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ABSTRACT: The ship plating is generally subjected to combined in-plane load and lateral pressure loads. In-plane loads include axial
load and edge shear, which are mainly induced by overall hull girder bending and torsion of the vessel. Lateral pressure is due to water
pressure and cargo. These load components are not always applied simultaneously, but more than one can normally exist and interact.
Hence, for more rational and safe design of ship structures, it is of crucial importance to better understand the interaction relationship of
the buckling and ultimate strength for ship plating under combined loads. Actual ship plates are subjected to relatively small water
pressure except for the impact load due to slamming and panting etc. The present paper describes an accurate and fast procedure for
analyzing the elastic-plastic large deflection behavior up to the ultimate limit state of ship plates under combined loads. In this paper, the
ultimate strength characteristics of plates under axial compressive loads and lateral pressure loads are investigated through ANSYS
elastic-plastic large deflection finite element analysis with varying lateral pressure load level.

KEY WORDS : Ultimate Limited Stated Design, Lateral Pressure, Buckling, Ultimate Strength, Finite Element Method
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Fig.1 Typical pattern of welding—induced initial deflection in
ship plating
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Fig2 A simply supported plate with non-symmetric initial

deflection under uniaxial compression and lateral pressure load

Fig2olXe stz AAZA € FEA 29& vyehiz 9}
th el AlRE AF9] BAXE AHb mAHZoln @ Z
(b)=1000 mm, & FA1)=10 mm, BAAFE)= 268 GPs, ¥
bl V)=03, 35253528 MPa, W,,,=0.1x8%xt & A&
81 tHSmith’s average level).

3. A ¢ nF

Fig3dMe F8&248Md] A 2§ (AeF+A583)
o] g3l Aol disiM &2 38 PRePoz A
e, 852 A8d ¥8FS Uiz glen, AgdT A
g9t HuE Yehan gloh HlZ A Yamamoto et al,
1970¢] AgA 7o} ALPS/ULSAPS FEM Z3 a8lw 2 d¢
oA AMg-g ANSYSZA#Aolth  Yamamotoo] Aol 3
359 A7|7F el wet AFAE dst Badyes o
Ehtit 9lom ALPS/ULSAPY A4t Axx|e dslFo] Z7+8
o net 4FHFZ=E FHHoZ gasty o B A7y
a2 AR T etz 28 A7)d met g3
FTAEES AaFez v HriHe 3FE Jehn e
ALPS/ULSAPY AAA1¢}t A Z3E Hola Qi)

FigdolXe #53u7t 1.0 AR A dais 223
ZREE A&sn gl HdzriAFe] 00lmme A 27
A BelolMe] zgstFel dF g2Aduwy A% A9s
el glet

0.5 Y T T T T
[ ] - Experiment{Yamamoto et al. 1970)
0 45'_\ ————— ALPS/ULSAP _
N - | ] FEA(ANSYS)
4 .
[ ] AN
> ~
]
o 4 - ~ N -
- . ~ ~ .
~ [ |
b ° o % N <
™~ 035} AN .
g LN
~
o} N
» ~
03} bt . ]
~N
~
~
~
» ~
0.25 . axbxt=1200x400x4.76mm ~o 4
E=213.64GPa, g,=372.4MPa, v=0.3 N
w_, =0.1x #*xt, f=bit o,/ E =3.508
opt Y
0.2 1 ] 1 1 1
[} 0.05 0.1 0.15 0.2 0.25 0.3
p (MPa)

Fig3 Comparison of the FEA(ANSYS) and ALPS/ULSAP
method with the Yamamoto collapse test results for plating
under combined longitudinal axial compression and lateral
pressure loads
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Fig4 Comparison of compressive stress-strain curves with
small initial deflection for aspect ratio 1.0
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Fig5 Comparison of deflection shape on the lateral pressure
load with small initial deflection for aspect ratio 1.0
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Fig6 Comparison of compressive stress-strain curves for
with eigen buckling mode for aspect ratio 1.0
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Fig.8 Comparison of compressive stress-strain curves with
hungry-horse mode for aspect ratio 1.0
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Fig9 Comparison of compressive stress-strain curves with
hungry-horse mode for aspect ratio 1.4
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