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liniE Non-coal dry bulk, containers, other
unitized cargo, and chemicals (Relation between
transport work and relevant drivers: Logistics,
denoted by _L; Gravitation model, denoted by_G)

e

Coal dry bulk,-oil tankers and gas tankers

Long-term socio-economic scenarios

Long-term energy scenarios

SSP1 (Sustainability — Taking the Green Road)

RCP1.9 (1.5°C) in combination with SSP1, SSP2 and SSP5

SSP2 (Middle of the Road)

RCP2.6 (2°C, very low GHG emissions) in combination with SSP1, SSP2,
SSP4 and SSP5

SSP3 (Regional Rivalry — A Rocky Road)

RCP3.4 (extensive carbon removal) in combination with SSP1, SS2, SSP3,
SSP4 and SSP5

SSP4 (Inequality — A Road Divided)

RCP4.5 (2.4°C, medium-low mitigation or very low baseline) in combination
with SSP1, SS2, SSP3, SSP4 and SSP5

SSP5 (Fossil-fueled Development — Taking the Highway)

RCP6.0 (2.8°Cmedium baseline, high mitigation in combination with SSP1,
SS2, SSP3, SSP4 and SSP5

OECD long-term baseline projections
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P0-3

Xtjp= —7.50 mm

Xtip= —2.75 mm Xtjp= 5.25 mm Xtip = 6.50 mm (=x,)

Xtjp= —7.50 mm

Xijp= —2.75 mm Xtip= 3.00 mm Xtip= 5.00 mm (~ x;)

Maximum
principal
stress [MPa]
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Applied stress
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Crack propagation direction
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Crack tip-
location

Begining of the step: t = t,

During the step: t, <t <ty + At

End of the step: t = to+ At
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Moving with
crack propagation

Global mesh

(u =0 on 1y

X33 EEA YL akICEDCEHHNAREGREETIL
NDavtTR?

WAL DHITERT D, ZDT2D, BHROIEHE
LI =N Ay a2 bBENTL L LD,

HE A v ¥ 2B B E R TIRAN
u(x) B KON (x) 2 RATHEBT 5,

uf(x) in 06\ QF

uG) = {uG(x) + ul(x) in Q" ®)
Lo i%(x) in %\ Q-
u(x)__{ﬁc(x)+-ﬁL(x) in Qv ©

T, B—IN Ay a RN T a—N LRy
2 | CHEAT DM CITHEAMIC W E O A TRER T %
HRADLESDZ & TEMB LOMEE O EZ55
ENTED, £2, v—H N RA vy a2DERIIC
BT DM ax)F K ONE i (x) O & g

b5 1=812, WA D Dirichlet 55 S 54 2§13~ 40 B
»H5D,
u“(x) =0 on It @)
i“(x) =0 on 6t (®

UEDELIICERINTZESG A v v aE0EREIC
EoxET b LI BRSO 2 B34
BoRT, ARO D 2 & ORI S M
O—HNVAyvablZa—rULRyaOEAIZE
S THEMNDIEONIHEIIND Z LB nnbd,
LEDEFNAMICHES X, m—h LAy ok
ERTDHTOORMERAREL, BHEORARER
FRAT & [R5 O RIS 1 ORISRk rTRe & 972
FIFISRED S & T, v—h A v 2 fEIER O /ML
AT oz, B/NEHEY A X Z250umicZE L, &/
fbaniza—hIn Ay a0 RETEL,

1

Global mesh
Global nodal coordinates x?
Applied stress
2 ok ok ok ok Ok ok Local mesh
Local nodal coordinates x%
ek oLt = 0)
N
Cfale Crack tip Crack
1 }
[\ /] ok
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Global nodal coordinates x?

+ Global nodal disp. u6(x&)
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Crack tip location
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+ Total nodal disp. u(x})
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(a) Finite element mesh
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(b) Maximum principal stress distribution
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, RIDJTIA RS TIE, IE5XE1/2
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X1 Analysis model

#1 Model information and analysis
conditions

Dimensions | 1200x800, 2400%800, 7200 x 800

(mm)

Thickness 8 types of plate thickness: 7.5, 10.0,

(mm) 12.5,15.0, 17.5, 20.0, 25.0 and 30.0

Material Yleld. stress 315MPa, Elasto—perfectly
plastic material

Initial Cylindrical deflection mode

deflection

Amplitude

of  initial | 0.0058%t B : Slenderness ratio

deflection
84 types of combined load conditions:

Load [ax; ay; Txy] = [cos Ay 5 SIN Ay, 5 (XTTY]

conditions a =0,10,20,30,40,45,50,60,70,80,90,105,
120,135,150,165,285,300,315,330,345 deg
a; =0,0.25,0.5,0.75

Analysis MSC.MARC, Arc-length method

Method

2.2 V) —XEEOBEN

2.2.1 BHRDGZE

ENHMEMMEBELZ T HEVERK (RE
7.5mm) DA, VIMT-DOLENFEETHI LD,
MR R TRIE 2 TR AW L~ LD EMERE TS,

T2 B DMEDN
EHrx5 258,
B ERDOT AT Bl

= DB

WML T <,

S BT K& 7 EHE AT
LR R RE A B 2 DIRIE L 72 D,
WIS U=l )5

(CHEBCEE T — F (m 3 X TR IR T — )

DIZOH BRI,
(2 (a) Z2),

=8 b o PRS- | e )
ZDRIZDOIRT L D BIREIG T D3

A KD, FBRRORD IO FORAETIE,

PR A

RS DAEDENMET L, RbYIcR

EFFICRWT, PFHEMIS L0 b RE REMIE )

PYERT 5 &5
ZBWT, E& L THEHNEMSHIZL 54

Rl

2% (K2 ZM), Zoikd,

Wrm btk 3 2E T (R2(c) M), 7z, HLrfE
IZBWTIE, bibo X5 ICmNEfE R 2 A2 A
HTEWiz, BEERITEET S,

2.2.2 EWRDIGE
FEUHIMEMMEZZIT2REWERKR (RE
156mm) DA, TEHIT B~ T A2 i 58 B 28 i3
72, TEbAHOEE MR RS, R L [F
RO ED I MICHEECER DT DA KR L, %@@
BCRNFMISSIOn4 (B3 (a) 2 ) NEHFEIC
DHHIZ, EDFFEOFLBTIZBWT, £ L“C
@%;iéhﬁb%i?é(lﬂ@%%% JEARZ
BWTIE, ZOAEICET 5T BIR N ERR O
ORI H—LhoTWbEEZLND,

(a) Deformation (20 times) and component

stress o, at thickness center

(b) Equivalent plastic strain at center of plate
thickness

(c) Equivalent plastic strain at plate surface
2 Structural response of thin plate (7.5 mm)
at collapse stage
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(a) Deformation (20 times) and component

stress o, at thickness center

(b) Equivalent plastic strain at thickness

center

(c) Equivalent plastic strain at plate surface
X3 Structural response of thick plate
(15.0 mm) at collapse stage

2.3 HBBAMEBETEZZITLHHEDAHRE
2.3.1 BRDEE

PR BT MRS O FE AR 3 5832 J5 8] JFE A Aoy B % 5%
I DG, MUEEREE MR ZD, oL ro
JEfEfRTERIE T H b AN L, F£7=, ZbHhMn
HWINT 22250 TC, FEEE— BT X 1HEEO
EZKRE— K25, H4@@)Zrnd L9 2R E—
ROMEJEFRICESE LT, ZO/EEZDHRDFRE
OB XY, HIBRK O FRE AT O PN EPE S
KFL, RbICEIEFIZBWT, FEERMIS
KO b REREMSDPEL KOs (R4(a) =
M), Zold, FEFIZEWT, &L Tmn
JEAE ff I K D W FERA AL (R4(b) 2 ),
T/, FREAMATICEBWTE, KERBEEZDAIC
L HNEMRTEZANCAET L ENTET,
FIEARITEET S,

2.3.2 EWHRDBZE

JEWHETEAR DOS5E,  FEHUT b~ T 2 58 5 3
WD, JERIZE DR T b ADOEEINZ B 5
7RV, AR & RER D 1R X 1 O BRI E— R
DT AN ETHRAET 0, EEE— FOZ1k
RFLLH NS0 554 (B5 () M) NEEFICR D
A, BOHFREICBWNT, F& L THITFIzck o/
KyFEET D (B5@) M), ERics\TiE, =
DALEICT T DRARVBERROEED NI H—L 72
STWHEEZLND,

2.3.3 ERE—FODZIL

Fl 5 B E AT B BT D LR 288 & DWW,
5320 5 6 FEAE AR B 3 W TR 72 o D HE KIS E
WEEJEE— RDREZET— R 6 RERAE— FICE
k322 LThHhsd, ZOEEE— FOE{LE EEN
R T, BRI EFERIICELT DR —
NEREDTCOABKREEZER LTz, REEKD
Area IO MR S T elal e 556, 1K X1
P DO IERLHE— FOBIK L 70 5, FEHREFEM &
DGO EIE T DA DR/ FEEZHNT,
A EIREBICBITAR6ICRTE Scakn, RTD
E O ITHEER B ENDREE TOR S cOMEB %
~ LT,

(a) Deformation (20 times) and component

stress g, at thickness center

(b) Equivalent plastic strain at center of plate

thickness
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(c) Equivalent plastic strain at plate surface
X4 Structural response of thin plate (7.5 mm)
at collapse stage

(a) Deformation (20 times) and component

stress o, at thickness center

(b) Equivalent plastic strain at thickness center

(c) Equivalent plastic strain at plate surface
5 Structural response of thick plate
(15.0 mm) at collapse stage

7k, BMBOLIITEMEIRERFOR Sk fifH
2R LT D, Al 3 far 8 4 VR S ) ©
MR TAE LT E LTRY, EScoHERBITIHREIC
BboTIRER U —T 25, 72721, R&ME
WCEBLZAA IV IIBRBEIZE > TRZY, BT,
B S elMWIELIZIEVME & 720, JER TITE S e
FXalzit WM il, T b b1 X RIS VE—
RTRIEEL C\W5, £72, 7T AT FMLIDHIEW
IR OGEE, EBEE— ROBLERLVATHY,
BT — RICBATT 524 IV I RRELS 75T 5,

X m
A¢ sin— A¢ (constant) Agsin—(x —a+c)
c c
|
i
7 x
1
|
I
|
i
E
Area | : Area Il Area |
i
|
|
|
U I
T T
< a—c
2

Nla =

6 Definition of buckling shape function

(a) Aspect ratio 3 (2400X800mm)

(b) Aspect ratio 9 (7200x800mm)
X7 End-part length ¢ and load relationship

3. BHMEXRE-HAHAERCKIEBRDBELE
OF 33

3.1 ERGEZZBIRT ABARN—XDFHEAE
2E TR L DIz, wiEEA AL, RIHM
JEAEART B &> D\ MRFELIL T 1) A & 52 T B BRI AR,
JEE R X ORI DADEEIC X 5Nt TR
LI H DB E LT DD, HERDHRET D
BT E TIE, KEMERRERNA CTRAEO BRI —
RITERIE N IR Do 2 D K 9 7R ETEAR D A8 24 8l
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3.2 EAAMEMRENXEMNLZISE

3AHI D ST EHIHE - T, Fild J7 A EME T 81 xh G
THRNERE— ROTZbARIBIRTH D m-iE X 1
Flf O IESLHE T — RISk T A% L, #I7-bai
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ERT D, b0 EQ@XNTREIND KizbA
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A mnx _ my )
w=A;sin—— sin—
4 mnx _ my )
Wo = Ao sin—— sin— 2)
9*F d*F N d*F _
ax* T ox2dy? oyt

3)

e 2w\® (92w [ d%w 2wp\’
dxdy dx? dy? dxdy
92wy (02
+ (220 (22
dx? dy?

W OBMIEIGE K DSy, OF BRI
Z, THOIEREOIEIIRy, OFT AT bBE L
T, WINTbBSADBEL RO B LW IO
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X THDHQAANE PN D, (OO IR A 6%
HZRT,

A3 + (a3 — ay — Ahyay)A; — Ayas =0

“)

2 m?b a

a1=T GXOT+GyOE t (4a)
n*E (m*b a

%=\ Th)t ()

(4¢)

n*E (m“b a
a3

— +2m2 t3
T 48(1—v2)\ a3 b3

ab

2B, WRXO3FEKIFTI VL ) DAXE RN
HZLETRGICEDARBABRD NS ((F8k25
), 70, GaXiorT@y, RXTEDEMEN
B2 T, EUEMMEORELZET L L
NTED,

WRDOREEEAT 5 72, IEMIFFEM & O ik %
1To7=, BE8(a) X, MM G 2 7= K30 J5 m A fur
HEEREE L, [ U DARIREBE L IZIER
FEM & (DS RO -T2 BRI LB O
Thb, R TRINZIERIBFEM TIX, HIK
DAREEL, MR TZE RN bAaNERT S
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(a) Average stress — deflection



ClassNKi#: No.2, 2020 (1)

(b) Average stress - component stress o, at
longer edge
8 Comparison between NLFEA and ELDA based
formula

3.3 BMAAMEMETENXENLISEE

B 5 AR AN KB 72 5 A 1T, 2.8HI R
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G)RXZHWT, 328 L RO HFIETRIZDADE
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. mx | my c
w; = A, sin— sin—= for x < 3 (5a)

3 oy d
w,=Atsm;(x—a+c)sm7 for a—5<x (5b)

.y c c
w,,=Atsm7 for ESxSa—E

(5¢)

A OFRBE LV, HIEARICE < Z#o EY T
M I T 040, Oy & T2 0T A, D BALR % 7 97 31R 5 F 2l
NEMND, (B)RXOEHBEREZ FE1IRT,

azA? + (a3 —a; — A%oaz)At —Apaz; =0

(6)

2 b 2a—c¢
a; = T <0xo z + O_yo —) t (6a)
B n*E (b N 3¢ 2c? .
2=\t T ab’ (6b)
B m*E <2a+b C+2)t3 .
%= 48(1—v2)\b3® 3 b3 bc (6¢)
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