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Tests on the hysteretic behavior of self-centering buckling-restrained braces
with stacked disc springs
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Abstract: The self-centering buckling-restrained brace (SBRB) was formed by making a self-centering system
consisting of stacked disc springs (DS) and a buckling-restrained brace ( BRB) work in parallel to control the
residual deformation of BRB. Quasi-static tests were done to examine the effects of stiffness of stacked springs, end
connections, self-centering ratios, etc. on the hysteretic behavior of SBRBs. The tests revealed that, compared
with BRBs, the residual deformations of SBRBs were reduced greatly. SBRBs exhibited flag-shaped hysteretic
curves, and in the later stage of tests, the steel plate brace underwent tensile failure while other components
remained intact. The bearing capacity and energy dissipation capacity of SBRBs are mainly from the DS parts and
BRB parts, respectively. Approximately 23% —36% energy dissipation in SBRBs is from the DS parts due to the
friction between stacked springs. When the other constructional details remained the same, the DS parts with a
higher stiffness of springs had a greater increase in bearing capacity after starting, and the DS parts with a higher
starting force also had a higher self-centering ratio and smaller residual deformations. On the whole, the end
connections had little effect on the residual deformations. The tension fracture of steel plate brace occurred earlier
in the SBRB with rigid end connections due to bearing additional bending moments, while the SBRBs with pin end
connections exhibited better energy dissipation. With the increase of self-centering ratios, the residual deformations
of SBRBs reduced gradually and the appropriate ratios of SBRBs should be kept within 0.7 — 0.9 to efficiently
control residual deformations and to avoid excessive demand of DS parts.
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Fig.1 Dimension and combination of disc springs
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Tab.1 Dimension and combination of disc springs
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Fig.2  Working mechanism of self-centering system
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Fig.9 Backbone curves and determination of parameters
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Tab.3  Start displacements and forces

A/ +A/ -PNES -PHIEY  +PNER + Py I

i

mm  mm kN kN kN kN
DSJI -3.53 3.35 -80.17 -61.44 80.31 59.50
DSj2 -7.11 7.00 -112.81 -81.37 115.13 83.30
DSG -2.06 2.52 -80.85 -60.57 81.69 60.84
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Tab.4 Hardening parameters for BRB parts

N ; ViR R o A
o Py @ :
) 1/50 1/50 B(IAI >A,-)
®=0.0104 +0. 823
Bl 77.95 1.13  1.04
@B =10.019A 0. 583 |
@ =0.0104 +0. 798
B]2 78.00 1.10  1.23
@B =10.018A —0. 800 |
@ =0.0084 +0. 898
BG  78.54 1.15  1.18

wB=10.018A -0. 8051
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Fig. 10  Residual deformation and self-centering ratios
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Tab.5 Test results of bearing capacity, deformation and energy dissipation
" -A/ +A/ -A/ +A/  -PJ +P/  -Py/ 4Py —PJ +P,/ -E,/
; ) 3 3 :
mm mm mm mm kN kN kN kN kN kN (kN+m)
-165.37 172.60 -244.18 236.94 -379.07 314.91 524.64
SBRBJ1 -8.34 8.12 -64.07 59.30 555.54
(-62.35) (72.71) ( -88.44) (88.32) ( -147.49) (109.55) (417.17)
-181.87 180.35 -259.24 251.67 -356.15 294.81 676.89
SBRBJ2 -9.56 7.99 -60.68 50.77 1.49
(-62.45) (55.10) ( -101.44) (86.54) ( -149.53) (100.98) (553.88)
Z177.68  178.05  -275.31  262.12  —-405.36  354.66  468.68
SBRBG -6.08 6.08 -60.59 56.76 58.89
(-79.30) (80.84) (-102.81) (91.11) ( -154.88) (113.64) (368.36)
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