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Figurel-1 Classification of offshore platforms
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Figure 1-2  Vibration reduction theory of passive damper
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Figurel-3 Passive Tuned mass damper installed in Taipei 101
(https://ja.wikipedia.org/wiki/%E5%8B%95%E5%90%B8%E6%8C%AF%E5%99%A8)
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Figure 1-4 Landmark tower with active vibration damping
(http://www.mhims.co.jp/products/steelstructures/vibration/index.html)
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Figure 2-1 Model of Jack-up offshore platform
(http://bostek.no/referanse/test-5/)
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DO Z Y AT T, FEERITIRENAIE 217 9 BRIZ, K23 1R T LoD LE T2
HIZHO THE LT 7 > MEENET L Z KO FIZANT, 2O XD BREHTHELTT
OWHRE KO ESMA AR L, Zod, Kl & EAMADOERET 100mm & L7z, &
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BN 720 2 Bl B 2 IRENRRIE S K OVHIRIERE 2 B B 2235 2 & & =7 fE B
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Platform

Leg

Foot

Figure 2-2 Experiment model of Jack-up offshore platform

Platform

Tank

Figure 2-3 Experiment model of Jack-up offshore platform in the tank
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Figure 2-4 Schematic of a jack-up offshore platform
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mX+cx+kx=0 (2-1)

T, AELZoMTFIbA s L fE P OEG%RK
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_ 2-2
3El (2:2)
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s I} 23)

2T, HFMmEWHOE S, EdMEOBMEY 7% | 1T 4 KOMEWHOAED
B-Wrii —IRE—A L P THY, K25 T 4AROMEWHOMWRIHZEE L T, &K
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ad®  7d?

7d 2
| =4 a?) =
(64+ )

2 8

(d*+16a°) (2-4)

722Uy d ISR VIIOERE, a (i i o Pz S R W o Tl E To
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Figure 2-5 The section shape of legs

2T EBAEAQDOME x=AN LBE ALSERERKTHD, HEX L
NHEE % 2 kDAL 9 I2F S5 [54],

X = sAe™ (2-5)
% =s?Ae™ (2-6)
H(2-5) & (2-6) = K (2-1)ITRA L T, AN HEHND,
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(ms? +cs+k)Ae™ =0 (2-7)

XE-NTIE. A 20070, m?+cs+k=0L72% K 5 /EH LVEL S0,
SHliZ, WDOLXHIZ
2n=c/m (2-8)
@’ =k/m (2-9)
HEeEEPAL L, KABELND,
s?+2ns+w’ =0 (2-10)

A(2-10) 2 fiR< &, ZDORERAD XL HIZEIhD,
$,,8, =—N+vn’ — @ (2-11)

KX2-1)Z TR —EE—EE»OHER SIS 1 HHRER RO R EMEND,
ROLBIZHDHN Lo OBHRIZE Y, RO L DIZ 3 SORENRIEIZ T B D,

(1) n*—®>0DBE4E

s=-n++n?—? (2-12)
BtE R (2-12) oARIE, K TEREN D,

s, =-n+Vn? -’ <0

(2-13)
s, =-n—-n? -’ <0
- T, EE RO ML, kKAD L5125,
X = Ale(—nﬂnz—wz)t +A2e(*n*\6n2*{1)2)t (2_14)

L. AL AITIIISGMC LV EE D, X(2-14) TR SN D EET, X 2-6 IR T
Lo, HFIOEM RIS & 2 EB(EER) 2 1 5,
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Displacement (x)

Time (t)

Figure 2-6 Displacement of main structure under n? —w? >0

(2) N —*=0DHE4E
R H (-1 oiR1Z, kTR N D,

S, =S, =-N

(2-15)
EE RO — R, kAo Xk Hick s,
X =Ae™ (2-16)
ZOHEBK 2-6 1T K DT, K ofGE & B ERIER A2 T 5,
(3) N’ —w’ <0 DGE
BRI ORI, R X5 EEK LD,
s=-n+ jvo® —n? (2-17)

ZIZT, jP=-1Th D, o T, EEHFERRO—MRRIT. R0 X ST D,

i 2 .2 i 2 2 .
x=e"M(Ae T L A VT =™ (g, sinVw® —n’t +a, cosVw® —nt)

x =ae "sin(Vw? —n’t—¢)

(2-18)
X(2-18) THE SN A EH L, IRiEae " NEEF & & IO T AIETTH D70, B
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FIRE) TN D, Eo, WREBOEA R o 1FRNTERIND,
wy =Jw? —n? (2-19)

NR-18)DHIZH D @ IIWWINAE T 5, WERIRENEZ A XE-T)ITR L, KO
me & BITIRBVEFENTEATEANS L 72D Z ERGnD,

VAN A W o wm
I =

Displacement (x)

Time (s)
Figure 2-7 Displacement of main structure under n? —w? <0

2T n=wid, HFEHEAER D 0EERIREN T 2 08 R &2 | R E

B) & IEIREN OB & 72 D ERAR R ¢ RS C, &%, K(2-8) & (2-9) LV,

e A RRAR R C, 1, RATER SN D,

c, = 2Jmk (2-20)

Ko T, EEEEKC>Cc, LA I HRED EE), BrRffiic <c, DA ICHEIRE),

LR C=C, DLAICIRBEER T 25 2 L2 D,
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2.2.2 FRFINERIZ X 2 sREHREN R D fiEHT
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7o REN A B 72 A FIRE O A S DRI R T 5 2 2B 2T, KHiCIx, L7
¥ MEEIET VIZK L, JAFUINIES F(t)=F cosat % 5 2 2356 OIEIRENZ DWW Tk
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2-8 | T OIFFAFINEIC X 28R Tt L Th 5, 2-1 129 H iR E)
DFENTE T AT T O E & w2 S FAFIN IR 71 F(t) = Fcosat Nz 5721 & 7¢
S TWD,

Figure 2-8 Schematic of a jack-up offshore platform under sin wave

2-8 | TIRENE T L oER F AL, B BIRE O ER) SRR (2-1) DA IR
R f(t)=Fcoswt # Mz C&ESILD,

mX + cX + kx = F cosat (2-21)

B RRA(2-21) &
m5<'+c>’<+kx:%F(ej“’t +e ity (2-22)

DICEEE T, HEXQ2-22) 2 EREDEDOFIEZ AWTHEL 2, HEX(2-22) %k
D2OOFHFENICHETHZ L EEZD,

MX + cX + kx = % Fel“t (2-23)
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nﬁ+cX+kx=%Fej“ (2-24)

FEA(2-23) D x, &
Xl = )(:I-ejmt (2‘25)
EBNWTRD b
jat
X = (2-26)
2(-mo* + jco+K)
ER DM, [FRRIC T RE(2-24) & iR TR, il x, 1%
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. (2:28)
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EERIND,

ZORERIE. HEAQ-20)D 4D ETERANC Felt L iEx | ZN AR THEIERDE
HER S TRDELDE 5T 5,

N(2-28)\ R TR % &
X = X cos(at — @) (2-29)

DX LD, 7220, R(2-29)0HIZH HHRME X & FIHINAH ¢ %

F

X = (2-30)
J&-mew?)? +c’0?
¢=tan” - ;wz (2-31)
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£ =cl2mk) ZEAFHIE, K(2-31)i%
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F/k
X = 2-32
JA-0? 1 0?0) + (220l 0,)? 232

4 2olo
=tant—"_ 2-33
¢=tan 1- (0l ®,)* (2:33)
L%, RN TIRENSE OEMAERIZFAFIRE CTH L L 2R LTS, £z
BRI O SRR O A EA % L IR ) & Fe_ T ¢ 720 ONARZE N FAET
DT EMTIND,
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MR CTE )RS Ch 50, EE T REA(2-20) 0 —fkfiE & L Cid. B HRIREIOfiF & 5adbl)
IREhDOffE A2 N2 T

X = X cos(at — ¢) + ae ™ (acoswgyt +bsin w,t) (2-34)

TERIND, 22T, oy 2BEEAARDETH D,

R(2-34)2 B D K 91T, B HIREIO FITRFRI SISO TR T 5 2 LIk LT,
FEAIREN I — ERIE CO O THE SN D, 22T, WOE THRf SN D IEE 2 E
WIREI L W 5, N(2-3)IRTELET T MEEIET VIR E B ERMEBERTH Y |
Z ORFIIRE N E F R & 72 D,
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~____— clce=0
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—_ 6
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) =
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Figure 2-9 Resonance curve of vibration system

-21-



229 R DI, BRBHEEZEZL T, BEROHD5E &RV E OMEHRBIGE O
HEGER TH D, IV WERRW(c—0)DSE, BHfk Tn LB A HiRE 0
HARBE DR ET DTN RA D, WENHL(C#0) G0, BREABECHRELS 2D
ENZON T IR 0 = 0, OFETRAT 2 HRRZORED B2 /NS <D 2 L
MWOND,

23 HIBMERBIWNED AT MVERNT
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(a) Time history under EIl Centro NS seismic wave
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(c) Time history under Fukushima NS seismic wave
Figure 2-10 Time history under seismic waves
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(c) Acceleration response spectrum under Fukushima NS seismic wave
Figure 2-11. Acceleration response spectrum
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Figure 2-12 Random vibration wave
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RMsunctrl

unctrl

(2) HKIGEMEDOFIRME (Maximum relative response value) 1%, & 2 IRENGEME y (28
NFETITIMEE) O AMEZER LT, nfdo 7y —4y (i=12,,,,n)0H
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mX + X + kx =—mX,

M >

Figure 2-13 Schematic of a jack-up offshore platform under external force
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X(t+ At) = x(t) +

LESRS. X(U) /At ImoWTHEL 2 b

ox(t) 1 B _ o) At 1 _
= N (X(t + At) — x(t)) = A ((x(t + At) — x(t)) + O(At)
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Figure 2-14. Forward difference method
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Figure 2-15. Forward difference method
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Figure 2-16 Central difference method
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Figure 2-17 Flow chart of central difference method
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Figure 2-19 Sensor devices
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Figure 2-20 DS3000-FFT analyzer
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Figure 2-21 Experimental system
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Figure 2-22. Diagram of testing system
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Figure 2-23 Displacements of the offshore platform model under sinusoidal excitation
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Figure 2-24 Displacement responses under the sin waves
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Figure 2-25 Acceleration responses under the sin waves
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Frequency response fuction
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Figure 2-26 Frequency response analysis of the offshore platform
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Figure 2-27 Displacement responses under the EI-Centro NS, Taft EW and Fukushima NS
seismic waves

-39-



N
T

Acceleration (m/s?)
o

2+
4+
-6 1 1 1 1 1
0 5 10 15 20 25 30
Time (s)

(a) Acceleration responses under the EI-Centro NS

N

'
N

Acceleration (m/s?)
o

'
~

'
»

10 15 20 25 30
Time (s)

o
;]

(b) Acceleration responses under the Taft EW

N

'
(V]

Acceleration (m/s?)
o

4 L

-6 1 1 1 1 1
0 5 10 15 20 25 30
Time (s)

(c) Acceleration responses under the Fukushima NS

Figure 2-28 Acceleration responses under the EI-Centro NS, Taft EW and Fukushima NS
seismic waves
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Figure 2-29 Displacement of frequency response function
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Figure 2-30 Acceleration of frequency response function
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Figure 3-3 Systemic modeling of a jack-up offshore platform with a tuned-mass damper
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Figure 3-4 Diagram of testing system (PC—personal computer, TMD—tuned-mass damper,
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Figure 3-5 Experimental setting (Offshore platform model and vibration table)
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Figure 3-6 Resonance frequency experiment of Tuned mass damper
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Figure 3-7 Frequency response analysis of the tuned-mass damper (TMD) and platform

342 ABBUSEC X DHIRIROMRGE

18
----- No TMD Control RN
_ 16— with TMD Control [
= 14t fo
E 12t FoA
% I' ‘\
£ 10 f3 / >
2 ]
S 8 M
> "
2 6 t!
Q X
g 4 i
)
0 1
0 1 ? 3 ) °
Frequency (Hz)

Figure 3-8 Frequency response function of the offshore platform
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Figure 3-9 Displacement responses under 2Hz sin waves
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Figure 3-10 Displacement responses under 2.56Hz sin waves

-55 -



30

Displacement (mm)
o

2 b0

20 F e No TMD Control —— With TMD Control

S S R R R L SO O O O L RSO O LS S S SR L R

ELEEER IR B B B B B S B B S R S S A L L O

_30 1 1 1 1 1
0 10 20 30 40 50 60
Time (s)
Figure 3-11 Displacement responses under 3Hz sin waves
30
2 2 . o . . o L e NoTMDControI —WithTMDCQntrpI
E IRARRRRRARRARRRRRARR AR R R O RO O S
£
g o0
(]
& -10 t
&
3 -20
_30 1 1 1 1 1
0 10 20 30 40 50 60

Time (s)

Figure 3-12 Displacement responses under 3.5Hz sin waves
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Figure 3-13 Displacement responses under the EI-Centro NS seismic waves
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Figure 3-14 Displacement responses under the Taft EW seismic waves
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Figure 3-15 Displacement responses under the Fukushima NS seismic waves
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Figure 3-18 Acceleration responses under the Fukushima NS seismic wave
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Figure 3-19 Power spectral density of the displacement under seismic wave
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Figure 3-20 Power spectral density of the acceleration under seismic waves
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Figure 3-21 Displacement responses under EI-Centro NS seismic wave
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Figure 3-24 Acceleration responses under Taft EW seismic wave
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Figure 3-25 Phase difference of the TMD and platform under EI-Centro NS seismic wave
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Figure 3-26 Phase difference of the TMD and platform under Taft EW seismic wave
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Figure 3-27 Diagrams showing different relative motions: (a) no relative motion (|x, - x,|=0) and
(b) relative motion (|x, —X|#0)
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Figure 3-29 Relative displacement |x, —x,| under the Taft EW seismic wave
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Figure 4-1 Experiment model of offshore platform and bufferable TMD model
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Figure 4-2 Schematic of a jack-up offshore platform with a bufferable TMD
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Figure 4-3 Systemic model of a jack-up offshore platform with a bufferable TMD
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Figure 4-4 Displacements of the offshore platform with the bufferable TMD under sinusoidal

excitation
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Figure 4-5 Displacement responses of the modeled offshore platform corresponding to various

distance coefficients under sinusoidal waves
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Figure 4-6 Ratios of the peak values of the modeled offshore platform with and without bufferable
TMD for various distance coefficients under sinusoidal waves
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Figure 4-9 Diagram of the testing system (PC—personal computer, TMD—Dbufferable
tuned-mass damper, FFT Analyzer—fast Fourier transform analyzer)
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Figure 4-11 Displacement responses under sin wave
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Figure 4-12 Acceleration responses under sin wave
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Figure 4-13 Responses of the platform subjected to the Fukushima NS seismic wave
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Figure 4-17 Relative displacement of the mass under Taft EW seismic waves
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Table 4-1 Results of the evaluation indices

Seismic Displacement response Acceleration response
excitation B J p J
Fukushima NS 0.422 0.746 0.238 0.784

Taft EW 0.345 0.731 0.479 0.655
El Centro NS 0.214 0.882 0.673 0.827
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Figure 4-20 Relative displacement results for a TMD mass with a Fukushima NS seismic wave
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Figure 4-21 Relative displacement results for a TMD mass with a Taft EW seismic wave
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Figure 4-22 Experimental responses for the Taft EW seismic wave
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Figure 4-23 Cumulative energy dissipations with Fukushima NS seismic wave
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Figure 4-24 Cumulative energy dissipations with Taft EW seismic wave
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Figure5-5 Schematic of a jack-up offshore platform with Magnet damper
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Figure 5-6 Systemic model of a jack-up offshore platform with Magnet damper

56 Tid. mITELT I FOFEE, K IFELT T FOMEWVIEINHHE L
To TR ER, o (JUKEHT) & Ml U 72 B ff . m, 13 TMD oFIE &, f I3kA

WA DRI THDH, X ITHEATMEEESTHD, H L7770 NOTEEOLENL
% x, TMD ORIE&DEN % x, £ T 5,
5-6 | T fENTET NOEE FEXIILL T L 21z b,
Mm% +¢ % +kx =K (X — %) =-mX, , (5-3)

My K, + K (X = %) = —MyX, (5-4)

Z I T, KABEAIZ XD RFE N DR LT MR R Rk, [ EER DS
IR OMHN(G-2)THZ DM, 7272, K53 R BEEHEX, (X, FE7T

NOTEHEBEOREN x & TMD ORIEEDZEN x, DAETER L, RATFHESND,

Xg =X = X,| (5-5)

-104 -
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Figure 5-7 Displacements of the offshore platform model under sinusoidal excitation
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Figure 5-8 Diagram of the testing system
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Frequency response function
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Figure 5-9 Frequency response analysis of offshore platform
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Figure 5-10 Frequency response analysis of the magnet damper at different vibration amplitude
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Figure 5-11 Frequency response function of the offshore platform
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(a) Displacement results for sinusoidal sweep signal at 2Hz
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(c) Displacement results for sinusoidal sweep signal at 3Hz
Figure 5-12 Displacement results for sinusoidal sweep signal
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Figure 5-13 Acceleration results for sinusoidal sweep signal
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(c) Displacement result under the Fukushima NS seismic wave

Figure 5-14 Displacement responses of the platform subjected to the EI-Centro NS, Taft EW and
Fukushima NS seismic waves
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Figure 5-15 Acceleration responses of the platform subjected to the EI-Centro NS, Taft EW and

Fukushima NS seismic waves
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Figure 5-16 Power spectral density of the displacement under seismic waves
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(c) Power spectral density of acceleration for the Fukushima NS seismic wave
Figure 5-17 Power spectral density of the acceleration under seismic waves
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Table 5-1 Results of the evaluation indices
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Figure 5-18 Displacement responses for the EI Centro NS seismic wave
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Figure 5-19 Displacement responses for the Taft EW seismic wave
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