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Abstract;In order to mitigate the stress concentration about slit dampers, to reduce the harmful
effect of welds,and to improve the energy consumption,a shear type metallic damper with the op-
timized diamond hole by yield strength contour lines is proposed. Yield strength contour line is de-
veloped according to the elastic-plastic mechanics theory,and it also can be as the opening shape
of energy dissipater unit. The design formulas for the elastic stiffness and the yield strength are fur-
ther derived. Material tests for the energy dissipater unit are performed,and the sophisticated FEM
models is built based on the experimental data about engineering stress and strain, mechanical
property of dampers are further studied. The results show that error of yield strength is less than
2% between numerical simulation results and calculating results,and error of stiffness is less than
1% . Compared with the traditional slit steel panel damper,the maximum cumulative plastic strain
of the optimized diamond-shape dampers are decreased by 24. 3% to 37. 5% . The unit volume en-
ergy dissipation rate is not increased obviously when the shear drift is less than 1/20. But the ener-
gy dissipation rate is increased by 32. 9% when the shear drift is more than 1/20. Numerical simu-
lation results demonstrate that, FEM models based on experimental data can simulate the actual me-
chanical property well ; the calculation results of the design formula agree well with the numerical
simulation results, so the design formula can be used for this type of damper design. Compared
with the slit dampers,assembled steel shear damper with the optimized diamond hole has a good
low-cycle fatigue capability and stable energy-dissipation capacity, the distribution of plastic de-
formation is more uniform,and the maximum accumulated equivalent plastic strain is reduced sig-
nificantly.

Key words shear type metallic damper ;yield strength contour line ; optimized diamond hole ; vibra-
tion reduction properties
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Table 1 Critical parameters of material experiment

MRS PR JEIRGR L, W PRSR I/ A R AR/
45 GPa MPa MPa %

Q235 -1 242.18 403. 82 53.68

Q235 -2 214.32 245.15 402. 11 53.25

Q235 -3 200.03 248. 45 404. 86 49.18
FHE 206. 04 245.26 403. 60 52.04
450
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0 0.1 0.2
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TR
B 5 RN S AR Hh 2k

Fig. 5 Curve of engineering stress and engineering

strain
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Table 2 Parameters of dampers mm
BN A hy b B n h w

A -200 200 88.4 186. 4 100 400 372.9
B -200 200 185.4 185.4 100 400 372.9
A -240 240 88.4 202.1 120 480 404.2
B -240 240 201. 1 201. 1 120 480 404.2
A -280 280 88.4 216.6 140 560 433.3
B -280 280 215.6 215.6 140 560 433.3
A -320 320 88.4 230.3 160 640 460. 6
B -320 320 229.3 229.3 160 640 460. 6
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Fig. 6 FEM modeling of dampers
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Fig.7 Hysteretic curves of dampers
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Table 3 Comparison between numerical simulation result and calculate result of design formulas

— Jii R B/ KN it Bl g MR/ (KN-mm ™) [y
s i L5 R R/ % s i L5 R I BE IR 22/ %
A =200 300 295.4 +1.54 825. 4 825.6 -0.03
A 240 300 297. 1 +0.96 675.7 678.6 -0.43
A -280 300 298.9 +0.35 568. 4 572.3 -0.68
A =320 300 301.5 -0.50 488. 1 492.1 -0.84
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Table 4 Energy consumption comparison of damper single-loop hysteresis

SEXHERE/ (KN -m)

o
a=1/500 a=1/300 a=1/125 a=1/60 a=1/30 a=1/20
A -200 42.5 358.5 1819.1 5327.3 12 574. 4 19 600. 1
B -200 44.0 445. 1 2331.1 6 831.9 16 524.7 22 060. 6
A -240 43.9 421.0 2 185.9 6414. 1 15 084.2 23 448.7
B -240 55.3 537.3 2916.9 8 589.5 20 548.9 25 624.9
A -280 43.0 478.0 2541.1 7 483.5 17 555.7 27 098. 3
B -280 69.3 617.2 3449.4 10 148.0 22 970.2 28 913.9
A -320 38.8 529. 8 2 883.6 8 539.4 20 023. 1 30 657.8
B -320 80. 2 697.6 4033.6 11 931.0 25 180.5 32 089.6
o WM.

£S5 LB EAS S R ALRHLE & AL AR FRFERE LL

Table 5 Unit volume energy consumption ration between optimized damper and un-optimized damper

LA BUFERELL, %

RERY 5 52 /m
a=1/500 a=1/300 a=1/125 a=1/60 a=1/30 a=1/20
200 123.18 102.78 99. 58 99. 50 97.10 113.38
240 107.91 106. 62 101. 96 101. 59 99. 87 124. 50
280 85.61 106. 86 101. 64 101.75 105. 45 129. 31
320 67.23 105. 67 99. 47 99. 58 110. 64 132.92
T o AR A

6 N HRNBHIE # RF AR R AR f
FAEAY Hede , 12 B n 100 S A A A1
JERE ST ERE A FERERE 1. & 6 MTLIE H,
TRALTFFFLIER (4 BELJE 1 SRR S b S 1 A A
KAE Wk /N ML g F K & T X JE 28 1
24.3% ~ 37.5% X R W, EFERERE 4R =
MG 265 AL TFFLIE X i A5 B 23
HA TR RE H1, A 3G 1 I 1 vk
PG EK T RHEER A TAE R, A5y &
PR GE R 1 R v 1 22 4k

R 6 [HJE s RESFRUBIEN AR R KA esp,,, HLEL
Table 6 Maximum value of accumulated equivalent

plastic strain of dampers

espmax (A )

A 2 g _—
RO N U
A -200 4.46
28.7
B -200 15.55
A -240 5.29
24.3
B -240 21.74
A -280 6.67
37.5
B -280 17.77
A -320 7.46
28.7
B -320 26.02
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Fig. 8 Development on areas in plastic about two types of dampers
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