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Numerical analysis on seismic performance of flexural-shear replaceable
energy dissipators at the beam-column joint
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Abstract; The beam-column joint with replaceable energy dissipators has the advantages of convenient and
economical repair after an earthquake. For a bending shear replaceable component with simple structure, easy
construction, stable energy consumption capacity, and consistent tensile and compressive mechanical properties, a
refined finite element model of flexural-shear replaceable energy dissipators was established. Then, the failure
mode, hysteresis curve, skeleton curve and stress distribution state of the component were analyzed. The influence
of parameters such as height-width ratio, width-thickness ratio of limb columns for replaceable energy dissipators,
and overall slenderness ratio of energy dissipation zone was considered, and the effects on skeleton curves, stiffness
and equivalent viscous damping coefficient of energy dissipators were systematically discussed. The analysis results
showed that when the height-width ratio of limb columns in energy dissipators was greater than 4.0, the limb
columns were prone to buckling behavior, and the recommended threshold value of the height-width ratio is 1.3 ~
4.0. Increasing the width-thickness ratio of the energy dissipators decreases the initial stiffness and bearing capacity
of the specimen, and it was recommended that the width-thickness ratio of limb columns should be no more than
2.5. When the slenderness ratio of the energy dissipation zone was large, its out-of-plane stability and energy

dissipation capacity would be weakened, it is suggested the slenderness ratio of the energy dissipation zone not
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exceed 48. When height-width ratio of limb columns were less than 1.0 and greater than 2.5, the error between the
theoretical prediction and the finite element calculation of the yield strength for flexural-shear replaceable energy
dissipators was large, the latter was about 35% and 32% higher than the former respectively, so further research on
the theoretical strength prediction model is needed to improve its prediction accuracy. The research results can
provide reference for the seismic design of the flexural-shear energy dissipators.

Key words: slotted steel plate damper; finite element analysis; hysteretic behavior; height-width ratio; width-

thickness ratio
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Fig. 1 Finite element model
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Table 1 Design parameters of specimens

prv s /> t/mm B/mm Hy/mm H./B H'/B B/t
DSI1 10 10 15 50 3.33 2.27 1.50
DS2 10 8 15 50 3.33 2.27 1.88
DS3 12 10 10 50 5.00 3.40 1.00
DS4 6 10 15 50 3.33 2.27 1.50
DS5 10 10 15 55 3.67 2.58 1.50
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Fig.2 Stress-strain model of Q235 steel
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Fig.3 Comparison of hysteretsis curves
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Table 2 Comparison between finite element results and experimental results
W KO,F.XP/( kN/mm) F oo ixp/ kN KO,FFM/( kN/mm) F oo rom/ kN Ko, pen/ Ko pxp F o vom” F s Exp
DS1 200.93 151.50 218.74 147.45 1.08 0.97
DS2 158.10 111.00 172.85 109.92 1.09 0.99
DS3 142.53 81.50 150.93 86.68 1.06 1.06
DS4 158.02 87.00 169.92 87.47 1.07 1.01
DS5 174.49 130.50 189.88 129.37 1.09 0.99
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Fig.4 Comparison of skeleton curves
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Table 3 Main parameters and analysis results of ETA series specimens

ZNE3 n/4> ¢/mm  B/mm  Hy/mm  H/mm  H'/B B/t Ky/(kN/mm)  A/mm  F/kN  F/Q
ETA-1 12 10 10 40 25.00 2.50 1.00 212.29 0.44 94.31 1.37
ETA-2 12 10 10 45 29.44 2.94 1.00 176.12 0.45 78.42 1.34
ETA-3 12 10 10 55 38.64 3.86 1.00 107.12 0.54 57.61 1.29
ETA-4 12 10 10 60 43.33 433 1.00 91.55 0.56 51.37 1.29
ETA-5 8 10 20 30 16.67 0.83 2.00 504.49 048  238.82 1.35
ETA-6 8 10 20 40 25.00 1.25 2.00 407.37 047 195.76 L11
ETA-7 8 10 20 55 38.64 1.93 2.00 263.61 052 137.22 1.16
ETA-8 8 10 20 50 34.00 1.70 2.00 286.66 055  158.01 1.17

210 mm 5 Q2358 MBF IR f, =286.75 MPa,
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Fig. 6

Influence of the height-width ratio of energy-dissipating limb columns
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Table 4 Parameters and analysis results of the ETW series models

WS n/A #/mm B/mm  Hy/mm  H'/mm H'/B B/t Ky/(KN/mm) A /mm  F /kN F,/Q
ETW-1 8 12 20 50 34.00 1.70 1.67 328.55 0.58 190.63 1.16
ETW-2 8 10 20 50 34.00 1.70 2.00 286.66 0.55 158.01 1.17
ETW-3 8 8 20 50 34.00 1.70 2.50 230.56 0.54 124.30 1.06
ETW-4 8 6 20 50 34.00 1.70 3.67 188.56 0.50 92.68 0.87
ETW-5 8 4 20 50 34.00 1.70 5.00 142.69 0.43 62.65 1.16

TF:4.6,8.,10,12 mm J5£ Q2358 M R ISR £, 73510 286.75'%2) 3791%) 312.39.286.75,292 MPal®’
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Fig.7 Influence of the width-thickness ratio of energy-dissipating limb columns
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Table 5 Parameters and analysis results of the ETN series models

A n/A Ly ¢/mm A H'/B B/t Ko/ (KN/mm) A, /mm F,/kN F,./Q
ETN-1 14 330 10 33 2.27 1.50 266.13 0.56 149.17 1.12
ETN-2 16 360 10 36 2.27 1.50 284.58 0.61 171.93 1.13
ETN-3 18 390 10 39 2.27 1.50 309.80 0.64 193.87 1.14
ETN-4 20 420 10 42 2.27 1.50 325.83 0.67 216.59 1.14
ETN-5 22 450 10 45 2.27 1.50 329.85 0.72 235.57 1.13
ETN-6 24 480 10 48 2.27 1.50 331.73 0.81 268.17 1.18
ETN-7 30 600 10 60 2.27 1.50 336.10 0.82 272.78 0.96
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Fig. 8 Influence of the slenderness ratio
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