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Abstract: To explore the influence of aspect ratio on the seismic responses of base-isolated structures
built on flexible foundations, four traditional seismic-resistant and base-isolated {rame structure mod-
els with different aspect ratios were established using ABAQUS finite element software. For different

site conditions, models of base-isolated structures on both flexible and rigid foundations were estab-
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lished for comparison, so as to analyze the influence of Soil-Structure Interaction (SSI) effect on the
seismic response patterns and isolation efficiency in structures with different aspect ratios. The results
showed that with the increase of the aspect ratio, peak floor accelerations in isolated structures first de-
creased and then increased with increasing floor levels. Meanwhile, the displacement of the isolation
layer continuously decreased, and the isolation efficiency gradually decreased. However, the variation
patterns of the isolation efficiency with increasing floor levels were inconsistent among structures with
different aspect ratios. For structures with smaller aspect ratios, the isolation efficiency was optimal at
the top floor. As the aspect ratios increased, the optimal isolation efficiency layer appeared in the up-
per middle floors. Furthermore, by using peak floor acceleration, isolation layer displacement, and
isolation efficiency as research parameters, it was concluded that SSI effect showed significantly stron-
ger influence on isolation layers and top floor of structures compared to other floors. The SSI effect in-
creased the displacement response of isolation layer in isolated structures and reduced the isolation effi-
ciency of the isolation system. This adverse influence intensified with increasing aspect ratios of isolat-
ed structures.. Therefore, when designing isolated structures, the combined influence of the aspect ra-
tio of the superstructure and the SSI effect on structures should be comprehensively considered.

Keywords: base-isolated structure; pile foundation; aspect ratio; seismic response; isolation efficiency
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Fig.1 Schematic diagram of model
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Table 1 Site conditions and their parameters

P
+ 2 e R/ R JRIE/ SR BRI/ }gg/
%5 " (kg'm ?) F/MPa m FAlL kPa "(0)

Zhit 1800 10 4.5 049 226 12
2 W+ 1960 26.3 15.5 0.49 55 329
3 Fi+ 1940 38.9 40 049 376  11.2
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Table 2 Parameters of isolation bearings

" W E AVKCPAL iR dy/  AKCPERNIE/, e NI/ B ) W/ BB E
#/mm #/mm kN (kNemm ) (kNemm ) (kNemm ") H/ %
1.12 700 385 5770 1.50 0.88 2 800 24
1.67 800 440 7 535 1.83 1.18 3400 23
2.22 900 495 9530 2.10 1.32 3 900 22
2.77 1100 605 14 240 2.67 1.64 4400 23
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Fig.2 Time histories of input seismic waves
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Table 3 Loading conditions of ground motions
Frs T4 b= FE W AN EE W (B (PBA)/ g MR SN 3 B WA (PGA)/ g
1 KB1 Kobe I 0.05 0.108 9
2 KB2 Kobe JIf 0.10 0.156 6
3 KB3 Kobe I 0.15 0.1929
4 SF1 I8\ £ I 0.05 0.1411
5 SF2 FF B\ f 0.10 0.1809
6 SF3 A8 I\ A 0.15 0.217 6
7 WL1 Fib e itk 0.05 0.119 3
8 WIL2 Fip I 0.10 0.176 6
9 WIL3 Fib e 0.15 0.2211
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Table 4 Natural vibration periods and damping ratios of structure

9 b R AERa R 454 A AR R0 /s PRReEi i AR /s ARRRRATIEEIE /0 BRRRASHBHE L/ Yo
1.12 0.945 2.049 4.34 12.10
1.67 1.359 2.534 2.71 8.32
2.22 1.887 2.973 1.63 5.44
2.77 2.344 3.421 1.22 3.72
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Fig.4 Acceleration responses of non-isolated and isolated structures with an aspect ratio R = 1.67
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Table 5 Peak floor acceleration response ratios of isolated and non-isolated structures under Kobe wave
o R=1.12 R = 1.67 R =222 R =277
=T
= KB1 KB2 KB3 KB1 KB2 KB3 KB1 KB2 KB3 KB1 KB2 KB3
15 0.62 0.64 0.63
14 0.60 0.61 0.61
13 0.57 0.59 0.60
12 0.34 0.36 0.47 0.61 0.60 0.60
11 0.33 0.36 0.46 0.64 0.62 0.59
10 0.32 0.36 0.46 0.64 0.60 0.54
9 0.23 0.29 0.38 0.36 0.36 0.41 0.58 0.53 0.50
8 0.23 0.30 0.39 0.38 0.33 0.35 0.63 0.48 0.51
7 0.22 0.31 0.40 0.38 0.31 0.32 0.66 0.57 0.66
6 0.26 0.36 0.35 0.21 0.31 0.40 0.37 0.29 0.30 0.67 0.61 0.72
5 0.30 0.39 0.39 0.22 0.30 0.39 0.43 0.30 0.34 0.67 0.65 0.73
4 0.32 0.42 0.44 0.22 0.28 0.45 0.55 0.45 0.49 0.65 0.69 0.71
3 0.34 0.50 0.48 0.22 0.28 0.49 0.56 0.57 0.61 0.65 0.69 0.70
2 0.38 0.50 0.52 0.23 0.31 0.53 0.57 0.60 0.63 0.65 0.69 0.70
1 0.40 0.52 0.53 0.38 0.42 0.53 0.59 0.63 0.65 0.66 0.70 0.70
0 0.44 0.50 0.53 0.48 0.55 0.60 0.63 0.68 0.69 0.73 0.74 0.74
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Table 6 Isolation layer displacements of isolated structures with four different aspect ratios under different ground motions

AT 5 B B 522 288 /mm

= el R Kobe J FHHR 9k b e %
KB1 KB2 KB3 SF1 SF2 SF3 WL1 WL2 WL3
1.12 41.80 91.29 113.34 42.03 91.80 119.84 14.16 26.15 33.57
1.67 27.30 57.66 75.77 29.82 65.89 87.34 7.18 14.73 22.30
2.22 21.93 46.11 64.49 21.82 52.26 70.27 5.53 10.14 14.65
2.77 10.40 24.97 45.22 10.93 28.58 38.89 3.36 6.04 9.24
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Inter-floor displacement responses of isolated structures on different foundations under Kobe wave
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Table 7 SSI influence rate of isolation layer displacement
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