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Seismic performance of cold-formed thin-walled steel composite
wall with lead damper

YAN Weiming, WANG Man, ZHANG Wenying

(Beijing Key Lab of Earthquake Engineering and Structural Retrofit ( Beijing University of Technology) , Beijing 100124, China)

Abstract ; In the low-cycle reciprocating loading test of cold-formed thin-walled steel composite wall connected with
rivet locking or self-tapping screw, the phenomenon of “pinching” of hysteresis curve is serious and the energy
dissipation capacity is poor. To reduce the damage of cold-formed thin-wall steel composite wall under earthquake
and improve the energy dissipation capacity of the structure, a cold-formed thin-wall steel composite wall structure
system with lead damper was proposed, and seismic performance experimental study was conducted based on three
variables, i. e. , cold-formed thin-walled steel composite wall corner connection mode, panel rivet spacing, and
type. Results show that with the addition of the lead damper, the deformation capacity and energy dissipation
capacity of the cold-formed thin-walled steel composite wall structure system based on rivet locking or self-tapping
screw connection were significantly improved under the low-cycle reciprocating loading. The stiffness degradation
tended to be gentle, the injury index was significantly decreased, and the failure pattern was optimized, while the
yield load and peak load were slightly reduced. Then, with the rivet spacing reduced, the yield load, peak load,
peak displacement, and shear strength of the composite wall were improved to some extent, but the energy
dissipation coefficient had little difference. Meanwhile, the yield displacement, yield load, peak displacement, and
peak load of the cold-formed thin-walled steel composite wall based on rivet connection were significantly higher
than those of the cold-formed thin-walled steel composite wall based on self-tapping screw connection, but the
ductility and energy dissipation coefficient of the walls were similar.
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Fig.1 Cold-formed thin-walled steel system with lead damper
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Tab.1 Yield load of lead damper and dimensions of lead
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Tab.2 Basic information of wall specimens
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Tab.3 Rivet dimensions and material properties
MR bF 2 £/ mm BIET K L/mm HIETREE/HRC MR E/GPa JHIRREL £,/ MPa  HUALHEE f,/MPa HA L v
1.5+1.5 6.0 40 210 997 1255 0.3
1.5+0.8 4.5 40 210 997 1255 0.3
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Tab.4 Panel and keel material properties
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Fig.5 Test loading device ( mm)
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Fig.7 Arrangement of displacement gauge and strain gauge
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Tab.5 Failure modes of specimens
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Tab.6  Test results of composite wall under low-cycle reciprocating loading

WS I K/ (KN - mm™h) A /mm P/KN  An/mm PL /KN A/mmo V/(KN-mml) g E.
I+ 0.99 22.46 22.34 91.19 24.42 120.32 20.35 5.36

RD -50 i - 0.98 21.83 21.38 111.72 22.95 123.26 19.13 5.37 1.33
W 0.99 22.15 21.86 101.46 23.69 121.79 19.74 5.36
I+ 1.57 17.74 27.90 48.04 27.77 55.63 23.14 3.14

RH -50 $r - 1.33 18.38 24.51 48.17 28.45 56.38 23.71 3.07 0.63
HE 1.45 18.06 26.21 48.11 28.11 56.01 23.43 3.10
o+ 0.43 35.88 15.34 65.71 17.42 78.97 14.52 3.09

RD -150 $i - 0.56 30.97 17.39 70.05 18.41 75.46 15.34 2.44 1.27
B 0.50 33.43 16.37 67.88 17.92 77.22 14.93 2.76
i+ 1.05 23.04 24.28 31.93 21.50 33.54 17.92 1.46

RH -150 i - 0.96 15.73 15.14 31.78 17.55 34.74 14.63 2.21 0.61
HE 1.01 19.39 19.71 31.86 19.53 34.14 16.27 1.76
i+ 0.91 19.48 17.72 81.41 20.75 123.73 17.29 6.35

SD -50 E 1.07 17.54 18.78 96.21 22.24 124.09 18.53 7.07 1.57
W 0.99 18.51 18.25 88.81 21.50 123.91 17.91 6.71
o+ 1.08 21.04 22.80 38.26 23.73 64.42 19.78 3.06

SH -50 i - 0.85 20.70 25.34 55.68 25.39 67.92 21.16 3.28 0.46
HE 0.97 20.87 24.07 46.97 24.56 66.17 20.47 3.17
i+ 1.25 10.58 13.19 78.04 14.78 91.43 12.32 8.64

SD - 150 A 1.23 12.09 15.33 71.98 17.28 96. 14 14.40 7.95 0.88
Y 1.24 11.34 14.26 75.01 16.03 93.79 13.36 8.30
o+ 1.21 13.96 16.93 56.93 17.20 65.05 14.33 4.66

SH - 150 Pi - 1.15 13.03 14.98 49.55 17.09 63.89 14.24 4.90 0.65
WE 1.18 13.50 15.96 53.24 17.15 64.47 14.29 4.78
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