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Abstract - A concentrically braced steel frame is a very efficient structural system because it requires relatively smaller amount
of materials to resist lateral forces. However, primarily developed as a structural system to resist wind loads based on an
assumption that the structure behaves elastically, a concentrically braced frame possibly experiences the deterioration in energy
dissipation after brace buckling and the brittle failure of braces and connections when earthquake loads cause inelastic behavior.
Consequently, plastic deformation is concentrated in the floor where brace buckling occurs first, which can lead to the rupture of
the structure. This study suggests reinforcing H-shaped braces with non-welded cold-formed stiffeners to restrain flexure and
buckling and resist tensile force and compressive force equally.

Keywords - Buckling-restrained brace, Non-welded, Cold-formed steel, Compressive load, Finite element method

1. 4 & A 45 oS i 49 FESH mgalr| A & A=
2 Qs WEAE L wAYstaL oAl U] AbeEE

A S 2 it 2)xle) BAARIE7E S7FtAL 9low,  Jgiat 4 gith & AR L2Bo)] Bl AL G4 A
AT Aike] v i ES 7| AR SolUAL 9L 7 S Qi) @A) AR 291 A} HEE A Q] 2] R 51w

[¢)
o}, AR} 2o FAT 3 dlo| WAske] 7t =9 7)uk A F2E0] obAL B e 2 9l &2 Fha] & o] Kk}

= U0 = H i (<]

Ald=ol Al 7152 detA £ B9 =AG ZIsutE] oto] qrxst F Wavt glok
(Black Out)7} &Y. - A5 2& 229 4% 29 TR BEL 2| E 2] k) olaeo|
A2 g, B Qo] LA AU BEANE Sl g s il W v
Fe Had] EFOR A5 Yo i AFHS HET = gu e Al st Yol WAL 7 e 74

Sl oS B ATl shajek, 4% 7

Note.-Discussion open until October 31, 2015. This manuscript
for this paper was submitted for review and possible publication
on October 15, 2014; revised January 21, 2015; approved on
January 23, 2015.

Copyright (© 2015 by Korean Society of Steel Construction
*Corresponding author.

Tel. +82-2-6490-2759  +82-2-6490-2749 (@) Inverted V-Type  (b) "X’ Type (c) /" Type

E-mail. smc@uos.ac.kr Fig. 1. Brace type

FRgTReE =B 278 A2E(ED A135E) 20159 49 207


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2015.27.2.207&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

8 HBPANE 0 BE e FEAE

A A=l

Cold-Formed Steel Cold-Formed Steel

(a) 4 Piece(2012-2013) (b) 2 Piece(2014)

Fig. 2. Non welded buckling restraint element
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Table 1. Previous research of BRB

Exterior .
Author Suggested Formula Stiffener Filled
Watanabe P,
—-> 1. teel t ’

(1998) P, ) Steel tube| Con’c
Tsai =02,8P, Steel tube| Con’c
(2002) h .

Chen P, Square

P = Plat

002) | ™ T 1+ (Ps,/M) M€ ISteel tube

Inoue 5 &’? /P — M?P | Square steel tube
@ooty |"ET N "™ TN L | or Con'e Panel
KimJinGu P, Square
_ > .
(2008) P~ 35 Steel tbe|q 1 tube
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Table 2. Specimen list 7= SS4007 A5 AHE-skoitt, WEol FaFE mAA
ool S0 924 ARlek B BT AAS oA e 2
Specimens | Ii/Ipy | AJ/Ap| Lp(mm) | Segment load(kN) glo]EE 500mmuttt & (spot)shiet. EHo|E A7]+=
P | P ANAgom Zo| 70mm, F7A7} 2mmolth,
YNO - - - - 230 -
Y36700 3.6 0.6 2,600 (0] 386
Y3970X | 3.9 0.8 2,600 X
Y5070X 5.0 1.1 2,600 X 515
Y3990X | 3.9 | 0.8 | 3,100 X i
Y36 70 O NHE
Reinforced member segment(Yes or No) H L H
length of the stiffeners ratio(70, 90%) E i
Effect on Reinforced ratio (a) Strain gage(Edge) ! I '
(Isy/Iby: 3.6,3.9,5.0) H i
| LVDTQ).64) |
1 1
1 1
54 545 545 1 1
] 1 ;M PR
m fﬁ i
TJ o L3 L4=_oﬂ_j££ LVDI(3) LVDT(1)
1 1
(b) Strain gage(Center) | H
O LVDT#) i i
1 1
1 1
L P
(o) 7 (o) 1 1
(@ Isyllby: 36 (b) Isy/by: 39 (c) Isy/lby: 5.0 ors) o) 7 H e
' ==
30 | 3,390 ‘ 3 O LvpTe)
| i ) )
L120s12088, LA20mm ; (c) LVDT(Section) (d) LVDT(Elevation)
fp 7777777777777777777777777 Q’ Fig. 7. LVDT and gauge located
(d) Non-reinforced(YNO) Table 3. Material properties (SS400)
90% Seres - 1750 70% Series :2,600mm / 90%Series :3,100mm 0% Seves 175m No. | Think.(mm) | Fy(MPa) Fy(MPa) Fy/Fu(%)
T T 1 2.0 258.1 350.6 74
20N L2y 0100568 /] 2 25 2573 401.8 64
e = 3 34 291.8 405.7 72
4 6.0 309.9 437.3 71
(¢) Reinforcement(Y36700, Y3970X, Y5070X, Y3990X) 5 8.0 293.3 420.7 70
Fig. 6. Specimen detail Average 282.1 403.2 70
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Expected
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200
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Table 5. FEM analysis list

FEM Model Lsy/Toy AdAp Ly(mm)
YNO - - -
Y3670 3.6 0.6
Y3970 3.9 0.8 2,600
Y5070 5.0 1.1
Y3690 3.6 0.6
Y3990 3.9 0.8 3,100
Y5090 5.0 1.1
Y36 70

IR length of the stiffeners ratio(70, 90%)

Effect on Reinforced ratio
(Isy/Iby: 3.6,3.9,5.0)
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Fig. 12. Verification of FEM analysis results

Table 6. Comparison FEM Vs experiment results

- Pruax(kN) Dinax(mm) U
Name | Ly/L Isbyy Test |FEM | L | Test| FEM | Test | FEM
FEM
yNO | - | - [390]383]1.02(3.65/3.65]1.00]1.00

Y3970| 0.7 | 3.9 | 588|583 |1.00 |11.7| 18.5|3.21| 4.63

Y5070 0.7 | 5.0 | 584 | 578 | 1.01 |21.4|24.4|5.87|5.95

Y3990 0.9 | 3.9 | 633|624 | 1.01 |19.3|22.3 |5.30| 6.02

—=YNO e Y3670 ——Y3970 - == Y5070 —- —Y3690
— = Y3990 —-—- Y5090 = = B5070 ——BS090

A 300

200 P.= 230KN

100

=
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Fig. 13. Load-displacement relationship (FEM)
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Table 7. Results of parameter analysis

11\\142:11121 (1;?\1) (Hll)lil) (21“;:) # (Dmar/Dy)
YNO | 3832 | 3.65 3.65 | 1.00
Y3670 | 573.0 | 430 142 | 330 | 1.000
Y3970 | 5831 | 4.00 185 | 4.63 | 1.403
Y5070 | 577.8 | 410 | 244 | 595 | 1.803
Y3690 | 590.8 | 3.84 187 | 487 | 1.000
Y3990 | 6235 | 370 | 223 | 602 | 1.236
Y5090 | 6307 | 350 | 233 | 666 | 1.368
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H J ©

&l w24
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