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Fig.2 Vibration testing instrument and supporting equipment
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Fig.4 Site vertical acceleration measurement results
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Fig. 5 Vibration acceleration spectrum at different locations of the site
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(a) Z-vibration level measurement results at observation point 1-1~1-4 of the simulation center
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Tab.3 Material parameters
WA K) S serERt  mREE/ ks EEAIE R
ERS #/MPa (kg-m™®) Lt a ki
FEFOGEN)  2.35X10° 7850 0.3 0.6232 0.0029
PO GREE L) 3.00<X 10" 2360 0.2 0.6232 0.0029
KAPRSN & 3R 3.00< 100 2360 0.2 1.3818 0.0014
K TSN A EAM 3.006X10° 2360 0.2 0.6368 0.0032
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Tab.5 Soil dynamics parameters

Bk m O DR EE e
(m's ') (kg'm”’)
1 i+ 4.3 130 1900 0.35
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3 ByE At 6.6 190 1960 0.30
4 iR 6.6 230 2000 0.33
5 i 8.4 280 2010 0.25
6 big 10.0 300 2015 0.33
7 BEE 8.5 320 2100 0.31
8 i+ 12.0 350 2035 0.30
9 BEFE 8.0 400 2140 0.33

Integral and partial finite element model of site-tunnel-facility building
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Fig.9 Schematic diagram of viscoelastic boundary and spring-damper
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Analysis of the vibration effects of metro operation on the national

facility for earthquake engineering simulation
BA Zhen-ning"**, FU Zhan-yuan"’, HAN Qing-hua"**, LIANG Jian-wen"**, LIU You-kai’
(1. Key Laboratory of Earthquake Engineering Simulation and Seismic Resilience of China Earthquake Administration,
Tianjin University, Tianjin 300350, China; 2. Key Laboratory of Coast Civil Structure Safety of China Ministry of Education,
Tianjin University, Tianjin 300350, China; 3. School of Civil Engineering, Tianjin University, Tianjin 300350, China)

Abstract: Tianjin Metro Line 6 is adjacent to Beiyangyuan Campus of Tianjin University, and the train operation may cause ad-
verse vibration effects on important infrastructures of the campus. In this paper, the National Facility for Earthquake Engineering
Simulation of Tianjin University, which is close to the line, is taken as the research object. Firstly, the site vibration test is carried
out on the sites distributed along the line and the adjacent constructions, through which the vibration attenuation law along the site
and the vibration level of the control points in the constructions are studied. Furthermore, a whole process finite element model of
tunneling-site-facility constructions is established, and the vibration simulation analysis of site and facility constructions is carried
out considering whether the protected river exists or not (actually there is a protected river). The vibration isolation efficiency of
the protected river is emphatically discussed. The research shows that the vibration impact of the operation of Tianjin Metro Line 6
on the large-scale earthquake engineering simulation research facilities of Tianjin University meets the limit requirements of the
code. Affected by Tianjin soft soil and the protected river, the vertical acceleration attenuation of the site is significant, and the at-
tenuation rate reaches 97.33% from Om to 80 m. The design of the mass concrete foundation of the facility and its bottom pile foun-
dation is helpful to the vibration control of the foundation itself. Due to the presence of protected river, the amplitude of the site and
the large shaking table foundations was reduced by 40.87% and 27.97%, and the frequency spectrum of the site showed obvious
“double peak” phenomenon in 0~20 Hz and 40~80 Hz bands.

Key words: metro train; field measurement of vibration; finite element analysis; vibration influence
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