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Abstract

Purpose: The goal of this research is to establish a design framework based on reliability for submarine pressure
hulls, with the aim of attaining an ideal equilibrium between structural integrity and reliability.

Methodology: Initially, a mechanical Finite Element Model (FEM) was created and verified by comparing it to
experimental data. Following that, various alternative models created through weight optimization algorithms were
formulated. Uncertainties were represented using random variables, and reliability assessments were performed for
each design.

Findings: The findings suggest that optimized models, even with reduced weights, can provide satisfactory failure
probabilities. The prioritization derived from the reliability analysis offers a clear view for choosing the final design.

Originality/Value: The uniqueness of this study stems from its combined application of finite element analysis,
uncertainty modeling, and optimization methods in reliability-based pressure hull design a strategy that is seldom
utilized in marine structural design.
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6 5 4 3 2 1T sl Jow

-

7.6 7.4949 7.564 6.1277 6.7503 6.8885 11 By Sl

480.0212 442.0512 468.2151 387.1341 352.4014 367.8391 400 caisScggis ol (o alols

80.3558  80.3558  72.8470  77.9068  77.2956  79.1633 80 ST cush ol g lis)|
41048 41048  3.6424 39261  3.8884  4.0170 1 ST cyshi ol culies
208351  20.8351 238863 221634 256136  26.8077 80 ST eusm Jb e
113925 113925 110588  10.3887 85607  8.1262 1 ST cysbs Jb cwlio
47 498 51.4 50.7 49.7 51.3 63 () JS o3

" olge claseie -¥-1-)

U'~’~‘ &.f{:"&‘ u.pb?- Y ‘Jj-‘?.' el A516 grade 70 DY}.@ 4‘_;_:}..:.).3}:.) )L:..Q 4.:.,\4 LSL&&.\:{)} 4:\...»).; g;-‘)]a \L\.P- a.\..i:«;.ejfjla.»)_s JL&JJA

W e plis 1y sY g8

.A516 grade 70 ¥y Sl olys -Y Jouz
Table 2- Mechanical properties of A516 grade 70 steel.

ol s jis fu 485[Mpa]
SVl Jsoo  E - 206[GPA]

—h

y  260[Mpa]

! Material properties



Structural design of submarine pressure hull based on uncertainty and reliability methods 84

o copalad pae =Y =\-Y

o5 p5 (P e bolge (ol 53 Coalad pde s o el S A (S 0L 5 Slpe (ol 3 Coalid el gl e )
Esfudylcssaas o sy, s g 5o oolinal 5550 5V SVl Jode -Y 5 Lle Pzl =Y s oSzl =) 1355 o0
A3 (b sla e plgisa sl m 58 e 48 S 0000l 5) cpl Ol 5 Sl SsS L Lz slayl 3 Comlal s i g e 0315 LS
WM sbay b o o5 (6,503 (3L e Lo e 0y (535 o dbdlasl LS 53 Coalad e (Talgs 3 g o 4B S
Jader 55 olas slaseie ol ezl w35 s oo e3ltan] s Sy liralol Sl Loy 525 55 WL 53 0l S5 Bslial s s

sl ol 4 S 5 55 gl 53 5y HLES Lo Sa S 5 (59 5 U e S el (50 S5 51 ¥

@OLA’J' L;Lh):a:.c Jl.o.‘b-‘ &9 -y Jgd?-
Table 3- Probability distribution of random variables.

R EPE A TV I T

osdws jzs Lognormal  260[Mpa] 7
sl sis Lognormal  485[Mpa] 4
atcagzYl Joow  Lognormal - 206[GPA] 4
Hled normal 7 10

FEM -y-v

3 FaetlS oS a4y wdige S5l 5 o Fodla Lt 3 (SO pugSUT 153l o5 ol 0 o3lizul ABQUS o5 15310 5 5 FEM (gl
e Sl 5 STllad (Sl Jaul 2 S slge s o o shtea Ysems Ol 5 nl (Sl FEM Jodoss (slajlial (2 50353
st Ol Sl (65l Lo 1 ¢ 2l s Slaoilu cliadlgn Lo alis 55 5 i g5 SLa)lS 53 Ysene ADAQUS 15,8 o ) 3 eslital
o el e pa 53 esly bl S Js ealy 4 by o Slislons (6l Ll oo Jobo 0l 23515 2,018 (ol 5 ST 85 co)lan) Ol 0 5

) o esliinl G sSUT J5LeS S o 5 550 08 A5 Hs8lS ) o (6l doke 0l 3 [21] A8 0 5 Olslos

RUW PRT-PESPIR i O PR WES S TS PR P

|.
RUMN ABAQUS

Status

wosS U o JaleS Jalots (gl oaiayly (glo el - JS
Figure 3- Parameters entered for buckling analysis in Abaqus.

! Uncertainties



85 Sheikh Hafeshjani et al. | J. Qual. Eng. Manag. 14(1) (2024) 79-90

S400 1 Bandrw 1 10 1) Ben oot e 2000

350y oo L C3D20R Lol by i Joo JLi asiny (s 35m0 (190 s joulS -F S
Figure 4- Von Mises stress contour for a pressure body modeled with a C3D20R
element with a finer mesh.
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Figure 8- Transition probability curves for displacement due to buckling of the models.
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Table 4- Ranking of models.

Rank Model Meanof A CovofA Failure probability

1 1 0.37 0.233 0.0002
2 3 0.44 0.227 0.0022
3 2 0.46 0.273 0.0076
4 5 0.53 0.239 0.0182
5 b 0.51 0.258 0.0237
6 4 0.64 0.387 0.1222
7 6 0.79 0.200 0.4735
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