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Fig.1 The front elevation of the North Palace Gate
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Fig.2 Side elevation of the North Palace Gate
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Fig.3 Distribution map of column network on the first floor

of the North Palace Gate(Unit:mm)
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Fig.4 Distribution map of the column network on the second

floor of the North Palace Gate(Unit:mm)
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Fig.5 Schematic diagram of the site near the North Palace

Gate
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Tab.8 Half peak value of allowable vibration velocity of
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east side of main room on the first floor
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Tab.9 Working conditions of effects of subway operating

vibration on ancient buildings
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Fig. 21 The angle between the long axis of the building and
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Tab. 10 The horizontal composite peak value of the vibration speed at each pick-up point when the angle between the long

axis of the building and the subway line is 0°,45° and 90°
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building structure column D4 under various speeds
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Measurement and analysis of the influence of metro train vibration on the
ancient wooden structures of North Palace Gate of the Summer Palace

BA Zhen-ning', FU Zhan-yuan', FU Ji-sai', MA Ming-hao®, GAO Yu-hui’
(1.School of Civil Engineering, Tianjin University, Tianjin 300350, China; 2.Tianjin International Engineering Institute,
Tianjin University, Tianjin 300072, China)

Abstract: Based on the existing circumstances that the North Palace Gate of the Summer Palace and Beijing Rail Transit Line 4,
this paper mainly discusses the influence of metro train vibration on ancient wooden structures. A train-tunnel-soil layer-building
coupled model is established by ABAQUS, and the accuracy of the model is validated by comparison with field measurements.
Horizontal vibration intensities are analyzed and the effects of angle and distance between subway lines and buildings, train speed
and tunnel depth on ancient wooden structures are summarized. The results show that the structural vibration intensity becomes
largest when the subway line is coincident with the long axis of the ancient timber structure. The structural column closest to the
subway line exhibits the strongest vibration for various angles. The vibration intensity of buildings increases significantly as the train
speed increases, with the vibration amplitude increasing by 19.67 % for 80 km/h in comparison to the case of 60 km/h. The embed-

ded depth of the tunnel is suggested as deep as possible when the location of the subway line cannot be changed.
Key words: ancient wooden structure ;metro train; field measurement; finite element analysis; vibration influence

EFE BT BIRT(1980—), 8 i+, # . E-mail: bazhenning_001@163.com,



