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Abstract

In this study, a reliability-based design optimization of a 130-m class fixed-type offshore platform, to be installed in the North Sea, was
carried out, while considering environmental, material, and manufacturing uncertainties to enhance its structural safety and economic aspects.
For the reliability analysis, and reliability-based design optimization of the structural integrity, unity check values (defined as the ratio between
working and allowable stress, for axial, bending, and shear stresses), of the members of the offshore platform were considered as constraints.
Weight of the supporting jacket structure was minimized to reduce the manufacturing cost of the offshore platform. Statistical characteristics
of uncertainties were defined based on observed and measured data references. Reliability analysis and reliability-based design optimization of
a jacket-type offshore structure were computationally burdensome due to the large number of members; therefore, we suggested a method for
variable screening, based on the importance of their output responses, to reduce the dimension of the problem. Furthermore, a deterministic
design optimization was carried out prior to the reliability-based design optimization, to improve overall computational efficiency. Finally, the
optimal design obtained was compared with the conventional rule-based offshore platform design in terms of safety and cost.

Keywords : 130m class fixed-type offshore platform, variable screening, uncertainty, reliability analysis, reliability-based design optimization
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class fixed type offshore platform



Table 1 Environmental condition considered for design
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Table 2 Statistical characteristics of environmental variables

Environmental conditions Value Name Distribution type | Mean | Standard deviation
Wave height(100-year return period) 15.00(m) Wind speed(m/s) Weibull 7.5197 4.5290
Wave period(100-year return period) 15.50(sec) Wave height(m) Weibull 3.0014 1.5451
Wind speed(100-year return period) 40.50(m/s) Wave period(sec) Lognormal 9.9360 2.2929

Current speed(at surface) 2.007(m/s) Current speed(m/s) Weibull 0.1370 0.0100
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Table 3 Statistical characteristics of material variables

Name Distribution type | Mean | Standard deviation
Elastic modulus
(KN/em?) Lognormal 21.0000 1.0500
Yield strength
(KN/em?) Lognormal 39.8880 2.2736
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Fig. 3 Groups of fixed type offshore platform
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Fig. 4 Variable screening based on output response

Table 4 Variable screening by output response

Response type Group name Response(UC)
Combined Stress B54 0.4644
Combined Stress L1 0.4312
Combined Stress B45 0.4297
Combined Stress B36 0.4256
Combined Stress L3 0.4216
Combined Stress L2 0.4197
Combined Stress B25 0.4093
Combined Stress L4 0.4022
Combined Stress E00 0.3350
Combined Stress L6 0.3312
Combined Stress B56 0.3186
Combined Stress H5 0.3110
Combined Stress H1 0.3037
Combined Stress H3 0.2987
Combined Stress L5 0.2590
Combined Stress B12 0.2521
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Table 5 Reliability analysis results at initial design

Group B12 B25 B36 B45
Reliability 100.00% 99.92% 99.32% 98.84%
Group B54 B56 E00 Hl
Reliability 93.65% 100.00% 100.00% 100.00%
Group H3 H5 L1 L2
Reliability 100.00% 100.00% 98.84% 99.63%
Group L3 L4 L5 L6
Reliability 99.62% 99.97% 100.00% 100.00%
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Table 6 DDO optimization results

Initial Optimum Ratio(%)
Weight(kN) 90,879 82,567 90.85

Table 7 Design variable history during DDO

Design B36 HS L3
0 2.54 3.05 4.83
1 2.53 3.04 4.82
2 2.50 2.97 4.77
3 2.46 2.90 4.72
4 2.43 2.89 4.68
5 2.42 2.88 4.68
6 2.41 2.85 4.66
7 2.32 2.64 4.53
8 2.11 2.21 4.25
9 2.09 2.15 422
10 2.07 2.11 4.19
11 2.01 1.95 4.08
12 2.01 1.95 4.08
95000
90000 |-
Z
=
E
=]
(]
s
85000 -
Bo000 Ly ————
Iteration

Fig. 6 DDO optimization history
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Table 8 Reliability analysis results at DDO optimum Table 9 RBDO optimization results
Group B12 B25 B36 B45 Initial Optimum Ratio(%)
Reliability | 100.00% | 60.93% 22.45% 53.53% Weight(kN) 90,879 86,988 95.72
Group B54 B56 E00 HI
Reliability | 60.39% 100.00% | 100.00% | 100.00% Table 10 Design variable history during RBDO
Group H3 H5 L1 L2 Design B54 Hl L4
Reliability | 100.00% | 100.00% | 55.17% 32.02% 1 237 231 450
Group L3 L4 L5 L6 2 2.95 231 4.62
Reliability | 25.02% 65.25% 100.00% | 100.00% 3 419 271 456
4 3.46 2.99 4.69
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Table 11 Reliability at last RBDO iteration
Group B12 B25 B36 B45
Reliability | 100.00% 99.99% 99.94% 99.95%
Group B54 B56 E00 H1
Reliability 95.81% 100.00% 100.00% 100.00%
Group H3 H5 L1 L2
Reliability | 100.00% 100.00% 99.70% 99.93%
Group L3 L4 L5 L6
Reliability 99.97% 99.83% 100.00% 100.00%
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