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Deformation Capacity of Inverted V-Type Brace Strengthened by Built-up
Non-welded Buckling Restraint Element
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Abstract - Steel concentrically braced frame is an efficient system that can acquire resistance against the lateral force of buildings
with the least amount of quantity. In this study is intended to proceed on the research of schemes for reinforcement by
supplementing previously installed H-formed brace with non-welded cold-formed plastic stiffening materials restricting the
flexure and buckling and acquire a consistent strength on the tensile and compressive force. As for the measures of
supplementing previously-installed inverted V-formed braced frame, stiffening materials in the previous studies were converted
to weak-axial supplementing materials to suggest a specific scheme evaluating the structural function through an experiment of
members, interpretation of members, and frame-focused experiment. Reinforced brace satisfied the requirement to be prevent
AISC brace from being ruptured due to imbalanced strength in the beam.

Keywords - Inverted V-type brace, Buckling-restrained brace, Non-welded, Cycle loading, Seismic performance
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(Ordinary) & U o] Table 13} Zro] YA A HSF H 0]
£ Agtstal Qo) w3 mAHE WX 7)&(Standards New
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Table 1. Seismic design requirement (ASCE 7-10)

T Structural system limitation including structural
ype height, A, (unit: ft)
CASE | A or B C D¢ E F¢
160 160 100
S-CBE NL NL (48.8m) | (48.8m) | (30.5m)
35 35
O-CBF NL NL (10.7m) | (10.7m) NP

NL : Not Limited, NP : Not Permitted,
h, : Structural height
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Fig. 2. Bracing behavior concept™
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Fig. 4. Non welded buckling restraint element
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Table 2. Specimen list

Expected
Load (kN)

P. | P,
230

Ly

AJAy (mm)

Specimens Ly/Toy Segment

YO000ON
Y3670X
Y5090X
Y50900

Y36

3.6
5.0
5.0

0.6
1.1
1.1

2,000
2,500
2,500

386

515

O | X | ™

Segment : (Yes ,0) (No, X)
Reinforced length : 00, 70, 90 (%)
— Isy/lby : 00, 3.6, 5.0
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(a) Knife plate configured for in-plane buckling!""

(b) Gusset plate details

Fig. 6. Design of gusset plate connections.
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800
‘lsg‘loo 100, 100‘100 100, 100‘100 50 Table 3. Material properties (SS400)
\ \ \ g : 0
bbb b b o No. | Think.(mm) | Fy (MPa) Fu (MPa) | Fy/Fu (%)
e 1 2.0 258.1 350.6 74
bbb b b b 2 25 257.3 401.8 64
- 3 3.4 291.8 405.7 72
——F—t—F—+—1= 4 6.0 309.9 437.3 71
/ P ) \ el 5 8.0 2933 420.7 70
</ N\ Average 282.1 403.2 70
A7) ~ 2 ,)5‘)
351
(b) Beam-brace joint 3.3 7}y Ql "Wypupy
7}2HPH-2. ATSC Seismic Provision(2010)] AJAH
g s 5 8 BRB (Buckling Restrained Brace) 9] A3 718 =&
= IR Agakom MelAel st E2 APy
E = 2 1Step —1Cycle, 1Step—2CycleZ}A|= A9l SHEH 9
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(d) Assembly completion

Fig. 7. Detail of connecting element
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Table 4. Displacement according to the story drift

Loading No.| 1 2 3 4 5 6

ASIC(2010) | 1.0Dpy | 0.5Dpm | 1.0Dpm | 1.5Dpm | 2.0Dpm | 2.5Dpm,

Axial

. 3.9mm | 9.8mm |19.5mm|29.3mm|39.0mm|48.8mm
Deformation

Story Drift | 3.4mm | 8.4mm |16.9mm|25.3mm|33.8mm|42.2mm

Story Drift

19
Ratio 0.1%

0.25% | 0.49% | 0.73% | 0.98% | 1.22%

2.0

Story Drift

1.5 (Yo t
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Fig. 9. Loading protocol
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(b) Y3670X
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Displacement (mm)
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Fig. 10. Load-displacement relationship
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Table 5. Compressive and tension each story drift
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N AISC Story |No. of Y0000N Y3670X Y5090X Y50900
0. .
Drift(%) | Cycle | Cpax(kN) | Trax(kN) | Conax(kN) | Tinax(kN) | Conax(kN) | Trnax(kN) | Crnax(kN) Tmax(kN)
1 72 107 69 76 67 82 64 86
1 | Dby 0.1
2 71 109 70 77 67 82 63 88
1 156 188 169 169 186 223 180 229
2 1 0.5Dbm 0.25
2 153 173 169 175 187 219 179 235
1 185 236 245 268 300 235 281 325
3 | 1.0Dbm 0.49
2 165 227 245 267 297 271 281 292
1 234 313 313 325 360 360 336 339
4 | 1.5Dbm 0.73
2 230 304 308 303 352 343 326 325
1 347 205 424 370 457 425 410 340
5 [2.0Dbm 0.98
2 338 197 412 360 454 421 393 303
1 - - 507 389 525 445 399 309
6 |2.5Dbm 1.22
2 - - 485 381 502 441 289 283
1 - - 473 380 535 443 - -
7 |3.0Dbm 1.47
2 - - 339 349 468 424 - -
HF Fig, 113} o] 5] Vo‘c 2 a5 2o 24 Aoy Y50900 AAA|9] 79 Y5090XAHHA|L} U7 T4,
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Fig. 11. Failure mode (Y3670X)
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Table 6. Deformation capacity each specimen

Specimens Ki T > oo Omax/6
(Nmm)| gy |y | omy |
21.3 313.5 8.01 24.1 3.02
YOO0ON
21.5 3473 8.20 39.6 4.83
21.4 389.6 7.50 50.7 6.76
Y3670X
21.6 507.5 6.20 45.0 7.26
25.5 445.6 7.50 57.6 7.73
Y5090X
21.2 535.9 9.50 49.5 5.21
27.0 341.0 6.98 41.4 5.93
Y50900
22.0 410.4 6.50 40.0 6.15
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