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DYNAMIC ANALYSIS OF OFFSHORE STRUCTURES BY EQUIVALENT
LINEARIZATION METHOD BASED ON SYSTEM IDENTIFICATION
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In the field of offshore engineering, the equivalent linearization method using statistical and
frequency domain approach has been studied for simply calculating the nonlinear drag effect
included in the Morison's equation. Investigated in this study is the altemative approach for
linearizing the nonlinear fluid-structure interaction effect by using the system identification
technique. The procedure is as follows: firstly, the nonlinear equation of motion is solved in the
time domain by the step-by-step integration for random wave loads and/or earthquake excitations;
secondly, the modal damping coefficient for linearized model is calculated using system
identification technique so that the variance of modal response for linearized model agree with
that of nonlinear model. Demonstrated herein are some numerical examples for a simple tower
model. The results have shown that the responses by linearized equations of motion with

equivalent modal damping coefficients agree well with those by nonlinear equations of motion.

A EY OB T IC B VW O, BEEEMEE I TOBERBMIERT 2D oEEIE, %, BE
EYV YRASFAVO AL, ARPEHRP IS, EWORERE L EUHERIEHNE (k- Hawikco
HEER) PHEET 272010, FAEBEETORRIRBELRIE» ) TR, 2a—<—7 pikk EORH
FHTOYIalb—2a VBRI RBAETH, BIALAT vy 7TEBWTPRFGIE YL EL T D2
B, AR EERLTAHRTHEN T2 L3, FHELERFIE L2, /2. Z0F Tt NastranFOFLH
Bmit7ass AOFAFELYES, REO—DEEXLbNB,

FIT, PERE DEEA LI PRE SN TE TV A, 20X, MHABEEPHECH T
o8 % B BB TR T ERBREL-b0TH Y, FIZIE Penzien et al.[1,2], Taylor et al.[3,4]1C &
BY0WH 5, EEBEBICB Y D BRI EERERIC B 26 0T, AERHAORTAHFITS S
ERFEEFEDLNTE, L L, BHEROBEHFECBTH, PRAKRORAE ICFFTHEE AV [5,6].
T FEMECEIVERNOERE®S T2 LIk, STERNNE RIBICERT A LR TS
D, av¥a—F—oEfedic, FERMOLTAFEZBEA RN 2255,

* i PhD. REKYEE TEHEARTLHE  (T606 FART/EEX & HAHT)

ok I’@

**%  Ph.D.

wkskok i
ook ok ok I{}é}

FARFBHR TEHEATEM  (T606 sUARHIZ X # HAH)
HERERT TEHEALER  (T606 AR /ARX E HAHT)
REAREHT TEHAATLER  (To606 HARHI /A H K E HAH)
FEABE (W) @MEUENEZErYy - (T299-12 EEHE20-1)

—741—



FITARL T, E— FRTE LR L LSS M LR L 1R T 5, (EROFMBEILEICB VT
W, WK - BEROMEABC L AERIBHNEIC L A58 %. B L ARFEEL LCHMLTY S
M, FITEREABBES P2 AR, T=F e Y2 A Lo T—RIEMALLI ALY, ZHiC
it LARILCIRET 5 HEE, £ FROFEREZRE L. T— FRESERY VA7 AFEEHIC & b 3
HICEET S b 0T, FAEkOBALHFERIT. BREHROBITICBW T EBICHEB b 0EL22,

CCTORHEHTIE, TTHEERFERE VI aL— Vs VvBEIII VA, F0E— FIREEMOS
BAIAL B O R DINEOTREE L AT~ FREERPBENEICIYRAE L. B
BT, Vo RAFEREIBR A BENCHL S ESLETH Y, HIBER TR EFHLFTETHS
., EEOEERIBITDE— FRESKO BN EE IR S UATFERE R AT v 71
TYBRELD, 2T, 2OHEOHBOARIHTRHAL L

2. FBRAKND&IUHBN % 5 7 3 BFEENOHBUSEREAT

ARXTIE, BEWEL LTRFHEFVOLEE R, BIEREL
T AL xE %, PHEBER > EH iM% &b LT
Bo Eo. WIkxBAIICANT5b0LT 5, &I T, Fig LITR
ThEZSHE B & ¢ DARER BT HRIRABREZEE LD, 208
sk, BHMEATAORACOMIE LTORDLPER L, 15 6/
EEYVYRICEY, UTFoLiickshs,

£, = ZCpd, ~2(C,, ~Vpd*(i, +i,,) x
4 4 Fig. 1 Wave force acting on a beam element

1 . . . .
+ECDpd|W" —un—usnl(wn—un—u”) '6))
AJ PN C, EMEDARE ORE/IWALES 4
p: PURMATAREE R, W

W, Wt KL F- B - IN5E FE o> BAA ek i 8 7 LR A
U, U, HEEY O BN EBE - DsE B 0 HR A4 S 1 A 7 1) 5
U AR - ISR BE > RR AT B T TR
oW, B 1EHYENNE, F2HEMMERNE, FIWEHHLFRS, 22T,
w, =W_COSG—w,sing
i, +a,, = (i, +i,)cos¢— (i, +u,)sing )
LY KN E LTOEI N PVt )TERKD L) T EN D,

£ N cos ¢
f_[f,] ) f"[—sirw}

3)
=§-MmeW—gu;—prc@+ﬁg+%qﬁ4w,ﬂg-@$xw—ﬁ-u3
rrEL C= l: cosz¢., _co.qusin q @
—cos¢sing sin® ¢
weleoow o usfu ] %:hx“JT ®)

ZOBAT S, Fig. WRTHERAREZD - FLICB I AHENZRD B, T TRHHED /-
O, Lumped Load& L THEIT 5, Z DHE,

—T742—



Kl = w | = i, +1u 1 |w -0, -1 (w -u —1‘1)
==C,pd’D -Z(c, -Dpa®d| " *l+—CpdD}l * M TehTI LT
[n] 4P [ﬁg} 4( w=1p [u,+u;] 2 oP Lwﬂ—ud-u”Kw,—uJ—ﬁJ (6)

L
f:ff L\ EC 0
D= L L ERE )
o Zc
L% B 2

b, Kook v, ERZlHiEmANSRDLNRA, TR, F2HOMNWEEHILES FENOE
TBCBIEL., BEYOEE< M) 7 ACERELEDL T EHNTE, XOBHHIER LB,

(M+M,)ii + Ci +Ku = —(M+M,)ii, +F, +F, ®
ZIT, M: EH D EREE~ L) 2 A, M, ftIEE~ )2 A
C:HEEWOERRE< P 7 X K: &Y ORIt~ Y 7 X,
F_: Ay o8I, F: WA o B

7275 L REHHERNICB T, MEHOEN L Mlhuld, &/ —FBVTx,y, 6 FED 3 HHEY
HTHbNETH,

RO B BB BOBRAOEGH FRNLF LHEE L T35, HLOHNEPCEBEY DY
BEWEINTVE 0T, IR E 2o TWwWh, 2 2 Tl. Shinozukaetal [5]& A% I =
L—¥a YR L BINEST Y B, EREFERION T 2SR L2, Tobb, AHAIEK
DOFE WV ER AN FRE - MEEOBLBELFFTZFA L THEICRES b L 3tic, £ FEER
WEE RN BEER L, FORKRE-FORERHATL LT, SHEOEELE T o 2. B — FEE
R T A EH R TOEBY TH 5,

§, +2hwy, + 0y, =—x/ (M+M,)ii, +xF, +x/F, ©)
A IR hiikE— FIRBT 2~ FREER, o i RKEFHER
X FHFERICET 20KE— FRy bv

3. PRATLRAEEEBRBVWVAEFMEE - FREEHRDORE

ek DI EOBIACIEIT 12, Penzien et al.[1,2] DFEIC KK FEE KT 5 RO T THEN
L+ 250, BLU, Tayloretal [3,4] D8 ICKKI T EEICH T2 ZROEIIRFEL 2 LT, k- BEY
RICBIIHAEEH*SMEREERE L TEHHETADINOD, KEL 200D LNV HH D, Tayloretal.[3]4°
BLICRLTWA X )12, Penzien®iT & 2@ IALE T RIEABRBOGFEECB W TET LU MO & 5 itk
BEAPRFLLTLIE) 720, I ClTayloric L 2R+ HEMAT 5, T I T, BEORRI
BT RIERECB VW THECH A v E2 B L, - FREEEYAET A LPEHENTHELLED
o, T/, AENTA—F—BEBNMITELIL, AZROBBATERONEIEZTHII LD
KERKERTH D, 22T, ROMAEBEY AT L2 E L. ZFOE— FIRFEERD FRETHI L
e Ji+2h 0+ 0y, = —x; (M+M, )i, +xF, +x/F', (10)
772U, PR BERLVAVOFRINCBWT, XA TERINDRLEEVCEREZ T I rnb0L

¥ 5,
|:F:‘ﬂ:l = lCDPdD|:’W"' _I%xn (wl —.l“'ll)i|
F'y 2 |w“,—ugn (WJ—UE) 11
Kic, BARLGHETFIELRT I &ICT 5, Fig2id, S THHLABTEEY 70 —F v — P TRL

—743—



hDTHB, T ROTESI LR
FREXEVIab-VvavHERELIVEE,
E— FISEEM OB L KD THB < KIT,
it = FICBIT % Z OISR O ZFIE
B (B VR Rw B, SOV ICTEBE
FEVEERA0)D E — FIEESHYV A5 5
NBHI, RAOD T — FRFEEHN % [UH

sysi

Simulation analysis of
Nonlinear system

Calcnate variation of i-th
modal displacement for
nonlinear system , YNLi

T

<

HEIC L DEMET S, STV
BT BV TE — FIBEERL O/ T = A< b

Calculate variation of i-th
modal displacement for
Linear systemn , ViniChi)

RO, ChERMDTHI L THLN .
Voulh) = 2[ " |H (0,1 )JZSF‘ (w)dw
1 12)
(w} - (02)2 +(2ho) (3
72720, SpiE— P o — 2~y by
Pibicswt, h #RETLHEL. KD
E-VREERETRNHE T 5 1 EHERK
G h) DIEAMEREICRAE SN b,
G,(h) = (V,(h) = V,.) = minimize (14)
AT TR OB/MERIEDEE 7T 75 A
ELTC, BAEFE 9 1 75 Y SSLII[7]OLMINF

|, (0, 1) =

Change the modal
damping factor hi

A

Fig. 2 Flowchart of identifying modal damping factor, hsys
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Fig. 3 Offshore structure model
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Table 1 Natural frequency of model structure Table 2 Wave characteristics (Pierson-Moskowitz spectrum)

Mode 1 2 3 Wind velocity (m/sec) 15.0 20.0 25.0 30.0
Natural frequency 122 512 10.89 Significant wave hight (m) 4.80 8.53 13.33 19.19
(rad/sec)
Frequency at peak of 0573 | 0430 | 0344 | 0286
power spectrum (rad/sec)
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Tabel 3 Modal damping factors identified for random wave and/or earthquake

Wind Modal damping factor identified Modal damping factor identified for
velocity Mode for random wave random wave and earthquake
(m/sec) Random 1 | Random2 | Random 3 Average Random 1 | Random2 | Random 3 Average
1 0.0321 0.02 0.0289 0.0270 0.0276 0.0294 0.0296 0.0289
15.0 2 0.0429 0.02 0.02 0.0276 0.0251 0.0262 0.0245 0.0253
3 0.02 0.02 0.02 0.02 0.0234 0.0244 0.0235 0.0238
1 0.0272 0.0204 0.0252 0.0243 0.0340 0.0348 0.0360 0.0349
200 2 0.02 0.02 0.02 0.02 0.0309 0.0292 0.0270 0.0290
3 0.02 0.02 0.02 0.02 0.0263 0.0259 0.0243 0.0255
1 0.0410 0.0288 0.0330 0.0343 0.0390 0.0385 0.0419 0.0398
25.0 2 0.2162 0.02 0.02 0.0854 0.0367 0.0324 0.0301 0.0331
3 0.02 0.02 0.02 0.02 0.0279 0.0279 0.0258 0.0272
1 0.0474 0.0593 0.0371 0.0479 0.0482 0.0564 0.0292 0.0446
30.0 2 0.4361 0.5139 0.02 0.3233 0.0497 0.0375 0.0398 0.0423
3 0.4495 0.5576 0.02 0.3424 0.0343 0.0284 0.0306 0.0311
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Fig. 6 Deck displacement response for random wave (U: wind velocity)
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Fig. 7 Deck displacement response for random wave and earthquake (U: wind velocity)
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