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SYNOPSIS

An approximate solution is presented for the coupled res-
ponse of footings and structures embedded partially into a
seminfinite medium. The response study has been made with the
general equillibrium equation of motion which includes the
dynamic interaction coefficients. The foundation is assumed
to be flexible and supported on an elastic medium. The appro-
ach to the problem is illustrated by the solution of the coupled
response involving horizontal translation, rocking and vertical
translation. The interaction coefficients as obtained by
Parmelee(12) are used in the analysis of embedded footings and
structures. The results are presented with respect to the dis-
placements resulting due to translational, horizontal and rock-
ing motion ofstructure founded on flexible foundation.

INTRODUCTION

Over the past two decades the subject of structure-soil
interaction of foundations and buildings subjected to seismic
excitation has been receiving increasing attention. A situa-
tion is encountered with increasing in frequency in recent
years with respect to the seismic design of massive structure
at a considerable depth of soil deposit. This is often the
case in the design of Nuclear Power Plants. The important
aspect of such a structure under seismic excitation is to
establish the dynamic interaction between the structure and the
surrounding soil. The study is usually made by representing
the effects of the soil on the structural response by a series
of springs and dashpots representing a theoretical half space
surrounding the structure as shown in Fig.l. Various methods
have been proposed incorporating the effect of seismic exci-
tation in the analysis and design of such structures. Arnold,
Byeroft and Warburton(6), Bycroft(5) and Gladwell(7) consider-
ed all the four modes of vibration with respect to the study
of vibration of circular footings subjected to horizontal and
rocking vibrations. In these works coupling effect of sliding
and rocking has been neglected. Karasudhi, Keer and Lee(9)
presented an analytical solution for the vertical, coupled
horizontal and rocking vibration of an infinitely long rigid
footing resting on the surface of an elastic half space and
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proved the significance of these effects., This has also been
studied by Luco amnd Westmann(8) with an exact solution for a
particular value of poisson's ratio of 0.50. The problem has
been further studied by Ang and Harper(1) and Agabein, Parmelee
and Lee(z). The system being treated as a lumped parameter
system consisting of mass points and stress points to simulate
the semiinfinite, linearly elastic, homogeneous and isotropic
media.

The effect of embedment of footing has been studied by
several investigators. No rigorous analytical solution of
embedded footings are available because of the mathematical
computational complexities. Barnov(3) is the first investi-
gator who determined an approximate analytical approach assum-
ing an elastic half space under the footing base and a series
of independent clastic layers between the free surface and the
half space. Novak and Beredugo(ﬂ&) used this model to arrive
at a series solution for stiffness and damping function for
the vertical vibration of a circular footing with reference to
& half space or stratum, and they further extended the problem

. considering the coupled horizontal and rocking vibration of
the same system as shown in the reference Beredugo and Novak
(10). Parmelee, R.A. et al(11) studied the structure-soil
interaction problem under seismic Joading taking into account
the foundation flexibility.

The aim of the present study is to introduce the dynamic
coupling or interaction between a single storey elastic struc-
ture and the filexible elastic foundation medium, when the
system is subjected to seismic loading. The foundation medium
‘"being represented by isotropic, homogeneous, elastic half space
and the ground acceleration is stimulated by a transient time
dependent function as shown in Fig.3, which resembles those of
strong motion seismic disturbance. The embedment effect has
been taken into account and a study has been made of the influ-
ence of shear wave velocity, poissionB ratio and depth of
embedment on the structure~soil interaction.

EQUATIONS OF MOTION

The structure foundation system as shown in(Fig.1) is a
model which is circular in plan and has three degrees of free-
dom i.os, the horizontal translatipon of the top mass 'm' and
the horizontal motion of the rigid'm ' and the rotation of
the system about an axis on the horizontal boundry plane
through the point 'b', The deformed shape of the building is
shown in Fig.2 and the corresponding equations of motion are:

ve

u o+ o+ '1':¢ + 2u>r)\{1 +wr2u = - wyo ' .o (1)
u +aﬁiib + ii¢ + A1;.xb + Azh“ + A3ﬂ‘b + Altu¢' = "’{t“ig .o (2)
0‘[‘1 + ;‘b ‘l"r(/‘{ld + A7;.l.b + As‘.ld + Asub + A6U¢ Y "l.lg ) (3)
where L =(m + mg/m, 'L =1 + oQ(b/Zh)z, A1 = d,r/m, AZ = dRT/m, .
A= /s Ay = /i, ag = fai, Ay e ag /e,
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T/mhz, wrP=xm, . A=c/2/@m , kg, 4, k, 4,

kg‘l‘ are the respective dynamic interaction coeffi-
nt as ven by Parmelee and Kudder(12).

To study the seismic response of the interaction system,
it is necessary to simulate into an actual earthquake accele=-
ration function by an approximate acceleration function,
which will be represented by a series of hormonic components.
This function should have those principles which characterise
a strong motion earthquake which is a random acceleration
function of the following form given by Bogdanoff, Goldberg
and Bernard(4)(Fig.3), 10
B (t) = 0.5 70333t T cos (@t + P) eiev. £20 .. (L)

g J=1 J J

Expanding each term of the above equation into a fourier

series the earthquake acceleration takes the form

ug(t) = 2_1 5_1 LI sinJLn(t) ceees 12O .. (5)

where v = n>™/1, bn:j is the fourier constant. N = Number

of terms required to represent the function. T = Time inter-
val over which the function is to be represented.

The equation of motion 1,2 and 3 can be solved 'N' times
for each harmonic u__(t) of the input function u_(t). Hence
the total response 87 will be the superposition Eor "N
components given by the following equations:

u () = }‘_1%11(9 .. (6)

u = ' oo (7)

| ¢(t) n}':1u o (t) (7

u(t) = z u_(t) .. {8)
n=1

RESULTS AND DISCUSSION

Numerical results are obtained using computer for vari-
ous values of shear wave velocity(V_), embedment depth
(& = D/b), where 'D' the depth of embedment of the structure
and'b' the half width of the building, poisson's ratiof }1).
The elastic foundation medium(f), fundamental period of the
structure(T_) and damping Factoy (A) were assumed to be
equal to 125pcf 0.5 sec. and 0,01 respectively. Values of
shear wave velocity, embedment depth and poisson's ratio
are varied from 300ft.sec. to 600ft.sec., 0.0 to O.4 and 0,00
to 0.50 respectively. The interaction coefficients for the
embedded structure are obtained by modifying the surface
interaction coefficients as (Parmelee, R.A. and Kudder, R.J.)

kp, =Alkps dp s Adps knp, = Al dpp, = Adgy, kng Al

and dRe = AdR where A = 91’10.
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In order to compare the effect of the coupled response of
the interaction system of the present study with that of the
uncoupled system Parmelee et al (11) the response curves are
presented in Figs. § and 4 respectively for m = 3900lb.-sec.
per ft., oC = 0,42, X = 0,01, V_ = 300ft. sec. f= 120pcf,
n = 0,0 and Tr = 0,50sec. From these figures it can be
inferred that the interaction study for the response of the
system is more effective if the coupled effect of the system
is taken into account. The coupled response parameters
Ugy Uy and u are plotted against poisson's ratio for a given
vg-lues of shear wave velocity and embedment depth in Fig.6 and
Fig.7« It is seen from these figures the values of uy, and

decreasesg considerably with inaeass in poissont's Fatio
whereas the flexural response increases. Eence the coupled
response of the system reduces the amplitude of motion when
compared with the motion observed at the surface. It is
also seen from these figures that an increase in the wvalue
of shear velocity reduces the values of u,, and u consi-
derably. Thus it may be concluded from the results that the
intermodal coupling parameters k% and significantly
influence the response of the interaction system consisting
of building type structure resting on an elastic foundation.

CONCLUSIONS

From the numerical results presented, it may be conclu-
ded that the dynamic interaction coefficients are considera-
bly effected by £, Vs’ b and n. The embedment depth also
af fects the vibration of the interaction system by reducing
the resonant amplitude. The intermodal coupling terms kRT
and effect the response of the interaction system
consisging of building type structures resting on an elastic
foundation medium.
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