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Buckling/Ultimate Strength of Perforated Rectangular Plate under Thrust

by Tetsuya‘ Yao, Member Shigehiro Hayashi, Member :
Chikahisa Murakami, Member Takahiko Kuwahara, Student

Summary

A series of elastoplastic large deflection analyses was performed to investigate into the
influence of perforation on the buckling and ultimate strength of rectangular plate under
uni-axial thrust. It has been found that: v ’

(1) When the plate is subjected to longitudinal thrust, collapse mode varies dependiﬁg
on the aspect ratio of the plate and sometimes differs from the elastic buckling mode.

(2) When the plate is subjectved'to_ transverse thrust, collapse mode is fundamentally
the same regardless of the aspect ratio and is almost the same as the elastic buckling mode.

(3) Snmple formulas are proposed to evaluate the ultimate strength of a perforated
plate under uni-axial thrust both in longitudinal and transverse directions. The evaluated
“values of the ultimate strength showed good correlations with the FEM results.
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Fig. 1 Average stress-average strain rela- -
tionships of perforated plate under
longitudinal thrust (a/b = 2.0)
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~ (a) Initial yielding
Fig. 2 Collapse behaviour of thin plate under longitudinal thrust (a/b = 2.0; d/b = 0.4)
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Fig. 3 Average stress-deflection relation-
ship of perforated thin plate under
longitudinal thrust (a/b = 2.0; d/b
= 0.4)

b OOEID AT, FIIBERMSRHEL TS, #iK

TBATLE d/b 7% 0.6 LLTDHE, RS~ OT
B EDF v ZVEITERORAEICIE L TS, R
A SO H EAS Y SR & I VEERAERTOE AR A
Kb LTW5B, BILENKEWIZEREAMET T 5D,
B UFEABRT R R U CRATLIRIC R X REROT A RE
T 570 Th b, ' ,
d/b = 0.4 DREILAHLBEEHUCL V| R
FHET AR OREEENC OV TERAT 5,  FIHIRRIRES,
BABRER LR AT v T COT- bR, BRE
w3 Z OEHFMOEPIR %, Fig. 2 (a), (b) ¥
LUV (c) I2ENTIURT, E£o, ZOBEOFHEN L
Br-bHOBIEE Fig. 3 ORT

—EEPIRTE 2T DA FUROMTUEL TOISHES
170X, ERIRTIE 3.0 LB Z EARLNTVD, —
77, —BERE 2T DERICERARAET D &, 1obX

YIELDED REGION AND SIDE VIEW

YIELDED REGION AND SIDE VIEW

e e ———

(b) Ultimate strength

—~—

*STRESS DISTRIBUTION

(c) Last step

A U BARIEP SIS OIS, KIchbHDHEET

U BRTSHOBERT, mhH RIS UTERTFLTL 5.

T TR E LTV AHTURDS S, TIRERE: (Fig.
1 OOH) [T Tzi=bANBRAE L TEY, FUEAT
OIEHERIZZ DT=bI L DB HDOFET Fig. 2
(a) ITRENTVD X S IEMEN TS, R (b) B
LU (c) ZRD &, 1= DHENN & LIS I DZNRDS
K& L2, AILICED - TRHMEL e B0 L2 -
TW5, 72771, ATLAE TR & el 3EBNAE LT
WA, PSS IAMEL THIE R TR L TV D,

Fig. 3 #R.5 &, EEMERFET 4 KADOZOAIT
PIDFE CHENE U D, ZDE— i, XK 7) (2
TRENTWAEREE—FE—E LTS, LNLRG,
B a &8 d OF bR NTERRI~RE LTTE, 7=
bHEEFAT Fig. 2 (b) ITRENTWA X ST, HEH
M 3 HRE—NERD, SHIZ ERHELr & | FEJQ‘L%:A
Uqﬂ%ﬁmﬁ@qﬂkc_ BRI (c) (T RT LDt Qﬂiﬁaﬁ*
ﬁﬁ‘ﬁxﬁk‘éh%’)

BIFLEA d/b = 0.2 BEU 0.6 DEE D, EAMIC
X d/b = 0.4 OEE LRIROEREL 25, Teb
b, EPHMERENARAE L, TOREKREELDZTH
%, 121U, d/b = 0.2 DFEITITEREE— N THD 2
e — ROFETHEL TS,

—7, BAFLEA d/b = 0.8 DEFEITIT, BTzbHA
BT ARNCBRAEE V|, RN Ty BT A3 Wi fE
R L CERARIREN T 5, SORETE LTV BIzbH
RSN, BHEREES MENTAAT o 285BI TIX, M
FNRFEALET LAV, fobAd#E L TIT<, =
DA DHAETE— NI, fHEJA 2 iﬁﬁ%— K&igoT
W5,

S, FEA 20 mm OEBRDGZET, EORED

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

734 S BEREBMESRUE F1905

YIELDED REGION AND SIDE VIEW ’ 1.2 — T L T T
TIT O ,RL' : :

1.0 Jaquaze®®" "%, /%20 BuckL NG STRENGTH

T

3111
11T

JEEESERAREI

T
InESEaEES
IILIIL

0.8

.................................. e NN NN e

0.6 %ULTIHATE :STRENGTH

_ _ Ny

STRESS DISTRIBUTION

o :PERFORATION FACTOR FOR | : S\ W
ELASTIC BUCKLING N

—e— :a/b=2.0
0.2 --a--:a/b=3.0

— :1_(d/b)l.“

-— i

0 . .
0 02 04 06 08 ;1.0

A . _ Fig. 5 Perforation factors for elastic
- (a) d/b = 0.2 at last step ‘ buckling strength and ultimate

strength (longitudinal thrust)
YIELDED REGION AND SIDE VIEW

a/b=2.0 o :d/b=0.0(FEW

1.0 = T x  :d/b=0.2(FEW)
s :d/be0.4FER

osu/ay 2 i e w0
0.8 A\ | oo am=0scE
: : :PREDICTED

STRESS DISTRIBUTION

(b) d/b = 0.8 at last step _ 05 ) | 20 70 4."0 5.0
Fig. 4 Collapse behaviour of perforat- e Jov /B
ed plate under longitudinal thrust - (a)afb=20
(a/b = 2.0; t = 20.0 mm)
Y
HEORR L T OMIBMREEAREAE L TV 5, BIFLER ooy o a0 s
A5 d/b = 0.2 BL 0.6 DEBDORIERT v 7T 0.8 1 Ipteis
:PREDICTED

DI & BRAEIRDILA Y %, Fig. 4 (a) 3BLt (b)
CENEIURT, B TIIRTENE 3 HEE— Rof-b
B, HETIE 2 FHEE— FOI-bABEL TS, F
72, d/b > 0.6 DBEITIL, MFLEBOF N HS LW
R L T HBHERIEAE LTV D, &I, d/b =
0.8 DEFEITIX, T 2 THTET - /=86 CIIBUE TR ~
LTV, 0 i

. ' . 1.0 2.0 3.0 4.1:0 50
FARY N afb = 3.0 OHEG, FERORET & ° bje- o TE
AT AT RS 2.0 DFEERRDH, BAICIIR - (b) a/b = 3.0 '
CREEENZ RL TS, o '

‘ Fig. 6 Ultimate strength of perforated
3.2 ROARER T HEERE
TARY MRS afb = 2.0 BLU 3.0 DBEDE | |
JESRE S USRI D BRI SR, BIFLER  BMREE LT3, BIOMNs, UESRREI IR 2 SR
d/b (I LTFmy LT Fig. 5 (7T, WL, $HEBMIREIHT DRERIT, R - -@zRL
IAE DB DME R AR MBEDMETIHRLT, ¥ TW5,

plate under longitudinal thrust

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

EPEAER B 2R 2 BIAERAROEER - B3 B3 5B 735
1'0111!!!!!fp 0.5 ':!V!A-!v
onfov | G oy/ov ~ O:INITIAL YIELDING

0.4 : : : f
0.3
0.2
0.1 : s =
a=1000 mm% _____ g;g;gg
0 . 5=3000mm |- :d/b=0.8
0 0.5 1.0 1.5 2.0 2.5

0 0.2 0.4 0.6 0.8 1.0
a:u/aY
(PREDICTED)

Fig. 7 Comparison of evaluated and pre-
dicted ultimate strength (longitu-
dinal thrust)
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Fig. 9 Collapse behav1our of thin plate under transverse thrust (a/b = 3.0; d/b = 0.6) -
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Fig. 12 Collapse model of perforated plate

under transverse thrust
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Fig. 13 Comparison of evaluated and pre-
dicted ultimate strength (trans-
verse thrust)
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