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Abstract - In this study, a dry type stiffener-integrated buckling restrained brace is proposed as an alternative to existing buckling
restrained braces filled with wet concrete. To verify the performance of the proposed buckling restrained brace, a series of ex-
periments is conducted, where the core type and thickness, as well as the stiffener’s shape and spacing, are used as variables.
Consequently, it is confirmed that the loads at the maximum device displacement in each direction, the maximum/minimum
loads at the starting point, and the ratio of deviation of the hysteresis curve area satisfy the KDS and MOE for damping devices.
Furthermore, four analytical models based on load-displacement characteristics are proposed for application to seismic re-
inforcement design. The effectiveness of the four analytical models proposed is confirmed based on experimental results.

Keywords - Stiffener-integrated buckling restrained brace, Stiffener’s shape, Hysteresis curve, Analytical model, Seismic

reinforcement design
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Fig. 1. Typical buckling restrained brace!”
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Fig. 3. Brace core of the tension and compression
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Fig. 4. Joint connection of BRB
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Table 1. Summary of test specimens

. * Steel Co're Lo Tube
Specimens section length
grade (mm) (o) (mm)
S-BRB-St-Uf | SS275 30%30 ©=-150x75
S-BRB-St SS275 30%30 ©=-150x75
M-BRB-St | SM355 30%30 ©=-150x75
1,000
S-BRB-St-35 | SS275 35%35 ©=-150x75
M-BRB-Pi | SM355 30%30 ©=-150%75
M-BRB-Pi-10 | SM355 | 10x30x3EA ©=-150%75

'S: steel structure, M: steel marine, BRB: buckling restrained braces, St:
stiffener. Pi: steel pipe, UF: uniform, 35: core thickness 35 mm, 10: core
thickness 10 mm
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Fig. 7. Loading test of specimens
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Table 2. Result of BRB test

Zero disp. forces Max disp. forces Min disp. forces Eloop area
Specimens (kN) (kN) (kN) (kN-mm)
Max. Min. Max. Min. Max. Min. Max. Min.
0.33 times | 195.92 -196.91 253.33 238.25 —227.40 —218.58 3,623.25 3,059.4
S-BRB-St-Uf | 0.67 times | 245.44 —207.88 335.03 284.95 -270.63 -256.43 9,847.7 9,615.37
1.00 times | 316.68 -333.71 449.12 375.93 -375.95 -295.93 20,783 18,432.8
0.33 times | 220.94 —246.01 295.54 288.75 -291.89 -285.97 | 4,012.74 | 3,718.22
S-BRB-St | 0.67 times | 285.56 —289.63 351.19 329.05 —340.77 —329.72 | 12,085.27 | 11,443.57
1.00 times | 331.48 -330.37 407.7 386.05 —-379.85 -366.69 | 22,067.8 | 20,982.11
0.33 times | 261.91 -279.57 372.82 358.85 -362.36 —353.17 | 4,497.97 | 4,250.96
M-BRB-St | 0.67 times | 358.74 —354.15 445.95 410.28 —412.64 —403.61 | 14,500.08 | 13,770.78
1.00 times | 415.08 —399.96 491 477.2 —-450.75 —43791 | 25,603.74 | 25,000.36
0.33 times | 288.38 -320.1 363.85 343.99 —353.5 —-332.29 5,507.78 | 5,107.48
S-BRB-St-35 | 0.67 times |  362.62 —366.87 449.84 410.13 —415.46 —395.38 | 15,399.34 | 14,581.28
1.00 times | 406.04 -401.42 488.87 484.47 —453.67 —446.92 | 26,391.44 -
0.33 times | 281.51 -314.2 379.41 365.87 —368.16 —357.26 | 4,863.63 | 4,527.42
M-BRB-Pi | 0.67 times | 359.97 -364 454.57 424.47 —420.3 —408.3 14,808.33 | 14,387.85
1.00 times | 405.58 —402.12 493.67 474.27 —-450.39 —442.5 26,019.89 | 24,273.41
0.33 times | 261.35 -291.43 383.04 367.34 -376.7 -362.67 | 4,190.96 | 3,765.57
M-BRB-Pi-10| 0.67 times | 323.33 —326.87 413.69 404.02 —391.58 -379.6 12,816.53 | 12,384.81
1.00 times 359.7 —345.86 474.15 453.52 —422.24 —41591 | 22,642.82 | 21,933.2
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Fig. 10. Analysis model of SBRB

Table 3. Parameters of analysis model

---p>>1
— =
/Displacement or
rotation

(c) Bouc-Wen model

Model Properties Value
S-BRB.St Core size 30 mm x 30 mm
Core length 1,000 mm
Initial stiffness (Ko = P,/d,) 189.0 kN/mm
Bi-linear Yield force (Py) 286.0 kN
Post yield hardening ratio 0.035
Stiffness 189.0 kN/mm
Ramber-Osgood Yield force (Py) 286.0 kN
R-O parameter (y) 8
Initial stiffness 189.0 kN/mm
Bouc-Wen Post yield hardening ratio 0.035
n,7 05, A 1.00, 0.5, 0.5, 1.55
Constant controlling elastic to plastic transition for tens./Comp. («) 0.9/0.9
BRB model Hardening ratio for tens./Comp. (b) 0.035/0.03
Constant controlling isotropic hardening for tens./Comp. (5) 0.5/0.5
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Fig. 12. Comparative analysis of experimental and analysis results
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