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Ultimate bearing capacity analysis of jacket platforms
based on vibration response

LU Tao, XU Changhang, CHEN Guoming, ZHAO Kang, LIU Hongbing

( Centre for Offshore Engineering and Safety Technology, China University of Petroleum, Qingdao 266580, China)

Abstract ; In order to assess the safety of the jacket platform which has served for many years, ultimate bearing capacity anal-
ysis method based on vibration monitoring was proposed. Vibration monitoring was carried out at CEP jacket platform of a gas
field in the East China Sea, and the acceleration responses of top side module were collected under different sea conditions.
The characteristic function of platform vibration response was extracted using random decrement technique. Furthermore,
time series analysis and complex exponential method were used to identify the dynamic parameters for the characteristic func-
tion. The frequency databases of different damage modes were established by finite element analysis of the platform under va-
rious damaged conditions. Health conditions of platform structure were recognized by comparing identification results of modal
parameter with frequency database. Nonlinear dynamics analysis was conducted by time domain analysis method, and dynam-
ic ultimate bearing capacity analysis method was established. Field application results show that the updating model based on
vibration monitoring can reflect real health status of platform structure, and the structural resistance can be assessed accurate-
ly by conducting the ultimate bearing capacity analysis of model updating method, which leads to time-varying structural re-
sistance of platform.
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Fig.4 Relation between vibration data and time with random decrement treatment

2.2 EWESHEIA5

BF P o3 BTk A AR 6 502 R B P Fh 25 4
N ZHER RN I, Hrr i oAk 2R
AR A [FEH MA #30°F 5 ARMA B [ 35573
SRR A T BE AR 2 17 B0 iR 47 A 3 A
A RN )12 280, BAREUE N E el 45t
(1) 8 H A1 sy 1o a8 Fk i) 17 R 454 7 ok 2 46 B8 ek L
FIE S, SR 5 R 2tk 7 i e Horh i 8 122 %
.

A4 308 Ao I MLk £ 32 1 I R o 5543 0 R
ARMA ¥ 5818 805 T RIS S U, 45 3 an &l
5 0, HIES ALHL A8 E0E R ARMA T8RS
S LA i 2R PR FRAE R B A R P55

FETE 5 UL BRAS B ()RR AE sR BT - B 4544
A AR, FEN H ARMA 35 U E 8 B0k, i
TR AE S WA A FECE AR S AR A B v, A s 3
T MR PR RS, L B SRS B B BGA BE 2 | k #Ah 7=
A MRS AR B R RS . H T 2 RS Y AL
BRS80S SCR FH — R %y 3 FH A AR
B T2 T TR ST BB 25 X AN [R] B v A 78 4 g Je
578 1) R BT B RS G] , AEB BRI B
OB AR T A 3 S A5 A (1) 51 5 il 28 5 50
i 2 R & R, ALl st H BLR B 2 1) e /Y
BESBARIN RGBSR 5 — 5 i, b vl LA
T I AT AR 2 ) 45 BB A BHE R TR R AR A
A EFLE LR T 20% 805 /N T 1% B fE ] N



158 P E L HKFFR(ARFFR) 2016 %6 A
SRR RS
014 — BB RAFER K 0- 1 —— BEBLBRARE R X
_ — ARVABLA
012 LS ~ 012
;, 0.10 E 0.10
~ ~
ol o 0.08
B 0.08 B 0.
% E
8] 0.06 ] 0.06
0-04) 3306 09 L2 L5 L8 21 0-040 03 0.6 09 L2z L5 L8 2.1
fit ) ¢/s A ¢/s
(a) HRBOE (b) ARMA:
Bl 5 BWMAETHIA

Fig.5 Fitting curves analysis using two methods

T AR E (T FTRE T O R VA R FR U 03
AT , e A 4 A0 50X 10 A9 BiT T B 11 A 4
UL 1 PR,

F1 BEIHAER
Table 1 Modal identification results
B AN R 545 B 61 A% £/ Hz
BEC 0 m2 w3 ke

T
f./Hz

BIHE
fy/Hz

1 0.3294 0.3105 0.3191 0.3273 0.3216
2 0.3632 0.3507 0.3595 0.3692 0.3607

3 ETEEHRERSHENFEEEHE

BRAREHE

XTIt 7 b ) A AT & AR s Py s
WomE s . mT LME B AT BRI RASAS [ R
TV SR A A AR A AR, DA T A ST [ A AR
SRR 2 R LU BT R i) A A AT S - 5 fi R
IR BIPEA
3.1 EBEMEINEHRBRGRERES

M T AFTESS F S Tk MBI B o 24k | 9% 95
G, AT B BT 3 23 A R [R5 |
V- B AW B AR PR 22 4L, Lemaitre £ 4 452500
AR XL R0 T Ol A T T AL A B, B4
HEA$ I [R e TCA 1 A8 4 A A RO T4 R 7 AR 1Y
IO AR ST SEBR AR AR B T 44 SR T P AR
AN o X T — 4L sk b4 L 0 43 1Ak B AE BEfL ek A
T, KRN

E=(1-D)E. (1)
K E L E 433 a5 AR A SRR B N/m’
D JHit

BT 64 BRI Hrisi A v e A3 B0 T 79
Psaoe 15 30 4o W B S AL, o SCER TG 5 Y W
JEREW AR D, D=1 WA, 24 D=0 )

0.3439
0.3916

R 100% 151405, SEREFEARWI BERE [ K] 3R

(K] = 2 [A]] D,[K],[A], = zlp_,.m;‘.
Hoh B

[K1¢=[A]][K],[A],
A, (K], SR IT j IRIBERR I s m Ry BoE A
Ko [ A, BT j A% B bk W B I o o7 4
(K] 2% Re Tt j 3 B B R B

BT RIS RS & AN A U I T
fkj“ﬂﬂg

0A, {GDIC%T[KJ;;{%%

99D, o, [ M]le,| )
R, (o, | B b IS B 1 B [ M) R Ik
I A

T2 R 03 s 5 1 0% A o R

(2)

H
‘o= i _ &y
v 8D]. Sﬁsz ‘

Ko, WE kB A A Ha,
3.2 ETFHEHEENTERSEXH

-5 SR A AR (R Dl AR A ) R
| A5 A B AR I 1) R AT 3 BT 5 1 A 1) AR B
TR AR T JR S A5 (00 AR | b e ) D)
SRt by Jy IS IR AR AT DT e 2 B R AER 1) ) 4 3
B A BRoCTH R S AR BRSO &
B A5 R AR A B 12 | 7 TR FH i ] LUK 3 T
PRSI S AL ST 0 B0 T 2 S5 5 ) &
ST A P A A 5

AR & 3 E 4R, @57 CEP - & ANSYS A
FROCHIRL, 73 Hr 5 - 500 3 Br R B an &l 6 FiR
H & 6 v, AT =B IR AL B AR R AR
DYSEEN

(4)



%40 5 %3 A4

F R TR 60 FE R S IR 5 AT - 159 -

(b) PR E
6 FAE=HESTRE

Fig.6 The first three order modal vibration

(a) — B (0) =ZHrie B

mode of platform

T BIRF 6 LR EIIRE, 456 E N AR A
- AR GE R S WE I 53 BT B A RCAR ,  FHLS B K
AT AR B DU AE AN [l 83 405 1050 T 1A & 4544 36 124 4%
By,

(1) PREEHUE (T BRI ) 235 | 4548 [ A7 4
AR B ARE R B 5 i T A5 R W RS R A s 1
1773 5 72 A 25 A AR EL T Z2 8 AR

(2)ZH BRI izor 6 76 B
[EAE A oA & A= AR Ak, PR i 4SS s A 200 2% e o
T A5 e A e i B AT R AR A R 2R

(3) RAG 45 P 45 40 1 W 235 ¥4 W B R AR i, A
WA s R AR AR T 2 R R AR Ak 1) 4 43 A5 AR AT
3 Ao U /N B R SR s BT

LR A e £ TR Hh R RE e AR A 4 AR R A
it 33X B3 00 7% Y- 5 AR M B vl 1 AR 2 B o
HUAE SCHERTAER IS G I B2 S 0 55 22 A
T, FFREAFE BT B BB b, Hirp
S5 AR T 3 R U T 00 A AL B A sl i Ry
1% 5 10% (B 1% ) . V6 L H 285 i el As
D)3 o R %% [ B2 B M1, M2 M3 MSF %) % Ji 52
I, BRI AR A5 B T R 1Y 20% ~ 50% , AR
FFAE B2 3 Ay =6 7 2k A R 0 A 2 1 dfe 2 | JHG v =
iR 2 2% e EMEBE A1 EAY—BE It ( K2 0.5 m)
B 5 ST I ey T ) 3 B R AL
T ROW THI (1) ARHE W BE 80 30% , e i3 15 5
525 a5 T OUARE R BY-F- 5 — B B R R — A4
WA HAr A AE BL AN 7 B

L 7 RTN, S 5 B AR B2 S il i), A D\ 0
AR R LM OC R | Bl BN BE i s, —
B | P\ 1 000 23 320 W/ 5 B 0 1 23 A e X
AR R AR 11 Jrg 08 DI R el SRR /N (ELXT
A SR RN AHE G A BB 3K, AT AR B A F:
L3R 04) A LA S {1 BB~ 2 00 A0 i R 2 S5 B X i

NI O ALY 5 S N s A AT e AR 53 N
AT 6 R A N5 73 B R 5 - 5 AR
[t RO I, AR A A 1 AL B R R
{ELIE R 1 IR B SR AR B 0 e

0.40 R
0.39 v v et L
® v v A
3 S v & auisn
O 0.38F 4 e “ o AR IR
W N o BeARRI BETEWR
% o, - R
w 0.37r <« AR R F R BE BE TR
i ETANY '
036 e HUERE 0k
0.32 033 0.31 0.3
BEHE £ _/Hz

E7 s#WRGIRTFEEE-YEREL S
Fig.7 Platform rolling-pitch frequency distribution

under different damage conditions

LB 7 R A R ORAS T 5 A B850 A1
1 B0 R , 5 6 AT S A 30 37 S0 B8 43 47 75 )
) EPRE A HHREBS SRS R (R 1), iR LT
B AE, G381 FE 7 W LUE 5
DU 32 [ A 4000 iR T S 80T TR R/ (29
6.5% ) , T SN [ A3 02 0 A /1N 7. 9% , Hh IG5
21 £33 i 2% AT R D PR b AR e ot o el AR
RN B I, 45 A% T B g B e 5k %
BTEMRAG A & A KA eaE , DA e HE R DY
o il aa L A A O TR A O] I J e B i T |
WSS R R %V &5 BB R A T 8 R W B 5
(FEWAREE28.3% )

4 FARTIHARRKEE NS

BT L5 3 112 B HOR BN R G RS e
AL, B IR I T8 28 & kA T 45k
WIBE TR S0 AR X S 3BT 5 KL iR
T AR I R BE (1 7K AR T 7 AR TS R I AR
V- FE N R B BEUEA AR B R R BE 140, 6T
e BIR 7 2 B 1 041 5 58 8 4 4 PPA T L3l 2o i 4 5k
R S, HoE L

R.=F /F,. (5)
L, P, oSSR I BT RS2 1 B3 P, R 6
(BT 28AT

it #55R E R R, B IO G IR R AR S
K-, £ RIS o R E U — R T 1.6,
4.1 FFEENHNFRBR ST

AL ME#S 1 20 Hr ( push—over 35 ) J2&: 2K I3



- 160 - BB K FFR(AARFFR)

117 B GBI B AT IOKR , B2 4548 A A 13
W, SR E A A BT 7 i e o0k 25 A8 A [R] B B i R 2k PR e
PEATIPAL . 3B push—over 43 BT 7 150 FH v i 25 2%,
Tf SO TR S PR B2 AT 1 Z % B K BT i BHJE
PARCAE 14530 Jr 2 N R R 6T sk 4 A
B FR A ke 1 o A Al LA I 2 Fh 3l ) 2 S R4k
PEREZ T SE BT 5 501K RS A PEA

7E ABAQUS Hr gy - 5 AR LM B30 43 B A
I AQUA BEHRF- 5 AT R KU LL B it 28 A
IR, S %%F- 5 B A — BB TS50 e
S, Hodp KRR 64.7 m/s, P IR € FH 10 B i
FESEUE, W 22,9 m, AN 13,7 s, ¥ i it iy
1.979 m/s,

D NERAey: §2/\R L E N ol TN - W TP O A = s )
HRU it fin s 78 P Bl 28wy A5 2 B 09 S A8 e b 38
XFRE T2 A 3 L 28 A 2 5000 g =2 52 BT 4 AT 114
K, HZFEahAm N H R Re s, X B
BT VE R J7 ) 0° R 8], 45 1 65 S5 40 2 B BB Pk
AR UL R s 250 4 Br gt SR aniEl 8.9 R,

BAYENIAR /m
0. 055

0. 046
0.037
0.028
0.018
0.009
0

E8 FHERBEENT
Fig.8 Plastic strain graph of platform collapsed state

0, — ETFWHBEGIE URBAIND 50— ETRHBEGHE GREHIND

2016 46 A

L2r
o LOF ——LF1.00
3 | —« LFL.50
g 08 —+LF1.70
=y 0.6 ——LF1.74
E 4  ——LFL.75
2 0.4} e —<— LF1. 80
¥ 0.2}

0
0 20 40 60 80 100
B ¢/s

9 FERRAMENGRRTE L
Fig.9 Time-varying curve of platform maximal

displacement response

MEL8 R LIE B 7E 0 fE T
SR, L ERHE S T 2 RHE kA Y
I, OAR R A 2 far 43 BC AT 5 12 ROWT . ROW2
SR ) e PR D9 TN, A 3 A AR Ak
1. 75 B, Bl P15 3 2 far B0 BRAE 7 & e KA
T i 7 ot s 1] A K, 6540 s B R R (B 3R A R
6 1 B0 A B B i A i B R B 1. 75, KT
BRI RLE 9 1. 6, 1 2 BT R B 4T i R 7
4.2 TEREBREAFHFRTHH

HREHR B WA 5 30 12 S H0R 5 5 2 THR
O30 B 5 S5 R AR FER A B v A, B AR 5 7E IR
3ok 2 v T A K R R 5, 46 R R A NI BE R
8.3% , i L4 X B S 80T (MR w130) LA
KR 10 a Jo 2544 H BRI 3 0l 1 - 15 5 A FR
TCATMTREAY | 25 8V & 25 F AR E L M L R 2540 3R
5 B e B S Ly DO RN W S IDO B e R R (Y
J7 ) 0°.45° 90° =Ff T T & sl Sl Rk ke
AT, THEASH 3 B T F RO SRR 5
FENEH ISR WK 10 B

000, — ETBIHBHIFME GRABIID

— ETRARMEE RBL0 a) — ETRHRBEEM (RR10a) — ETRARAEEE (REE10a)
120 s = 180 —— —
= ~ 160 = \
Z 100 g 150 g N
= /" = /2 = 120 .
g g 7 s ] [ wnmmnn N
E 60 /_'/ IR BB R @ 90 // ¥ E 80 b
40 # 60 E| 10 7y
[ /R SRd (FAE—) 30 RIS (E ) 7 RS (T4 —)
OO 0.l2 O.‘4 0:6 0.‘8 1.I0 O0 0.I5 1‘.5 2..0 2.I5 00 0.2 0.4 0.6 0.8 1.0
BARBIRES/n AR WIS/ AR WIRES/m
(o) RHEBRAFE FH I71110° (b) SRBEBA 1 J7 145° (c) FRBLBA A P J7 1190°

B 10 FERRHA R T & 3h 4R PR AR S RE /1 Bl 2%

Fig. 10 Dynamic ultimate bearing capacity curves of platforms serving in different period

F L 10 AT A7 AR F L T
SRR 55 TR WD BCR 0 1 (2% 10

a) i)V 5 BROR B BE 1 2 (L LA SR A AR ], {5 76 2
15 90°ME I P 5 BIMIPE SRR . A 0V IR et



%40 5 %3 A4

F R TR 60 FE R S IR 5 AT - 161 -

WAL 10 a J5r9-F- S BRARZ 17305128 104. 8
F1101. 6 MN, Fifi &5 AR A A (R 38 i F 524 3. 05% 5 2%
fuf 4548 T IRABERII R IR 7% +4F 5 A9 & A% B &
ZRBES143 9k 163. 9 F1161. 3 MN, Fifi &5 IR A5 101 1y 14
IRFET 1.59% ; 2k far 90° 1E F T AR 5007 191 A iR 1%
TR B AR PR A 2 BE 7143 1 R 157.7 i1 154. 2
MN, Fifi 75 HR A5 HH A 35 I R B 2. 22%

5 & i

(1) 2R FH Bt AL e 72 o W sk 215 5 2R A T4
TE PR B, 15 3 H A7 & B9 1P B [ A 35 R
0.3216.0.3607 Hz, 53l /INTF AT 95 5 11 [ 4 50
#%0.3439 0. 3916 Hz,

(2) BT 0T S A AR 2T &
AN TH0 T 08l 012 S8R AR, Fopk g%
5 i A 45 T A ) o ik S e v TE AH DG AR 4k, H
XoF 45 JRy P A RS FE A AR % e 37 W R )
LB A A AR HBRT  7E IR A S R v R AR R
JERIH A FEE A 8. 3% .,

(3) T ARG 3h T HERE A 2 H AR T Sk
FRERAT T00 T YRR B T RHE BB IR S i
1) ROW1 . ROW2 Hi R 1% Jei iy, Howe IR ik it 48 SR 4K
R 175, R R PR B B AT 1 BE T . 7RI 10 a iR
BeadfEH -6 00,45 L K 90° i 1 T A A R
BT T 3.05% 1.59% K 2.22% |

SE

[1] BLACK J L. Using vibration measurements to assess
structural integrity ; ASME 2009 28th International Con-
ference on Ocean, Offshore and Arctic Engineering
[ C]. Honolulu: Hawaii, 2009 :141-145.

(2] ZRubie, XIBR, IR, 5. JE TR 3 5 75 & {5 Bl

BRI G0 A TSR [T KRR T,
2013,33(4) :120-124.
LI Hongtao, LIU Yue, XU Changhang, et al. An experi-
mental study of damage detection/location methods in off-
shore platforms using vibration and acoustic emission data
[J]. Natural Gas Industry, 2013,33(4) :120-124.

[3] MANGAL L, IDICHANDY V G, GANAPATHY C. Struc-
tural monitoring of offshore platforms using impulse and re-
laxation response[ J]. Ocean Engineering, 2001,28(6) :
689-705.

[4] REN W X, ZONG Z H. Output-only modal parameter i-
dentification of civil engineering structures[ J]. Structural
Engineering and Mechanics, 2004,17(3/4) :429-444.

[5] BOLT H M, BILLINGTON C J, WARD J K. Results

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

from large-scale ultimate load tests on tubular jacket
frame structures; Offshore Technology Conference [ C ].
Houston; Texas,1994.
WESTLAKE H S, PUSKAR F J, OCONNOR P E| et al.
The role of ultimate strength assessments in the structural
integrity management ( SIM) of offshore structures; Off-
shore Technology Conference [ C]. Houston: Texas,
2006.
API RP 2A-WSD. Recommended practice for planning,
design and constructing fixed offshore platforms—working
stress design[ S]. America; American Petroleum Institu-
te, 2007.
DNV. Best practice guideline for use of non-linear analy-
sis methods in documentation of ultimate limit states for
jacket type offshore structures[ S]. Norway: Det Norske
Veritas, 1999.
SALAWU O S. Detection of structural damage through
changes in frequency: a review[J]. Engineering Struc-
tures, 1997,19(9) .718-723.
WAk, A0 A AR T B S50 BRI U Y
SHBA T HT 1], k35 i, 2005,24 (2) : 129-
133.
YANG Hezhen, LI Huajun, HUANG Weiping. Experi-
mental modal analysis of offshore platform under opera-
tional conditions [ J ]. Journal of Vibration and Shock,
2005,24(2) :129-133.
WiHE (bR, I ALTE. T ARMA BEEHN 3 | PR30
FEBARRHFEF G L SEORBI 1], D=
J12#,2003 ,24(4) :398-404.
OU Jinping, HE Lin, XIAO Yiqing. Parameters identi-
fication in offshore platform using ARMA model and
technology of extracting free vibration signal [ J]. Ap-
plied Mathematics and Mechanics, 2003,24 (4 ) :398-
404.
Wtk , 45, 251 Je. BRI T 45 R 25 2 H0R
HIRISCHE ITD [ 1] ik 5 o7, 2014,33 (1) : 194-
199.
YANG Youfa, LI Shuai, LI Hailong. Improved ITD
method for structural modal parameter identification un-
der ambient excitation [ J]. Journal of Vibration and
Shock, 2014,33(1) :194-199.
TR TR DRI | 45, BEAILIL & VL 7 RHAT L
REES RO TR R[], HLAK R, 2002, 24
(3):331-334.
HUANG Fanglin, HE Xuhui, CHEN Zhengqing, et al.
Application of random decrement technique to modal pa-
rameter identification of cables for a cable-stayed bridge

[J]. Journal of Mechanical Strength, 2002,24 (3) .



- 162 - T E G K F PR RHFR) 2016 46 A
331-334. (18] AT, PRI, BRET, 25, Bm IR 2 54 281
[14] LEMAITRE J. Evolution of dissipation and damage in BYCERERRITAN 1], P E AR =R (A RE

[15]

[16]

[17]

metals subject to dynamic loading [ C]. Japan: Proc
ICM-1, Kyoto, 1971.

MESSINA A, JONEST A, WILLIAMS E J. Damage de-
tection and localization using natural frequency changes .
proceedings of Conference on Identification in Engineer-
ing Systems[ C]. UK Swansea, 1996 67-76.

ROECK D G, PEETERS B, MAECK J. Dynamic moni-
toring of civil engineering structures: proceedings of
TASS-IACM 2000, Computational Methods for Shell and
Spatial Structures[ C]. Chania; Greece, 2000.
WILLIAMS E J, MESSINA A. Applications of the mul-
tiple damage location assurance criterion[ J]. Key Engi-

neering Materials, 1999,167 .256-264.

[19]

2£hR) ,2014 ,38(3) :135-141.

ZHU Benrui, CHEN Guoming, LIN Hong, et al. Anti-
collapse performance assessment of jacket offshore plat-
forms in extreme storm waves[ J|. Journal of China Uni-
versity of Petroleum ( Edition of Natural Science) , 2014,
38(3) :135-141.

G A DG, A AR T B SR i SR 4y
B BFgE[ ). 7R TR ,2010,28(4) :111-116.
JIN Shucheng, LIU Chunguang. Study on pushover a-
nalysis method for jacket platforms[ J]. The Ocean En-
gineering, 2010,28(4) :111-116.

(%% HERE)



