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INTRODUCTION

The calculation of tlie fregquency resronse by using the equation of the
wave motion and the calculation of the response in the time domain f§ 8
multi-lsyered ground not including the viscosity have been studied.™’ )
But it hzs not been sufficlently studied to calculate the response in the
time domain of the system considered the viscosity and the energy dissipat-
ion to the bedrock layer. It is possible to calculate the response in the
tice Jdomain of the visco-elastic ground considered the energy dissipation
to the bedrock layer by a translation to the equations of the equivalent
lumped mass system from that of the one-dimensional shear wave motion system.
The translation is carried out by equating amplification and phase propert-
ies respectively in two systems. It is useful to apply the method of least
squares to determine the parameters M, C and K of the equivalent lumped
mass systen.

Using this lumped mass system, it is ypossible to handle the non-linear
problems in soil structure and the connection between soil and upper
building structure.

IDELALIZATION OF THE GROUND

Consider the idealized 1odels of the multi-layered ground as shown
in Fig. 1. The left and the right hand side models in Fig. 1 are those
for the wave motion system and for the lumped mass system, respectively.
The effect of energy dissipation to the bedrock layer is considered by
using the incident wave F,, instead of the boundary surface motion U, as
input. U_ is affected by the property of upper soil structure. Hence U
is not pure input wave and the incident wave FN should be considered as

input.
Equations of wave motion of the system shown in the left hand side in

Fig. 1 are given by
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where p?. e == = -- mass density of the k-th layer
N i I lsyer thickness
/05 ------------ lame's elastic constant
/U? ceemeee= - =—~- viscosity coefficient
'Fk ............. incident wave
GF ............ reflected wave
U° (=F 43 ) = -oo- displacenient
k k' 'k
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end boundary conditions at 2y Lk, 21 0O are
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On the other hznd, equations of motion of the lumped mass system shown in
the right hznd side in Fige. 1 are given by

Mk (/‘k + Ck(()k + 0k+l)"’ Ck-1 (&k“' - (Jk)

+ Kk(Uk“UkH)" Kk-, (Uk-1 - Uk)=0 (59

(k-|.2)~~~,/V)
where C —Kk 3 when k equals to zero and

________ the k-th mass

S —-— - the k-th damping coefficient
o the k-th spring corstant
U§+1=FN.--—— incident wave

ESUIVALIENT TRANSLATION TO THE LUMPED }ASS SYSTEL

It is possible to obtain amplification and phase properties of wave
motion system by solving Egs. (1)~(4). Now consider the translation to
equivalent lumped mass system fror the weve motion system by using the
method of the least squares. DParameters C and K, of the equivalent lumped
mass gystem are determined by equating the amp11¥1cation and the phase
properties respectively in two systems. Parameters M are fixed by Eq.(6)
when variable parameters Ck and Kk are determined by %he method of the
least squares.

Mk.:_- pk'—l Hk; + pk//K (k=‘)2)“‘)N"l)

M”::a (6)

The N-th mass, spring and dash-pot of the lumped mass system shown in
Fig. 1 give the effect of the energy dissipation to the bedrock layer.
Namely, the story displacement, UI UI+1 N V’ corresponds to the dissipat-
ion wave, Gy, to the bedrock layer. !
1
EXAMPLE

Nine-layered ground which parameters are given in Table 1 is analyzed
by this translation method.

The values of M, C, K and h in Table 1 are the fittest values obtained
by applying the rethod. Damping constants, h, ir this Tzble are obtained by
the relation

he = 55 w! (7)
2 Kk
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where UJ‘iS foundamental circular frequency of the system.

Figs. 2 and 3 show the comparison of amplification and phase properties
of both systems, respectively.

It is proved by the example that parameters of equivalent lumped mass
system are determined with good accuracy by applying the translation method.
Using this equivalent lumped mass system, the calculation of the response
in the time domain of multi-layered ground considered the viscosity and the
energy dissipation to the bedrock layer can be simply carried out.
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Fig. 1 Idealized Models of the Ground
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Table 1 Example

VA LN'S

= f(cps)

Fig. 3 Fhase Lag Inz(Uy"F‘F‘

\
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Layer E 2 A , I C X h
() (/) (/) ’0>6£A - . - o

~ .00 %7, 756 | 0.0L5
1 16.5 | 1.57 | h*52 2.00 | 37.6 256 | 0.045
2 2.5 1.52 2232 2.38 12.7 262 | 0.OLKL
3 5.5 1.67 5508 2.05 72.7 1420 | 0.045
L 1.0 1.67 5508 0.79 | L00.0 78L2 | 0.0LG
R 1.74 53,5 1C70 | 0.0Lb
> 25.2 1.76 522 7,27 54,1 1970 | 0.0%6
- 2.73 26.9 531 | 0.0hb
6 18.0 1.67 3732 518 ook = 0. 0k"
2.3h | 217.1 Lo3L [ 0.040
2.49 | 212.0 oLl | 0.048
7 LE.O 1.86 | 26011 0.05 2.59 | 209.2 Lok6 | 0.047
2.49 | 207.7 LoLg | 0.047
2.49 | 206.8 4050 | 0.046

2.58 LL.9 %39 | 0.045 —
2.67 45,5 900 | 0.046
8 55.0 1.67 6800 2.67 46.0 90k | 0.046
2.67 45,7 913 | 0.046
2.67 L45.% 920 | 0.045
9 - 1,96 | 72000 0,00 | 1L1.1 o1 | 1.508

Tl = 34524 sec.

Input Data €
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