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Mechanical performance and geometric parameter optimization of
butterfly-shaped steel plate damper
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Abstract; To improve the energy dissipation efficiency and optimize the geometric parameters of a new type of
butterfly-shaped steel plate damper, the calculation formulas for the initial stiffness and yield capacity of the new
damper were firstly derived. Then, quasi-static tests were conducted on 8 damper specimens to comparatively
investigate the failure modes, mechanical parameters, and hysteresis performance. Finally, through numerical
simulation analysis of 67 models, the influence of parameters such as the width ratio a/b and height thickness ratio
H/t of the energy dissipating ribs, number of energy dissipation ribs n, and number of steel plates N on the
mechanical performance of the damper was explored. The results show that the mechanical performance of the new
damper is stable with a plump hysteretic curve. The ultimate drift of the damper is greater than 10% , and the
maximum equivalent viscous damping ratio exceeds 0.4. The mechanical performance of the damper is proportional
to the number of energy dissipation ribs n and the number of steel plates N, which is convenient for standardized
design. The initial stiffness, yield strength, and equivalent yield displacement of the damper can well be predicted
by theoretical analysis, and the average calculation errors of the theoretical formulas are 14.0% , 8.4% and —10.9% ,
respectively. By designing the size of the energy dissipation ribs reasonably, the deformation state of full-section
yielding can be achieved, resulting in a maximum energy dissipation per unit steel volume of 0.217 J/mm’. When
the geometric parameters of the energy dissipation ribs satisfy the requirements of a/b =0.25 —0.50 and H/t =
20 - 30, the optimal energy dissipation economy of the new damper can be realized.

Keywords: butterfly-shaped steel plate damper; energy dissipation efficiency; geometric parameters; quasi-static

tests; numerical simulations
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Fig. 1 Structure of butterfly-shaped steel plate damper
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Tab.1 Specimen parameters

s N n H/mm W/ mm t/mm a/mm b/mm

S-1 1 4 300 400 10 20 60
S-2 1 2 300 400 10 20 60
S-3 1 3 300 400 10 20 60
S4 1 4 300 400 10 30 60
S-5 1 4 300 400 10 15 60
S-6 1 4 300 400 10 20 40
S-7 1 4 300 400 10 20 80
D-1 2 4 300 400 10 20 60
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Fig.3 Specimens of butterfly-shaped steel plate dampers( mm)
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Tab.2 Test results of steel properties

S SRR, PSR/ [ iﬁﬁi ik
MPa MPa EXe /%
RFE 1 270.9 461.9 0.587 1.15 24
IFE 2 288.1 473.4 0. 608 1.23 23
IR 3 297.6 470.6 0.632 1.27 22
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Tab.3 Performance parameters of specimens
s K/(KNemm™') K /(kN-mm~™') F,/kN F/kN A,/mm A,./mm F,/kN A,/mm s A
S-1 22.6 26.4 55.9 56.5 2.5 2.1 119 39.7 15.9 2.1
S-2 10.6 13.1 27.9 28.2 2.6 2.2 59 -40.1 15.4 2.1
S-3 17.6 19.8 41.8 42.4 2.4 2.1 89 -40.6 16.9 2.1
S4 31.6 33.7 61.3 81.4 1.9 2.4 137 39.3 20.7 2.2
S-5 19.9 22.5 46.7 45.8 2.3 2.0 106 -39.4 17.1 2.3
S-6 9.5 10.8 28.4 36.2 3.9 3.4 68 -50.1 12.8 2.4
S-7 57.4 49.0 82.8 81.4 2.1 1.7 166 -29.3 14.0 2.0
D-1 37.7 52.9 105.5 113.0 2.8 2.1 240 40.8 14.6 2.3
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Tab.4 Energy dissipation per unit volume of steel

UGS BAERE/)  REREI AR mm®  RBURERER/ (Jomm )

S-1 53 801 480 000 0.112
S-2 28 514 240 000 0.119
S-3 39 711 360 000 0.110
S4 46 608 540 000 0.086
S-5 46 378 450 000 0.103
S-6 54 371 360 000 0.151
S-7 44 652 600 000 0.074
D-1 110 943 960 000 0.116
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Fig.9 Variation curves of equivalent viscous damping ratio
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Fig. 11  Comparison between numerical simulations and test results
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Fig. 12 Parametric variation trends of the mechanical performance
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