Journal of Korean Society of Steel Construction

Vol.28, No.5, pp.355-363, October, 2016

== ZAE2IE

Zk=
A b

ISSN(print) 1226-363X ISSN(online) 2287-4054
DOI http://dx.doi.org/10.7781/kjoss.2016,28.5.355

= =1x% 2 3
HEs"™ - ZZY - U

A8sA4 st} 258}, Structure Research Group, POSCO, *AAlmtd, sharislm, 74343

A Study on Effective Width of Press-Braked
Steel Plates with a Free Edge

Choi, Byung H01*, Cho, Kwang Ilz, Kim, Tae Bong3

' Associate Prof, Dept. of Civil & Environmental Engineering, Hanbat National University, Daejeon, 34158, Korea
zPh.D., Structure Research Group, POSCO, 21985, Korea
*M.Sc. Student, Dept. of Civil & Environmental Engineering, Hanbat National University, Daejeon, 34158, Korea

Abstract - This study numerically investigates buckling behavior of press braked steel plates with a free edge that consists of the
upper flange of U-shaped box girder. Since the press-braked plates include a rounded edge, the effective width to thickness ratio
of the press-braked upper flange is obscure to determine the nominal compressive strength. This study performed 3D finite
element analyses to evaluate an equivalent effective width of cold-formed plate with a free edge. Through the parametric
numerical analyses, the elastic buckling stresses of the rounded corner plates were compared with those of general flat plates and
then, the equivalent effective width has been estimated. A comparative study with Euler buckling formula speculated in the

domestic design specifications has been conducted.
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Fig. 1. U-shape section modular girder
313 =2y Al28E AST(TH Al144%) 201610 109 355



SN
| |52
—| k&
=
I
b_t
X
<
~
>
Gl
g oo
- N
uw %
o of
JUR=Y
6N _%
w P
™
1) 0 7A
Sl
o|J K
o e%
X
&
= Bl
A A
T
e
a] S
Wk
S
~

st o]of

CEELE F

53 9

¢ 3o 57 (mm)

t

Ton
el
AL

=
=
i

|

Hr
o
oF
EEN
3
7o) I
o
<
~ BX
N q_.@l
—
~
= =
o
™ T
Bo mu
o &
o X
A
XU N
= ﬂwo
AN
oF o
~ ®
o X
<
H
T
o] T
XA

15 ¥4 Qo]

9]

2ol

K

= (MPa)

}

70

2]

Ho
X

AR

— 5] (b/t) o whet

O = 3L
e

D FEA(RHrEETOIA 0.43)

k

Zuto] ZRuRZo| T3} Buler 27 %

o of#f 4] (3 2} 471 4] (2)
Buler ##7E9] 1/22 71%5}0] AA|F Aol of

ALk =ul A7

R) 0.7¢] FHoIA

=S
.

Al
=

Hr

L
.

317t

A1 o] Aot A=A

ki3

2 572] ul7} 2 el

ol

A1

2. 0|24 ujg

10
Rr

falf,

7IREZ(beq) 1P

22%5

)

1
L

el
o

b giet, ol 2

3

AIAl
Fig. 20 Yehd vhel gho] A A ]

=
=

Fig. 304 Ho]

1

o] faZ(b)2
jon, & o] 2 84 Al

=

=
o
S

[e)
e

TR B2

R=1
=

2 3 A

i

o

A
NS
il

Hr
vl
—_

s Aol 4 2] Apol7} Hesi, ole)

AT FAE - AR (/1) 9] F9fell uhet o) 4 (1)o]

U 41 )] 2Js) Haan,

14

folf,=10(R=07)

el

5

s

o o

(R>0.7)

0 (A

folf,

bg

gl
a|

Fig. 3. Sectional view of rounded corner flanges

Fg. 2. Effective width of a plate with a free edge
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Table 1. Free edge analysis model dimension

Model |y o (n:;) (Jﬁ;> (n:;) (nh;>

RI12L6T8 8

RI12L6T10 | 10

RI12L6T12 | 12

R12L6T15 15 600

RI12L6T18 | 18

RI2L6T24 | 24

120 | 300 | 280 | 207 93

RI2L12T8 8
RI2LI12T10| 10
RI2LI12T12| 12
R12L12T15| 15 1200
RI12L12T18| 18
RI12L12T24| 24

R13L6T10 10

RI3L6T12 12

RI3L6T15 15

RI3L6T18 18 | 600

RI3L6T20 | 20

R13L6T22 | 22

R13L6T26 | 26

130 | 300 | 270 | 184 | 116
R13L12T10| 10
R13L12T12| 12
RI3LI2T15| 15
RI13LI2T18| 18 |1200
RI3L12T20| 20
RI3L12T22| 22
R13L12T26| 26
3] =E A28 A5z (Td Al1443) 20169 109 357



BN
e p
HAEFaE(b) 02N oA AiE vt Zo] feRE
(Burocode) ol 4 W73 % Ao tia) AAlsta Qe &

A5S oo,

3.2 fj=&7d

Fig. 4= AAAIE A7 (HSB500, r,/t=5
O] R

[e]

o

2 -HEE JAlolth, I AH=FE d5he e
1 = ol

13

odk
S
N
1
rlr

F7kska <ol st
% olch, Thil, Bekis oy
3 2 Az

e} 7)o A= s

]
=

o o
ol
2
)

rO

fE ol
rir >~ tlo

ot

& oF

52
32
L

TR 2 Qo) RS
ARApA| o] AL AR 8 26A)
L v Qlof A AAVES 283to] Amol g
A9 205,000MPa, FZokgH|= 0,33 ZH7F 485191

iy
!

I

>~

= 1 >
Y
St

o

N

N
—1> A o
F oo ok Y oX

o)

?
Ax
o>"

tlo
Oll

A
S
4

pREAAe) A

500

Stress (MPa)
(%3]
<
(=]

[
o
(=1

—True Stress-Plastic strain (Corner)

—Nominal Stress-Strain (Corner)

0 L L L L 1 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

Strain

—_
o
(=]

(a) Rounded corner

~1
<
[=1

n (=3
= [=1
(=] (=1
T T
|
\
|
|

.
f=1
(=1

[3%
[=1
(=1

Stress (MPa)

—True Stress-Plastic strain (Flat)
—Nominal Stress-Strain (Flat)

—
<
[=1

<

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Strain

(b) Flat region

Fig. 4. Stress-strain curve
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Fig. 5. Finite-element modeling with boundary condition

Table 2. Boundary condition

Coord.Syste
No. Ux, U: Uy, Usg Uz, U, Rx, R: Ry; Re Rza R, m
1] O o O @) O O | Rectangular
2| @ O O @) O O | Rectangular
31 O O o O @) O | Cylindrical
4| @ O O @) O O | Cylindrical
50 O O [ J O O O | Rectangular
O Free @ Fixed
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Table 3. Elastic buckling stress of flat plate models along width b

Fer (MPa)
Model ! L h h h
(mm) (mm) whnen whnen whnen
b=br | b=b, | b=b,
i F RI2L6TS 8 600 | 877 | 959 | 1484
(a) t = 24mm, L=600mm  (b) t = 26mm, L=600mm F RI2L6TIO | 10 | 600 | 1365 | 1492 | 230.7

iy

F R12L6TI12 12 600 196.0 | 214.0 | 330.0
F RI12L6T15 15 600 304.0 | 332.0 | 510.0
F R12L6T18 18 600 435.0 | 474.0 | 726.0
F R12L6T24 24 600 759.0 | 827.0 | 1256.0
F RI2L12T8 8 1200 100.5 110.9 179.0
F _RI2L12T10 10 1200 156.7 172.8 | 278.5
F RI2L12T12 12 1200 225.0 | 248.0 | 389.0
Fg. 6. Elastic buckling modes (Rounded corner) F_RI2LI2T15| 15 1200 | 350.0 | 385.0 | 617.0
F R12L12T18 18 1200 | 500.0 | 551.0 | 880.0
F R12L12T24| 24 1200 878.0 | 965.0 | 1527.0
F R13L6T10 10 600 136.5 156.7 | 278.0
F R13L6TI12 12 600 196.0 | 224.6 | 397.5
F R13L6T15 15 600 304.0 | 348.0 | 613.0
F R13L6TI18 18 600 435.0 | 497.0 | 871.0

i : F RI3L6T20 | 20 600 | 533.0 | 609.0 | 1064.0
(a) t = 24mm, L=600mm (b) t = 26mm, L=600mm F_R13L6T22 22 600 642.0 | 733.0 | 1275.0
F R13L6T26 26 600 885.0 | 1010.0 | 1742.0
F R13L12T10 10 1200 156.7 182.3 | 341.1
F R13L12T12 12 1200 | 225.0 | 262.0 | 488.0
F RI3L12T15 15 1200 | 349.0 | 406.0 | 754.0
F RI3L12T18 18 1200 | 500.0 | 580.0 | 1072.0
F _RI3L12T20 20 1200 615.0 | 713.0 | 1312.0

o

(¢) t = 24mm, L=1200mm (d) t = 26mm, L=1200mm

() t = 24mm, L=1200mm  (d) t = 26mm, L=1200mm F RI3LI2T22| 22 | 1200 | 741.0 | 859.0 | 1572.0

Fig. 7. Elastic buckling modes (Sharp corner, Flat) F_RI3LI12T26| 26 1200 | 1025.0 | 1185.0 | 2153.0
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Table 4. Verification of equivalent effective width(beq)
F.. (MPa)
Model t L beq beg/t Sharp corner. Diff.
(mm) (mm) (mm) Rounded corner Flat ’ %)
RI12L6T8 8 600 195 24.4 164.0 162.5 -0.9
R12L6T10 10 600 200 20.0 241.0 2429 0.8
R12L6T12 12 600 210 17.5 325.0 323.1 -0.6
R12L6T15 15 600 224 14.9 458.0 453.2 -1.0
R12L6T18 18 600 242 13.4 593.0 578.1 -2.5
R12L6T24 24 600 272 11.3 865.0 859.5 -0.6
RI12L12T8 8 1200 190 23.8 217.0 218.7 0.8
R12L12T10 10 1200 195 19.5 315.0 308.6 -2.0
R12L12T12 12 1200 210 17.5 418.0 389.7 -6.8
R12L12T15 15 1200 224 14.9 574.0 5423 -5.5
R12L12T18 18 1200 242 13.4 728.0 685.7 -5.8
R12L12T24 24 1200 272 11.3 1035.0 1005.9 -2.8
R13L6T10 10 600 175 17.5 291.6 300.5 3.1
R13L6T12 12 600 182 15.2 398.0 404.3 1.6
R13L6T15 15 600 187 12.5 571.0 571.0 0.0
R13L6T18 18 600 210 11.7 749.0 711.1 -5.1
R13L6T20 20 600 218 10.9 867.0 823.4 -5.0
R13L6T22 22 600 228 10.4 984.0 925.3 -6.0
R13L6T26 26 600 245 9.4 1211.0 1149.5 -5.1
R13L12T10 10 1200 175 17.5 3754 372.0 -0.9
R13L12T12 12 1200 182 15.2 501.0 496.9 -0.8
R13L12T15 15 1200 189 12.6 723.0 721.5 -0.2
R13L12T18 18 1200 210 11.7 935.0 860.2 -8.0
R13L12T20 20 1200 218 10.9 1073.0 992.1 -7.5
R13L12T22 22 1200 228 10.4 1207.0 1109.2 -8.1
R13L12T26 26 1200 245 9.4 1464.0 1367.7 -6.6
St 2sts] =2 A28E Asz(EH Al1443) 20161 10€ 361
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Table 5. Comparison of FEA results with buckling strength equation

b (mm) For
| ¢ L FEA, Eq. (3), beg/t Eq. (3), byt
Mode (mm) | (mm) . ) Diff. beg/t b,/t | Rounde
eq b (%) d MPa |Diff. (%)| MPa |Diff. (%)
(MPa)

RI2L6TS 8 600 | 195 | 280 | -304 | 244 | 350 | 1640 | 1343 -18.1 652 | -60.3
RI2L6TIO | 10 | 600 | 200 | 280 | -28.6 | 20.0 | 28.0 | 241.0| 199.5 -17.2 101.8 | -57.8
RI2L6TI2 | 12 | 600 | 210 | 280 | -250 | 17.5 | 233 | 325.0| 260.6 -19.8 146.6 | -54.9
RI2L6TI5S | 15 | 600 | 224 | 280 | -20.0 | 149 | 18.7 | 4580 | 3579 -21.9 229.1 -50.0
RI2L6TI8 | 18 | 600 | 242 | 280 | -13.6 | 134 | 156 | 593.0 | 4416 -25.5 3299 | -44.4
RI2L6T24 | 24 | 600 | 272 | 280 29| 113 | 117 | 865.0| 6214 -28.2 586.4 | -322
RI2LI2T8 | 8 [ 1200 | 190 | 280 | -32.1 | 238 | 350 | 217.0| 1415 -34.8 652 | -70.0
RI2LI2TIO| 10 | 1200 | 195 | 280 | -304 | 195 | 280 | 315.0 | 209.9 -33.4 101.8 | -67.7
RI2LI2TI2| 12 | 1200 | 210 | 280 | -25.0 | 17.5 | 233 | 418.0 | 260.6 -37.6 1466 | -64.9
RI2LI2TI5| 15 [ 1200 | 224 | 280 | -20.0 | 149 | 18.7 | 5740 | 3579 -37.6 229.1 -60.1
RI2LI2TI8| 18 | 1200 | 242 | 280 | -13.6 | 134 | 156 | 728.0 | 4416 -39.3 3299 | -54.7
RI2LI2T24| 24 | 1200 | 272 | 280 29 | 113 | 11.7 [1035.0 | 6214 -40.0 586.4 | -43.3
RI3L6TIO | 10 | 600 | 175 | 270 | -352 | 17.5 | 27.0 | 291.6 | 260.6 -10.6 109.5 | -624
RIZL6TI2 | 12 | 600 | 182 | 270 | -32.6 | 152 | 225 | 398.0 | 347.0 -12.8 1577 | -60.4
RI3L6TIS | 15 | 600 | 187 | 270 | -30.7 | 125 | 18.0 | 571.0| 513.6 -10.1 2464 | -56.9
RI3L6TI8 | 18 | 600 | 210 | 270 | 222 | 117 | 150 | 749.0 | 5864 21.7 3547 | -52.6
RI3L6T20 | 20 | 600 | 218 | 270 | -193 | 109 | 13.5 | 867.0 | 6718 -22.5 4380 | -49.5
RIZL6T22 | 22 | 600 | 228 | 270 | -156 | 104 | 123 | 984.0 | 743.1 -24.5 5299 | -46.1
RI3L6T26 | 26 | 600 | 245 | 270 93 | 94 104 | 1211.0 | 8989 -25.8 740.1 -38.9
RI3LI2TIO| 10 | 1200 | 175 | 270 | -352 | 17.5 | 27.0 | 3754 | 260.6 -30.6 109.5 | -70.8
RIZLI2TI2| 12 | 1200 | 182 | 270 | -32.6 | 152 | 225 | 501.0 | 347.0 -30.7 1577 | -68.5
RI3LI2TI5| 15 [ 1200 | 189 | 270 | -30.0 | 12.6 | 18.0 | 723.0 | 502.8 -30.5 2464 | -65.9
RI3LI2TI8| 18 | 1200 | 210 | 270 | -222 | 11.7 | 150 | 935.0 | 586.4 -37.3 3547 | -62.1
RI3LI2T20| 20 | 1200 | 218 | 270 | -193 | 109 | 13.5 | 1073.0 | 671.8 -37.4 4380 | -59.2
RIZLI2T22| 22 | 1200 | 228 | 270 | -156 | 104 | 123 |1207.0 | 743.1 -38.4 529.9 | -56.1
RI3LI2T26| 26 | 1200 | 245 | 270 93| 94 104 | 1464.0 | 898.9 -38.6 740.1 -49.4
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