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SYNOPSIS

The present paper discusses on dynamic characteristics of
rigid structure supported on hard soil layer at its base plane and
surrounded by soft surface soil layer. In the present paper,
after H. Tajimi (1969, Proc. 4- VCEE) not only rotation around the
axis through the center of gravity of rigid structure but also
swaying are taken into consideration. To obtain the information
of fundamental characteristics as first step, using the values
represent the dynamic effects of surface layer vibration to the
rigid body, two numerical example calculations are conducted.

1. Introduction

The present study is concerning the dynamic effects of
surrounding soft soil layer to the embedded rigid structure which
is supported on the lower hard soil layer. Professor i. Tajimi
presented analytical solution applying three dimensional elastic
wave theory in case of rigid cylindrical structure supmorted on
lower hard soil layer, and having rocking vibration freedom
around the fixed axis through the center <line of bottom circular
plane., In the present paper, similar solution is presented in
case of vibrational freedom of not only the rotation arcund the
axis through the center of gravity of the structure but also the
translation of c.g. Analytical method is completely sanme as
Tajimi's method, and treated under following assumptions.

1) Surface soil layer consists only single layer and is
homogeneous elastic stratum.

2) Damping is treated as internal damping characteristics.
3) Vertical vibration is neglecdted.

L) Input motion at lower hard layer is horlzontal sinusoidal
wave of Ug- el

2. Moment and horizontal force acting at side wall of embedded
part of the structure due to interaction between suriace layer and

the structure

Fig. 1 indicates the dynamical model- -used for the analysis.
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The displacement U(z) of the vertical center line of rigid struc-
ture relative to lower hard soil layer is given as following

equation under the notatlon s eW* as displacement of c.g. rela-
tive to the base layer, (f.¢° as angular displacement around c.g.

U(z) -((PZ-CFS+Us) et

expanding this U(z) by sin (%ﬂ'Z/ZH) (n =1,3,5. 't)
- - mrz LW
U(z) = = . ;[g %( Nz %ﬂ+U,snﬂ]Svn—m-

Moment M and horizontal force P at side wall due to interaction
are obtained as follows using Tajimi's solution.
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angular frequency

u\)% = M1C+/1¥W (fundamental natural frequency of surface layer)
cs =p/f (transverse wave velocity in surface layer)

CL = \[F),TWP (longitudinal wave velocity in surface layer)
hg = equivalent fraction of critical damping in surface layer
f = mass density of soil, 9,M = Lame's constant

H = thickness of surface layer

ky = ’Lamyb/(z-\/b) kp = ﬂo\yb/(’z 2Vb)
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shear rigidity of lower hard layer

&
o n

mass of removed s0il replaced by rigid structure

Ia moment of inertia of removed soil around the axis th-
rough its c.g.

Ho = height of the top of rigid structure from the surface
of lower hard soil layer

8 = height of the c.g. of rigid structure from the surface

of lower hard soil layer.
a = radius of rigid structure.
Ki(z) = second kind modified Bessel functions of i-th order

3, Equations of sway-rocking motion of a cylindrical rigid body
embedded in the elastic stratum

The sinusoidal response of the rigid structure is obtained by
solving following equations using M and P given in section 2.

~wWImbs = - Ry (Us-59) —1wen(Us-34) + P+ w*mUg |
W' 1G = - kg P+ lu(Us-3 D3 -0 GePriwCi(Us-5 )2 + M

where, m and I are the mass and moment of inertia around axis
through c.g. of rigid structure respectively.

ky and kg are the spring constants of horizontal and rotation at
the Base of rigid structure, and c, , cp are the damping constants
corresponding respective springs.

L, Example calcuiations

Computed results for the case of a model shown Fig. 2(&)
under the parametric change of thickness H of surface layer are
given in Fig.? to Fig.8. Fig. 3 to 5 indicate the relation bet-
ween the dynamic effects of spring rigidity due to side wall
pressure from surface layer and UJ(Jgfor the parameter of thickness
H. Fig. 6 and 7 indicate the dynamic effects to the mass or
moment of dnertia due to the vibration of surface layer. The
calculated values of nondimensional constants Ai(i = 1,2), Bi (i =
'1,2),-§ﬁ (i = 1,2) in these cases are given in Table 1 which con-
tains those constants about model-2 shown in Fig. 2(b). The
absolute displacement amplification factors in response at the top
of rigid structure are presented in Fig. & and Fig. 9. For the
purpose of comparison, calculated results for the case of rocking
freedom only are also given in the figures by thin lines. In
these figures(ﬂ1and(d1.are the fundamental and the second natural
frequencies of sway-rocking vibration, andWgis the natural fre-
quency of single rocking freedom vibration in case of no surface
layer. The assumption of ¢, =¢,= 0 1s adopted for the above ex-
ample calculations.
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