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Study on seismic performance and mechanical model of T-shaped steel
energy dissipation hinged damper
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Abstract; In order to improve the seismic performance of prefabricated frame structures, different types of steel
energy dissipation hinged dampers have been proposed that the prefabricated beams and columns are connected with
steel hinges and the mild steel energy-dissipating elements are installed on the upper, lower or both sides of the
hinges. The structural forms and seismic performance of several energy-dissipated hinged dampers were
summarized, and a T-shaped energy-dissipated hinged damper with simple structure and good seismic performance
was selected to study the seismic performance and mechanical model. ABAQUS software was used to simulate the
test of T-shaped damper, on this basis, 24 finite element models were established to analyze the flange weakening
degree and T-shaped section size of the T-shaped energy dissipation element, the different influencing factors were
quantified to obtain the skeleton curve calculation formula of the energy dissipation hinged damper, finally, the
correctness of the formula was verified. The results show that the T-shaped energy dissipation hinged damper has
good bearing capacity, ductility and energy dissipation capacity. The proposed skeleton curve has high accuracy,
and can provide reference for the design of this kind of damper.
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Fig. 1 Connection of T-type energy dissipation hinged damper and prefabricated members
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Fig.2  Construction detail of T-type energy dissipation hinged damper
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Table 1  Values of steel constitutive parameters

WAL E./(x10° MPa) F,/MPa k, ky ky k,
Q235 2.00 269.8 12.1 151 181 1.38
Q355 1.93 374.2 8.61 108 129 1.31
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Fig.5 Comparison between numerical simulation and test results
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Fig. 6 Comparison of final damage of dampers obtained by test and simulation
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Table 2 Geometric parameters of models mm

TR 5 L by h, b ¢ d I I, b/L 2¢/b; d/h, h

IR gAY 450 250 90 200 75 40.00 10 10 0.44 0.60 0.44 400
HRICER A1 450 250 90 200 45 40.00 10 10 0.44 0.36 0.44 400
HBRIGAAY A2 450 250 90 200 60 40.00 10 10 0.44 0.48 0.44 400
FRRTTHETY A3 450 250 90 200 90 40.00 10 10 0.44 0.72 0.44 400
A BRICHE I B1 450 250 90 150 75 40.00 10 10 0.33 0.60 0.44 400
A PRICHE R B2 450 250 90 250 75 40.00 10 10 0.56 0.60 0.44 400
BT B3 450 250 90 300 75 40.00 10 10 0.67 0.60 0.44 400
FH BRI C1 450 250 90 200 75 30.00 10 10 0.44 0.60 0.33 400
A BRICHIR C2 450 250 90 200 75 50.00 10 10 0.44 0.60 0.56 400
A BRIGHAY €3 450 250 90 200 75 60.00 10 10 0.44 0.60 0.67 400
F BRI D1 450 250 90 200 75 40.00 8 10 0.44 0.60 0.44 400
A BRICHE Y D2 450 250 90 200 75 40.00 12 10 0.44 0.60 0.44 400

H BT D3 450 250 90 200 75 40.00 14 10 0.44 0.60 0.44 400
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R 4y 5 L by h, b ¢ d I iy b/L 2¢/b; d/h, h
BRI E1 450 200 90 200 60 40.00 10 10 0.44 0.60 0.44 400
i BRIOTAAY E2 450 160 90 200 48 40.00 10 10 0.44 0.60 0.44 400
BT E3 450 140 90 200 42 40.00 10 10 0.44 0.60 0.44 400
A PRI F1 450 250 90 200 75 40.00 10 6 0.44 0.60 0.44 400
A PR ICHEY F2 450 250 90 200 75 40.00 10 8 0.44 0.60 0.44 400
A BRI F3 450 250 90 200 75 40.00 10 12 0.44 0.60 0.44 400
A BRI G1 450 250 50 200 75 22.22 10 10 0.44 0.60 0.44 400
A RRITHR G2 450 250 70 200 75 31.11 10 10 0.44 0.60 0.44 400
FPR I G3 450 250 110 200 75 48.89 10 10 0.44 0.60 0.44 400
A BRI H1 450 250 90 200 75 40.00 10 10 0.44 0.60 0.44 360
A BRI H2 450 250 90 200 75 40.00 10 10 0.44 0.60 0.44 440
HBRITHEA H3 450 250 90 200 75 40.00 10 10 0.44 0.60 0.44 480
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Fig.7 Skeleton curves of models
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Table 3  Comparison of seismic performance indexes of damper models

AR 2t 5 goy/rad My/(kN ‘m)  @../rad M /(kN-m) ¢,/rad M,/(kN - m) u u/uy  E/(kKN -m) E/E,

(W g 8 0.0025 159 0.008 3 209.62 0.0218 178.18 8.72 1.00 187.56 1.00
FHBRICHA AL 0.0028 229 0.0086 284.99 0.0157 242.24 5.61 0.64 129.8 0.69
R A2 0.0027 192 0.0089 260.12 0.0164 221.10 6.07 0.70 163.47 0.87
FHRRICHER A3 0.0023 131 0.0076 166.36 0.0272 141.40 11.83 1.36 285.13 1.52
HRRIOHR B1 0.0025 162 0.009 4 217.42 0.0236 184.81 9.44 1.08 246.95 1.32
FHBRITHER B2 0.0022 152 0.008 4 200.75 0.0167 170.64 7.59 0.87 182.69 0.97
FFRICEN B3 0.0024 156 0.0095 205.52 0.0193 174.69 8.04 0.92 147.5 0.79
HRRIOHER C1 - 0.0027 165 0.009 4 218.43 0.0212 185.66 7.85 0.90 196.76 1.05
HRRITER C2 0.0024 153 0.0072 201.04 0.0184 170.88 7.67 0.88 144.62 0.77
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FR A 2 5 ¢ /rad M /(kN-m) ¢, /rad M, /(kN-m) ¢ /rad M,/(kN:m) u u/uy  E/(kKN-m) E/E,
HRRICHER €3 0.0024 148 0.0073 193.40 0.0193 164.39 8.04 0.92 141.21 0.75
HIRJCER D1 0.0028 139 0.0074 178.51 0.0179 151.74 6.39 0.73 126.54 0.67
FHFRJCER D2 0.0025 179 0.0092 241.90 0.0219 205.62 8.76 1.00 217.77 1.16
HRRICHER D3 0.0026 203 0.0089 274.77 0.0231 233.55 8.88 1.02 301.12 1.61
HIRJTER E1 - 0.0022 138 0.0074 180.53 0.0247 153.45 11.23 1.29 252.08 1.34
FARRICEN B2 0.0023 119 0.0076 155.02 0.0270 131.77 11.74 1.35 225.74 1.20
HRRGHER E3 - 0.0026 111 0.0077 142.05 0.0289 120.74 11.12 1.27 285.45 1.52
FHBRIGHR F1 - 0.0024 144 0.0073 187.87 0.0159 159.69 6.63 0.76 105.42 0.56
FAIRICE F2 0.0024 152 0.0072 198.71 0.0189 168.91 7.88 0.90 144.19 0.77
FHBRICHER F3 - 0.0027 168 0.009 3 222.01 0.0219 188.71 8.11 0.93 287.5 1.53
HRRJTER G1 - 0.0025 144 0.0073 183.94 0.0128 156.35 5.12 0.59 52.91 0.28
HRRITER G2 0.0027 152 0.0072 198.35 0.0177 168.60 6.56 0.75 110.34 0.59
FHFRICHR G3 0.0028 168 0.0093 222.59 0.0227 189.20 8.11 0.93 242.44 1.29
HRRJCER H1  0.0030 141 0.009 3 189.06 0.0211 160.70 7.03 0.81 163.47 0.87
HRRJTER H2  0.0026 174 0.0077 232.63 0.0191 197.73 7.35 0.84 157.78 0.84
ARRJCHE H3  0.0022 188 0.006 1 254.50 0.0183 216.32 8.32 0.95 170.03 0.91
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Fig. 8 Three-fold model Fig.9 Calculation diagram of energy

dissipation hinged damper
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Fig. 10 Ratio of numerical simulated bending moment to calculated bending moment
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Fig. 11 Influence of weakening degree on bearing capacity
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Table 4 Comparison results of calculation and numerical simulation

G ELES HEERE/ %
LA G 5

o /rad M /(kN-m) @, /rad M, /(kN-m) ¢,/rad , M, P M, @,

BRI 0.0025 161.65 0.0079 208.99 0.0161 1.69 1.67 4.24 0.30 26.10
ARG A1 0.0029 227.07 0.007 6 290.40 0.0127 1.85 0.84 12.13 1.90 19.00
FBRICH A2 0.0027 194.36 0.0092 249.69 0.0153 0.53 1.23 2.88 4.01 6.92
FBRICH A3 0.0023 128.94 0.0067 168.28 0.0232 0.89 1.58 12.09 1.15 14.83
FARRITER BT 0.0026 164.14 0.0082 213.33 0.0179 4.26 1.32 12.88 1.88 24.09
FHBRITHAR B2 0.0025 158.93 0.0077 204.25 0.0146 12.43 4.56 7.62 1.74 12.32
FBRICHR B3 0.0024 156.44 0.0083 199.91 0.0144 0.49 0.28 12.02 2.73 25.65
FHBRICHR C1 0.0026 167.34 0.0088 217.25 0.0171 2.20 1.42 6.19 0.54 19.45
AFRICHR 2 0.0024 155.44 0.0072 199.97 0.0153 1.48 1.59 0.58 0.53 16.82
FRRIOHER €3 0.0023 149.74 0.0067 191.71 0.0147 2.56 1.18 7.37 0.87 23.91
FHBRICER DI 0.0025 137.88 0.0078 178.25 0.0159 12.09 0.81 5.44 0.15 11.34
AT D2 0.0026 185.42 0.008 4 239.72 0.0166 4.24 3.59 8.90 0.90 24.10
HBRTCAR D3 0.0027 209.19 0.008 5 270.45 0.0168 2.20 3.05 4.42 1.57 27.12
FHBRICHER E1 0.0025 137.88 0.0076 178.25 0.0157 11.88 0.09 2.68 1.26 36.63
AFRICHR E2  0.0024 118.86 0.007 6 153.67 0.0156 3.44 0.12 0.50 0.87 42.32
HFRITER E3 0.0023 109.35 0.0076 141.37 0.0155 10.38 1.49 2.33 0.48 46.41
FBRICHAS F1 - 0.0025 144.53 0.0077 186.86 0.0158 3.59 0.37 4.52 0.54 0.69
FHBRICER F2 0.0025 153.09 0.0077 197.92 0.0158 4.81 0.72 6.39 0.40 16.16
HBRTCAR F3 - 0.0026 170.21 0.0082 220.05 0.0164 4.93 1.31 12.01 0.88 25.09
AHRITH G1 - 0.0025 142.63 0.007 4 184.40 0.0155 0.83 0.95 0.31 0.25 20.89
ARG G2 0.0025 152.14 0.0080 196.69 0.0161 6.95 0.09 10.62 0.84 8.84
ARG G3 0.0026 171.16 0.0083 221.28 0.0165 8.23 1.88 10.76 0.59 27.15
FHBRICHI H1 - 0.0027 145.48 0.009 4 188.09 0.0183 9.87 3.18 1.44 0.52 13.09
ARG H2  0.0024 177.81 0.0078 229.88 0.0153 8.07 2.19 1.25 1.18 19.85
A BRITHA H3 - 0.0022 193.98 0.007 1 250.78 0.014 1 2.25 3.18 16.45 1.46 23.01

TE R 22 = (THRE S R B AR ) /BN S R < 100%

N1 IR A R AT B AR IR, 55 2 A FROTH R BRI A SEARF B 5, K52
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Table 5 Basic information of the validation model mm
R L by h, b c d I . b/L 2¢/b; d/h, h
YZ1 450 200 70 250 60 31 12 10 0.56 0.60 0.44 400

Y72 450 220 80 200 50 40 12 12 0.44 0.45 0.50 420
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Table 6 Comparison results of validation model calculation and numerical simulation

R Gt SR iR @,/rad M,/ (kN + m) @/ Tad M,/ (kN > m) @,/ rad

YZ1 DL 235 0.0023 146.00 0.0073 189.76 0.0195
TS 0.0024 144.79 0.0077 186.09 0.0146

R/ % 5.0900 0.83 6.9200 1.93 24.9600

Y72 E{E 0.0028 213.00 0.0087 280.28 0.0209

T 0.0026 219.36 0.0080 208.77 0.020 1

R/ % 5.3700 2.99 6.8200 0.18 3.7200

5 #it

AR SCHEIR IS (0 FE Al _L X T T8 A0 SN il RE R B PHLJE 28 24T BUE AU R S 8000 i, X U RE Mg ) )
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