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Bayesian model updating approach for semi—submersible
platform using monitoring data
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Abstract: With the long—term service of a semi—submersible platform at sea, the basic design parameters of
the platform will change. If the platform is still analyzed based on the original design parameters, the accura-
cy of the results will be affected. In this paper, the basic parameters (displacement, center of gravity height
and three—degree—of—freedom radius of rotation) that are easy to change during the service of a semi—sub-
mersible platform were taken as the updating parameters, the objective function was constructed by the vari-
ances, and wave frequency power spectral density of platform roll, pitch and heave, and a Bayesian parameter
updating method of semi—submersible platform based on the monitoring data was established. With the moni-
toring data of a semi—submersible platform in China taken as an example, the parameter updating of the plat-
form was carried out, and based on the updated parameters, the response of the platform under a multi-year
return period environmental load was compared and evaluated.
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Fig.1 Bayesian model updating process of semi—submersible platform
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Fig.3 Time histores of 6 DOF response of semi—submersible platform
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Fig.4 Dynamical model of semi—submersible platform

ARSI AT RS2 TR T A 100 A IB IE S B REAS  IARAUK S 1A 81 AQW A 12
F1F Bz s BT SR SR I ANz sh AR IE . TSRO, N e OB (] e ~F A8
30 m, PAFE R A% 30 m, R [ 5% 2480 33 m i, F0 51 3 5 5 HEK B 20 55 A 32 s AR AR =2
(] A AR HAE AL, A AT 5 BT

118 5 A0, 7 5 R B IE S H0CS P A2 Sl 1 22 1) 52 IR0 ) 4ot ELRSE 8 1) ARl S R A sl e

023 | =i SR, =30m gam ____
? §m7 i
1}5 o ;&E 0.16
0.21 g
12 3 12
x107 ag 107 25 P
P& HiK i (kg) 2 18 0 (m) FE HK i (kg) 2 18 O (m)

(a) FHEIES RS BT )7 22 19 f QR Y (b) THEIES RS BRI 5 L ) f RIS 1Y



186 B 2% 5528 55 2 1

-1.2 3

%107 25 A6 25 6
F & HEK E(kg) 2 18 L (m) T & HK i (kg) 2 18 O (m)
(¢) FBIES S YFETr 22 AR FRA A (d) FREIESES YRR 2 B 40 AR 7Y
0241  IrZaom = 026
e 5
& 022 | £ B "
(A f,; 0.22
A

0.0 &

1.2 3
%107 25 A x107 25 e
T4 HEK B (kg) 2 18 R 1 (m) T &k i (kg) 2 18 L R (m)

(e) FHEIES RS 5 )7 22 1A REERL R () T8 IE 28005 10 5 DUt 1 4 2 1 B Y
K5 240518 dhRHEZ A i AR AR A
Fig.5 Surrogate model between parameters and motion characteristics
SR Y ] AR AT O, DA A N SRR R AR S B S YA 0 L AR A O, B T P S AR
PRI AERRTE , R I ARG 2k 20 (18) 45t T AR B9 R* AL

> -5)

R=1-"—— (18)

. -7)

i

Ky, TR — RN BILIIE , 7, Fs AR AL H B S AH, y #7s B H A BIE
x3 SHEEIHFEZEANREREY R
Tab.3 R’ of the surrogate model between parameters and motion characteristics
BE Ty 22 MEFEIZ 8l i L LT 2 WYLz sl b L My )i 2% it
R 0.9632 0.9904 0.9780 0.9905 0.9820 0.9928
H128 3 T, T 9 RAE X AE 0.90 LA L, U W 7 g s A A BSR4
24 FIEESHNER S
ik DU AT 2 HUE IE, AT LIS R S i FHE IE S B0 5 5 A 507 R (Bl 6) R 4rh4ath T
HSH 95% AR XA

%107 30 PN
- rd \\
| — T HK R
8 A
6 (20
54 gg
= 10
2
0 0
2.4 25 2.6 27 15 -1.45 1.4
& (kg) %107 HORE (m)

(a) *FHHOKE R J5 550 A (b) L E A5 30 A



%210 2 A BTN B RS e 187
0.8 N
0.6 N 0.4 7‘
0.6 I
i i 0.3
%04 sl &
i ¥ 04 P
B = =02
02 0.2 04
0 0 0
22 23 24 25 26 33 34 35 36 36 37 38 39 40 41
RERE 242 (m) WRREFEE (m) FREEEEER (m)
(c) BFE [V AR 10 5 50 o A (d) YAFE 15 2142 1Y I 35 53 A (e) MAFE G242 1 5 46 o3 A1

K6 THEIES RIS KA

Fig.6 Posterior distribution of the parameters to be modified

R4 BHWIS% BEEXIE

Tab.4 95% confidence interval for the parameters

Z K 95% {5 X [1] E 95% A X [H]
O /m [~1.4748, —1.4746] £ XAk e [34.1251, 34.1327]
FHHK R g [2.5321, 2.5327]x10’ 4% [ 4% /m [38.3825, 38.3949]
R 01 2 A2 /m [23.9705, 23.9780]

FTZE R R, SR04 5 30 0 A o IE S A, e - 5 HE KR R 38 0 A3 19 7 22 ok, X R BRI
MR 2B 5 22 I\ 18 3 5 22 MR i Bl U5 200 i FUACRIURR . DRIt S RBARE A A — e iR 22
i, 3R = ANEAEAG I Y bR pR B [RRREAFAE T, 3 B R A S E MR

K Ja B MR e R A S RUE AR A K S Jy 22 05 HRL, SO BB IR Ja B I . o 1T BARBE 7 B
SRS EE R Z B A DX, 3 Z I AR 1R 22

E =

o, SARERIK BN g2 05 EAT 2 4 i SRR , M AQSR SN AT 2 B BRIl o 87 25 i 1B TR 07 E
W 87 55 ST 0 W 7 AR P 1 22 X

x 100% (19)

40
I % IE R
4 1E A
30 - =
20 - B
S
4 10+ 8
oK
-10 - b
L | | |
TR TT %2 I TT % W5 J5 % MHIEBSUE S PR BIUEE L 3 RS % 2

K7 B IERTE BiRZEXT L IE
Fig.7 Error comparison before and after correction
AT LU B TR S AR 5 RE A% A5 b 3 30 D AR R 4 P SRR AR AU AIE | 76 55 S AR AE A XS L E
RIEEBYINT 1% Horp ARG IE 5 T 57128 2 o o FE A TR 22728, 33Xl BB A QRIS R ) 152 25 i A o



188 B 2% F28EH 2

3 BIERT&FEIZITIEFRITEM

TV B TRV I, 22 VP Ak BT R A M PR BE i 2 — o =A™, 3 12
A s AR — 18 WUy 8 A DI A 5 TR 280 Ay 285
B+ 13 A — 8 VR AT 265 JHOR IR 18 IXUAT 28 L A 2 5
G+ T4 — T8 i 2055 HOAH ST P VR A 280 XA 28
v, T VLA T SR PR T B S BN 3R 5 R
R5 miERABE=ZMINEERETHSH
Tab.5 Three kinds of extreme sea environmental load parameters in
Liuhua area of the South China Sea

ER A B C E A B C
BB /m 132 132 10.1 40 m )2/ (m-s™) 1.94 1.83 2.27
e JE /s 14.7 14.7 13.3 80 m JZ P/ (m-s™) 1.62 1.54 1.9
30 min I X/ (m-s™) 45 45 30 125 m)Z i/ (m-s™) 0.3 0.3 0.3
Om/)ZiHE/ (m-s™") 2.26 2.12 2.64 305 m)Z i/ (m-s™) 0.3 0.3 0.3

FIH 3R =R gk 204 UG IE 5 K 30 1 2B - A 1032 S RE AT B ET b EAS o T =
*&fﬁ%ﬁﬁﬁj 55 ) AR 0°,45°,90° ,135° ,180° 4514 T 2P0 - &5 iz s 7 o K 113845 2 1) = Fp 2R
RS TG 78 A B EE S shiw R ) e AR R e/ IMBE A T 5e i, BRI Ge i HE W&l 8 FT i .

. . % % . K K Zn &
v KK I DO : . oz oz
® I OB ¢ BB " # ® oz BB
2 ¥ OB L 5 5 B OB S 5 s B OE 5 5 g B OE o g
o wn o 3] @0 o n o [3e] @0 o wn o 3] @0 o n o 32 @0
(=] < L -~ (=] < @D - - (=] (] L -~ (=] < o -~ —

AR AB . 30.38

BHfE Bf %

CHifE CHi%
AR AW
BIE 2 B4
CH\E o G
A AT
Biii i B %

CHifi Cifi %

(a) ZFPici o0 T PR S A il AR (E (b) =R BT N i3 A i B
8 =R ol T AV GRS B A
Fig.8 Extreme values of 6-DOF response of the platform under three design sea conditions
A TEBCT I 2O B iz S A R, PR, 25 T 2RI DT P55 A R B A
KA, W 6 BT o
F6 =X BATANEHENTEKE
Tab.6 Maximum values of 6—-DOF response under three design sea conditions
gL BEgE/C0)  PIE(C)  fiEdECe) 35 /m 35 /m 3% /m

AR 9.73 5.38 2.23 30.38 32.53 5.46
B2 9.55 5.55 2.31 29.97 31.98 5.98
[0S 7.81 3.66 1.89 25.40 28.01 4.25
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107 28, B ISR DU A 1 AF — 38 Pl IR A 2315 AR S IBC A AU Ay 28 R I 1 280, It UE T R 9 R 2 5
B Z PR B, 535 N R 5 B S52 XA 2 T
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[6] Rz 31y, A T LAFE H B 08 PR far P AR Y- 65 B i e AN LA o (EDRARE S AN [ 4 5
Ti] B4 i 284 FH R B89 5 23 M ] R 32 9 3P 3 HIRAE 45 105 (11 BB A B 7 1) — S50 r 2 RE ) T
5

B R 0 7 S AR PR RN iz SR DA — 5 I 2EK, — Ay BK 1z 2l 1% il 78
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