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BUCKLING STRENGTH OF PLATES IN SHIP BOTTOM
STRUCTURE

Abstract

To investigate buckling/ultimate strength of ship bottom plates, a series of elastoplastic large
deflection analyses is performed applying finite element method. To achieve this purpose, symmetrical
conditions are imposed on the plate boundaries. Also a series of elastic large deflection analyses is done
in order to assess buckling behaviour and strength of continuous plates under combined lateral pressure
and inplane compression.

Keywords: Continuous Plate — Buckling Behaviour — Ultimate Strength

YO VFAY bias; /93 0o /o] Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

Ol (2bys (omdigr ozl

L3 wd—ipo dypuii

Ol (oo IRl b eaS S sl S92 g 1 50 )9
adlae b oalsS Cosli S 4 pgwge 5 ]
sledys L) adllae 4 (ppliize (S oS Cuwgyhl
[1-3]asl ons;,9 <ol lo 15

S plessle o LBy JLE, ¢ G cal o
5 SVl lo Jolos im0 So bl o S
390 wgizme izl (g) SeS b Sdly - gl
S5 oo )8 Jelos g

By (¢ By9 S Sl o 5l el
OF SVl (2leS (5 (sl 5 Sl (3leS
&L, 5l Gy las ¢ bl gl jo Bl e G5
A il ) Wl Sl e LS
b b Sopa 355 pllae (6,5 T 8 e
» CE) G5 dlas amcz¥l Jgso b plp (o
(398 (oo 285 L

SeVl LS £93g 5l o550 K00 (p9w
S5y 2 & axmio (49,0 L plames §y9 50
0 oM ()9 5 (S pebed 33,5 03938l 39
clid gl amas ggye Sl i GllEl b oogd
@ Byp 5 a8l S Gys 50 (S peled asals
S e o 35 g IS

9 SVl JileS abals 5l g )5 58, Jelos
e ol S s e ] Al
ool pgmge Sl gLVl g 4 M|

S llna 51331 o 5

Bl e SeSL sgaze sl lawlxe a5
ULSAS sl colB. el s sl ULSAS
Sibylas slo ojle plagily sleS )3, Judow o
8 b aeS )0 (5 ke wm Gl Slewls b
ol sl ojlug Lot ojle (Jodl (s 0,58
Sl oyl ULSAS,s [4,5]ceal ond s
.b}....: <° oslazwl o;)LQ‘D la g_i.u),ua‘)lag).)‘ 6‘ Alwgy
ol @il alalyy Slgeg puain sl o> e [6]
Hlas,be Gladl pl S8 dos

\id

FERV-P)

s L (S Sl L lasYss |
Sl 5 sl s ol e
550 sl 5l eolital Il ()T azii o5 wisds
o 0aiS Cughs oy alold ¢ K0 ge ) bl o
cslo anl gl G cosgame oy ol e
By o B 6 s Lnts 5 oS oty
o 3 ok sle oS ugE sl jpane o
Slcanl oo ) Gy Culleo g oal ol b, 4,
DS e By mege LS g58y pas by
St cos 5 o s nS IS sl
95 e 3l 3L (5 95 90 sl azbo (9,0 (5 LaS
IR e e rmes 5 S el (595
355l

alllne ot plowl Slisizs sla 1S 51 (gl o
oaiS Cusl (e Hpame sldyy U8, (owin @
g odd dgazme (oad Ayl 359 ) (w28 5 Jsb sla
bolyd Clsl b Gy 508, 69, » ol Las 3t
5 4z 3 j5m By sl ad Sl 5 7 ool (550
G2y Sl 53 (5550 Ll i lS sl 4 5
F6ilE ) Al eekad A 0ph a3 S e o
o S (B39 50 (S5 peled gl ] 50 45 1
P il Jlad Gl L Gy e el 5 (w]
[ oo 55 s @ 3y

Jloel (G257 S 359 2 S Bl HLad o e
Cooms Sy Lo 0aisS Casl Byl 93 50 (5,9 ¢ 090
5 o ol e Sl ol 5 bl e JSE i
axbo 9,0 6 lad byl Jlesl pln @y 55 o5
By S alie 4 0 (5 (Sl HLaS odle ) (4l
Sl i 5 o i, 5 550 Ly
Aladds jo 5l ol (o lB Gy9 (oleS
shadl oo 39 (LS plSovinl (59 p (il Lid
By @ Jlal oo ;3 b oaisS Cosli ¢ S0 (aige
i 89 2 Shee Cudgee (o Jleel coge
leS plSoinl Lomis a5 oad 395 b (3,5 Jlal

"_High Tensile Strength Steels
2 - Simply-Supported Boundary Conditions

VYAY yliwcos | 090 o ,las /_Jo! Sl


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L3 wd—ipo 4y puii

L;:quowuﬁggﬂdxwr&m

ool a5 i yo o
B9 S e 4 s e |y (SIS S Gy
& Glaad (ole 00iS o gl Ly ool Sy ol Wi
el ad S L8 Suss 4 G alolall sl 5oy
&y sl 45 Sl « (ogae D> o285 Sl s
gl sl IS8 5ss hlo Lo oisS Cmoly (o
O 95 el adsl sle Sh s (il i
5% 03,95 Ho-dla >l aiws Jloye > o 9«5—““
pswsse "DS /DB Jas 4 bMlaol 45 (V) S5
oads ax8 5 a5 10 sgdsme gl Slawle yo  al
b Jow ol 6oy 5l Sy ool o el
Stiwly )3 50 sl amio (98 S > (o9 CS 1B
35 Sl g ol oad Jlesl 50 1 090
Slael yo 0,85 Ll ¢ sl amio 5l )l slss

S 00 4.»3;).,4.:)») LQ:))A

als oss

12 e
Sezge S Jot AW S
L b ousS u_us.a.a 9 Le,é)j Jl_u‘ ol suds ul."L._>‘

Cugll Wiew (Slod )9 el ool o xex (V) Jouo
s o s olall ¢ Shell sllell Lo ons

? - Hungry-Horse Mode Initial deflection
1% _ Double Span-Double Bay Model
'~ Bulk Carrier

12_vyLcc

Yy

oS sl adlhe s lxe S sl (V)
oad gumal 5 sl adley 'S oad ead
s e ile ] SaS Alinsl onds aigs gl oS
V) FOWRVIENIN |

Tga,S 5 b dmsbre slaged (V)
i Tl G5 slaged &) Slsboral Al 50,0,
B 25,5 slages ¢ Jas gs cnlps (7] st oo
aS Wigd oo et (6l 465 @ lodl Calirs slaial o
s g5 ool 955 i sl amho 55 byl
S Sl el lelelns ol g i3
)5l (oo w23,

0% pebedlone b S Sl 659551 (V)
Dl oo w8515 4 ;j}-.’.L"

Sgar Lblodlyo oolaiwls ge colo,lis, ( ¥)
)l e gle Sob S b olyan o SV
5 gn 458,505 ,3  Ls

S35y SIS Lt oablysiny s (0)
Oy b e (0, oSl (6 S gl glaie 4, (8]
ST Ll s o ile & nins ko ot
g (50

550 L ool e e (7)
SRy erSsl sk 4 [9lml
43,5 s Lol e Gt plays 'l 5000
D9 (5

sy (gt sobane & Malds S B3l (V)
ULSAS aibpyo oaileS]bogama,s Lswl 4
20,5 oo ool

' - Updated Green's strain components

? . Updated Kirchhoff's stress components
> - Kirchhoff's stress increments

* - Jaumann's stress increments

> - Plastic flow theory

% - Mises's yield condition

7 - Hourglass mode instability

¥ _ Crisfield method

VYAY ylscos /090 0 bas /_Jo! Sl


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L9 w0 Ay s

Jelod (gl o S S 5lod g Sl - ) Jgr

Type Of Ship Plate Panel Dimensions (mm) Stiffener Dimensions (mm )

Bulk Carrier axbxt=2400x800x13.5

h, xb, x % =250x90x %5 (angle bar)

VLCC axbxt=4200x840x19

h,xt,+b,xt, =625x14+200x30 (tee bar)

ol 4By bbby (rdge KB i Jlade peuSLe
5 el al)l Cals ol b 0.01F Ll
ke g 51 [2]058 (oo a3 S S5 50 0 (V) g0
g oad S8 6l 4By KL kxSl o
NN N b gl oo, OB g Job oaisS cogds
b ol gl Judow o asl oo VY ) /Y
4..3)5 )‘la’ 5 d)li.i}a_? )“ ‘5...;[4 lbe o 6[.@,........»"""

‘o st

5 0 Jlod sledae ;o oS Cuol 5 oo, SIS
2 3y9 CLlSS ot L gl s S LS
Sgaime 0AS g 5 oye b il e Sl
O 99 5o Wee slgdyg JSb S 00,5

13,5 (o0 Ol ) alaily bawgs (ool

w, =,

3 4,,Sin 2= Sin Q‘ "
a b

gl SO i 390 53 il b Ao iy — ¥ Jgi

Ay Ao% AO/ Ao% Ao% A4, /
4 4 4 4 4 4
0.0

-0.00118 0.004725 0.01674 0.045955 0.1675

Type of Ship

Bulk Carrier
0.0054892 0.011514 0.021335 0.038317 0.074683 0.241676 VLCC

b h,S - gome S il pllas a5 gl
Ul o b oo ol SO s g boay

Johy ol Lad 0 ol allS o 0k Ses Iy E65

olST e oot Jlasl a8 y5a 5,5 L5 om0
T gk poe ¢ Job sl azbs (9,0 Glo—is
Ry o..\.i;o)b X J,..bu GLQJM 5

VPAY lno /390 0,las /_J5] L

ja...uy‘ @Jwbgﬁ)bwdw)jpﬁ_ru
12,5 oo Olo 2 ablal,

M2 Sin 2. v
a b

w, = 4,,Sin

»ald (a8 S ol 4859 Sl sln M ladis

OL ply Sl S (gl 489 sledily sl s YLl
9590 33 (B9 pedend i ol ool a8 S L o
Sy0 50 5 SISl YAV Uy ply oy ads oiS
ouds a8 )5 Ly o JIKLLK YOYA L ol nSess
s 28 Syl slo Jdd o izan il

' “Buckling Mode Initial Deflection

YA



https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L3 wd—ipo 4y puii

L;:quowuﬁugﬂdxwt&m

oo & LS a0 (V) B (F) L,
c By Ay o s Slejen as SYolae
bl olows « 71, 51 ekaiesins o qu s C, .

B9 399ee il Joe j5 oud w8 S a0 88
il

Sl S )i (P yr0 50 23l e (39 HWleS
sl HLd g Jab ol axiio (49,0 (5, LS

ey eS8 a4 Sl gl Ll g SO
Coghl jga> (9l Niew (3,9 $9) » dgde 13>
40 dew (5,9 Ll u;‘ ) Ll 00l r:l.‘?u‘ IXVeiy
5 &l amio 3,0 )lad il 5l S5 oy
o 5 Lo 5l Baecwl @y (ol s
45) dhee (39 oileS Hl8, (59, p (oilx HLaS LU
oo oolitul va jolxe (sl 4B)s Bb Lz 5l ol o
sl o0 (005

Sl S8 i T hwge 5 gl S
&b)wmﬁ'o&ad\ﬁ‘ﬁ&s‘&fgﬁb
90 50 LIS s il ol eoly isles (V) S5 50
WS S 0 (lre slebly S1,0) By A ahais
Y bglaz U oo ool ol sl soua Y W
S et o T 50 a5 g (o0 (Y >y boguye
el 2 v S0 wes 555 slebily 4yl
odd ool Guled sla some ¢ o o il
At SV o ol Gyxe s ez bkt Lawg
)am‘_g)dee(UlidﬂngJi&ﬁﬁ_ﬁLmQ—l)odf

)3-4?‘ 5?&5*’ 5\&5’ l{ﬁ‘ﬁ&l})w
e g &l)o.mlomw;,léj)ogigw)l
S eileS alrinl 4y cd lawgie S lade
‘_gLe,L,L l.: o)".)d‘ o 9 oolws ‘_gLQ: olféﬁﬁ).g L;a.c &9
W‘OJ)‘);M(S"Md)?

e &S 2l Glp ol Hlad Sl
U5 i o ol a5 090 Sy 0 LT 4yl IS
S & 5l e bwgte 25 5055 Jee L s
u..u‘jﬁ‘ w0dlw Olf‘\.&)))éﬁ.ﬂd)j (5“"['05 ‘alS:L.....;‘
I s o5 Sl ol K0 e 1l o0

A

—bl oge WS (il LS
o0 ‘5| 43)3 ‘Slxb
b et o adlgo Julow

WS e (335 S JS el 1 IS Sl 3
0505 Ol 5 dlay b Ol o |y 00,8

w= ZZASm Sm7+
%z z B, Sin —x(l— Cos %) )
+/ZZCW(1—COS j x Sin ?+

Wx]X(l—Cos @]
a b

%ZPZ;DM(I—COS
bS58 s Gpme o Jgl oz < ] o o8
S SByre o pgd abex cosle lagye b sl 48
Sy 9,1 55 Jsb slayye b gl adyg Bl USo
B9 Sl JSb pds B pmo ¢ pgu aloxr ool (o250
RS eope layye g esle Jsb slaype Ll
Lol @8y Bl S5 s Spne o p)lox alex
Wil (o0 51055 laj e
S polie il 3game (gl Julow oS il
ailpe calyo 1) e ams o 1,y a8 bli o LIS
s sk (g5 (o3 [, (V) alal) o iz glo
Gl ot 4S5 ,50 50 jslate (s sl Cesay
iy Hx,0,) 8 ahi s ol s
oPe) Jl edlaiel b @S 22 WL Wy, L pln
Pl S o baly; 4 Ole (oo Dlarye (p eS

YRR )l =0 ®
2 o)l ) =0 @
2 S )l ) =0
S ) =0 0

1YA T‘QL“.“.A)' /,oj..) a)[a.«"} /&/J[w


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L9 w0 Ay s

Sl BLS gy ez & cwl J s

ot IS8 jeesd (s2leS 350 S Sl Lol a5 -
(eiileS plSorinl il e 09 sed 00y ¢ aidie
S 0 olg oo 1y (ol JLad BTG wee )5
et el (R 050 Sl)ls pals (SAST S (59 a5
e Gl L aS o)5 el i ¢ Sl SO
Ot Al IS i ¢« wee 35 2 SBe (S Slid
o ol Gl s a5 ke 59 bl ol
I 28 g0 JSb s la adlhe o jo 45 anb
Al g0 leS aSiley sl (oo Casis (D))
b sl amio 9,8 5 ke ¢ ams (e (59,
Sy e 359 SO s oS Cenl 5L s
ileS 350 ar (oyS Loyl L) ool () 090
Gy eiileS plSimial pl plnsS oo (ool )

Slade aSGile; ¢ Conl (ol (5 090 G50 39 4yl
S B9 (2leS plSorinl I lotie bawgie i
B9 ol ) SNBSSl o3l o8 4SS
Dl g0 (dleS b ool S0 5l (JSE st @ bos
@l b b G psb 4 of ;o a5 lS g5 ol
JKate ) (ol () 090 SOl diee (39 JSB i
Sear (D e o 25 090 IS5yt gl adlio |
i sl ailhe S S osba b LS 3ge
Mas! 1) ¢ 05 o has (A ¢ oole 590 JS5
el o sl g0 tileS
Aol a5 0as o 0y (V) S0 @ dnxlyo b
0398 (il Jlad Glpl b oades )y (oleS
2 0l Gledily adgl S st o1 5l oz <005 (oo
Sl 4l JS5 5ess Sl wiien (5390 4z
99 &9 5l GleS ¢ Sl (ol (5 990 50 Wiese (B9
o plzmen (ol Jlid jeas o gl Sl

B
h: WATER HEAD
a=2,400 mm
t'"\ h=60m
I
i f 111 n-4sm
R
0.6%- .
:+ INITIAL |
DEFLECTION IN hunoRY | | | (471
HORSE MODE Arf ] helse
--------- : INITIAL L "o
DEFLECTION IN i =
BUCKLINH MODE 0.201 | L~
t 1 I 1, }
- " -1, 0 1.0 2.0
3.0 2.0 0 W/t
W A5 g (ol LIS CuS 5 om0 )3 85 41,8 dld (SIS S S Sl iew (59 S (LS )13, Y UKW
«Job gl axdo (49,0
' - Bifurcation Buckling
}VAY‘QL.M@)/,oja o)u/Jj/JL.u A


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L3 wd—ipo 4y puii

L;:quowuﬁugﬂdxwt&m

cadl (oo (oS 050) Hige (ol A8 (oyme 50
-“F@"J&qu S e o b adlhe Lo 1
Ses Bys 2 (O) Fhe bawgio 5 GRS L
o o b adlhe (pl o gl Slps e
s adlge « a3l g0 JLileS g£g8g alad (o L 09l
0 S o a9 oad gy SLST ek Ay S5
casl el Dl aidye 5l Sy a8 s
S0 5l B peizen oo ol T 51 (S
Asp g Ay e ool 050 (S s slo adlge
FolS Bi pac cde L W)ls 0929 o5 polas b s
oz Ol oo 1y (D) s 25 050 sl ailge
COl 5l g QML sy alid 1o 45 5y s
9 99,50 Jlosl e By9 » plizes (Sl Jlid
RO PR RAE-KES

JE e ol 6l amlie i (B) (MU
@il 5T 51 el osds gy el o oe] Cansa
L Gy olew oad (gile and JSG 5sS  Sgame
Gl 0,038 o ibed a1y ¢ (¥) alayl, 51 ool
S S g e g 0gd oo o Wl ple 55
Py Shead gl (IS8 s le addse 2o
Sl g0 i Cald) g wslhae ¢ Sla e 0 yieS

\

Slr Sl s jpax o L8l ploval (]
g0 )3 addgl JS& ot b ald a5 A5 ke 59
Gl ¢S 0g0d send iz g5 (o0 S 1) (SLS
33,5 (oo el Wiee 359 » She (Sl LA e
e wily Gl (D)) s 55 s5e slo ailge o
olie U 5 ( Ay) ools sge slo ailye 43T
bl o8 oge sl ailge i i)ls o> S
Sobe 4l g odged ablie piileS oole 350 ulay
o 2]y (aleS esle dge sl way Koo
i ialiE L b L g ((Cenglin ) ablia cnl . o5l
Kias (35 o WleS pllociul il 5 0l iy (il
Sy50 50 a8 ezl b wlie (6,18, 08,5 oo 00938l 5
ST B9 Syge p0 ¢ b g pdd p als (AS S 5y
Dolds (nl b leie 30,5 (0wl 8 S0 S
Gl oo O gl Al o Loge s Slasy oS
GRS (SaS ST Wes (§y9 (SMLS 350 (J)le
bsgle A5 Gl (Gotelenl oo o O 5l St
Aee Gy9 45 (A glp ¢ (IKE i sl adlie
UK s ool 2 330 s ) Al S S
S S B 3 g v oyt addl
00)5] @ (MJSS o oyl 148 /’lwam =30m
Iy S s 090 ¢« (D) (F) JSCi Cpuizmad .03l 00

< % =1.54 il ¢ ,53e b o
Xcr

Job bwgte 15 ¢ 035185 (o0 Glaled 4y 0038
Of LS Pl e O g 00g e 3y 2 5o
e ol ol B, =30m & b
DO
0 =0 aSibej ¢ 05 oo 003 @) (V) S 5
U CPW-C quJ&.’L s o addie Lad ¢ ol
Ay il s 5 cwl ale gl gl Gl
adl JS8 i tali¥l @ poeie (D, =30 m)
53,5 (oo (03gr (ool () 390 S )3 45) Wies (39
O 090) Shee (y9 ddol S i 09e (92 9
Ely Soe 3,9 JSS et 990 b asliie L85 (oo

1YA T‘QL“.“.A)' /,oj..) a)[a.«"} /&/J[w


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L9 (mwd—ipo A pudii

HE
|
RN
0o\ 1] b2
1!
A | //
1 '| _
| % ~
1.2 8 L— \ A
1.0}
D3t
0.8F FETRANR RS S
D24 ;‘\:\ ‘“\:&3@ 53 5 ‘:‘ﬁ:
RN
= X R
' ﬁ;‘._q;vl'—"'\'u\'@,l'.‘\. A ‘\:“;‘ N
‘/—”- @ S e é&s§§§§§“$&““ Iy
SRbAr Y o: APPROXIMATED
04r X : CALCULATED BY FEM
0.2
Dhq/t
. L Pedt
-0.5 0 0.5 1.0
A5/t

(a) Average stress-deflection relationships

(b) Deflection mode

B U S 5 o me )3 @Bly ¢y Ad (SULS USl iee (359 S (ALeS 390 9 (SNt (5 W adlge Y USWS
b 8 doxivo 09,3 e 5 (1 =30 m)

GLES S Py 5 (Nes ) () 4l
Sgo o 4B I3 (T ) poe sl axio ()0
T RAR I A RERPEI
Lobul 090 (log wals> (59 (250 sl 10 zoe s
e s @ly Whes Gyg JSE ek 090 b i
S Ll 4 STl oo bl (Sl jles
3 a8 pshilas ¢ all 0 K0Sy 4 alie Glas
Wlgs oo pal cplianl oo sols iales (B) () S
S IS s Lz a5 sl Clbas ol e B
Ol gl aman (9,0 ()15 )L slal plea 51 LeLL
2b (o0
3 &Bly e By5 G 990 y0 a5 azsl wiiles
Fob &l amio (49,0 (5,Lad ladl S S oy
Lo 90 g 5 LS 03T S (Sl Jlad
S8 ewd b oledil ) iee §)5 &5 > Gl
° 89y ¢« Sl 0ol LSS ool (2 090 0 adyl
g adie ¢ azll g0 uileS ge8g 3l L w0
IS8 xS oo SLSU Ll 4 g s Ay (S
D e sl adlge ;00 ol ples 5 @) (©)
codgad Ghaliil 4 g9, 53 (s Ay ) eole e

VPAY lno /390 0,las /_J5] L

SRS S 5 o yme 59 s Wima 39 LS
ol )L g (o050 gl ambo (350 5L
S5 s —langia 55 sha e (S
pals A5 GS ates Gy o] 4o 45 b sl |,
Gl amio (55,0 6l bt S S e o
e (oo plas cad S s il jlad g oo
6lse 4 bgy e oy oz b ool caniS o oo
sk b olebly 5l dies 59 Ll S0 45 Wo S e
S 3wl oy p ol onj adgl USS
ol « ez b b ond 00siS o imie
adgl IS8 s il o5 olebily b wies )5 sl
st sla i —lwgie i la Joxe
2yl (S8S S dhes §y9 &5 (A 6lp ASS
2o Sl amio 90 6 Lad Gt oS 5 By
5 3 e =30m L Jolae il i
B9 JKb ekl 0ge il oo 03,91 (@) (O) S5 ,o
% — 172 aSpolSin 5o 35 od gy e

Sl 00 00l uw.aLo.’ @) (A)JSM BEK Ml) «<°

Yy


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L3 wd—ipo 4y puii

G5 eioleS alSol ¢ Job (gl amio )8 (o lid
S S SR I BO RS [ OO

4.0

0/0cr

3.0

2.0

1.0

(a) Average stress-deflection relationships

L;::qsowuﬁggﬂdxwr&m

5 @l gl 08 @ L Gle Giou oS 5,5k @
0900 soed lo p Jleel el o anl
() sl s Jlesl s wiilen 58 oo,e sl aan

: INITIAL DEFLECTION IN HUNGRY HORSE MUOE
~~~~~~~~~~~~ : INITIAL DEFLECTION IN BUCKLING MODE

h: WATER HEAD

4.0
0/0cr

3.0

S IS g (Sl S S 5 4020 )3 @By Ald S Sy Sl ee (59 Sy iileS L8, -F S

(oS ) dxbio (4943

////
” A
o: APPROXIMATED
s CALCULATED BY FEM
. Dpaft
0.5 1.0 1.5
Aij/t

(b) Deflection mode

9l LB (5520 55 &Bly b (S S Sl e (39 S SIS e 390 9 (IS et g adlge -0 JSUS

v

PSS Ao (59,5 Sl

I YA r’d[;‘w..o)‘ /,oj..) a)[o.»,f} /ﬁ/J[w


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L9 w0 Ay s

= ¢ 9= als> 5L (e L g Job sl
23,5 o0 00938 _iileS plSori!
e 51 463y o 5y S lSni] i
ol i lulpl (28 L ald s S
) S8 o (Bl jled Gl 4 cens o Slb
ool inlas K255 pg5 slb oplo b ez a3 Loy
o s o algpl b Iy gl 4y bl . el o
axio 3,0 LS GledlS oS 5 oy o jSde
Tl b o 55,5 15 il i s b o
st Oge ¢ Lzme sl 489 Bl (55, p (Slr L3S
Ty m Sy Job zoe o S ol B9 JSS
s Jleel b s Gile o wales (o550
ol s 4 Ay (S i ailhe jlade >
Sl JeoSS 5l ¢ 508 (29 5 Wb (o
b sl amio (55,5 s)led sleis Jlesl Sl
<*° All SSE s addhe jlade jlin B, corge
@ Ay S5 i ailhe Giola S5 pd L 08
Dad 4 (aileS plSotul (Sile s b g ol 2L

L3050 00438

o i 65))-36—?'“'? Jid st

Shodal Cavsy  —iileS alSviul goue ,olis

S9) 2 oad plml sgamme (slial SVl Slede s
NPT SSTIFRT ST VI
axio (59,0 6 b slo A Jleel el g5 (6l
sl sLed Jlie )3 (F) USB 50 (o250 9 Job
Gl L Sl 50 a4l s s ( o] gl
o olP s SBleS ploil jlade ¢ (Sl s
2 il sled Jlesl a5 col gl el (ol ede by
sanie Slebily a5 398 (oo crge Wiew 3,5 S )
UK o s 5y 4 S o oS53
Sies 35 1 Fhe Pl Hlad s Sile a b
4SS 1, il SLbL @S 65 Ll 5 6
Lo2d ooy 10,5 o5 4SO b a4y oolw olS
G5 Slebly S8 i jlade ¢ (Sl jLid al3
4 Boxsl g ol 039581 (105 59-0,9) s Wiewe
by Job sl amao 9,0 o Lad S (g mien ke
3 hileS 390 4y 595 e 09 haeS sl (20

450.0 150 ATED PANEL (a/b=3.0)

Ucr(MPa
400.0 e p——
______.F'—-»A.-'—"""

350.0} ,
300.0}
250.0}
200.0
150.0

100,0F

LONGITUDINAL THRUST

TRANSVERSE THRUST

50.0F __@—: axbxt=2,400x800x 13.5mm

—_——fee—: X DX t=4,200x 840 x 19mm

0 6.0 20.0

30,0

L -t
40.0 50.0 60.0
h {m)

Mé,g&ﬁﬁp&w" ‘)Juub)m)al—;"}iw

VPAY lno /390 0,las /_J5] L

Y'¥


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L)d wd—ipo 4 s

&5@5@%@))@)}6&5\.«5(&7@ |

Sy a9 Sy
PaS E8 )8 Al iz Ol o0 Vb sle e
8l o 3l o 4 L ol asls o aileS -
ol g abl el () 090 p0 adgl IS s a8
390 ;0 3y9 adgl JK& i a5 b j0 ey

e (03 0y ¢ Al iileS

il cileS Sl ¢ ile s agl5dl L -Y

&b

el O Ayl IS s 090 50 (3,9 4l Y
95 WleS 985 5l ey ¢ 955 (50 518 oy 3590
Sge 4 (ol (2 g0 5l JSB i ol aLo

b oo s LS

Yo

Looad ol b [izme (sl 485 Jb o &S o
)L ledd S 5 oyme y0 0ole (5550 Lailyh
Sleops B e Jlad g o250 ol amio ()0
Jleel S jo L IS8 5 slasge aSulox]
Pl bl oose sl Ao gy s)lad sl
b oalis S5 ¢ L b s Jlel o
o 0 T S el 090 93 j2 ) W0
C(aBl (o (5255 Cu> 0 T e Sy sk
9 Sy 5 2 (03 (55, sl aSL 90 g5 5l iileS
c el gt (6508 (pmleS 5L (335 Jlade (e b

ool Oy oo oad upds Leiyl b oS azgl )
leS plSoninl (b3l plin 4 a5 2851 A
Go9 ©oye a1y Ll Caml (oo ¢ LptaS UGS G5
0 ored - oged adlllae 5 285l s wies
Sledelos alS a5 0903 o)Lt 4SS (pl 4 cenl
Jelos g5 5l lril 5o el )y p Sgaome S152]
Sl e Gl 28 Gl b ede S
2 D Wee (35 (oBleS plorinl Sl e ge
235 GRlPl g ol s Jlesl o Joe
ek 985 ¢ 503 (S 3l g 0ud wies (35 Sl
B e et Gl @bl (Sas
b sl lad il e Koo Gke 4 08 (0
ol Bl Slge Wlgs (oo ¢ g3590me 5 ative al
o ygl wal3 1 iileS lSociad

VYAY ylscos /090 0 bas /_Jo! Sl


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html

[ Downloaded from marine-eng.ir on 2025-10-28 ]

[ DOR: 20.1001.1.17357608.1383.1.2.3.5 ]

L9 w0 Ay s

rxl o
1-Yao,T., Fujikubo, M. and Mizutani, K: “ Collapse Behaviour or Rectangular Plates Subjected to
Combined Thrust and Lateral Pressure,” Trans. West-Japan Soc. Naval Arch., N0.92 (1996) ,pp.249-262.
2-Okada, H., Ohshima, K. and Fukumoto Y.: “ Compressive Strength of Long Rectangular Plates under
Hydrostatic Pressure ( 34 Report ) — A Case of Plates with All Clamped Edges -,” J.Soc. Naval Arch. of
Japan, Vol.149 (1981 ), pp.144-155.

3-Yao, T., Fyjikubo, M., Nie, C. and Kamiyama, S.: “ Development and Application of Simple Plate
Model to Simulate Collapse Behaviour under Thrust,” J.Soc. Naval Arch. of Japan, Vol.178 (1995),
pp-439-449 .

4-Jensen, J.J., et al.: Report of Committee III.1, Ultimate Strength, Proceedings of the  13th
International Ship and Offshore Structures Congress, Trondheim, Norway (1997), pp. 233-283.

5- Yao, T., et al.: Report of Committee VI.2, Ultimate Hull Girder Strength, Proceedings of the 14th
International Ship and Offshore Structures Congress, Nagasaki, Japan (2000), pp. 321-391.

6-Toi, Y. Yuge, K., Nagayama, T., and Obata, K.: Numerical and Experimental Studies on the
Crashworthiness of Structural Members, Naval Arch. and Ocean Eng., Vol. 26(1988), pp. 91-101.
7-Yamada,Y .: Plasticity and Visco-Elasticity, Tokyo, Baifukan (1980), pp. 44-51.

8- Kanok-Nukulchai: A Simple and Efficient Finite Element For General Shell Analysis, Int J Numer
Methods Eng, Vol. 14 (1979), pp. 179-200.

9- Flanagon, D.P., Belytschko, A.: A uniform Strain Hexahedron and Quadrilateral With Orthogonal
Hourglass Control, Int J Numer Methods Eng, Vol. 17 (1981),pp. 679-706.

10- Yao, T., Nikolov, P.I. and Miyagawa, Y.: “ Influences of Welding Imperfections on Stiffness of
Rectangular Plate Under Thrust,” in “ Mechanical Effects of Welding,” Karlsson, L., Lindgren, L.-E. and
Jonsson, M. (Eds), IUTAM Symp., Lule Swelden, Springer-Verlag (1992), pp.261-268.

11- Japan Shipbuilding Ressearch Association:” Research on Strength Assessment and Quantitisation of
Quality Control Standard of Ship Structure”, No.207 Research Committee Report (1993), pp.323-327.

VEAT Lo /o900 0,las /_f5/ Jlw \id


https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.3.5
https://marine-eng.ir/article-1-12-en.html
http://www.tcpdf.org

