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Dynamic Response Analysis of Offshore Guyed Tower Subjected to
Strong Earthquake under Moderate Random Waves
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Abstract

Presented is a method for nonstationary response analysis of an offshore guyed tower subjected
to strong earthquake motions under moderate random waves and current loadings. By taking the
time varying envelope function and the auto-correlation function of the ground acceleration in terms
of complex exponential functions, an analytical procedure is developed for computing time varving
variances of the tower response. The stationary responses due to small random waves are obtained
by using frequency domain method, and the results are combined with the nonstationary results
due to earthquakes. Finally, the expected maximum responses are estimated. Through the example
analyses, the nonstationary method developed in this study is verified, and the contributions of
the earthquake, wave and current loadings to the total maximum response are investigated.
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Fig. 1. Structural configuration of an offshore gu-
yed tower
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Table 1. The maximum responses to earthquake
by different methods; units, ft-kips; So=
0.046; T:=25sec

Methods| Env. |Deck Displ-| Base Shear |Bending Mo-
Cases|{ acement Force ment at 8
Freq. 4824 323 E3 8.38 E5
Domain (2.530)* | (1.10 E3)*| (3.01 E5)*
Nonsta- 2.907 210 E3 527 Eb
tionary 2 3.186 236 E3 598 E5

*the value in parenthesis is the standard deviation.
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Table 2. Hydrodynamic damping ratios for each
mode due to earthquake, wave and cur-
rent

So Hs Vc' Eh; ghz éha
(/s | (ft) (ft/s) (%) (%) (%)

0 0 105 11 04
20. 0 16.8 16 0.4
0.046 30. 0 19.5 1.9 0.5

1.0 24.6 29 1.0
0 20 486 6.0 1.9

*V.=tidal current velocity

Table 3. The response contributions of current,
wave and earthquake loadings; units, ft-

kips
Env.

Responses Cases Xs [Xwhmax 1Xelmax  Unmax
Deck Displ- 6830 5805 2.053 14.688
acement 2 |6.736 5807 2.147 14.690
Base Shear | 1 |037E3 1.80E3 1.90F3 40783
Force 2 |0.36E3 1.80K3 2.12E3 42883
Bending 1 ]062E 5335 467 1062
Moment at
Node 8 2 059 534K 52356 1116

*Note: S;==0.046 ft*/s® and Hs=20 ft with Current-II

Table 4. Total expected maximum responses to
earthquake, wave and current loadings;

units, ft-kips
Current | Deck Displ- | Base |Bending
So Hs | Profile | acement Shear | Moment
Force at 8
0 I 4.343 21883 | 5.36K
0.046 | 20 II 14.688 40783 | 10628
30 11 22.272 4578 | 11.74B
0 I 5914 3178 | 781K
0.103 | 20 I 16.075 50483 | 12.9656
30 H | 23.603 5.538 | 14.0615
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Fig. 8. Nonstationary variances of earthquake res-
ponse under various tidal current condi-
tions(no wave).
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