]= {

Elastig

Saturated half-space

Fig. 1 Asaturated half-space with an overlying dry layer
subjected to a moving rectangular load

Another equation can be obtained by considering
the interface as pervious or impervious. For the case
of a pervious interface, the pore fluid pressure is zero
at the interface, while for the case of an impervious
interface, the vertical displacement of the fluid is
assumed to be zero at the interface. Hereinafter, the
above two cases will be referred to as the drained or
undrained interface, respectively. Thus, the two cases
considered can be expressed as (Theodorakopoulos,
2003)

For the drained interface:

P (x,y,h)=0; (14a)
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For the undrained interface:

Wz(xoyshl)zo' (14b)

According to Eq. (14a), all stresses from the
layer are transmitted to the skeleton of the bottom
half-space at the interface in the drained case. In the
case of the undrained interface (Eq. (14b)), stresses
from the layer are transmitted to both the solid and
fluid constituents of the bottom half-space at the
interface, and thus the pore fluid pressure is not zero.

Because of the radiation condition imposed for
the half-space at infinity, the four exponentially in-
creasing terms of the underlying saturated half-space
will be discarded (i.e., A=C=E=G=0).

Note that, in total, the numbers of the boundary
and continuity conditions are equal to the numbers of
the unknowns for the saturated half-space with an
overlying dry layer. Therefore, the solutions for con-
stants B, D, E, Hand 4,, By, C,, Dy, E1, F are possible
in principle.

4 Solutions for a saturated half-space with
an overlying dry layer

Fourier transformations of the boundary and
continuity conditions are given by Eqs. (12) and (14),
after some manipulations, and the following system
of algebraic equations is obtained:

(15a)

where v denotes an unknown vector of wave-field
amplitudes given by

T hr, —h hyr —hyrs hyrs
v =[4e"" Be "™ Ce"™ De™" Ee""

—hyr: —hn —hyr —hyr: —hyr: (15b)
Ee s Be iyl De 2 Fe '3 He 13],

and

sz[O 0 -F 000000 o}, (15¢)

where F is the Fourier form of the moving load.
According to Eq. (12c), we know that

F=fH[d —(x—ct)H[V* -y, thus F=

gy, SNED SINWID) 5 ey in which 3() s
n

Dirac’s delta function.

In addition, the 10x10 complex non-symmetric
matrix K; is expressed by Eq. (15d) as below.

Note that the matrix K; is associated with the
drained condition at the interface z=h;. In the case of
the undrained interface, the corresponding equation is
given as

Ky=f, (16a)
where K, is expressed by Eq. (16b) as shown in the
next page.

K L=
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=2u'ny,  2u'ny, b, ib, —ig*én  —ipdn —2uny, =2uny, —ib, iuén
¢ A =2iunys  2iptnys 2iptlys =2y, —q —¢, —2iuny; 2iudy,

0 0 0 0 0 a, a, 0 0

(15d_)
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The constants B, D, F, H and 4., By, Ci, D1, E},
Fy can be deduced from the two given systems of
algebraic equations (Egs. (15a) and (16a)):
Drained case:
V= Kl_lf 5
Undrained case:
v=K,'f,

(17a)
(17b)

where K;' and K,' denote the inverse matrices of

K, and K, respectively.

After the vector v is determined, the displace-
ments, stresses and pore fluid pressures in the trans-
formed domain (frequency-wavenumber domain) can
be determined by Egs. (8) and (10).

In the limiting case of /4,=0, the solutions for a
homogeneous saturated half-space under a moving
load are obtained simply.

The final solutions in time-space domain can be
obtained by performing the triple inverse Fourier
transform. For simplicity, the solutions are presented
in a uniform form:

fo
Q(x,y,z,t)=
(X, 7,2,1) oy
<[ st@+coraén.one e e ddndo,

(18)

In Eq. (18), Q(x, y, z, f) is representative of the
dynamic field quantities (displacements, stresses and
pore pressures). According to the characteristics of

(16b)

Dirac’s delta function, the inverse Fourier transform
with respect to @ in Eq. (18) can be performed ana-
lytically by replacing w with —c£. Consequently, the
original triple inverse Fourier transform in Eq. (18)
will be reduced to a double integral transform:

Q(x,y,z,t)

o 775 iE(x—ct) Jiny (1
=ijjmg(§,c§,q,z)e5< ‘e dédn.

9

5 Numerical results and discussion
5.1 Numerical scheme and verification

Note that the solution (Eq. (19)) appears in terms
of infinite integrals with a complicated integrand. In
view of the complexity of the integrand, it is natural to
employ a suitable numerical quadrature scheme to
evaluate the integrals. Generally, the branch points and
poles of the integrand are all complex-valued with a
negative imaginary part if material damping (i.e.,
complex 4 and ) is considered. Therefore, the real &-
and n-axis are free from any singularities. In this study,
the fast Fourier transform (FFT) method is used to
perform the inverse Fourier transform (Sneddon, 1951).
To avoid distortion of the results, the integrals must be
truncated at sufficiently high values. In addition, the
mesh of the calculated integrand must be fine enough
to represent well the details of the integrand. Accord-
ing to Cai et al. (2007), an FFT algorithm over a grid of
20482048 points with a range of —16 m '<¢<16 m"'
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and —16 m '<y<16 m ' satisfies both of these
requirements.

When /=0, as described above, the present
model is reduced to a homogeneous saturated
half-space. Cai et al. (2007) investigated the dynamic
response of a homogeneous saturated half-space un-
der a distributed rectangular moving load. For the
purpose of verification, Fig. 2 presents a comparison
of numerical solutions for non-dimensional dis-
placement w. obtained from the present analysis for

the limiting case of a homogeneous saturated half-

space (i.e., #11=0) with those based on Cai et al. (2007).

The parameters in this example were chosen as fol-
lows: 1=1.0x10" N/m% 1=0.35, M=2.45x10° N/m’,
a=1 m, b=0.5 m, 0=120 kN, n=0.4, p-=1816 kg/m’,
,of=1.0><103 kg/m3, o=1 and x~=x—ct. It is clear from
Fig. 2 that the two solutions are in good agreement for
this reduced example.

5 T T T T
o 4=10° m/s (present) — k=10° /s
o 4=10° mys (present ’/i R (Ca'ft al, 2007)
4 & 10" s (presefty’ N\ "7 A=10Tmis N
' \ (Cai et al., 2007)
Y R 10 s
3+ o (Cai et al., 2007)
B [
2t ¢ .
1 L
0 T il . 1 1 1 1
-6 -4 -2 0 2 4 6
X (m)

Fig. 2 Comparison of present results with those of Cai
et al. (2007)

5.2 Numerical results

The numerical results of this section were ob-
tained on the basis of the material parameters given in
Table 1 and Table 2. The material damping can be
taken into account through the use of complex Lame
constants, i.e., A’ =A(1+i5) and u =u(1+id), where &
denotes the hysteretic damping ratio. The main
physical quantities of interest in this investigation are
the vertical displacement of the solid u, and the pore
fluid pressure p. u, and p are normalized as

-, «_ D

u, , P =—.
2foa fo

Table 1 Material parameters of the overlying elastic
layer

Parameter Value
Shear modulus x° (N/m?) 2x107
Poisson’s ratio v/ 0.35
Hysteretic damping ratio J° 0.1
Material density p° (kg/m®) 1090
Thickness of the overlying elastic layer /; (m) 0-3
Load length 2a (m) 2
Load width 25 (m) 1

Table 2 Material parameters of the underlying satu-
rated half-space

Parameter Value
Shear modulus x (N/m?) 2x107
Poisson’s ratio v 0.35
Hysteretic damping ratio ¢ 0.1
Solid density p (kg/m®) 1816
Water density p¢ (kg/m’) 1000
Porosity n 0.4

Permeability & (m*-s/kg) 1.0x107""-1.0x107®
Bulk modulus of the fluid M (N/m?) 2.45x10°
Compressibility of the solid particle a 0.97

5.2.1 Influence of the drained or undrained free sur-
face on the dynamic response

As discussed above, the solutions for a homo-
geneous saturated half-space can be easily obtained
by assuming /4;=0. In this circumstance, the perme-
ability conditions at the interface (i.e., drained or
undrained interface) reduce to the permeability con-
ditions at the free surface of the homogeneous satu-
rated half-space (i.e., the drained or undrained free
surface). In this section, we will study the influence of
the permeability of the free surface on the nondi-
mensional vertical displacement and pore fluid pres-
sure under the moving load. The observation point is
located at (160 m, 0, 0) and the velocity is ¢=20 m/s.

Fig. 3a shows the variation of nondimensional
vertical displacement with time ¢. It is clear that the
maximum displacement occurs at time =8 s
(=160 m/20 m/s) and the response is not quite sym-
metric with respect to the plane of the observation due
to the presence of damping. The displacement in-
creases for more permeable soil material since dissi-
pative forces are inversely proportional to perme-
ability. The effect of assuming drained or undrained
conditions at the free surface is most obvious when
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k=5x10"" m’-s/kg, while for the cases k=1x10"° and
k=1x10"° m’-s/kg, this effect is small. The variation of
the maximum displacement (=8 s) of the observation
point with permeability £ is illustrated in Fig. 3b. For
the two boundary conditions, the displacement shows
almost no difference when the permeability is low
(k=1x10""-1x10"" m’-s/kg), while for more perme-
able soil material (k=1x10"-1x10"" m’-s/kg), the
displacement of the drained half-space is obviously
larger than that of the undrained half-space. However,
with a further increase in permeability (k=1x10""—
1x10"°*m’-s/kg), the value difference derived from the
two boundary conditions becomes small again. The
case of ¢=80 m/s is also given in Fig. 3b. As expected,
the displacement amplitude of ¢=80 m/s is larger than
that of ¢=20 m/s. Furthermore, the effect of the
drained or undrained free surface is very similar for
the two velocities considered.
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—Drained free surface |
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The effect of the drained or undrained free sur-
face on the nondimensional pore fluid pressure gen-
erated by the moving load at the point of interest
(160 m, 0, 0) is shown in Figs. 4a and 4b for a specific
value of load velocity in each figure. Increasing
permeability reduces considerably the fluid pressure
for an undrained half-space for a load moving at low
speed (c=20 m/s). Because O<p*<l, we know that the
applied moving load is carried by both the solid and
fluid constituents at the undrained free surface. In the
case of a drained half-space, the pressure at the free
surface is zero everywhere and the moving load is
carried completely by the solid skeleton, as expected.
From Fig. 4b (¢c=80 m/s), it can be seen that the non-
dimensional fluid pressure is close to 1 for an
undrained half-space when k=1x10" m’-s/kg, which
means that almost all the moving load is carried by
the pore fluid at this low permeability.
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Fig. 3 The nondimensional vertical displacement for the point (160 m, 0, 0) due to a moving rectangular load with
different permeability and boundary conditions. (a) uz* with time #; (b)max{uz*} with permeability &
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Fig. 4 The nondimensional pore fluid pressure for the point (160 m, 0, 0) due to a moving rectangular load with
different permeability and boundary conditions. (a) c=20 m/s; (b) c=80 m/s
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Fig. 5a shows the nondimensional vertical dis-
placement with depth z due to a moving load. The
maximum displacement appears at z=0 and then di-
minishes rapidly as the depth increases. As discussed
above, the influence of the permeability of the free
surface (i.e., a drained or undrained free surface) on
the displacement is most obvious when A=5x10"
m’-s/kg. Nevertheless, as the depth increases, this
influence weakens. In addition, the maximum pore
fluid pressure difference derived from the drained or
undrained boundary exists only near the free surface
(0-1 m) (Fig. 5b).

5.2.2 Eftect of the overlying dry layer on the dynamic

response

In this section, a saturated half-space with an
overlying dry layer is considered. The skeletal material
below the saturation depth is taken to be the same as

05 [] T T T T
\.‘Q —— Drained free surface with 10" m®s/kg
i 77" Drained free surface with 5x107 m*sfkg
04r ‘q o Drained free surface with 107° ms-s/kg
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-~ 0.3 'q ®  Undrained free surface with 107° m*s/kg
; =20 m/s
p3 .
g 0.2
01r
1 " 1 " 1 " 1 " 1 "
0.0 0 2 4 6 8 10

that of the upper dry layer (Table 1). Results from this
problem (Fig. 6a) indicate that the maximum dis-
placement increases obviously when /; changes from
0 to 1.5 m (4,=0 corresponds to the case of a homo-
geneous saturated half-space). Note that Fig. 6a re-
lates only to the case of a drained interface with
k=1x10" m’-s/kg. The variation in the maximum
displacement (when =8 s) of the observation point for
the other cases is illustrated in Fig. 6b. For material
with k=1x10"° m’-s/kg and k=5x10"" m’-s/kg, the
maximum displacement is sensitive to the change in
the upper dry layer’s thickness #;. However, this
sensitivity is limited only to small values of 4; (0-
1.5 m). With a further increase in 4, the displacement
gradually reaches a constant value. For a more per-
meable soil (k=1x10"° m’-s/kg), the dry layer has
almost no impact on the displacement response. This
is because with high permeability, the coupling effect
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Fig. 5 The nondimensional vertical displacement and pore fluid pressure at depth z due to a moving rectangular load
(a) max{u; }; (b) max{p }
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Fig. 6 The nondimensional vertical displacement of the point (160 m, 0, 0) in a saturated half-space with an overlying

dry layer due to a moving rectangular load

(a) u.” with time #; (b) max {u."} with an upper dry layer of thickness A,
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produced by the motions of the solid and fluid is
limited. Thus, the underlying saturated soil exhibits
behavior similar to that of the upper dry layer in ver-
tical displacement.

6 Conclusions

In this paper, the dynamic response of a saturated
half-space with an overlying dry layer generated by a
moving rectangular load is presented. Numerical
results in time-space domain are evaluated using an
FFT algorithm. The following conclusions can be
drawn from the numerical studies:

1. The influence of a drained or undrained free
surface on the dynamic response is related to the
permeability of the soil. For a soil with high or low
permeability, the influence is small for the problem
considered, while for a soil with moderate perme-
ability, the influence becomes more obvious. More-
over, the effect due to a drained or undrained bound-
ary exists only near the free surface.

2. The effect of the overlying dry layer is asso-
ciated with the thickness (/) of the layer. When the
value of /; is small, the overlying dry layer has an
obvious impact on the dynamic response, and the
difference between a drained and undrained interface
can be pronounced, depending on the permeability of
the underlying saturated half-space. However, with a
further increase in /4, the impact weakens.
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