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Dynamic Buckling and Collapse Behavior of Rectangular Panels

Subjected to In-plane Compressive Load

by

KOMORIYAMA Yusuke, TANAKA Yoshiteru

Abstract

In this study, the dynamic buckling and collapse behavior of rectangular panels subjected to in-plane compressive load was
investigated by using Finite Element Analysis (FEA). An explicit dynamic analysis was performed using FEA software LS-
DYNA. The FE model of the rectangular panels was subjected to enforced compressive displacement. Ten velocities in the
range of 10 — 1000 [mm/s] were considered in the analyses. These velocities correspond to strain rate 0.002 — 0.2 [1/s]. First,
the dynamic buckling behavior of the rectangular panels was investigated by using FEA with a linear material model. As the
velocity of enforced compressive displacement increased, the average stress, at which the tangent modulus decreases, became
larger. Next, the dynamic buckling and collapse behavior of the rectangular panels was investigated by using FEA with an
elastic-perfect plastic material model. It was found that the dynamic buckling collapse mode changed depending on the velocity
of enforced compressive displacement. Finally, the effect of the strain rate dependency on the dynamic buckling and collapse
behavior of the rectangular panels subjected to in-plane compressive load was investigated. It was confirmed that the increase
of the ultimate strength due to the effect of the strain rate dependency was affected by the velocity of enforced compressive

displacement.
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RN, BB OEE, HHFICI MRS, FHRAECEM I ZEOBINGENMERT 5. £,
AT IV TN K DEEGESL, AT IV ZIRRT D5, v U RiE, MR 2 fiftdF o FEA R e
WV ERERFEFI L CAEL D AT Y X U 7 EEOIERT 5. SIS, BRI, M & OBt E
WGEENRRKEWREMEA TS, 20X 91, RICE, EEREISOFRMEND, KA v/ WE
R ZEEOHENRKEVMTEE TERT 2700, LR aiitd 5 BT, fha RBEOREICH 2 AR
JEIZOWTHHET 2 Z ENEETH L. FIITEZ ST 2RO ME 1 B B oM e An i 26 8 (8 A4 (e
THETOFEHOZ L) ICHATLIMHRIIINE THEZ S EmSI WD, —J5T, BRI RARE (@it
AT DAARORE T BASIREE D Z &) CEYAYEEIE AR EAEE) (BROW 252 T D MR SR DS )
DI L) ITOWTIRTERAE LI Fi a2 THIEDHICOW B TH Y, S%IFEEED TS BERH
5. ZORFNZRFHLIE LT, S v U IRENFEKO—D LM SN TN D 2 7 HihodrEF (2013
) VB LN, ZOX D REREIET 5 7-00E, BRI T B TR R A R AR EEEEN OV T B
T D ENEETHD.

I, A v B T iE %2 52T 2 AR ROBIRHE S AR B3 2280 Tt T % 2. Yamada H 13,
A BV TREEZT DIMADIN ENFIOBIURIZOWT, BEEFED Finite Element Analysis (FEA)Z FV Tl
HLY, Fho, ar T N7 AR, R—/V g, S0 3 20D FE 7 V& FHWT, Bt T R R
DOWTHHAEL TS H9. Kotajima 5}z (X Tanaka 5%, FEA % H N THMEOENIGEH T cfE i L RIFA I
WCHEZ LTV D 9. 2 b O TIE, FREDOKRICK U T~ 7o E5t:, MEFET L, 7 ALY
DB OWTHELFERML TV D. —F, THODOFRMOEITKT 2D, BRIREIEAREREI O, BrkE
iR A 5 Eh DS BRI R | B AR |2 - 2. D B S WO CIEEEIIC R R S U Cuvew. Z OBIAJE T RREEZEE) & )
BIRER T B IR DRMRICHOW T S NIT 5 2 & T, X 0 AR R BRI T R s BE 2 34~ 5 7= b D E 1,
NELNDEEZLND.

PAEDNG, BT AR 2EE) & BIRHREHN T R OBUR A TRE T 2 LN H 53, BIRTE L RFHT & T
A =B N, BRI AR EEZEEh & B Bt OBMR A2 BE LIZ < V. 22T, A AR 22 R
FTh DI SR SROVHAL TG LT AN BIE TR ERT X —2 h07p <, BRI AR S & B
HREIREE (BRI E 22 T DA E R DRKIRED Z L.) ORREZER LT W EZ B 5. Yang Bl
T N A B 2 52 0T D HETE 7 SR L R O3 S 0 L OB B TR EE I B3 D784 50 L T % 910, Z i Bt
TlX, FEA 2T, ~HE, MEMRRE, #1172 DA SN B RAIRE I 5 2 2 B2 A LT\ 503, BIREIR
R4 & BhRURCTREE DBMR TR R STV, E77, BB SRV OB DO S EA AR L
TWDA, FEA TH DN BIERASIREIC 835 X D ISl U7 S HEOMEMREZ T A —& L3255 TH
5. BonRAL, BIRKRREICE DR & 72 - - B IE AREEREEN ISV T RN, R SR
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SDOHESMEFET V&2 T D5 SRV ~OEAMESAME T2V, X 0 LA > BB ZRRM 21T 0 729,
BRI TR 1228 5 BEIR & 72 2 BB AR AR I C DUV CREICIRE T2 Z e AU TH 5.

& ZCAMIIETIE, BIRIRER T Bheim EE & BRI BB ) G DN T B8 AR L LT, mWNER R A
ST DR SV OB AR B A TR AT 5. RIS M OB AR EE 55 Eh [ OBhAOHE R | ik R 14
DOXFENEPHETHZ L2 /YEZ, FEA V7 F o =7 [LS-DYNA] % W CEIBGEEIZ LS - FEA % £
%, 2 B, RITSEIZ DUV CRLIR L, LS-DYNA IZ K DTG R D% 4 PE%, FEA Y 7 kT =7 [MSC. MARC|
DOERIREFRIEIZ IS FEA &, PFR#H T 5 Elastic Large Deflection Analysis (ELDA) & kb UMRRE L 72, 3 &
TIL, MBFOMBMEA R 72\ BN 258 (BRI B 252 T D AR R ORI K 2 %ED Z L) 1220 T
A L7z, 4 B, MBIV S & A TEEI IR AR SRS OW G L, EhaE AR E O /3 B & Sl L
7o, SETIHE, O AR EEZ B8 L2 FEA 25506 U, BhnREJE IR Eh O8R5 2 5 8%
FE L. 6 BICAEOR S #5707

2. fRTEH

2 B, AW CHERME L7 N ERE R R A 5T D SRV D FEA (22T, EOfFHT*IE - fithr£7 L,
BERSAE, MRS RS, FEEAREESEENCR 45 LS-DYNA I K 5 FEA fi§ O 425V TiE, Okazawa
Z LY SRV« BB SRV « ARy 7 AT —H — DR 2 HEFHE CTH D Z LRI TND. A4
THBRE LTH SR DFETIH LTEH LS-DYNA (2X % FEA fEROZUMEAMFET S 2L & L, MSC.
Marc (& & % ¥ RafiEis i OBlRR R & o ol & 50 L7z

2.1 BRTRREBHETIL

LR L7cR Sa = 4,750[mm], fEb = 950[mm]DHIZ/ SRV Dy R AT 5 Bl A T2/ S0V & AT et G &
L7z, 1 BD/ RV TR < yBiF AT S BOIE A T2 SRV Bt g & LB ilE, SRS o EZ /hE <
B ThD. N~INVOWEL, = 15[mm] & L, QDATRINDHEL SFVOMELIIL =247ThH 5.

p=— |= (2.1)

w=0,=60,=0
x = enforced disp.

i

w=6,=0,=0

/

Iy L
1 fEHR 2 FEETI
(A8 — : YA DZEEAEE, zFEIZ{E 1000 {SRT)

EHTRIER D FE £ 7 V& X 2 (R T, PEIE% D T2 DA OTIR 2 B 5 720, y#ili 718100/ 332 L Db = 950 [mm]
ORI TEEHN 10 AL 725 L 912 95mm X 95mm D = /LEFE TEF /L LT-. FE EF/L2EOEFLIE 2500
H<Hhs.
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2.2 MEAI=-HH
QMUTRT L OIS, BHET 233 VOB AT/ D £ 9 7o R EEIE T — ROYIIZbFHw, 2 FE €7 /1
WChEZz27= (K2 28). FI7=bAOREW,1X2.3):NC5 2 7-.

. ommx | my a
Wy = Wosstm7, m=y (2.2)

W, = —= (2.3)

Smith & [XSERNEDOFFHIED 5 (2.4)XURT 3 FEO Y 7= b A DIRIEZ 4222 LT\ 5 12,

0.025 (slight)

Wy = aB?t,, a=1{0.1 (average) (2.4)
0.3 (severe)

23, 24ALY, AUFETEM LI SV OPITo OO 8alE 0.00164 TH Y, 2D /hSWNZ LB
BInD. ToTE L, AR TIEE SRV R E T — FOWII- oAz 5 LT D03, 24)2UTFEMOE TS
F— ROPT= A OFRFERN B DNTAETE LB X ONDT20, LT — ROWHT- bAEIRE O AR
WIIT- OB DT — NI L BB ISBRETT 2 HEN S 5. F -, AT CIIABIRRISNIEBE L TR LT,
ZHUZONWT OSBRI P LETH S .

2.3 MENFHE
EEIEHTH 5 HT32 (0y = 32[kgf/mm?], E = 21,000[kgf/mm?]) Zxi& & L, # 1 TR IMEHEZ 5
Z Tz, BEIIIEEET9.8[m/s?] & L CRRIE N R OV v 7R 23R LT,

&1 MEHE
Y 7% E [MPa] 205,800
Ryt v [-] 0.3
BRI oy [MPa] 313.6
¥ p [ton/mm’] 7.8x107°

K2 EEEEVTHEE

Data Name ZEAHEE Vmm/s) OB & [1/5]
V0002 10 0.002
V0004 20 0.004
V0006 30 0.006

Vo001 50 0.01
V002 100 0.02
V004 200 0.04
V006 300 0.06

Vo1 500 0.1
Vo015 700 0.15

V02 1000 0.2

IENCHREE « GRAHIANLDIEE
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2.4 WREHLFMEEY
IARIZEBWN T, B Sroud, B CUIn s P HROREH) & N7 AHROREMICHZIN TN 5.

ZOEI RGN EEEBL, M1, K218 T L1, B R OKEMBEAET D51 S VL Ozl 516
DOENwZEEE L. & 5I, IR SFOVERITER SR EMIC L0 BRSNS 7o, xlilir i P 170
DRSO, 0,, yETAIFATIOLDEHEAG,, 6, 2 FE Lz, £z, MRIERT 2t e —x o F 2 4E
THE, TyFROR N AOER SRUIE, ERETHIRORNGER OHENEER ESMERT 5. AR T
RN U D RN E 2 55 & U,y Al AT 7232025 U Cm N ERE R 2 & 72 5 & 9 Zpxlili 7 o
SRV A 5 2 T2, BREVEAOBME (LI, ZADEE &V D)) Vimm/s|i, £ 2 127 10 FfEE H .
F 2 IFOTHHE1/s| bR LTEY, k5E L BALEEX0.002~0.2[1/s] D ONT B E 6 LT
%, OFHHETQR.5)NL v FHHE L.

£=- (2.5)
2.5 FENTHERDOZ LM DRRELE
(1) HHEmaHH

LS-DYNA (T & % FEA $EROZLMEDRGED 7= DI, HamatH Tl 5 ELDA (Elastic Large Deflection Analysis)
Mz, ELDA TiX, Wii7=bA kO =bAiz22)X, 26):NTEXL, OTHDOEALERL XD 1D
IR B ENDQ2.7)R~Q9)AXAE ANT, T2bBOIRIEW 2N SR o, & Rdiz. E7z, F
BIOF e 13(2.10)20 & 0 sk 7=, Q.9)RUTEHHIEIERE o, TH Y, ABFIETRIG & L2 SV O R
%o, = 185.5[MPa] (o../oy = 0.591) TH 5.

mrx | my

w = Wsin——sin— (2.6)
a b
W — W,

Oap = Y(W? = WE) + W .7
_ m’Ea® (m* N 1 )8
V= Tomz \a* " b* (28)

_ m’E <tp)2 <mb LA )2 -
r =10 -v)\b) Va Tmb (2.9)
Ogp A mPm? 5
=— - 2.1
£ £ + 8a2 w wg) (2.10)

(2) FEA #3245 D FFIE

LS-DYNA (2 L 2B RIEIC IS < FEA fEROZSMEEZRRET 5720, £ 2 1ITR-7T V0002 (O AidifEe =
0.002 [1/s]) DEAEERIRIT, Yo VR THILRMEFET L4 FIV = LS-DYNA (2 X 5 FEA, BSERIEMEOMEl
E7 VA2 LS-DYNA I L 5 FEA, BSERIBMHEOMERET V% H e MSC.MARC (2 & 2 Bifafifikic o
< FEA, BEaatH CTd 5 ELDA O 4 FEHOFERZ ik U7z, s oM e T v 2 1L, BIRIGHICE L%
IFHSRREN 0 LR DMEFET L Th D, T 2T, HMREIL, MBS —OT AR OB do /de TH 5.

3TN TR DAV RS T — P OF AR %779, LS-DYNA (2L 5 FEA IZHW\ T, PRSI
RFVHSR (x = 2375[mm]) QW ONITE LT OxHhTm Of ) Z K fd Chi L TR, FHEOT Lok
NOERBEZ R SRV DOES TR L TRDZ. MSC. MARC TIHIMEHSEAZHWTE Y, ST EL
WHE R TR LTk, SEOPTIIIBNM B E/ SRV ORE S THR LTGRO 7-. BERFH TH % ELDA 13Q2.7)=
~Q210)RE AW TERIS S & SEHOF R ERD T, X3 TIREBSNIERIS oy T, SEOTIRTEIR O 2
g TSI EL TV D, BHMROTARZRANXEHNTHE LS.
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Oy
-F 2.11
= (2.11)
S.S S.S S.S S.S. S.S S.S

1 AT S S S S
0.9 ———LS-DYNA_Elastic
0.8 / 50

——LS-DYNA

0.7 /79\ -100
0.6 ——MARC

. 7 = T -150
205 ; =
S oa ELDA % 200 —e—LS-DYNA
—e—MARC
03 /| e ocr 250
0.2
0.1 o Ultimate strength -300
(LS-DYNA)
0 O Ultimate strength =50
0 950 1900 2850 3800 4750
0 0.5 1 1.5 2 (MARC)
g/eY y [mm]
3 FEHIEH—TFHU T AERE 4 FHEBREROxEA RIS ADYEA RS

(S.S.: Simply-supported condition)

3 L0, BEOMEFET VA HWZ LS-DYNA @ FEA #55%: (X 3 @ LS-DYNA Elastic) & HifalH TH 5
ELDA OfERZ T 5 &, XSS EEREIERE (K3 Do) (22 LIz OB OIKR T EO TRV
FERLTWA. 2T, BRI, RIS — PO T AREROE do /de TH 5. BERBIEOMENET
V% FW Tz LS-DYNA @ FEA #5538 (X3 @ LS-DYNA) & MSC. MARC @ FEA fERZ T 5 &, Mia Ok
gRE (1% 3 @ Ultimate strength (LS-DYNA), Ultimate strength (MARC)) D721% 1.45% CTH3I/h &V, T 2T, ik
FREELL, SISO KETH S, £72, X 4121L LS-DYNA & MSC. MARC DR Dx = 2375[mm]i
B Bxth s Do, Oyfi R R L TR Y, JEIRIZ XV FRRRORE D OFIEDE Sy To, WREL 725 &
W AR 0 & 72> TS 51T, X5~ 7 121, LS-DYNA & MSC. MARC D5 &30 HF D i J5 715 77,
yEF TG T], 2 — B RIS R 10 (53R TR LT Y, 1 IERRERRESRHNAE LT D, Dk
25, LS-DYNA IZ XD FEA FEROZ UM R TE 7272, ARFSE CIXmNIENREZ2 52T D8 SR L0
O SE HREE 2R B 2 B © /N2 5 72012 LS-DYNA % V7= FEA 21 5. 728, RfCmEIsE Lk ois i —
O ARXIE, Marc & LS-DYNA TENH 503, AW CTIIHRMEEE £ TEaxIgE LT\ 5728, LS-DYNA %
5.

(a) LS-DYNA (b) MARC
H5 SERBERFOEABRLIDH (R 10 ERR)
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(a) LS-DYNA (b) MARC

Mo SEREROYHARISNIM (Zf 10 ERR)

(a) LS-DYNA
7 REBREBOI—FRARIDT (10 ERTR)

(b) MARC

3. EREMREZRITHIEM/ \RILOEHIEEEZEE)

3ETIE, MEIOBMEZ D IRWIERIE 2 x5 & U, ENERT E 252 0 55 S0 OB 58
[ZOWTHELZ. Yo 7 RTRIBRMEFET L2 VT, 2 1R 10 IO ZEA8E o i PN R B 2 5%

T
FAHEE LD FEA % 350 L7T-.

3.1 BHIEEES)

VO002EL (EL 1%V > 7R CTHIEMEFET L& AW FEA R TH D Z L BT 5. ) DOEEJE% Ozl Th
AT R Ol 5 1)) J1 D 55 Ai 2K 8 12R9™. X 8 1Z7% L7= VOOO2EL @ FEA #E5-TIL, FI7- b & 7 U ki
m = S5DIZOADEEJENFEAEL TRV, ARMEED Cxfi RS IR R E WG L 7o T D. ZOMMOZEHE
Z N2 FEA IZBWT S ¥ 5m = 5O 7= b A DRI E L.

1.009+1

0000e00

(a) zBAAMIZE(L (b) xBRFF MRS
8 VO002EL MEEfEH# D FEA #£8R (T 10 {5FKR)
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s
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H
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—— VOOO02EL
——VO004EL
—— VOOOGEL
—VOO1EL
———VOO02EL
VOO4EL
—— VOOG6EL
—— VO1EL
—VO15EL
———VO2EL
———ELDA

10 FHIEH—T=HHBER

M9 FEH—FHVOT HEER

3.2 BRHIPEIESRE R R DEE)

SEIG )] — I OT B BRSOV ) — 7= A BR 2 9, K10 12RT. X9, K 10 [ZIXR D 72 DI HiiR
R TH H ELDA OFER Eor Uiz, X9 OWEIS ) — P OT HBIR &L 0, O A3 7530.002~0.01 [1/s]® FEA
FERTTIE, IS AR o, Joy = 0.591TFE LT-K, FI3EES T CICEMAEME T LTV,
O B E730.02~0.2 [1/s] D FEA FERCIE, PS03 B8 1S B 3 CICHEIMA S MR T, 8k
ZEENEINTE LT R BRI T U, £ D% EEREHE CTd 5 ELDA OFEROE Y ZEE L T\ 5. S 51,
BEALHEENRKZDIEE, HERMREDME T T 2 RFO LS INTIRE 7o TS, X 10 DG T) — T b A%
BOTYH, BAGEENRKEWIZE, TbANEIITHEINT 2RO LSRR EL 2> TEBY, D% ELDA
OFEROE D ZREH L T A. LLEnD, BACEENRREIVNEE, RIS EIO R I BE L C bR
BOIKT KO OAO IR 2BEMBAE T T, Z 0% 071 E THMN L7 B ISR OIR T KO b Aad
BIIBEINNAE T D 2 ERN otz 51T, BAGEENRKE WY, SERMRENME T 2RO IR TR &
SIBHZ Ebhyhoi.

w [mm]

———VO0002EL
~——— VOOO4EL
~—— VOOO6EL
VOO1EL
—— VO002EL
——— VOO4EL
———VOO6EL
——VO1EL

——VO15EL

———VO0002EL
~———VO0004EL
~—VO0006EL
VOO1EL
——V002EL
~———VO004EL
——V0O06EL
——VO1EL
——VO15EL

——VO02EL

—— VO2EL 0

t/ter t/ter

B 11 f=hHDERF X 12 SFEHEHOERS

22T, M1 ZEbARORRIE T, K11 ORGEORER]E, (3.1)RUTR I ERIG S A E RO L AR | R
T AR T 2 & TERITTE L TV A,

— GCT/E
é

(3.1)

cr

Z OBERITAL LTS 1125 LIRS, SRS I CBNET 5 Z L 2R L TWD. K11 LY, &
PR REVNEE, SIS B IRE R L T 2 DANRIEE T, £ 0% H DR L7
BT DOBDYEMPIEE D Z EDVrnnD . £z, K12 IR LIS ORI LV, ZBAOEERRE VTS,
SEEPENIMET T DREDOFEENNRE S 2o TND ZERGND. Zbl, BAEENREWELE, L
(2K L CHRER G MO DHOEEN PN REL RDTOIEEEZBND. ZHUCKY, BAOEENRE L RDIE
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E, TebBOEMPELS 720 BHOZORIRENFEAET D LEZXOND. £z, TLbHOHEMH BN TS I3
NeZFFFHOZENTELT2D, BAHENRREWVITE, FERNMET T 2ROFEEIENBREL 8D EEZ
b5, OITRT LI, BALHENREWTE, ST —FE O PR O BEAMREDME T 9 D R D1y
JENHREL DL HZEDIZDTHS.

4 HERNEEREZZT DR/ \RILOERIEEFRIRES

4 TTIE, MEOEME S & A BB AR BN OV CIA LTz, 2070, sttt orEiE 7L
ZVT, 3 8L RBRICER LIRS 10 REEOZNTEE O AT 2 521 2 HF ) /L O FEA 2 3 L 7.

4.1 BIRIEEIE ARIEEEE)

FEA #55R & LT, WIS — P OT HER &I — o oA BfR %X 13, X 14 1237, K13 KON 14
£V, 0.002~0.02 [1/s]DOFERIL, FESD D EHERIRE (13 Om8R0) ([BIEE LRI, IS REE
ZRENZR N SR LEIRRRE 2 M 2 T\ 5. 2T, BIERREL, S HORKNETH S, FEINH
PN FREJRE R R | S BIEERL | TB AU BRI EE Al 2. D F Tl BIREN /323N SV 0.002 [1/s]DFERDJE v A8 L T
W5, Z OIRBOENIRAECTREE~DF BT 4.2 FIZFERT 5. 0.04, 0.06 [1/s]OFERIE, RIS D3FRHIEIERIS )
R L CTH T ISR EOME TR, 805 PHIEIITEE LT RRCEERMA MR N L, 2 ORHZEIRREH
JEL 2o TND. BEMREME T L721%1E, RIS IDMEEIR Y 2 O 72 BIR T LT 5. OF A 0.1~0.2
[Us]DAERIE, RIS D3 E R AR B |2 B U C MRS IR T3, SRR3R T3 L7 Rl 2 @)
ARSI 23l 2 TV 5.

.5 /ly 15 2 0 05 /1v 15 2
(a)0.002[1/s]~0.02[1/s] (b)0.04[1/s], 0.06[1/s] (¢)0.1[1/s]1~0.2[1/s]

B 13 FHEH—FHOTHER

12 12 12

1 1 1

08 08 08
o = V0002
> - - >
% 06 —voos B0 S 06 —va1
s ) —voos  ®
V0006 —V015
— V006
o4 voo1 04 04 .

——— V002
02 0.2 02

0 0 0
0 5 10 15 20 25 30 [ 5 10 15 20 25 30 0 5 10 15 20 25 30
w (mm) w (mm) w (mm)

(a)0.002[1/s]~0.02[1/s] (b)0.04[1/s], 0.06[1/s] (¢)0.1[1/s]~0.2[1/s]
X 14 F¥HisH—1=HHE%R
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(a) xEHAREEH (b) BHEUVTH (c) zEHAMZELL
15 V0002 DEIRITRALEERFD FEA 58 (T 10 [EFRR)

(a) xBAMEEAH

(d) TEOBHEVTH (e) zERARZELL
16 V006 MENHIRIRIRERFD FEA 58 (£ 10 fERT)

(a) xBHAMISAH (b) S—HERIEH (c) BHEVTH

sitrrrerd
i
|

T
FEEEEG
233:5k3%
—

(d) zEhARZERL
17 V02 DEMEIRAERED FEA 8 (£ 10 ER7R)

EFE 0.002~0.02 [1/s], 0.04 & 0.06 [1/s], 0.1~0.2 [1/s]DONT B E DR 7, 54072 3 D OB T AR 558
%, UIFOBMERRET— NE LTI LIl

® EBE— R (Elastic buckling collapse mode)
ONTBIEE 0.002~0.02 [1/s] DT R BV, SEENE ) DN FE R RS I 2B L7228, IREVZ R ey
SEENN U BRI 230 2 2 B AR E CH 5. X 15 121351 & LT 0.002 [1/s] DS IIT 58
HIEREIREEF D FEA fE A2 R L CR Y, BRESRERH I IR DR LT 5.

® DB Et— R (Dynamic buckling collapse mode)
OTHHEE 0.04, 0.06 [1/S]OFMETROITZ, SRS FBIEEEIREIZENE L T H 7 ISR ED
KT, ZORID TR INTEE U CTHERMREDME T3 2 Rp BB AR EE 23800 2 2 B i Bl 5 B
Th D, 16 (ZI1FfF & L TOFTHIRE 0.06 [1/s]DFMHCIT 2B IRER O FEA fiBa R~ L TR
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D, BREFNZEEOTHNAE T TE LT, b OEMRFRNCBOTEEOT LB E LTS, o
D & 5 (BB ERE R I O B3 584 L TN B AT AV 7200,

® WY E— K (Whole yielding collapse mode)
OT BB 0.1~02[1/s] DR TR.6T, RSN DERICINCEE LT, 2wk R A2 L CEITR &R
JE &2 2 HERFERAEEREN CTH S . X 17 12136 & L TOFTHEE 0.2 [1/s] DA I D BRI RcRGRE
D FEA R AR LTHEY, BIMEKRBERIISARD I —B RIEHRBRIETEL TV 5.

4.2 RSO BMIREREICRIFTEE

4.1 FEOOTHIHEE 0.002~0.02 [1/s]? EB &— KD FEA fER T, XIS 2MES) L7220s S BN LB & TR
R Z T8, Z OGS OIRE DB BB |2 T T B e 5. O AHE 0.01 [1/s] &2 %512, F
BT & Te oA DRER %[ 18, 19 127”7, 18, 19 kv, YEST) & TzoA OO LIRIZIEET 5
&, ISR DORHZ T2 DRI > T D, DFE D, IEENC LV 72T NSNS 2 RR XIS )
MREL Y, T2OHBTRNIEN T DRSNS < 7o T .
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5
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0 002 004 006 0.08 0.1 012 014 016 018 0 002 0.04 0.06 0.08 0.1 0.12 014 016 018
t(s) t(s)
18 V001 DTS ADEERT 19 V001 Df=HHDEERSFI

WIZ, NS OIRED LA OTERIZ 72 HIFD I —8 RS0, Oyfil)7 040 21X 20 (73, K20 Tlidizbd
HOWENDOR &L 72 HEO I —E AR EFHE, [LORFZ G TR LTS, 20 £V, "RAORZMEMITIL,
REEIDREDIZ O T I —B RGN L T, BRIENTHITL L2eoTnD. —J7, 7SRV, 72
DIHRINENS NI BRI =B R ENIME T L TWA Z LW 005, £ 2T, K21 IR LIZARE L SR
R DOBEHEDOXENIT ST DORERYN 2K 22 (73, K22 L0, ARMEOESE (A5432) Oxifilfism)si3iEEh4
HTERIBMLTWS., —FHT, N R FER (B5497) Oxfili s w13 EF I RIERE (o, =
185.5[MPa]) & B X 723100 7 HIRE L TV 5. & B ERSI DN BRI RAEIREE (23 L72RE (K22 D58 (12
1, SRR OSSR THRE L TV . BLEDNS, SRS OIRBIRYE, - A OEENC X
DA U SV RO ER OB Y TH Y, TmbBIVNES < 225 FINCRET 280, /SR HfROE T
IIREL Y, ZHUCLY BB E— RICBW TEIRARE CERIR I ORKAE) ML= Bx b5,

150 LEEEEEEEERER R PP RPRP PP ..., - t=0.154
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Time= 0018019
Contours of X-stress ~2.445e+02
shell integration pt#1

MIn=-317.614, at elem# 3568 25106402
max=-244.485, at elem# -2.591e+02 _|

26646402
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-3.030e402
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-3.176e+02 _|

21 xWARLHEERT SEFR
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5 VYHREERFUENENEMAEZRTHEMR/ A ARILOBMERREREDICREFTEE

5 B TCIL, HEERMEOMERET L &, OF Bl FERIFMEIC K 25 BERIG ) O8N %2 Z &+ % Cowper-Symonds HIl
(BAF, CSHIE WD) ZHWT, mNEMER EE ST DR/ SRV D FEA Z %L, O Bl BRI B
JEJE RS ENC - 2 DR A A LT

51 DT HEEKREMEEE LI5E OEHIEREFHEES
Paik & i, BEOSIERBROBEEND, G TREND CS AIOREC, plo DWW T, #EHOLEIIC =
404 p =5, MIESIMOYEILC =3200,p =5 ZREL TS, AL TIXERIMOLREEHFERT 5 Z
ZL, 5.H)=izZC =3200,p =5 ZUA L CHE SNZBIERIG oy & OT BGHEE (= de/dt) DBIfR %
23 |TRT

Ta_ gy (i)’l’ (5.1)
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CS ANZ & 0 OF B ERTIEE B8 LTz FEA FER OGS — R OT AR OV EIG ) — - b A2 BR %
X124, X 251259, OFTHREEERFMEEZ BB LK 24 KO 25 &, ZEL TRV I3, K14 L0, 09K
HEERTFEIC X D BRIG OBEIN A BB S5 2 & C, BIREIRESHEM L TWD Z ER00 5. B EEIR A
E— NIZOWTIE, #i4 TR L2 3 BEOEEERET — RO O EITR0 > 7208, 0.04 [1/s]DFEFRIZD
W, PR A ZE L TORWESIZ DB E— R Th o727, 0T ERE 2 ZE L= 5HA&I1XEB
E—Relpotz. 72, 0.1 [IB]DFERIZONT, OFTHEERFMEEZEZE L TORWEEIZI WY £— R Tholz
D, O HREERFEEZE L-5HAIE DB — RE/ao7z

5.2 VT HRERFEENBIMRIEREICRIZTEE

O B ERAFEDO A ED FEA #5535 (20 5:F) OENWIFEIREE & OT sl OBfR A X 26 1279, X126 12
%, FETOTHREEERFELZE L TR0 FEA #EROERIRKIRE, B TOT HERERFELZE L
FEA #5ROBIREIRE 2R L T D,
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118 WY mode
11 % 116 WY mode (w/o0CS)
? ) DB mode (w CS) A
[
1 114
o
5 112 DB mode (w/0 CS)
% 2 EB mode (w CS)
S 09 £ 11
5 —6—w/oCs 2 —o—Ratio
wes £ 108
08 & s —cs
% 106
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102 |——==—"A—- Qi
EB mode .7~ DB mode
06 1
0.001 0.01 0.1 1 0.001 0.01 0.1 1

de/dt [1/s] de/dt [1/s]

26 BHREBE-—VOSHEERR K2 OFAEEERFEFROBRKRBEL — V0T AHEERRK

126 £V, CSHIOEBEIZERR S, OTHEENRE 22213 EEIARMSRES N L T\ b, CSRIOAMET
g5 L, OFHEEIN UTC, BNRKIRE OHINEN R/ 5 2 L3Vgnsd. £ 2C, K272 CS HIEED
FNARAIRIE DL & ORI EOBMR AR L. K27 121%, BIEEAEET— ROV THRL TS, K27
£V, EBE— FiZ CS AN » TEIMRKSEE O LI L CB Y, ZIUIAIEERD 2SR L CEI A& TRE
MR DT END, CSRIDFEN AR 7 DIMAEHT 5 Z EMERTIZEE X HiD. DB E— ROV T,
BRI DAYV NE <, ZAUTEIAIR SRR ZFRIR L CW 2 H#IPHAV D72 < CS RIDEN NS hoTe 2 &
MERZEZEZ BND. WY E— RIZOWTE, BIREREDOL CS BlCih> TR Y, ZiuxeWrimfE R
\CENIRCIRE 2 2 B 72, 2WiE C CS QIO ENZ S =72 B 2 bihvs. £7-, CS HIOH M CEHE
JEAREEE— RVED S 0.04 & 0.1 [1/]I2OUVT, 0.04[1/s]i% EB &— RIHAAMETE Y, 0.01[1/s]iZ DB E— K
& WY E— ROFMOENEEREDOLL & 72> T D, [X28120%, EBE— K& LTO0.002[1/s], DBE—F& L
TO0.06[1/s], WY E— & LT02[1/s]7 CS AVFEEDLJET) — FEOT R Z R LT Y, BRREJEAREE
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AMFFETIE, FEA % A\ Cili N B 2 521 5 55 SRV OB L B R BN D\ Tl L7e. SRSt
& U CHI SR Ao & AR RS 2 5 2 T2 IR S R WSk U CR T NS IREIZENL & G- 2 D RN % 3206 L T-.
SR OEE & U CTOT B 0.002 [1/5]~0.2 [1/s|\TAHS T2 10 FEOEEE A BE LT-. £ LT, Pk
MENE T L CEIRO LR 25, e RYEORMERE TV CEINE R 82 A L. S5, Mg eyittol
BHET L L, OFHEHEERIFE S LT CS HI (Cowper-Symonds HI) %558 U7l 2 506 L, O Ao ERTFE
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Atk

Yo T CHRIEIMERE T VA W FEAIZ LY, mNERER EOZEAOHE GRIEFZENL D) AR E <
RBHIFE, HEMREIMET T DROVEIS NP RELIRD T L3 oTlz. UL, /SRS L CIRE
7RO T OB OEMINC LY, BAOEENRKEVIEET-DHOEMMBEL 720, Z D72 bIH ORI
ATV DT 22 T RO Z LN TE D72, BADEHED K EWIE EHAMREAME NI 2 RSB0
DREL oIz EEZEZDND.

BOSERMIVEDOMBFET L& FN Tz FEA IR Y, ZBLEEDENZ L - T, EB E— K (Elastic buckling
collapse mode), DB “E— K (Dynamic buckling collapse mode), WY “E— R (Whole yielding collapse mode)
AT E D 2 EDyhroTz. EB B— RITEES ) DS FA R L (2B U 7o R IIRE 2 PR 72 03 B )
AR %30 2 2 BHROPEIR AR B T 5. DB T— NIX RIS AN FEERE 2 E L ChH 4 <IcHs
BARBOME TR, £ D% PG 5E U CHAMREDME T U 7o Rp B TR EE 2 380 2 2 BhAA AL
AR EN T H. WY B— NIZRMTH R IRRF S B R A IREE 22300 2 2 BRI AESRE T 5.

B RS INTIE LU CHERMREDME T L2 R OIS OIRENE, 72 DA DIRENT L 5/ 30 L))
OBEMERRENCERI L7 b D TH Y, EBE— ROBWRKREZ NS S5 ERZEBZ 2 Hils.

OB ERTFVEC K D BERIG 1 O8N 2 BT % CS BllA FVVZ FEA IZ LV, CS HIDH M BfR7e <,
OTHRRENKRE 2D LEWIRMERE G RE L RD 2 Ln3nhoT.

B CS Rl M T AR — FOZ(UIE /e o 723, OF A 0.04, 0.1 [1/s]D54FTix €S HI
DA ECEEIRAREE — R R DR E o7z,

EHEE AR — REC CS R BEOBNEASRE DN/ 5 Z L3y o7z, EB E— R CIXAME
DSREAR U CEAIRASTRE 23 R 5728, CS RIDONRITA DRI TITHEM T 5. DB E— FTIXE D FES
INZiEE U CHEMR BN T T 2 RS BN RAIREE CTh V), BIRUEASTREERFZ IR L T 2R S 41
5728, CSHIDFEIT/NS V. WY E— R CIIEWrmmRE R BRI RARE 22 5720, CS HIOBHY
BRI ) & ERABERIG S DL & [FIFREE, BhARASTREE N L7,

13, ERROIRK S RIOMTRER 2 e, R S mO~HE, WE, BAEREFEZ AT A—2 L LT,

EhHEE IR R — RIS, BHAOME I AR B S\ T TN A B % 520 D 55T SR L OB TR U

BRLIZV.
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FEAREE) OHiBIOL EF SN2 bDTHDH Z L 2L, BRSILICHEZR L ET.

1)

2)

3)

4

References

Committee on Large Container Ship Safety JAPAN: Final Report of Committee on Large Container Ship Safety
(English version), (2015).

Yasuhira Yamada, Kyoko Kameya : AFUNDAMENTAL STUDY ON THE DYNAMIC RESPONSE OF HULL
GIRDER OF CONTAINER SHIPS DUE TO SLAMMING LOAD, Proceedings of the ASME 2017 36th International
Conference on Ocean, Offshore and Arctic Engineering, OMAE2017-61068 (2017), pp.1-13.

Yasuhira Yamada, Kyoko Kameya: A STUDY ON THE DYNAMIC ULTIMATE STRENGTH OF GLOBAL HULL
GIRDER OF CONTAINER SHIPS SUBJECTED TO HOGGING MOMENT, Proceedings of the ASME 2018 36th
International Conference on Ocean, Offshore and Arctic Engineering, OMAE2018-77402 (2018), pp.1-11.

Yasuhira Yamada: Dynamic Collapse Mechanism of Global Hull Girder of Container Ship Subjected to Hogging
Moment, Journal of Offshore Mechanics and Arctic Engineering, Vol. 141 (2019), pp.1-15.

(164)



«

i LB egEprmy H21k H1 5 (B3 FE) REewmE 31

5) Sho Kotajima, Yasumi Kawamura, Deyu Wang, Tetsuo Okada: Numerical Simulation about Ultimate Strength of
Container-ship Hull Girder under Dynamic Loading (in Japanese), Conference Proceedings of the Japan Society of
Naval Architects and Ocean Engineers, vol. 22, (2016), pp.547-551.

6) Sho Kotajima, Yasumi Kawamura, Tetsuo Okada: Numerical Simulation about Ultimate Strength of Container-ship Hull
Girder under Dynamic Loading (Part 2) (in Japanese), Conference Proceedings of the Japan Society of Naval Architects
and Ocean Engineers, vol. 25, (2017), pp.365-370.

7) Fumiko Tanaka, Yasumi Kawamura, Sho Kotajima, Tetsuo Okada: Numerical Simulation about Ultimate Strength of
Container-ship Hull Girder under Dynamic Loading (3rd Report) (in Japanese), Conference Proceedings of the Japan
Society of Naval Architects and Ocean Engineers, vol. 27, (2018), pp.281-286.

8) Bin Yang, C. Guedes Soares, De-yu Wang: Dynamic ultimate compressive strength of simply supported rectangular
plates under impact loading, Marine Structure, Vol. 66 (2019), pp.258-271.

9) Bin Yang, C. Guedes Soares, De-yu Wang: An empirical formulation for predicting the dynamic ultimate strength of
rectangular plates under in-plane compressive loading, International Journal of Mechanical Sciences, Vol.141 (2018),
p.p.213-222.

10) Bin Yang, Jia-meng Wu, C. Guedes Soares, De-yu Wang: Dynamic ultimate strength of outer bottom stiffened plates
under in-plane compression and lateral pressure, Ocean Engineering, Vol. 157 (2018), pp.44-53.

11) Shigenobu Okazawa, Masahiko Fujikubo, Yoshiaki Hase: Applicability of explicit dynamic method to quasi-static
collapse analysis of plates, Conference Proceedings of the Japan Society of Naval Architects and Ocean Engineers, vol.
2W, (2006), pp.1-4.

12) C. S. Smith, P. C. Davidson, J. C. Chapman and P. J. Dowling: Strength and Stiffness of Ships Plating under In-plane
Compression and Tension, Trans. RINA, W.6 (1987), pp.277-296.

13) The Japan Society of Naval Architects and Ocean Engineers: Naval Architects and Ocean Engineers Series 7 Hull
Structure Strength Edition (in Japanese), (2012), pp.116-121.

14) Jeom Kee Paik, Jang Young Chung, Ick Hung Choe, Anil Kumar Thayamballi, Preben Terndrup Pedersen, Ge Wang: On
Rational Design of Double Hull Tanker Structures against Collision, The Society of Naval Architects Marine Engineers,
1999 Annual Meeting, pp.1-33.

(165)



