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SYHOPS IS

Pundamental nature of dynamic structure-zround interac-
tion is investizated by performing an experiment with the
aid of a model of a single-dezree-of-freedom structure
attached to a shaker table either directly or throuzh a layer
of rubber material purportinz to represent the sround layer.
Unlike most experiments of this type, the shaker table is
excited such that the specified free-field motion would be
reproduced on the rubber surface rzzardless of the thickness
of the layer 1f the structure were absent. Tnis permits one
to assess the effect of structure-ground interaction when a
structure 1s placed on ground layers with an identical free-
field surface motion but of different thickness.

INTRODUCTION

AS the sophistication of structural analysis for strong-
motion earthquakes increases, the problem of dynamic struc-
ture-ground interaction bezins to attract more attention
amony enzineers. The present study focuses on the fundamen-
tal nature of this interaction problem by verforming an ex-
periment which uses a shaker, a (sinzle-degree-of-freedom)
structure and a layer of rubber purportinz to represent a
ground layer as snowa in Fig. 1.

The essential feature of this experiment is to excite
the shaker table in such a way that, if the structure were
absent, the zround surface motion (the horizontal motion of
surface of the rubber layer at the point where the footing
is to be glued) would pbe identical to the specified siznal
rezardless of the thickness d of the layer (includinz the
case d = 0). This is accomplished with the aid of an analo-
sue tape recorder recording the motion of the table corres-
ponding to the specified surface motion before the structure
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is slued. This record will be played back to excite the
table throu:n 7S servo-control system after the structure 1
zlued to the rubber, and amonz other quantiti?s, the acceler:
tion of mass s is measured and recorded. Different values
of natural frequency Iy of structure'is ob?ained by_changing
tne hei:ht I of mass lg. A mechanical viscous danmper is
added t0 the structure as shown in Fiz. 1 ©o provide 2 rea-
sonaole amount of dampins (approximately 2%).

ANALYTICAL MODEL

Ihe widely accepted analytical model for the layer in
terms of equivalent translational mass and rotational moment
of inertia with correspondin; linear viscous dawpings as
shown in Pi.. 2, is employed in this study. Referring to
Fi.s. 2 and 3 for notations, the equations of motion can be
written as
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It is noted that in this model I, and J, represent combined
effect of mass and moment of inertia of the footing and the

sround layer respectively.
E{PERIMENIAL RESULDQ

fhe frequency response (to sinusoidal excitation of
layer surface) of translational acceleration of My exhibited
four peaks reflectins translational mode of structural mass
at the fundamental natural frequency (f1), rotational mode of
Yp at the second natural frequency, rotational mode of g at
the third and translational mode of M at the fourth. aAll
quantities 1ldentified in Piz. 2 are either computed or mea-
sured directly except for Jps #Ip and Chy. Jp and Il are
estimated from measured values of k,i and k,o and the obser-
ved frequencies of the second and the fourtia mode. 4 value
18 chasen for e.i 50 that the theoretical and the measured
frequency responscs asree ressonably well as shown in iz, 4
(for the case f1 = 3.26 dz). The values of these quantities
are llsted in ptable 1. o C

Ihe relationship between the structural response
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(translational acceleration of iiy) and tie table excitation
in tne frequency domain is indicated in the block diagrain
(Pig. 5) where Ug(w), Vo(w), Wo(w) and (w) are Fourler
transforms of signals as indicated aand iglw), dO@u) and J(w)
are frequency response functions of assumedly linear systews
also as indicated. [I'ne interaction ratio I(w) as defined in
Pig. 5 1s the ratio between the response amplitudes with and
without interaction. 4 typical result of I(w) for the mass
acceleration when d = 1" and 2" 1s plotted ia Fiz., 6
where curves (1) - (4) respectively correspond to the struc-
tures with fg = 3.26, 3.76, 4,16 and 4.03 HZz. It is observed
that these are roughly the frequencies at which tae curves
take minimum values whereas the maximuw values of the inter-
action ratio are cobtained near the lowest resonance freguen-
cies of the structure-foundation system.
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L lable 1 (all units in 1b, in an sec)
a Kyt Cpt Ko Cro Ay Iy
" 1952 O.2QO 6850 2,82 0.00169 | 0.0459
(5.517%) (7.9;)"2’*) .
z" 13656 0.300 4120 1.35 0.00314 | 0.0359
(7.24%%) (7.61¢45%)

1g = 0.0037, 75 = 000199, Cg = 0.00377(0.0208%), BI = 2441.
Elastic constants of rubber B'= 170 (tension), 300 (conmp.),
T = 60, y = 0.43. « :

- % Dampin: ratio us:LnL, corres

1dinz mass and spring constant

9996





