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Dynamic performances and high-order fractional derivative
models with equivalent internal variables of high-damping
viscoelastic dampers

. 1.2
Tian Yun™

Dong Yaorong'*  Xu Zhaodong®  Zhu Lihua'”  Li Qianggiang'®  Cheng Yu'”
Abstract: In recent years, viscoelastic damping technology has been introduced into the
vibration control for seismic performance enhancement of civil structures. In this study, a
high-damping viscoelastic dampers ( HDVED) is developed to solve the critical issues of
VED for a middle-high temperature environments serving in civil structures and for low-
frequency damping control under seismic action. To reveal the influence rule of frequency,
temperature and displacement amplitude on the mechanical properties and seismic energy
dissipation performance of HDVED, the dynamic mechanical properties of HDVED are
experimentally investigated at different frequencies, temperatures and displacement
amplitudes. The results show that HDVEDs exhibit excellent vibration damping and energy
dissipation capabilities and environmental adaptability under middle-high temperature range

and low frequency loading. Their dynamic mechanical properties and energy dissipation
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capabilities show strong dependence on frequency, temperature and displacement amplitude

with obvious coupling effects. On this basis, an equivalent high-order fractional derivative

model of HDVED with internal variables is proposed, and the accuracy of the model are

experimentally verified. The results show that the proposed equivalent high-order fractional

derivative model with internal variables can comprehensively describe the effects of

excitation frequency, ambient temperature and displacement amplitude on the dynamic

mechanical properties of HDVED. The model is able to predict the mechanical properties of

HDVED under different frequencies, temperatures, and displacement amplitudes more

accurately. This research can provide reference for the dynamic response analysis and

structural design of viscoelastic damped structures.

Keywords: low-frequency damping control; high-damping viscoelastic dampers; dynamic

mechanical performance tests; equivalent high-order fractional derivative model with

internal variables

E-mail: xzdsubmission@ 163. com
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Table 2 The changed amount of HDVED dynamic mechanical property parameters per unit frequency
A% IEE/ mm BR AT FEl/ Ha AG'/MPa AG"/MPa An AE;/(N-m) AK/(kN-m™') AC/(kN-s-m™)
0.1~0.5 0.3273 0.4815 0.671 0 0.2328 196.350 0 —-191.404 9
0.5~1.5 0.177 3 0.280 0 0.207 5 0.147 8 106. 398 0 -25.5832
0.5
1.5~2.5 0.168 9 0.2311 0.098 7 0.116 9 101.358 0 -6.984 9
2.5~3.5 0.001 4 0.1403 0.1550 0.101 3 0.8153 -5.4725
0.1~0.5 0.2315 0.386 3 0.683 3 1.746 6 138.895 0 -188.737 5
0.5~1.5 0.156 6 0.2233 0.2190 1.094 6 93.968 4 -22.961 8
1.5
1.5~2.5 0.1205 0.159 6 0.075 4 0.787 8 72.300 3 =7.024 1
2.5~3.5 0.009 1 0.110 8 0.1752 0.607 7 5.472 2 -4.343 6
0.1~0.5 0.230 3 0.347 4 0.623 1 4.203 2 138. 147 2 -131.3354
0.5~1.5 0.1311 0.183 1 0.205 9 2.506 2 78. 689 2 -19.214 7
2.5
1.5~2.5 0.089 2 0.124 6 0.078 4 1.638 6 53.5237 -6.079 5
2.5~3.5 0.004 1 0.070 9 0.174 9 1.084 6 2.478 2 -4.068 9

HDVED 19 3l 25 1 27 Pk 58 2 B I8 B2 1 22 £k il
28, W 8 Pran, HE 8 A, fEH s (5~45 °C)
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Fig. 8 Variation curves of LHVED dynamic mechanical property parameters with temperature
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Table 3 The changed amount of HDVED dynamic mechanical property parameters per unit temperature

P IR A/ mm T AR AR [/ C AG'/MPa AG"/MPa An AE;/(N+m) AK/(kN-m™) AC,/(kN-s-m™)
5~15 -0.057 0 -0.1522 -0.070 5 -0.658 4 -34.183 8 -48.431 6
15~25 -0.030 0 -0.063 8 -0.061 7 -0.279'5 -18.007 6 -20.301 8
b 25~35 -0.011 6 -0.0122 -0.023 3 -0.056 6 -6.983 1 -3.869 0
35~45 -0.003 3 -0.002 2 -0.004 8 -0.010 4 -2.005 5 -0.869 2
5~15 -0.044 0 -0.105 6 -0.059 9 -1.298 9 -26.383 4 -33.608 7
15~25 -0.022 8 -0.039 6 -0.0522 -0.458 1 -13.698 5 -12.605 0
23 25~35 -0.007 5 -0.010 7 -0.0210 -0.1329 -4.4775 ~3.406 8
35~45 -0.002 7 -0.002 1 -0. 005 3 -0.031 6 -1.644 4 -0.655 4
5~15 -0.027 8 -0.062 1 -0.050 6 -1.508 3 -16.657 8 -19.751 0
15~25 -0.014 6 -0.023 6 -0.040 5 -0.577 1 -8.735 8 -7.4972
3 25~35 -0.005 1 -0. 008 4 -0.018 8 -0.211 8 -3.0819 -2.461 1
35~45 -0.003 9 -0.002 3 -0.005 4 -0.059 3 -2.349 5 -0. 896 3
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Table 4 The changed amount of HDVED dynamic mechanical property parameters per unit displacement amplitude
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Table 5 Error statistics of numerical calculation results and experimental results of models
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25 0.1 2.5 0.294 5.73% 0.108 4.24% 0.367 1. 40%
25 0.5 2.5 0.387 4. 56% 0.243 0.35% 0.628 1.14%
25 1.5 2.5 0.491 2. 14% 0.416 2.35% 0. 847 2.37%
25 2.5 2.5 0.551 6. 74% 0.526 4.41% 0.954 5.42%
5 0.3 1.5 1.272 0. 00% 2.371 0.11% 1.864 0.11%
15 0.3 1.5 0.701 0. 17% 0. 847 0. 00% 1.208 4.40%
25 0.3 1.5 0.371 7.72% 0.219 4.50% 0.589 9.05%
35 0.3 1.5 0.284 0. 63% 0. 095 8. 11% 0.334 8. 80%
45 0.3 1.5 0.253 0. 00% 0. 060 7.92% 0.239 7.92%
35 0.3 0.5 0.302 9.95% 0.118 5. 65% 0.390 14. 16%
35 0.3 1.5 0.284 0. 63% 0. 095 8. 11% 0.334 8. 80%
35 0.5 2.5 0.274 6.34% 0. 082 3.91% 0.299 2.29%
35 0.5 3.5 0.267 5.51% 0.073 2. 44% 0.275 7. 54%
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