
Nomenclature

a amplitude of the incident wave (under the consid-!
eration of behaviour of the foundation)

Fourier coefficientsan,an
! !

b thickness of the foundation!
c phase velocity of the incoming wave!
D storey drift!

complex functionsf, g !
 complex conjugate of gg !
H storey height!
k wave number!

wave numbers along x- and z-directionskx,n, kz,n !
L length of the building!

displacement due to torsional excitationvtex !
torsional excitation of the building!tex !

n integer variable (varies from 1 to )! !

N largest interger (n)!
shear moduli of rigidityQ1,Q3 !

T time period of the wave!
v transverse displacement of the beam!

rotational excitationvrot !
translational excitationvtran !
eigenfunction in the x-directionXn"x# !
eigenfunction in the z-directionZn"z# !
density of the medium" !
shear wave velocities along x- and z-directions#x,#z !
deflection of the foundation$ !
dimensionless length of the building% !
wave length of the incident wave&in !
foundation’s curvature1/R !
maximum shear stress in the foundation'max !

dimensionless parameter( !
angular frequency) !
resonance frequencies)n,k !
rotational angle of foundation*0 !

1. INTRODUCTION

In reality, it is a tough task to assess the seismic resistance

of high-rise buildings. Such an assessment may be feasible

on a high confidence level, if the building can sustain all

credible ground motions that can occur at its location. It may

even be expected that it will survive with no more damage than

a prescribed level. To analyse the vibration of such buildings,

dynamic models are considered to assume uniform transla-

tion of the foundation only. For excitation of short wave

lengths, relative to the foundation dimensions, the model

used in the response analyses should include the rotational

effect of such wave excitations also. The inclusion depends

on the property of structure and on the nature of its contact

with the ground. The contact can be near the surface area, or

over an extended surface, as this in true for most buildings.1

Tzenov and Boncheva2 and Tzenov3 noted the need for the

two dimensional models of ‘long-in-plan’ buildings to ac-

count for the phase difference between the excitation at dif-

ferent points of the foundation. However, they did not con-

sider the excitation to be propagating waves. The nature of

the seismic energy transfer from the ground into the founda-

tion of a building, as well as the transport of energy within the

building itself, has been discussed by Krivelev.4 The authors

discuss modelling of buildings and suggest methods for cal-

culating the equivalent P and S wave velocities of the equiva-

lent continuous model. Hanks and McGuire5 studied the char-
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The article presents a qualitative and quantitative analysis of the dynamic response of long structures, such as long

and high-rise building. A two-dimensional linear model of a building is devised. In this model, the building is

represented as a constrained anisotropic plate subjected to base excitation. Consequently, the displacement of the

plate is governed by a 2D wave equation with corresponding boundary conditions. The dynamic response of the

system, due to base excitation, is being analysed by expanding the displacements in terms of the corresponding

eigenfunctions. Also, an analytical expression describing the building motion of translational type is presented.

Further analysis is then conducted to determine the response to rotation at the base of the building. The investi-

gation reveals the existence of wave passage effect during the dynamic response of the structure under the opti-

mum conditions on frequencies (low or high) for proper analysis of the resulting deformation of the foundation.
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