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Abstract

This paper focuses on the vibration control of the reaction foundation in earthquake simulation
shaking tables, centering on the mass-rigidity coincidence principle. Four structural optimization
schemes are proposed, including a baseline model, mass adjustment, stiffness adjustment, and a
comprehensive optimized model. Finite element modeling was employed to systematically conduct
modal and harmonic response analyses, evaluating each scheme in terms of frequency characteris-
tics, mode coupling, platform displacement, and isolator reaction forces. The results demonstrate
that adjusting the layout of isolators to optimize stiffness distribution significantly enhances hori-
zontal vibration control, outperforming the mass adjustment strategy alone. Although the compre-
hensive scheme did not yield significant additional improvement, the stiffness-dominated design
shows high practical applicability. This study provides a theoretical basis and practical reference
for the optimal design of high-precision reaction foundations in earthquake simulation shaking ta-
bles.
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Figure 1. Schematic diagram of design plan for mass-rigidity coincidence
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Figure 2. Model diagram of floating reaction foundation for earthquake simulation table
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Table 1. Modal frequencies from the 1st to 6th order of plan 1 reaction foundation
F# 1. AR—RHOEME 1-6 MESIIE

Fr A% (Hz) X Y z ROTX ROTY ROTZ
1 1.25 0.93 0.01 0.00 0.00 0.29 0.42
2 1.25 0.01 0.93 0.00 0.29 0.00 0.27
3 1.73 0.00 0.00 0.00 0.00 0.00 0.27
4 2.47 0.00 0.00 1.00 0.54 0.54 0.00
5 2.94 0.04 0.02 0.00 0.05 0.12 0.00
6 2.94 0.02 0.04 0.00 0.12 0.05 0.04

XS Y ZARPNZIREAE X Y. Z T REFEIRES 5 2% ROTX. ROTY. ROTZ #4558 X\ Y.
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Table 2. Modal frequencies from the 1st to 6th order of plan 2 reaction foundation

AEOBHRIE 1, FORZIRAAEZ TS IS A .

F# 2. FRIRNEME 1-6 MESIIE
(114 B (Hz) X Y z ROTX ROTY ROTZ
1 1.24 0.95 0.01 0.00 0.00 0.26 0.41
2 1.24 0.01 0.95 0.00 0.26 0.00 0.29
3 1.69 0.00 0.00 0.00 0.00 0.00 0.27
4 2.46 0.00 0.00 1.00 0.56 0.56 0.00
5 2.90 0.03 0.01 0.00 0.06 0.12 0.00
6 2.90 0.01 0.03 0.00 0.12 0.06 0.03
Table 3. Modal frequencies from the 1st to 6th order of plan 3 reaction foundation
3. FRERNEME 1-6 MESIIE
(U1 B (Hz) X Y z ROTX ROTY ROTZ
1 1.34 0.32 0.66 0.00 0.19 0.09 0.71
2 1.34 0.66 0.32 0.00 0.09 0.19 0.02
3 1.77 0.00 0.00 0.00 0.00 0.00 0.26
4 2.47 0.00 0.00 1.00 0.53 0.53 0.00
5 2.82 0.00 0.02 0.00 0.18 0.00 0.01
6 2.82 0.02 0.00 0.00 0.00 0.18 0.01
Table 4. Modal frequencies from the 1st to 6th order of plan 4 reaction foundation
4 FRURDERE 1-6 MESIHE
(14 B (Hz) X Y z ROTX ROTY ROTZ
1 1.37 0.42 0.56 0.00 0.15 0.11 0.73
2 1.37 0.56 0.42 0.00 0.11 0.15 0.00
3 1.83 0.00 0.00 0.00 0.00 0.00 0.25
4 2.47 0.00 0.00 1.00 0.55 0.55 0.00
5 2.82 0.00 0.02 0.00 0.19 0.00 0.01
6 2.82 0.02 0.00 0.00 0.00 0.19 0.00
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Figure 3. Comparison of the displacement of four floating counter-force foundation platforms
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Figure 4. Comparison of bottom reaction force of floating reaction foundation vibration isolator with four schemes
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