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Simplified calculation methods for the ultimate strength of
various damaged hull beams
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Science and Technology, Zhenjiang 212100, China)

Abstract: In order to study the influence of multiple damage modes on the ultimate bearing capacity of ship
beams, the nonlinear finite element method was used to calculate the ultimate bearing capacity of multiple
groups of stiffened plates including pitting, fracture and sag damage modes and their combinations. The
influence of multiple damage modes on the ultimate strength of the stiffened plate structure under axial
compression is obtained, the ultimate strength calculation formula of the damaged stiffened plate is regressed,
and the end shrinkage curves of the stiffener elements under the condition of depression, fracture and
corrosion damage modes and their different combinations are constructed. The step-by-step iterative approach
of the ultimate strength of the combined damaged hull beam under monotonic load is proposed, and the
calculation procedures have been prepared. The actual ship calculation shows that the proposed method is
simple to calculate, and the error between the proposed method and the ultimate bending moment calculation
result of the finite element method is within 10%, which can be applied to the evaluation of the ultimate

strength of old ships.
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step-by-step iterative approach
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Fig.1 Schematic diagram of finite element model
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EXA BRI IO I 5 28 BRAL I

® 1 MHREBRR~T S
Tab.1 Dimensional parameters of stiffened plates

e ny RS i3 ] AR S JiE Al 5 JEE JE AR 5 HE AR W WZE

H /mm /mm /mm /MPa /mm /mm /mm /mm
F-1 2500 850 7 315 150 7 / /
F-2 3500 850 16 315 300 14 / /
HP-1 2500 850 9 315 180 9 / /
HP-2 3500 850 14 315 400 16 / /
L-1 2500 850 9 315 200 6 90 11
L2 3000 850 11 315 300 8 90 13
L-3 3500 850 14 315 350 9 100 14
L4 5000 850 22 315 350 9 100 14
T-1 3000 850 9 315 310 8 100 10
T-2 4500 850 15 315 613 10 200 13
T-3 4000 850 15 315 310 8 100 10
T-4 6000 850 25 315 613 10 200 13
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Tab.2 DOYV of each model
Y F-1 F8 HP-1 HP7 ILI-1 L4 1-8 L-18 T-1 T-7 T-12 T-I8
DOV (%) 6 12 6 12 6 6 12 12 6 6 12 12
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Fig.2 Original models of Combined damage
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Fig.3 Deformation and stress cloud diagrams of combined damage models
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Tab.3 Ultimate load capacity of various damage modes

Rl B 1 TR T B 24 T B ot Wi 24— ke T B — T 2R e
F-1 4748 0.952 163 82 79 92 79
F-8 2.077 0.550 224 171 171 145 142
HP-1 3.693 0.591 183 138 100 108 94
HP-7 2374 0.288 244 143 155 113 110
L-1 3.693 0.438 200 128 130 100 95
L-4 3.022 0.349 229 112 171 117 116
L-8 2.374 0.353 239 172 185 129 129
L-18 1.511 0.568 265 212 181 179 170
T-1 3.693 0.334 196 129 160 107 105
T-7 2216 0.234 253 151 171 126 119
T-12 2216 0.506 213 167 177 136 134
T-18 1.330 0.343 290 208 179 178 165
YE (HEB/5E%) - 0.67 0.69 0.57 0.54
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Tab.4 Theoretical formula of damage stiffened plates

Hif% f(8,2,DOV)
Lji‘es £=0.84198+1.0851-0.13068% —2.11318+3.6252> + 0.285818> + 0.68 1818 — 4.752.2°
eSS f=0.35118+0.8761—0.067 958> — 0.044 63483
Ji 1 f=-1.0421-0.934 758 +7.27051 — 4.267218 + 4.25188.1> — 9.86081°> = 2.3DOV
Wi -1 £ =0.19458+1.4861—0.214218—0.021 038> —0.4291 >
11T JF — g ok f=-2.5705+1.58218+ 11.25821 - 6.803918 + 6.86582°8 — 16.16132* = 0.442 02DOV
Wt 4 e f=-2.2686+1.33818+12.1921 - 6.81581 +7.505381% — 19.0607.1* - 2.7823DOV
T 5 — i 2 e f=-0.15774-0.067 7948+ 6.01441 — 0.027 78948 — 10.123842 + 5.4903° — 1.8494DOV
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BARIEIAS UL 5. R 7 et R A, KA A 2w AR AR . HBUENE
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BALIARIR) . BN RMSE (B 27 B -5 S PRyEL 2 1] 19 22 5850/, R WIS AL 4

x5 WAAXHRBE
Tab.5 Accuracy of fitting formulas
UEHES I M1 W% JE& il MpE-lhrR Mg WrRCEh MR-

RJ7 098 095 083 0.96 0.92 0.97 0.96
RMSE 0.023 0044  0.032 0.049 0.019 0.008 0.009
T AR I I 28 A B, B 10 AR RS ks b 3RS TAXE, ARG HHRT

ISR T2 R TR IS . KR sh SR L2 6.
x 6 EFAKIEIE

Tab.6 Validation of regression formula

W i AR (H/58% ) A TME (R85 ) TRZE/%
w1 o g :
T o g :
oo T g g :
1 B 24 T-12 0.78 0.75 4

T-18 0.72 0.65 10
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Fig.4 Stress-strain curves of various damage models
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Tab.7 Type parameters of Container ship

LN B /m 58 /m T /m
LR 335 48.6 27.2
A 335 36 18.3

A

) [}
1 1

. ‘
(a) HHARA X (b) HOTH
K5 A RA RO

Fig.5 Finite element models of hull girder
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Fig.6 Schematic diagram of hull girder model program
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Tab.8 Ultimate bending moment of various damage modes

gl E LA T ABRICHE/ (x10°kN-m) HEGFLY (x10°kN-m) B ABRTH:

SEHE I 21.71 21.33 0.98

SEAE LS 18.71 18.64 0.99

M1 rh 20.62 20.18 0.98

M1 k& LRSS 16.57 16.84 1.01

- e I 20.01 20.18 1.01
W4 LRSS 15.94 16.80 1.05

Mps-Brsd ik 21.29 21.19 0.99

Mpa-Wrsd gt 19.03 18.48 0.97

Wi hak 19.49 21.19 1.09

Wil rhit 16.60 17.67 1.06

St LRE 6.28 6.18 0.98

St gt 8.31 8.07 0.97

—— MR-k 6.33 6.60 1.04
MWz it 7.64 7.93 1.04

Wi ke 534 5.36 1.01

WrZd-—Jgih rhit 7.43 7.76 1.04
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4 & it
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