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A Study on the Large Deflection Behavior of Ship Plate
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Abstract

High Tensile Steel enables to reduce the plate thickness comparing to the case when Mild Steel
is used. From the economical view points, this is very preferable, since the reduction in the hull
weight. However, to use the High Tensile Steel effectively, the plate thickness may become thin so
that the occurrence of buckling is inevitable and design allowing plate buckling may be necessary.
If the inplane stiffness of the plating decreases due to buckling, the flexural rigidity of the cross
section of a ship’ s hull also decreases. This may lead to excessive deflection of the hull girder
under longitudinal bending. In these cases a precise estimation of plate’ s behavior after buckling
is necessary, and nonlinear analysis of isolated and stiffened plates is required for structural sys-
tem analysis.

In this connection, this paper discusses nonlinear behaviour of thin plate under thrust. Based on
the analytical method, elastic large deflection analysis of isolated plate is perform and simple
expression are derived to evaluate the inplane rigidity of plates subjected to uniaxial compression.
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Fig. 2 Stress-2 mode deflection coefficient curves of square plates
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Fig. 3 In-planc stress distribution in rectangular
plates under thrust[17]

S¥o] A7) o)AMY FY & FAE) et F
thol] k&8 o] A o]Ro] HArYEHAZTH
B8 Fv AZYAAE]Y G2 AFPYES A
1Al 3t ddolw] & F&de 2313 Fo] B4
37 st Y<le] St ek

3.4 MAjEe) 2XHIAHE

olAEL FAH R W7 St FAlzEH
o et AANEES mTH ng 155714 3}
o gdAgHN S Y. 2 A AHE Ve
Ul Fig. 4 X & 2945887 1o 599 3
A9 A E veldth 27|AA S 71 ol W
WetEslE S wod HERE " Al =F
A daste APl A GUsA 1axFo]
712 BRI o|wf 2}}7) HA o] ZA A3}
o] A&l 35S F7t AlFIE MO =gy
#A7] M2 FE QaP3te] AL JEZHE
HF2 AgJct £, Joz JYF2HE &5 7
2AA 7V FHE—-De} 2ol Al 2 Be] A Fo
g =lo] HDol] =EEHH thA] BA g o
ojul §23 M2 ABE §7]4 5ol 2 ¥ B—
As} ko] A& 3t 2 UHAR HEof 21} 3
A7) A Ce A HER 128]3 ADoA HB& W3
+ ¥/3£ Snap-through@olztn Hejo] 2.
T3, HColA HES g 2] Snap-through3d Ao &
HAARCy) 1IREAN 3R =g 132}7) WatA €
ot old @S 2xF 2oty ¥ &} ag 3,

Lo

x100 . mxr . nry
W= —_— i —
o8k ;;Am.sm L
a 2=1000.0 mm
0.8 5=1000.0 mm
(kof fmm®) . 1= 100 mm

0.7

0.8 |

0.3 4 c
0.af b

0.3 |

0.2

(RN o

0.0

wft

Fig. 4 Elastic large deflection of square plate
under thrust

(570)



2322 & ¥etshe AARe RRYAF BY AT 153

HACo M ] 8 & 2a18F goletn F &t} o]
o} e 2313 Fo] LAYBA e Yo EME
A% viel Zo] YA Po] PP S o AN
o daiA AAE g okslr] o Foll vlAsHA
o) g5 ARgHo] L3 Fiol &
22o] R gatAH] AARY L IHR=2 R
3AR=2 WA &) i Eelt.

r

il

3.5 27|52 %9l HUAZY

271470 gle 7NE4A A48 Azsa 2
Z3te] 2 Fo] HPY Fo HAAZ 3 Hot B
G&5WAE e BAE 3 22 vehfo] A

o
E

(33)

E=
2(33)2HH HZ 5o JABRZP th&H 2
o] & A che,

do  1+(a/b)
de  3+(ab)y

(34)

HN(30)E o] Ratel we] FYulo] Saa] HIF
o] WUl 7H & thg3t o) AArE 4 Atk

a/b=0.6 : do/de=0.3609E
a/b=0.8 : do/de=04134E
a/b=1.0 : do/de=0.5000E
a/b=12 : do/de=0.6058E
a/b=1.4:do/de=0.707T7E (35)

A2 atE S W Bl glojA HAFF3E)
22 Fe AAPENS nsd HfFo] UAYS
2(35) A ¥l a Y Al es Atk
z 27122 F o duUAA L AelA dele A
729 oldtz e WolXA ¥ertn dAH 3
ope, 1y, Aeg uhel o] vlnke] AR
o2 1A Mg A9E BE HaFFekE
S Fe AR g o} e HPAJEE ¥
o] glon g wy7AAde] 2(35)dA g3l 3l
e ARG AR oz Aaselg o
@t} o] AL B3 ye)y) st FYu7t 0.8
ol Mg Aoz st AFFo PRAYHEH I
AW A el MekE Fig. 5o el s ek 1Y

1.0
do 2=800.0 am
—/E b=1000.0 mm
de t= 10.0 mm
0.8 - E = 21,000.0kgf/mm*
0.8 |
0.4134
0.4 77777 —
. W=Asin Ty Y
0.2 F a b
——— W = . Mm%z . ﬂ
; ; Amn 3in e sin 3
0.0 1 i L i i L i 1 1 —
0.0 S.0 10.0 15.0 20.0 25.0

o (kgf/mm®)

Fig. 5 Average stress-inplane rigidity relation-
ships

o Ade ARAPGEFTAM {9 GFFERE
o] HAAPEY Apd AENE YoM AN A
#& Jepdich @9, 34 & 4(2)l vebd vhe}
Zo] 28 A AP E(m, n=1~5)2.2 7173 3t
Axg AxE Jepd o vk FYuist 0.89 %
o] Z7|AZE wo] AU L 2(35)e] ER
ule} o] 0.4134Eejth oA 4 + & High
Zol 27| FF A E 1HY GEHRIFEEY A
AR ANTE 23 A% o APAPES 2
28 AL vmatd 2L WA R o)A g, Be
27| #2359 AWABAL stFo] FII8IEA A
o7l &S ¢ 5 Ut AAH o g AU LS
S e #ol Aol o] 1y AR e
upo} o] 27 F 9 fﬂbﬂ?&*& o Z271FEA
o] A RTE Wolzlth oA o2 HHE ¥
Aol MG fA B HU 1%0] 7t A
AzAANE AAAY dFeg nfe 2713
Freo APAPEY & MNAPGEE 22’:7]
FHZ5 AAFoEZAM FRFAgol A HH o2
A2 & F Uk A& npet ol ©EA| A
o AAZHE e AR R WU FHF
S e AL 2NAZT YA A g 23
FFo] WA FFWFLTE AHARE} 1RE
oA 3R W33t o] Aoz R 2x13F o]
A3 Fo] WA e 0.336E(ab=UNSZ A
el 28 o 5 Ak

(571)



154  WBIAIIERSEIE, 234 F4%, 1999

4. 2 E

B =82 24328 Tsle Aalde givyg
AEE 14 317) H3ted a2 9 WY & o] &-3to
ool A A & =230, 293 43T
of dale =3la1, =3 Be HIFF ) AU
ated 248 Wyl zA, AA Tz Z WA 2
A8 7tol AHEEHY] A% U ArS AUt
ARz NE L9 g A2 E AUt
(1) AA 2] HYPES 759} $59 AL
o g Mg s e AL, AL G4 dialo
T AR R o] A Qi)

(2) AA o AFYEE 7|5 Ho 2 AYsle 3
T, HA2FIINF S F AYAE B Bo}
Hel 29 B8 MY E] G gof Ut

(3) ALzt Y o] MY AFTS e 7] YaA
£ Aoz 85w taide B2 A4
HolHyg = g}

A ZH Y ol 2at3-Z o] WA EHE 2 A 01y

o] 1R=dX 3r =g 72ta}7]) W3l Snap-

throughd@ 4}o] d o]}

(5) AL &85 & vt Ho] 27|23 Fo
v AU e] HA2HAIIAEE FE= AAA
¥ ozt 1 oo APAEY 9o
RN B4

(6) =F, 2zt Zo] HAYAH 2R 22 Q3
o A3hg Wl 24 o] o &1 A 3Hjic).

(4

~

Huzs

11] b BERE, KR, PRI AR aHsy s
T 54RO RIS E T A BRI —
TbAEHR IO bABOME -, OXE
HBErER K, 451483 (1980), pp.222~231.

[2] Ueda, Y. and Yao, T. : “The Influence of Complex
Initial Deflection Modes on the Behavior and
Ultimate Strength of Rectangular Plate in Com-
pression”, J. Constructional Steel Research,
Vol.5(1985), pp.265~302.

[3] Shen, H. :
gular Plates under Combined Loading”, Thin-
Walled Structures, Vol.8(1989), pp.203~2186.

“Postbuckling Behaviour of Rectan-

[4] Yao, T. and Nikolov, P.I. : “Stiffness o f Plates
after Buckling”, BRVE EMH&SE, $2158 (1991),
pp.137~ 146

[5] Yao, T., Nikolov, PI. and Miyagawa, Y. : “Influ-
ence of Welding Imperfections on Stiffness of
Rectangular Plate Under Thrust”, Mechanical
Effects of Welding IUTAM Symp., (Eds.) Karls-
son, L., Limdgren, L.-E. and Jonsson, M.,
Springer Verlag(1992), pp.261~268.

[6] Supple, W.J. :
tions in the Elastic Buckling of Symmetric

Int. J. Mech. Seci.,

“Coupled Branching Configura-

Structural Systems” ,
Vol.9(1967), pp.97~ 112.

[7] Supple, W.J. : “On the Change in Buckle Pat-
tern in Elastic Structures”, Int. J. Mech. Sci.,
Vol. 10(1968), pp.737 —745.

[8] Supple, W.J. : “Change of Wave-Form of Plates
in the Post—Buckling Range”, Int. J. Solids
Structures, Vol.6(1970), pp.737~745.

{9] Uemura, M. and Byon, O. :
of a Flat Plate under Uniaxial Compression ;
Part | : Theoretical Analysis of Simply Sup-
ported Flat Plate”, Int. J. Non-Linear Mech.,
Vol. 12, No.6 (1976), pp.355~370.

[10] Uemura, M. and Byon, O. :
of a Flat Plate under Uniaxial Compression ;
Part 1 : Analysis of Clamped Plate by F.E.M.
and Comparison with Experiments”, Int. J. Non-
Linear Mech., Vol.13, No.1(1978), pp.1~ 14.

[11] Nakamura, T. and Uetani, K. :
Buckling and Post-Secondary Buckling

“Secondary Buckling

“Secondary Buckling

“Secondary

Behaviour of Rectangular Plates”, Int. J. Mech.
Sci., Vol.21(1978), pp.265~ 286.

[12] xBE¥th, BAREE, & £ : "W bavH
T 5 MR O2KEMCT HHE", AAEME &
W SCHE, B 176 98 (1994), pp309~318,

(13] RE# 1, MAREBE, & £/5 : "HABKHEY
ZhbhhH T 5ERO2KEBCWT 58 %",
B AERMB AN CHE, 176 % (1994), pp.309~
318.

(4] RETTH, BAREES, & &M, IWFTH © 2KE
JBAROBIR - VSRR BuE e WY
R, DAEMBRERICE, % 177 3% (1995),
pp.347~355.

(572)



23122 & Eiete A ue PAYAZA 2F AT 155

[15) & 20H @ 2R A f 5 AR ORTE - A R i3 g
BT BB, B R KBS 5 30 (1995)

(16] A, AP : “THFEHE 2 #HFZ2E2| 2
AD2AF] B A7, FFAHINTRF T A,
A 427, A 45(1998), pp.209~218.

2

19621 HRAY. 1986u1 ShEsiUiEtm &
sfetat FY, 19914 Holchgtm =MZE
B MAIY £ 19951 Y& 3|2A|n}
CHEl ALY $8. 1996Wi~#X] SHs)
sty D4, gete] 8y

(573)



