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A Study on the Ultimate Strength of Ship Plate Elements by
Elastoplastic Large Deformation Analysis

Ahn Jeoung-hee

Abstract

The plate under consideration is the main member of ships and offshore
platform. Recently, some efforts are attempted to consider ultimate/collapse
strength as the structural design basis. In this study, numerical solutions of
pre—buckling, buckling, post-buckling, ultimate strength and post-ultimate
strength behavior of simply supported square and rectangular plates subjected to
uniaxial and biaxial compressions are performed by the elasto—plastic large
deformation finite eclement analysis. Parametric studies with varying the aspect
ratio, the slenderness ratio, the loading ratio and residual stress are carried out.
The present solutions may be used as the basic data for the verification of the
analytical and experimental results.

A plate element 1s developed for the exact ultimate/collapse analysis
considering the following things: Exact transversal warping term is included In
the displacement ficlds for better representation of the effect of shear
deformation, fully nonlinear theory 1s derived with consideration of the general
nonlinear cquilibrium equations for plates, and an efficient plasticity model is

also implemented, suitable for material nonlinear behavior.
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1. A &

A% R AY FRE S NEAo = B(plate) T A(shelDF-A 2 TAFo] 9lon]
AABSET § & 9size pzEL 32 (buckling) « A4 % 2)(plastic collapse)s}Al 3
7Fegol it t&e W 2o F2Zo] 4w FAY FAL A ET wEo] rx
e FAE o gL 322 2gs go AAHe2E S99 HRul7) dojuA HY.
Astgol HS F71eAl Hw F2o) wgH A IHHoR B Hu, ga By
T 402 A2 2 ¥nsA . ojge g9 IS B 2L 788 He wn
O AEHQA GE I Hee ooy g oItk olsie HFAA 7} RAe) geo 7
Z2F AA B49E AAA Ens 299 Aotk = AA) A}, s}, 125}
U H2F FEE AAd B Ao HHEA S G wetd e Tz
g A3 J1E 7 249 gyIZYE S TAR AANEe 2dEn, 32 v 3y
24EAZEE 71Fe2 Falojol & AMo|gH1], Az, 29 YAHo 7 FuigE 275
3 (initial imperfection)o]t} 2532 (residual stress)s& 713 #e A9 2 HERTE )
3eHAQ) YE B ol Aue MUY AR AHG FALAELS e 12 g
259 AFY3dM AR, Zgu w A7 4F5d sl A=A - 3, A=TAE,
HAFZE 2 AZP=F AS LS A3 B} e FRES AAGANN Zae A
AANEE ANE Roltt, olgigre B9 AMolE 718189 ud B opal zae
HIAE A%S 2 ugd & 9= R L Ado] Fasith oA wdE PAz
(fully nonlinear formulation)= Qul# el BAste o] RAIHE na masre 3}
T Rders iy Afd dald PP Aok °l A7 EHL @B o} M7zEo)
HE BEx 24895L BY s A T e @44 9IS uad Bas
(plate elements)S f@Late] 12 &= 220 AFHL DE 48 SGEAAE AA Bate
A, T3 2 AHee gygse LAY HFFAENNE £y A H24- %,
AW, I34E B 2P ASS A3 etsia dARAN Fag M
AL AAsA FHo),

2. 849 F43}(Formulation of plate element)

Fig. 213 2& $A7 holn x -1, 8 Sgdos s Be] A% gea 2o

ue(x) = u,(x;, x3) — X3 Ea(xl’xZ)—x¢(x3) Ba(x1, %), (e=1,2) @1)

uy (x) = ;a (2, x3)

A7V w4, (%), x3), @a (21, 2,) S+ B+ (x1,%,) € Fig. 213} 22 7883 onjg 2t
2T o(r)E ABFEEZA e 2 33 ggyo g ey 4 A,
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o(xy) = P x;f - 13—0,'\'3 (2.
o] WG QDA B, (x, 1) AL 71£9 Mindlin ol&d] w5 2H L
(degree of freedom)e] =9} 4o} A},
1ole] Az A-E th5dh: 888 (kinematically admissible variation) 7ol thaha]
thoat ghol okMiE o Ay g ae g e 5 o)

Glo.n= | P (DF - dV= | oB-9dV~ [ 7-9dS=0 (23)

A7|AL DF gz WE e Wit o g4 o2 go wek vk (directional derivative)
o] A& ojgslo] el (3]

I)I“(X,U(X))‘U:;%[ F(X,u+epl ., 2.4
Wk gk F 4 So e slsletH o gt ek gk vl A& (fully nonlinear)9] =%}

9Ae aas pel nwu} TH ¢ B o Ud BAYYA 232 AFse
bt g

L[ ] (DF -9, 10 S@1+F-2% F] L DE - Aw) o dV+ Gle,p) (2.5)
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A25: e84 (Finite Element Method)2 w2 #518l7]7F A9e s wo9)
U AdstE g gy 2502 ¥ AguEe AU tste] thga ke EAQ o)
2Hal W Al(discrete problem) s Ay o

Keal =1, 26)

ozl G K, oF Bl f - w249 §to i oot @)

K, = );LB’[ S@L+F'D?F] , BdV, f,=F,~%[B':P _dv 27
o7l A F .z @Al A8 Ay sts W ol

BooomFdxE 8 dHel Serendipity W Bi% Abg-glony, T wEke
Gauss-Lobatto #1324, W] 5= shear lockingg WHA187] Y3ty 71 A 89 (reduced
integration - 2x2 Gaussian Z¥¥)-Z A3} Gduss—[,obatto AEH o= Mindlin ©]
ol oJgk 8 Aol 3F, Ygake Jl\ﬂ?} W ool ogk g ol 5HY] ARYE AHEE)
Aot
AREAQl wMY AWM &8HA  FAAMN: wEEAMF A AHreturn mapping
algorithm)[4]-& A&gut 84y T ZAshiae ddgdol wdo pea do] Ay
W AR o R o] gAl thg-Aa) o] vehd 4 gk
0 0=

€5

X( gp):XU +xE+(Kcn—x0)[ 1_(?‘7‘;] s E: ? — (28)
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3. FAYH 2 13

gAa4 dEEL uaF B8 A(plate elements)E o]-§3] G FRE FRHAM-E
S35t g BeAE FAFsuz ok 7EsHAHA HHdEg AFS A 2R
2 fFE829 7188HA Y48 JeEhlle HAEE Taylor 3542 228714 A=
A fEIA RS v 3" QoA BlE AMEY A vwayd. SiNARs 74
Zoe] @ 3F-A A FM(load-deflection curve)S Fig. 3.1¢) Yehll k. Fig. 3.1(a)s}
2ol TA7F 635 mm<l 9ol snap-back @Atel vpelvta 1o v, snap-through &4
€ Fig. 3.1(b)s} o] FAI7}F 127 mmQl 5ol vehdx ot A Ago]l & dXs
I Yee HoFy ooz dAe |LAE FEF A A 7131 AHQ HAIAFT LS
HHE 5 AL Aoz AlgHh
Fig. 32 oA Rt uls} Zo] Fyo] GeAAd BHio] 15 e 25 ¢FHPEL W
744 ulad ZAAE /MW Be i FFATHAL PPt AAAFA YaHo =
sl §AAFEHE B9 FE¢ At JAE v E F4F AAFT duolH,
5899 X3 1 AY)d) W} 2 L 6L Acky & $ ok dirFo = wel &3
o o ZFLHHR 1 F& AR 2UqL AHIA) oyt g & 802 §HA ¢
a3 Amd EA4d Ao & 4 AoH6l wal A Fig. 33 o 22 e #F38d 1
Zo A3l o] ZAMA o7 ARG

b g O 8 g
5 =0.5 OO p —0.5—‘;;:1”—0@ 3.1

714 ¢F FAHSH L OF e ok Ao R A7(mild steeD] F43Fe] 4B
2FEA(0p, o) AR FEZHI FJ|7E L oz NFE F gloE=

amt=aryt=ao=24-0N/ mng L}'E}'Q Z'l: 9,11:]'

4o £-E 7% sk 2z FeEAL T} #do] U3, IyrFHo T F)
F AEAF-SEHol AAY o Yy AFAFTHE FAsE=

Ore= O+ 2 32)

gt o] EAE BBt A4S P

3.1 A3 ¥ A (Square plate)

Fig. 32(a)¢} o]l 271" A w,= Sosin%xsin—g-y, 8,=0.0018)2 71& FHo] @&X

AE AgP Ao st A %L 5X552 AR £33
N ZAne] wE 2 Ao Ui g4 L @24 d¥d AFS Fig. 349 JeEuith
o714 gAdRZEEHL dutF oy} /X FAl(eigenvalue problem)Z2A T3 =l
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A olxlslal ok
2% gt&E-e o ?3%011% Fuakyl subake] EES A AEAA B AW
Ae-e AT 2H U3 q Ardwe] A Agule] Wi wel Ase Fig 3.5¢]
-2 o] ofak o A /1:4.0%‘, o 13} 2% w50 st wesian
1= orzelo wi- gwrawtel shigela 1 %9 B Fig. 3600 vehgi . Fig.
: ReRA R Ea %%4% 2 o.edo) ofake weldt wiy AN
gde] gake wwafof g o FUAH

3.2 Av3d i (Rectangular plate)

Fig. 32(b)eldg) 3rol Awrakyte] 7ok o] Fwio] GeAAd THY(al/b) 3%
AGH B o~ b=1500500mm)o] Wstel 1534 253 "r‘%‘— 7yzkel 739 Wsle] 671
Ao} A Au(i=1.8,2.0,2.5,3.0,4.0,5.0)0 g & aeise] g oiiy siAe

ety Z7IAFLe w,= (8 sm x+8; sin - 37[ x) sm% vi  7HRskaL, o 7fellA

By = 0.001 4%, 8,=0.00052°t01t}, Fa el Ui 7Eee #el FIHo= LE] 425 mm
ozl Hul /Aol wad A A9 HPo Jdeligit 15 3 259 UEHHL B
1= g gio] 7t A gule] tig g4 ¥ AES Fig 37 % 38 o AA Jeht 3l
o UrAE (hungry horse)d @2 A7le) Z7|M A oF 1% fFHo] A48 o] AE
o gurave] 7299k @e] snap-back@ Aol Uelda AA, @AHEEH, A=
o HEgele Py Ao e g MolFa lar AMAHL Ae 1D 0= I RS
ourg] 2329 ASoli AwEse] A% wkEA HAFAx ¥ AT R A} v of
A AR EA daela ok 49 &HE oMol Hzgela FEgAe o 449 49
o} wwate) AAH7} T Ao Awsb AstHAR, AguvE sopAas d ztol 7t}
o9 w2 qlrk 7k AAud) i o159 A% S Fig. 39 o vrhd 4

4. 4 &

snap-through, snap-back @’Fol W= 715184l niAE EAE fEIA SE
ojsre walg Agie Azst F AXET AT Ao Hol o] Aol AMEHI QU=
SlalabAel MAE Basrt AEvt suia Almdth 2 Age] a4 32 aregros
W onoh @240 wjMd AES 33 5 ANen, Ay Ao M= ojzigt As 9
gane mass gol wdAsiy. AR g ALgd Ak WA A tHconsistent
return mapping algorithm)2 g 4-5H w2 wRg e tAe R Z o] ALl
o 9 A E&4 Ashbyeld ¥ 4 U
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A R AL F2EA Bol AHEHT Ut Aol dshel)RASY Az, 2g4 B
dHo 2 sl 271N Fold AT AP HAZE NS @44 AP A% &
Aell, o] AT A8 Be Lot FAHYL )¢ F8E Ao Alundr)

Ae7hA ¥e] TR, Ay, T2 2 AP ok AAHY AGzFHMe
T LAY AFFEAME FYFORR A2 - F, AITYE, 422 L HEFPEST
o A% A At £ AU o] =RAA ALE ¥ 24 YA 4PARE )
HSoE /8% Zoln, oA ¥ ATIAAMZ $3% Ao},
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Fig. 2.1 Coordinate system and kinematic variables of plate

- e R 40 e o 2 T T T T
~— Shell_clemeant {18 i L - - Shell efementl1} g
- Von Karmmn g Von Kermen
} - Fully nonlinear ! i - Fully nonhnear 7
;
! TN i i 1
- " 30 : 4
r e N ' H 1
i P
[ ’ \ / 1 | J
i x / , }
t \" 7 i j
') ,( \ = TN / 4
0.0 f-m—- e B At %20 /’" i
r P 220 | {0
| K — / i
! / - 1 i P
4 4 q
| : - L / i
i A : / 7/ i
| ' | W\ /!
! H 1.0 ¢ / K
| . [ \ f .
v [ Nt i
e R=2% SER
{a} t-0.3%(mm) [ {o) t-12 7{am} b"m;;‘ ‘:
SN T o S PSP SRS P I T
- ‘_‘:‘SO 100 150 uﬁ < 50 10.0 150 20.0 280 300
w(mm wimm)

Fig. 3.1 Load-deflection curves of cylinderical shell roof
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Fig. 3.1 Load-deflection curves of cylinderical shell roof
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Fig. 3.2 Coordinate system of simple supported plate
with initial deflection under axial stress
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Fig. 3.3 Coordinate system
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Fig. 3.4 Load-deflection curves of a simply supported square plate
under uniaxial compression
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Fig. 3.4 (Cont.) Load-deflection curves of a simply supported square plate

under 1niaxial compression
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Fig. 3.5 Effect of square plate under biaxial compression on slenderness
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Fig. 3.9 Load-deflection curves of rectangular plate with two and four edge welding
under uniaxial compression corresponding to each slenderness
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Fig. 39 (Cont.) Load-deflection curves of rectangular plate with two and four edge
welding under uniaxial compression corresponding to each slenderness



