FARZLIE No. 441/ 1-18, pp.77-85, 1992.1

e E RV 232 0 DS R DR &A%l

A F

FEXP” - RERE

ARWFED R, BEOMS % #EA U TR Sl & 20 2 WA O PR E 2

skep BRI L 5 HIRBEFROGHEATR

, BB bAa2ERLU TRO &

HETHLDTHSH. $a0E, YA EEEBIGE S OREFRICERE ST HE
U7z & & O SO R IS dhAR & S RS (T HET & 0 SR, € OSRERhAR % F R
R TEENSRBLULEMRARZBIET S 2 &IC4Y, W ba EEREIGH OB
EUTHIBARERD LD EFTLHDTH S,

Keywords . plate, ultimate strength, local buckling, effective width, design

1. #

WA & RIS 223 5RER L, 30 -
DER L EIAHLND, 2O LD LHEHOBERE B
& TS DGR BT A S TR I B S TSR
ZEANE S A0 EBHO— A I E R
FEATSE R R 2T, ST 22 2 INEZ OmIRME
b LOEWEAEREL, BEEEdRT 220 5588
Wi s OB ERREE T EARE L. 361, X
Wt 4) T3, SEEMEESH ORISR & SRR D E R 2
BT ICO0ER 3) OF MR AN 2 W L, S &
CHWITE B &R XH3) O TIE, B
HIZDOWTEHERBINTO - 2085, Bk, 28
SRS B K O b Ak FR I EE L 72
TR IR RENTIC &V FERE S ih 2 20 AIRER O
[REREE &Sk HAEBIANAREL TS, FHLBLs &
Uil PREA B X 5 &, B8 5 Ok o dhiig,
BHIGHBEVIBEREEOREMGE L I13IF XT3
3, BEIEHES B E X TEBPENB LN E X L OME
WERFTEEND, BRHELEREFBOATOS, R
513, BEMEBEROAEZ5Z2 T WA, HMEE TS
e A BEMNEROME RS2 L3 TETh, WA
SRDBE RO B &SR,

AT OBHE, BIRORLE 4 B U< ERE gy
B2 AMEORE 2R 5BICHEE 5 REZOH
WIEAR %, S 3) TEEINTWEL - EEIED
ELERBUTCKRODEDETAHELOTH S, Thbs, ¥
Wz 0H EERIG A S OWBERICER S MFSER L
fo & & DIRE AR 2 WA RSN L 0k,
DRI R Bk 3) TRV EMRAR A EILET

o

*ERE D.Se. I EEEBAFHE IS EATFEH
(T464-01 ZEHET-TERAZAT)
EsE e BARERANRERERE - AS LEEER

Holizky, LA EERBISTOBEKE LTHED
BEARERDEI LT HLDTHDH. KDONLERIE
AR, XEk4), 8) THA LA LDID, FREhT%
2T SERIRE K OBENE S EOMBRED LUZD
EEFREOHEE IR T & 5.

2. HEMECHITERZUSIRERD
FEBRIREST R A

KEHX T, Figl 1KRT L5 8 OGBS EORE
WA AT LT RS 285088 %, Wi
rhHEBBIC N #8B LT, ARESREICHE S B
MEREMRN I &> TR 1. BEOFMB UK
B EAEROREE 2 XD WTEHk7) @505, H
WERE, 1HR12EHED I MERER (HNEE
XL T O 2B, IR ICH L CRIREER)
THY, BMEOHEIELARCEBRL T EES
FoTWha, ek s U, BE L BEIG
5 fE KOCFRERSE A EEFig.2 1o, Pizba
EAFigl IIRY. Pl bAEIRE, REZEORS S
FOMRAME LA WO FZIBTHOE L 2. SHk7) D
SEAETHE, MAREREOP 2354, 2hE—
FICBE sl E—2A Y P M E##ERSET, W5
¥ AR (FENONEAZRERORSDEIT
BLIER) 2RD2EDIE->T05E, 2 LETE IR
FROEHRROFE DR TOEMINETITS 120, P,
MUEEWINLEFNTORANE S, WEFROR S,
TRELITIFREIZZS £S5, WEROES 2 Z00E
»1/2 &Lt

STEEEOHIE 2 RS ELUTOLD I 5.

O MR AR 5 2 S0 KV REAE Py 23K

D5,
@ Pi=(i—1)Pn/5 %K%, 1212L, i=1,2,--5.
@ PicddnE— 2y h-Hif-FEiRhig

]

77



FEA C B % % 1 ZIREROBRME S BEMEARFEE - XE

N Sy
T v —o—
l VI T
b PP
2 L]
hd
2 e —
™~
FEM a Residual
g Mesh T~ Stress
< : "
al/z2 ar/?2

Fig.2 Assumed Residual Stress Pattern and FEM Mesh

(M-P-Qdhi#gt) 23K, BEE— XAVt My %

Ko,
@ RDOBERDD.
alm/ay:Pi/Py+Mm/My ............................... ( 1 )
Com Oy =P Py— M/ My rveeeeveermeenenionenns (2)
D= (Grms— Gom) [ O oo eemeeeomeeemmsnennannns (3)

T2, o =RRIET, P=2WTkERE N, M=k

RE—AV FTH 5.

® =12, 5433 o/, K, ISR

HoiodL /7770y b4 5.

® 779 vV HEL0EREOOBORE

Ol 0y KD B

Oimy Oom 13 Py B LT My 2> 528 % (RE Lkt

BRBLOCBRNMICNTHY, gIEZ0AREEDT.

HEICHOZHMBERS L U35 X — 5 —0#FE L
Table 112F &0 THh 5. HEFTESE L, MWEWRER
BELUT Om/oy ZRINTEBINDIEEL/XT £ —

LT ray b3 5.

_b jo, 120D
R= t\//;;~¥44v;;;;jk47 ................. ( 4:

I, K ERFHRTH VIRATHEB TS 5.
8.4

Table 1 Input Data Numerical Analysis

Compression Compression
and Bending
Young's modulus E 205 GPa
Yield stress oy 350 MPa
Plate thickness t 10 anm
Poisson’s ratio v 4.3
Aspect ratio a/b 9.5
Residual stress 0.0, 6.1, 0.2 0.0, 0.3
orce/oy|0.3, 0.4, 0.5
Initial plate 1/150, 1/200 1/150, 1/250
deflection Ap/b 1/250, 1/300 1/500
1/500, 1/1000

3. MiEREEZVAIRER

(1) BiEEtERER

£9, I NOH 223 5RBEZORE LRI
Ore/0y BEOWHA: DH Ay/b % Table LITRU 2 &9
KEASETENFNOMEEEICHL THRELZHEL
1z,

Fig.3 (BEISHE—TIC LT biaZ28{bs &
fBE) B&U Figd (P bAZE—FIC L THREBIL
NEFELSERGE) 1T, EERO—E20O0O0A K
ETHRY . OB IRRIRE 0/ 0,=Pn/Py #ED U,
fhE I (4) TERSINBEER T A -5 —TH 5.
tz#2U, Fig.3 B LU Figd OBS3MIETH 20T
BERREUIZ k=4.0 TH 5.

IRHDRD DD EDN B,

1) BHISHSTNEXE, PHrbAORE SICL
VERELN RS CEBT LM, BEEIIKE L
BIZONTHHI OHDOKE XITLHHEDES)
PNS Lg% (Fig3 &M8).

2) WA HAHEN1/150 TR, BEIGHICES®ED
EVREAELN, G bAMPIL B ER
BISH OB I L 2BEOESHETL 50, BY
IS DHERE 0.2 0, DL B & 72 2 EERBISHhOEE
W ohsn (Pigd B8).

3) BEIEHDB L0z bLAEPEBITPINEE
(/0 =0D & & 4,/b=<1/200, 0ye/0,=0.1D
EEITUE, A,/b=1/300) 1213 ow/oy—R BRI
FHEMoEE LY, FASAORIE, THITN
D& 5.

(2) EfGAE IR

KB EIC & > TE s N MUTHER OMRE H 5 LR
EER A% - b A L OBRBEISTOBEE LTk
R &L HETKDTH S,

9. EWEBERICET S (3205 on/e,=1.0 &
55) WEHIISTA—F—% R=Rep EBNT Repo %

hﬁl¥¢ (O=¢=1D) Fig3 B LU Figa» oHHpE > T2 Figb Dk >z 7/
, Ty bL, IhaiEIRE LT E KD 2.
=10¢*—13.73¢+11. SPED) eereenn
¢’ 13 73(/’ 1.36 (1 (/) 2) ( 5 ) RC,OZA“B'ln(Ap/b)él.O ........................... ( 6 )
L

78



AL No.441,/ 1-18, pp.77-85, 1992.1

1.0 1.0
L L
o Pure Compression Sm Pure Compression
RLE P
o 5,
¥ = &, /b=
r 1398 171000
14 .
o5k © % /b = 17150 o5l © % /b= 17150 1150
a = 1/200 ) = 17200
a = 17250\ Computed a =120 Computed
Foox = 1/300 r x = 1/300
Lo = 17500 | o = 17500
v = 1/1000 v « 1/1000
r Equation 9 r — Equation 9
0.0 L 1 | S S ] 0.0 1 TR N 1 1 1 I 1 1 J
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
(a R w R
Fig.3 Comparison of Computed Maximum Strength and Proposed Strength Formula-Pure Compression and Constant
Residual Stress
1.0 1.0
. L o L /oy
6_'" Pure Compression o ey ; Pure Compression 0.0
al 83 i 1250 03
/b=17150 . s, /b=1 0.2
o5l 058} os| )
o apc / oy = 0.0 -] ore /oy = 0.0
| = - o =
8 =01 Computed 0.1 Computed
A = 0.2 | 2 = 0.2
r x = 0.3 X = 0.3
B Equation ¢ r — Equation §
0.0 TR R W I T N | L_ 1 1 L 0.0 ! T N ] | |
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
(ay R m R
1.0 1.0
B o
I opclay= L ope/oy=
o 0.0
m - 0.0 ;'—“— ~
oy Pure Compressfon 5 0.1 y Pure Compression 0.1
- 0.2 - 0.2
s /b=17500 s /b = 1/1000) 0.3
05 02 05| [
T O o/, =00 [ o ¢/ 9 =00
. L = 0.1
( e = 0.1 Computed E Computed
[ a = 0.2 | a =0.2
x =0.3 x = 0.3
[ — Equation 9 r— Equation 9
0.0 [ L i i [ 1 L 0.0 S N I Lo L [ S 1 |
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
« R @ R

Fig.4 Comparison of Computed Maximum Strength and Proposed Strength Formula-Pure Compression and Constant

Initial Deflection

I

1/3233=4,/8=1/150, 0=0y/0,<0.5 -+~ (7)
hihil e

A=—0.05—0.542-exp(—11.90,./0y)

B= 0.0940.107 exp(—12.40,./0,) =+ (8)

R (6) 134,=00& XFEREICLED, Rpo=1.0
EBEEDA/OEEBRAMEET S, FOMIIEN
ISHITRTET 505, BB 0NE X A,/b=1/3233

s, BEISIPEETAE OB HIT/NELR
B, LEMoT, R (6) OBAERRELER (7) 0L
ICHUE L fe.

DEI, EROBENISET 2REAKXE UTKREE

Harezatk (9) 2REL, @ 28D 2R/EC L
TR (11) DEHIZESD .
%’::511?[5_‘/52_413] ............................... (9)




AR & Hh 22 S IREFAOERARE & FHEAR 7% - KK

0.8

0.7

cro

0.6

0.5

Computed

L L 1 t I
4} 200 400 600 800 1000
D/AD

Fig.5 Plate Slenderness Parameter R, for 6,,/0,=1.0

Eqa. 9 (arclcy:0.0,
AD/D =1/1000)

/a. AD/D
0.61 [O Komatsu 0.4 1/150
(1978)

A Little 0.0 1/200
{1977)

0.5} (0.0,1/200)
g Little | 0.0 | 1/1000| (0.4,1/150)
(1977) J
0 o 1.0 5
R
Fig.6 Comparison of Proposed Strength Formula and Existing
Solutions.
B:1+(7(R*Rm;)+R ................................ (10)
E:—ﬂ5%éﬂ(ﬂﬁ+4déﬁ+qgeh)+&m
b/\oy b Oy

Fig.3 B LU Figd OFEHII (9) 2FEbDLTED,
ERIHEED LR THL I Enbrs, 55, K (9)
O BE AR (S V) 57 T W0 B Perry-Robertson 2
RITTES LT O BN, WEL /S5 2 —F—RIZ2FH
BNWZEXFEEITARETH L. £, Ao k310, 5
HILh® S OOz b o ha & 21213, s
B LIOMoEIC a5, BSS400YE HIRERYARN
TWBEDE 0n/0y=(Rere/R)* DEEDORIZHFIZ TN
ERBlzhEL T,

(3) BFEOBEREOLSE

LTCRBIERE A BEFEORE £ ORER & T 5.
BHIST 00/0,=0.4 B L2 D& Ay/b=1/150 ®
b & THEAE 2TV %2 ke 12/ - JEE™,
BETRERBIS NN LT A,/b=1/200, 1/1000 D

Table 2 Magnitude of Equivalent Initial Imperfections

Author or Code gre/oy Ap/b Comment
Fukumoto-Ito (1984) 0.0 1/463 ¥ithout
[M~curvel Residual
Stress
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BS5400, Part8 (1982) 0.1735 1/121
0.1 (1/1125)

Note: Values of Ap/b in parentheses indicate the
initial plate deflections determined with
the fixed values of ore/oy.
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ULTIMATE STRENGTH AND EFFECTIVE WIDTH OF PLATES IN COMPRESSION
AND BENDING
Tsutomu USAMI and Hiroki TENKUMO

It has been recognized that the effective width concept is an efficient way to compute
the strength of locally buckled thin-walled members. In a previous paper, an effective
width formula for a plate in combined compression and bending was presented. The
formula was derived from the numerical results of elastic post-buckling analysis of
plates subjected to eccentric loading in its plane. The present paper is aimed to extend
the previous study. An elastic-plastic large displacement FEM analysis has been utilized
to compute the ultimate strength of simply supported steel plates in compression and
bending. The plate is assumed to have initial out-of-flatness as well as residual stresses.
Based on an extensive numerical study, a new effective width formula has been derived
as a function of both the magnitudes of initial out-of-flatness and the compressive re-
sidual stress. The formula could be used to predict the strength variations of various
cross-sectional members in combined compression and bending.






