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Abstract: The fractional derivative model can fully represent the mechanical properties and the changing
mechanism of viscoelastic dampers, however, the Riemann —Liouville integral involved is complex, which
brings difficulties to the solution of dynamic structural responses. The conventional method often takes the
fundamental natural frequency of the structure into account to obtain the equivalent stiffness and damping
provided by the damper, which can simplify the solution while provides results with limited accuracy. In this
paper, a high—precision numerical method to directly solve dynamic responses is proposed by introducing the
Caputo fractional derivative and a corresponding high—order predictor—corrector algorithm. The effectiveness of
the proposed method is verified via a numerical example of a multi—story structure, and comparisons with the
conventional equivalent method are carried out to identify the relative errors of dynamic responses under different

harmonic excitations and the EI Centro seismic wave.
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Fig. 1 Model diagram of an n-story structure
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Table 1 Maximum response results of each floor of the structure under harmonic excitation (®,=2.5 rad/s)

KA /m AR/ (mes™) ML/ (m-s2)

BRI AR AU R e RSO AU B i AU ARSCE RS N

(0.01s) (0.02s) (0.02s) (%) (0.01s) (0.02s) (0.02s) (%) (0.01s) (0.02s) (0.02s) (%)
103918 03917 03998 207 09796 09795 0.9995  2.04 24481 24481 24989  2.08
2 07749 07747 07914 216  1.9374 1.9371 19787  2.15  4.8415 4.8419 49463 216
3 1.1407  1.1405 1.1657 221  2.8521 28512 29153 225 7.272 7.1278 7.2871 223
4 14811 14808 15144 227 37031 3.7020 37876 231 92537 9.2545 9.4675  2.30
5 17884 17880  1.8297  2.33 44713 44706 45759 236  11.1733 11.1743 114377 236
6 20557 20552 21043 239 51398 5.1394 52622 239 12.8435 12.8444 13.1529 240
722772 22765 23319 243 56932 5.6933 58309 242 142276 142275 145741 244
8 24478 24469 25073 247 61198 6.1199 62691 244 152937 152927 15.6697  2.47
9 25637 25627 26264 249 64097 64098 65669 245 16.0179 16.0163 16.4145  2.49
10 26222 26212 26867 250 65563 6.5564 67175 246 163839 16.3822 167912  2.50
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Table 2 Maximum response results of each floor of the structure under harmonic excitation (w,=15 rad/s)
KA /m HRRAE/(mes™) RN SE/ (m-s7)
JEBU AL ASCHIE B 2 AU AU fRGE i ASCE ORI B
(0.01s) (0.02s) (0.02s) (%) (0.01s) (0.02s) (0.02s) (%) (0.01s) (0.02s) (0.02s) (%)
1 0.0147 0.0146  0.0152 4.11 0.1393  0.1381  0.1371 -0.72  1.6900 1.6877  1.8075 7.10
2 0.0274 0.0271  0.0282 4.06 02464 0.2451  0.2593 579 29278 29184  3.2044 9.80
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8 0.0662 0.0658  0.0657 -0.15 02640 0.2614 0.2564 -1.91 2.0541 2.0594 2.1242 3.15
9 0.0731 0.0727  0.0746 2.61 0.2640  0.2614  0.2777 6.24 25147 25069 29815  18.93
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Fig.3 Phase plane of structural responses at the first and tenth stories under harmonic excitation(w=15 rad/s)
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Table 3 Maximum response results of each floor of the structure under the El Centro seismic wave

SN R AR/ (mes™) B RMBEE/ (m-s2)

BB AR AU R s ARSCEE ASUE B R ASCEYE RSCE RS N

(0.01s) (0.02s) (0.02s) (%) (0.0ls) (0.02s) (0.02s) (%) (0.0ls) (0.02s) (0.02s) (%)
1 00244 0.0243 0.0264 864 0.0961 0.0953 0.1088  14.17 24632 24600 27404  11.40
2 0.0488 0.0484 0.0528  9.09  0.1823 0.1814 02089 1516 29327 29237 3.0895  5.67
300725 0.0720 0.0781 847 02658 02648 03063 1567 2.5788 25766 2.6086  1.24
4 00954 0.0946 0.1001 581 03497 03481 0.4000 1491 21604 2.1589 25574  18.46
5 0.1167 0.1164 0.1185 1.80 04163 04156 04650  11.89 24003 2.3837 27878  16.95
6 0.1387 0.1374 0.1353  -1.53 04584 04542 04989  9.84 24914 24850 2.9425 1841
7 01582  0.1569 0.1546 147 0.4684 04640 05016  8.10 23488 23521 25278  7.47
8 0.1737 0.1728 0.1732 023 04875 0.4829 04670  -329 23165 23221 25489  9.77
9 01852 0.1841 0.1870  1.58  0.5079 0.5031 0.4561  -934 25353 25279 2.6923  6.50
10 0.1913  0.1899 0.1942 226 05181 05166 04823  -6.64 2.6535 26510 2.8508  7.54
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Fig.4 Response time history of the first floor of the structure under the El Centro seismic wave
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