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Study on the Generalized Single Degree of Freedom Model for Seismic
Response Analysis of Cantilever Structures
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Abstract; The finite element method has the disadvantage of being time-consuming and is not suitable
for evaluating the seismic performance of structures that require multiple response analyses. A genera-
lized single degree of freedom model for linear seismic response analysis of cantilever structures was stu-
died, and the polynomial shaped functions and single degree of freedom models based on the polynomial
shaped functions were proposed. The effectiveness of the single degree of freedom model based on the
polynomial shaped functions for structural response analysis under typical seismic wave excitation was in-
vestigated through comparative analysis with the finite element analysis results. The results show that the
average error of the proposed generalized single degree of freedom model based on polynomial functions
is 7.20%. To improve the modeling accuracy, it is recommended to use the method of applying horizon-
tal concentrated loads for polynomial function parameter estimation.
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Fig. 1 Generalized single-degree-of-freedom model

of cantilever structure
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Fig.2 Cantilever steel rod
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Tab.1 Equivalent parameters of a single degree of freedom model
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IR fip 2% 4524.83 1213 670 2 964. 23 6 822.47
FEAPR A 4 820.77 1 199 080 3 041.18 7 115.56
B = £ oA far 2k 4 858.38 1220 210 3 079. 80 7 151. 81
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Tab. 2 Selected ground motion records
i HLFE AR Yyt £ 25 3 IR/ ¢ FEit /s
1 1994 Northridge B 6.7 0. 590 39. 94
2 1978 Tabas L 1% 7.4 0. 845 32.94
3 1978 Tabas T I 2% 7.4 0. 105 39.94
4 1979 Imperial Valley 101 2% 6.5 0.270 51.56
5 1989 Loma Prieta 1% 6.9 0.570 24. 99
6 1971 San Fernando 1% 6.6 1.238 41. 69
7 1995 Kobe B 6.9 0. 240 40. 93
8 KA IV 2k 6.9 0. 149 19. 19
9 (TR IV 2% — 0. 036 36. 85
10 1999 Turkey I 2% 7.1 0.012 59.97
11 1980 Victoria S 6.3 0.292 25.56
12 1966 Parkfield I 2% 6.2 0.272 26. 18
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Tab. 3 Maximum displacement response and relative errors based on different shape function models
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Fig. 5 Maximum displacement response for finite element

analysis and generalized single degree of freedom models
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frp— LY ESSIATE A4 = REUY R Z Y R
F/mm S/mm &/ % F/mm S/mm & /% F/mm S/mm &/ %
1994 Northridge 11.30  10.97 2.89 10. 98 9.33 15.07  10.90  11.06 1.49
1978 Tabas L 12.55 6.70 46.63  12.20 9.50 22.19 1211 11.17 7. 80
1978 Tabas T 1.17 1.24 5.74 1.14 0.97 14.78 1.13 1.29 14.05
1979 Imperial Valley 4.61 2.15 53.47 4.48 3.57 20.33 4.45 4. 66 4.82
1989 Loma Prieta 7.48 8.52 13.95 7.27 6.76 6.93 7.21 7.54 4.62
1971 San Fernando 12.95 7.63 41.10  12.59  14.34  13.86  12.49  13.29 6.37
1995 Kobe 3.95 1.96 50. 51 3.84 4.24 10.28 3.81 3.77 1.21
FHE 1.96 1.02 47. 68 1.90 1.37 27.99 1.89 1.82 3.75
i (N T 0.56 0. 40 27.73 0.54 0.43 20.35 0. 54 0.52 3.41
1999 Turkey 0.15 0.13 12. 10 0.14 0. 14 2.75 0. 14 0.17 22.10
1980 Victoria 2.06 2.38 15.12 2.01 1.32 34.40 1.99 1. 89 4.91
1966 Parkfield 2.47 2.27 7.77 2. 40 2.34 2.21 2.38 2. 66 11.87
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Tab. 4 Maximum displacement response and relative errors based on different shape function extraction methods

e TP P 3 FEARAY B0 =17 3 A faf 48
F/mm S/mm &/ % F/mm S/mm &/ % F/mm S/mm &/ %
1994 Northridge 10.90  11.06 1.49 10. 67 11.47 7.46 10. 64 11.34 6.55
1978 Tabas L 12. 11 11.17 7.80 11.85 13.86  16.90  11.82  13.27 12.21
1978 Tabas T 1.13 1.29 14. 05 1.11 1.10 0. 83 1.10 1.05 5.16
1979 Imperial Valley 4.45 4. 66 4.82 4.36 5.25 20. 57 4.34 5.04 16. 07
1989 Loma Prieta 7.21 7.54 4.62 7. 06 9. 66 36.79 7.04 9.39 33.37
1971 San Fernando 12. 49 13.29 6.37 12.23  22.44  83.49 12.20  21.43 75. 67
1995 Kobe 3.81 3.77 1.21 3.73 3.62 2.91 3.72 3.66 1.63
PNEE) 1.89 1.82 3.75 1.85 2.27 22.87 1.84 2.19 18. 74
i (AT 0. 54 0.52 3.41 0.53 0.51 2.71 0.53 0.51 3.78
1999 Turkey 0.14 0.17 22.10 0.14 0.20 45.69 0.14 0.20 45.51
1980 Victoria 1.99 1.89 4.91 1.95 2.16 10.78 1.94 2.07 6.34
1966 Parkfield 2.38 2.66 11.87 2.33 3.39 45.74 2.32 3.26 40. 36
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