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Improved spectral fatigue analysis method for retrofit of jacket platforms in East China Sea
FENG Qin, ZHAO Yong
(Sinopec Shanghai Offshore Oil & Gas Company, Shanghai 200125, China)

Abstract: The research on utilizing offshore jacket platforms in the East China Sea as offshore CO, sequestration and injection platforms is a
critical component for the implementation of the East China Sea CCS project. Therefore, it is particularly important to perform accurate fatigue
analysis and calculation for the existing jacket platforms. The spectral fatigue analysis method, based on the assumption of linearity of both
structural system and wave loading mechanism, can effectively capture the randomness of environmental wave conditions when calculating
wave loads and the subsequent structural responses on offshore jacket structures. This method is commonly utilized for the design of offshore
jacket platforms and is also suitable for the reassessment of existing jacket structures. Although this method is highly suitable to be applied in
offshore platform design and fatigue analysis for deepwater scenarios where nonlinearities between wave height and wave force are not very
severe, it has still been widely utilized for the design and assessment of shallow water jacket platforms without carefully considering the
possible calculation errors due to strong nonlinear factors between wave heights and wave forces. These errors primarily result from difficulties
in choosing appropriate wave heights for a series of wave periods required for producing transfer functions between random wave spectra and
structural stress response spectra, due to the significant nonlinearity between wave heights and wave forces mentioned above. This study
focused on the potential calculation errors in the spectral fatigue analysis method for shallow water platforms. It presented optimized
calculation results from research aimed at reducing the errors in the spectral fatigue analysis method and proposed a new technical approach.
This approach could produce more accurate transfer functions between sea state spectra and structural stress response spectra by using the joint

probability density function of wave height and period, thereby reducing errors in the spectral fatigue analysis of shallow water platforms and
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enabling rational utilization of individual local sea state data. Therefore, fatigue damage and service life at the tubular joints of offshore jacket

structures could be calculated more accurately. The improved spectral fatigue analysis was applied to the design assessment of jacket platforms

in the East China Sea. The results of the fatigue analysis were compared and discussed with those obtained by conventional spectral fatigue

analysis methods. In addition, the wave probability density function used for computing fatigue damage in the existing design software was only

effective for the narrow—band spectra, and it caused additional errors for the broad—band spectra. This study also discussed improvements in

the calculation of fatigue damage for the broad—band spectra. This improved spectral fatigue analysis method can be applied to the structural

fatigue life analysis and calculation of the offshore CO, injection retrofitted jacket platforms.

Keywords: jacket; spectral analysis; fatigue damage; wave load; probability density
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Fig. 1 Schematic diagram of procedure for spectral fatigue analysis
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Fig. 2 Schematic diagram of linear and actual relationship

between wave force and wave height
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Table 1 Sea state data of East China Sea

R, T SRS IO (4 RE 25/ %

m <ls >1~2s >2~3s >3~4s >4~5s >5~6s >6~Ts >T~8s >8~9s >9~10s >10~11s >11~12s >12~13s >13~14s >14~15s >I55s

0~0.5 0.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1
>0.5~1.0 0 0 0 0 0 0.1 1.4 0.9 0.6 0.2 0.2 0.1 0.1 0.1 0 0
>1.0~1.5 0 0 0 0 0.1 0.9 43 1.1 0.4 0.1 0 0 0 0 0 0
>1.5~2.0 0 0 0 0 0.1 1.1 4.8 0.7 0.1 0 0 0 0 0 0 0
>2.0~25 0 0 0 0 0 0.4 3.0 0.4 0.1 0 0 0 0 0 0 0
>2.5~3.0 0 0 0 0 0 0.2 2.6 0.3 0.1 0 0 0 0 0 0 0
>3.0~3.5 0 0 0 0 0 0.1 1.4 0.3 0 0 0 0 0 0 0 0
>3.5~4.0 0 0 0 0 0 0 0.7 0.2 0 0 0 0 0 0 0 0
>4.0~45 0 0 0 0 0 0 0.2 0.2 0 0 0 0 0 0 0 0
>4.5~50 0 0 0 0 0 0 0.1 0.1 0 0 0 0 0 0 0 0
>5.0~55 0 0 0 0 0 0 0.1 0.1 0 0 0 0 0 0 0 0
>55~6.0 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0
>6.0~6.5 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0
>6.5~7.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>7.0~75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>7.5~8.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

>8.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 2 Annual distribution of northward waves

— R0 B

m 0.5s 1.5s 25s 35s 45s 55s 6.5s 7.5s 8.5s 95s 10.5s 11.5s 125s 13.5s 145s 1555
0.25 378 691 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 036
0.75 0 0 0 0 0 5738 67970 37 869 22276 6644 6011 2744 2525 2338 0 0
1.25 0 0 0 0 7013 51640 208766 46285 14 851 3322 0 0 0 0 0 0
1.75 0 0 0 0 7012 63115 233041 29 454 3713 0 0 0 0 0 0 0
2.25 0 0 0 0 0 22951 145 651 16 831 3713 0 0 0 0 0 0 0
2.75 0 0 0 0 0 11476 126230 12 623 3713 0 0 0 0 0 0 0
3.25 0 0 0 0 0 5738 67 970 12 623 0 0 0 0 0 0 0 0
3.75 0 0 0 0 0 0 33985 8415 0 0 0 0 0 0 0 0
4.25 0 0 0 0 0 0 9710 8415 0 0 0 0 0 0 0 0
4.75 0 0 0 0 0 0 4 855 4208 0 0 0 0 0 0 0 0
5.25 0 0 0 0 0 0 4 855 4208 0 0 0 0 0 0 0 0
5.75 0 0 0 0 0 0 0 4208 0 0 0 0 0 0 0 0
6.25 0 0 0 0 0 0 0 4208 0 0 0 0 0 0 0 0
6.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7.25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8.25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 3 Fatigue life results at specific locations of platform

4k 7 R I bE iEs e EbEg e EhAs ElhaEs ELES ek

1/20 0.10% 0.20% 0.30% 0.50% 1.00% 1/15
14-0102 3386.4 13 875.2 17 760.3 20 645.2 25031.8 33 687.1 13584
102 0102-0103 119.5 1008.5 1269.6 1471.1 1778.7 2 388.9 52.2
0094-0102 103.7 909.0 11442 13252 1602.3 2 150.6 45.6
0105-0101 153.1 1053.9 1338.2 1569.8 1905.5 26232 66.4
101 0096-0101 134.7 997.0 1264.6 1483.0 1799.3 2 474.5 58.5
0096-0101 968.5 18552 2 381.7 2797.6 3431.3 4744.5 360.6
0094-0096 175.4 3235 413.1 484.3 592.6 817.1 70.3
94 0094-0102 985.0 2 405.1 3019.8 3483.6 4158.9 5426.4 371.7
14-0094 178.1 417.6 522.1 601.4 717.8 937.2 722
17-0101 1124.9 1.807.0 2345.9 2776.6 34025 4731.6 454.8
7 1004-17 1108.8 18215 2364.4 2799.0 34293 4769.0 448.5
1004-17 5007.1 13776.1 17 008.5 19 353.6 22309.3 28 322.0 2163.3
17-21 616.1 5504.3 6 486.2 7220.3 8120.7 9667.5 250.9
14-0102 825.7 1205.6 1560.6 1.824.1 22215 3035.7 337.9
14 1001-14 810.6 1208.8 1564.7 1828.9 22273 3043.0 331.9
1001-14 4 680.0 113334 13 684.3 15545.6 17 969.3 22 690.2 2020.0
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fundamental wave height
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Fig. 8 Fatigue lives at specific joint of typical shallow water

jacket platform

5 (A% 55 oA B R T 5

FRURRPE R 5T Y 45 L s, T g 0 3 R A g 5 e
25 G B SF B A . AR ALY A
{H, AnT&l 8 o , ML A KO 65 (98 55 0B e (78
HArH0.50% HIfE . X FRK SAEAT- G BA2 1.5
114 B K 11 T, S 5 440 X Y 2817 SR FH UL o i 3 43
Bro B, T L2200 S 2500 3
Vi b T E B S R 55 A A Rk 4
FirRs o BRI SRS 97 4 Mk A L, an il
FH 1710 1 1720 19 38 TR 6 B2 SR B 5 119 S A D Bl , 38 8 25
B R AR 5T A

x4 TEFEMENES

Table 4 Fatigue at specific locations of platform
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Fig. 9 Typical stress response spectrum
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