W
Journal of Iranian Water .)X(. @.ﬁ Research Article, P. 1-14
Engineering Research A e https://doi.org/10.22034/IJWER.2023.366333.1028

s
Wnbrrsin of diabal wwe s

Development of an efficient method for reliability
assessment of offshore platforms using improved linear
simulation method

Jafar Jafari-Asl'", Mahdi Rabiei Lakarmeh-Sari’

"Ph.D. Graduated. Department of Civil Engineering, University of Sistan and Baluchistan, Zahedan, Iran
2Ph.D. Graduated. Department of Mechanical Engineering, Gilan University, Rasht, Iran

Corresponding Author’s E-mail: jafariaslyu@gmail.com

Received: 29 Oct. 2022 1A

Accepted: 19 May 2023 L' E—--ﬂ Homepage: Jjwer.uoz.ac.nr

Abstract: This paper aims to develop a robust and efficient method for modeling the performance of
steel jacket platforms under parameter uncertainties. For this purpose, a combined approach using
Linear Simulation (LS) and the improved Grey Wolf Optimization algorithm was developed. First, the
performance of the developed model was evaluated on benchmark functions, and then, the probability
of failure of the steel jacket structure due to wave loads was calculated. The results showed that the
highest probability of platform failure occurred under wave impact with an angle of 315 degrees, a
height of 12.2 meters, and a period of 11 seconds, with a probability of 1E-5. This indicates a high level
of safety for the designed platform. The results showed that the proposed model has suitable accuracy
and can calculate the safety level of various offshore structures with acceptable precision.
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Introduction: Fixed steel platforms that are used for extracting oil and gas from deep sea depths are among the
most important offshore structures. Due to the high cost of their construction, these platforms are designed for
long-term use. Oil and gas platforms are subjected to various loads during their operational period, including
dynamic loads such as forces caused by waves, ocean currents, and wind loads; impact loads such as collisions
with vessels during loading and unloading, and the impact of heavy objects falling onto the platform deck (Gjerde
1993). The aim of this study is to develop a probabilistic model for modeling the performance of jacket-type metal
platforms, taking into account the uncertainty of influential parameters. For this purpose, the performance of a
linear simulation method was improved using a new hybrid metaheuristic algorithm and then used to estimate the
reliability level of oil and gas metal platforms.

Methodology: In this study, to determine the failure and safe states of steel jacket platforms, the limit state function
was used in the form of Eq. (3) in which f,, is the stress in the structural members caused by compressive forces;
fbx and fp, are the stresses resulting from the bending moment around the x and y axes, respectively, all

represented in Eq. (4), where P is the axial force applied to the members,M,, andM,, are the calculated bending

moments around the x and y axes, respectively; D and A reveal the diameter and cross-sectional area of the pipe
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members, respectively; and I is the moment of inertia of the members, calculated by Eq. (6), here t is the thickness
of the pipe member wall.

To solve this problem, the Line Sampling (LS) method was used. The LS method is a robust and accurate method
for evaluating the reliability of structures, which was first introduced by Koutsourelakis et al. (2004) based on a
combined approach of Monte Carlo and first-order reliability methods. Here, a combination of meta-heuristic
approach was developed to improve the performance of the LS method. Particle Swarm Optimization (PSO) was
incorporated into Grey Wolf Optimizer (GWO) to upgrade the efficiency and robustness of GWO.

Results and Discussion: First, two numerical benchmark functions were solved by the developed hybrid model
to validate the robustness of the method, Egs. (24-25) in which, X; and X, are the random numbers with normal
distribution, N (4, 0). Also, the mean and standard deviation of X; in Eq. (24) are 1 sand 0, respectively.

Table 1 presents the results of implementing the proposed method on the benchmark problems. It shows, the
classical LS method was unable to solve both examples due to the nonlinearity of the problem functions and the
use of gradient-based methods to find the direction of the unit vector, which failed to find the optimal point.
However, all three LS-GWO, LS-PSO, and LS-WGOPSO methods were able to estimate the reliability index with
reasonable accuracy compared to the MCS method. It is also observed that the LS-GWOPSO hybrid method was
able to converge with fewer limit state function calls compared to the other two methods.

After validating and evaluating the performance of the proposed model on two benchmark examples, the new
model's reliability was applied to assess the reliability level of metal jacket platforms, one of the oil platforms in
the South Pars oil field was selected as a case study. This platform has a 4-legged jacket weighing 1240 tons and
a height of 72.7 meters. The weight of the platform deck is 1050 tons, and the depth of the water at the installation
site is 66.8 meters. The statistical properties of the uncertain parameters, including the yield stress of steel, member
diameter, wall thickness, effective length factor, and member length, are presented in Table 2.

In this study, the failure mode is considered the failure of the weakest member. For this purpose, the internal forces
in the members are first generated in different directions due to wave loads. Then, based on the limit state function
presented in Eq. (24), the probability of failure of the metal jacket structure is calculated.

Table 3 shows the values of the failure probability and reliability index of the metal jacket platform for the internal
forces generated in the members due to wave loads. As shown in Table 3, the designed platform is highly safe
against uncertainties, with a reliability level of 99% in all 8 wave-impact scenarios with different angles. Among
the investigated scenarios, the highest probability of failure occurred in the wave impact with an angle of 135
degrees. This may be due to the high wave height in the direction of 135 degrees compared to other directions. It
should be noted that the limit state function was called 400 times in all of the above scenarios.

Conclusion: In the present study, a new reliability assessment method based on the Linear Simulation (LS)
approach was developed for probabilistic modeling of the performance of steel jacket platforms. The results
showed that the highest probability of platform failure occurred due to the impact of a floating object and wave
impact with an angle of 135 degrees. Overall, the safety assessment of the studied platform indicated that the
platform has a suitable level of safety.
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Table 1 The result of analysis of examples.
No MCS LS LS-PSO LS-GWO LS-GWOPSO
B #g call B #g call B #g call B #g call B #g call
3.99 1000000 11.2 100 3.56 300 3.81 300 4.01 200
2 2.13 1000000 0.01 100 221 300 2.09 300 2.14 200
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Fig. 3 The schematic of case study (Mirzavand 2013).
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Table 2 The Statistical characteristics of variables.

Variables PDF Mean COov
D Normal Variate 0.0025
t Normal Variate  0.25/+0.004
Normal Variate 0.0025
k Normal Variate 0.085
Log- 2000
£ Normal MPa 0.25
% Log- 350 0.10

Normal MPa

S eS8 oS FYleim! ) -Y-F
2 iy Joe o Shee 2l 5 (e Sl
Skl asaz Jow 5l Gide cpl )0 oS jlezy Jlie 90 (59,
S eS8 slagSs Gl mhaws b3, 6l laebl
b i elogSas YL (g3looe sl o ooliul
e adlhae cpl g eolpiy 9,50, 5l colaul
Sype Oy & 29 ol G Ol (S8 lagSe
535 LAl F oSa Ky gl g ol b ol aslllae
2l 58 adye (9 il oe YV glis)l g o3 VYF
Sloe e FPA Gl el Joe 50 Of Bos 9 5 V1O
a3 ge LA a3 ) oS S ) b T S

G5 Cealad pas s sl )bl Sleogas

£5 wiaxkad pas hls lo il (oged pateie I
a5 Col SO @ a3 00,5 o e byl Jleisl a6
LAl Jdo 4y Comhad pae e 0 et 5L elil
Sl il oo 595 e Al )0 (5,138,L bl o JlS” (040
e o S g (55970 S )bl Sliogas s
COMSOL )‘Js‘f’)—’ )Q o 0)9.4 65&» ‘s.)u.:‘ sL‘b}»a.C )O
005 (Sealus Jolow gloel 51 (2L lag iyl o
dog 4 Lo (Bolal zge ilwand Gl rizes

s oolitanl lgmily cils 51 LS Slollas

S )y e g ey Slddllae Slpiins @ L
Gyt &5 ye i ool pilo anlllas 4 e plox
SY iy bl stes S g 55970 S90 Silw e

s oolizl Jlo s



1Fe) lewal oY o Lol ¥ 090

Ol O (waie ol

o Shogas ¥ Jou

Table 4 The characteristics of wave.

Angle (°) Hight (m) Period (s)

0 9.7 10

45 8.8 9.6
90 10.8 104

135 11.6 10.8

180 10.2 10.2

225 8.8 9.5

270 10.8 104

315 12.2 11

\/
Fig. 4 The schematic of Jacket Platform in COMSOL.
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Fig. 5 The histogeram of axial force.
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Fig. 6 The histogeram of moment.
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Table 3 The Statistical characteristics of forces.

Variables PDF Mean (6{0)%
P Normal Variate 0.0025
M Log- 350 010

Normal MPa
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Table 6 The comparison of methods.

Angle (°) Py #g_call
MCS 4.9x10°° 0.99
LS 2.6 x1077 0.99
LS-GWOPSO  3.5x 10716 1.00
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Table 7 The failure probability of jacet platform under
ship impact.

Angle (°) Py Reliability level

0 7.1x107° 0.99

45 1.2x10°° 0.99

90 6.2 x 10715 0.99
135 3.9x1077 0.99
180 6.8 x 1078 0.99
225 1.3x10°¢ 0.99
270 7.9 x 10716 0.99
315 1.6 x1075 0.99
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S A Jaiol & Jga
Table S The failure probability of jacet platform.

Angle (°) Py Reliability level

0 4.9%x10°° 0.99

45 2.6 x 1077 0.99

90 3.5x 10716 1.00
135 9.9 x 10~8 0.99
180 6.8 x 1078 0.99
225 4.1x1077 0.99
270 5.2 x 10716 1.00
315 7.4 %1076 0.99
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