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INTRODUCTION: This paper discusses the computation of the dynamic response of
an offshore tower taking into account the dynamic interactions between soil-
foundation and structure. The emphasis has been placed on the evaluations of
the dynamic soil-structure interaction effects due to wave forces.

DYNAMIC RESPONSE ANALYSIS: Fig.1 shows the offshore struc- ¥-20m -

ture model considered for study. The random waves around the . 7 lil
tower are modelled to have stochastic properties of the zero < —¥
mean Gaussian process, and are represented by the power z 8
spectral density functions of the Bretschneider type. The

analysis is performed in the frequency domain using the mode 3 9
superposition method1x The deformation of the pile head 90m
consists of a horizontal displacement component and a rota- ' 10
tional displacement component. The governing equation of 5 "
motion for the soil-offshore structure system is obtained by

substructure method. The dynamic stiffness coefficients of 6] 12 L

the soil-pile foundation are interpreted as a generalized m X m
spring-dashpot systemz) [Fig.2]. Morison equation is used to ''9:1 Offshore Tower
define the forcing function. The equation of motion is Hodel
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where {ug},{x} are the displacement vectors for the tower (1)
and the pile; [ﬁaa] includes the added mass effect; the

damping effect due to waves is contained in [Caa]; {v} and

{v} are the velocity and acceleration vectors respectively

of the water particles; [G] relates the deformations of pile

head to the deformations of the bottom of the tower and [L]

denotes the influence of the deformation of the pile on the € K xx
tower., The eigenvalue analysis is carried out and the

frequency response function H{w) is determined. The modal  fig.2 pite Hodel
response spectrum of the tower is given by

(S, ()] = [210H(w) IS, () JTH(w ¥ L] (2)
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where Spp@ﬁ is the generalized force spectrum; H(w)® is the conjugate of the
frequency response function and ¢ is the eigenvector. The auto correlation
function of the modal response is obtained by the Fourier transformation of
Eq.(2) and subsequently r.m.s. displacement is determined.
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DATA ANALYSIS AND RESULTS: Fig.3 2
(m"-sec)

shows the spectral density function i T=9sec F=7m
100 i

of the wave elevation in which H is
the mean wave height and T is the
mean wave period. As expected,
higher frequency component spectra T 50
have low energy and lower frequency Sn"(w)
component’ spectra have greater en-
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ergy. The r.m.s. velocity and ac- ]
celeration of water particle at 0 0.5 1.0 1.5 (rad/sec)
node 2 of the tower are plotted in R

Fig.4. ‘The value of the r.m.s.
velocity increases asymptotically

Fig.3 Wave Spectral Density Function

with mean wave period. The dynamic T A=7m
response of the tower is computed —

. v
for 2 cases: firstly, without con- {(w/sec?)

sidering the interaction effects of !
—
) (m/‘s’ec)

the soil-pile system i.e., treating
the bottom of the tower as fixed,
and secondly, considering the in-~ 0 . A .
teraction effects. The values of 3 5 T——Z 9 (sec)
the natural period for the first Fig.4 R.M.S.Velocity and Acceleration of
mode of vibration are 5.4 sec. for Water Particle at Node 2

the first case and 7.1 sec. for the

second case. The response is com- (m) [T2.0 Tnteraction Fixed

puted for the mean wave periods Cpo1.0 Total —_—
Inertia —-— ——
Drag  ------ ——

ranging from 4 sec. to 10 sec. The
r.m.s. digplacements of node 1 are 1.0 ¢
plotted against mean wave period in

Fig.5. The structural response is

><1 -_—

larger when the wave period is
between 5 to 8 sec. For both cases,
the maximum response is obtained 0.5 1
when the wave period is nearer to
the natural period of the

structure. Further} the structural

response is higher when the soil- 0
pile interaction effects are taken 3

into account.
Fig.5 R.M,S.Displacement of node 1
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