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Vibration Monitoring and Protection for Ancient Buildings under
a Metro Shield

DENG Wenbin, SUN Changkang, YANG Li, WULAN Hadeljan
(School of Architecture and Engineering, Xinjiang University, Urumqi 830017)

Abstract: To ensure the safety of ancient buildings during subway shield tunneling, a general technical approach involving
initial assessment, reinforcement, construction monitoring, subsequent evaluation, and additional reinforcement has been
established. This study built a 1 : 3.52 physical model of ancient buildings and conducted shaking table tests to obtain the
damping ratio of structures Ansys was used to build a three-dimensional model. Using structural and modal analysis for vulnerable
structures for strengthening and prevention, this study provides a reference for the follow-up vibration monitoring and shield
construction. The construction parameters were adjusted according to the construction monitoring data in the test area. The
results showed that the maximum displacement of the structure was approximately 14.01 mm under static analysis, which
verified the validity of the three-dimensional model. The basic frequency of the structural model was 0.590 46 Hz and the most
vulnerable position was sandalwood. During shield tunneling, the acceleration of ancient buildings was less than 0.003 m/s’,
the vibration frequency was primarily concentrated at 0.6-20.5 Hz, and the vibration frequency was in the normal range. The
paper proposes that the overall solution of subway shield tunneling through the ancient buildings involves a uniform driving

Wi HE: 2023-09-21  {&[EIHHR: 2023-12-27

E—1EE: VXMW, B, BL, BE, NEFEIBRNE. KMUE. WAREEHEMR, 125864110@qg.com

BIEEE: ER, 5, MitHRgE, NERZRENETEHRR, 2939428049@qq.com

BeWE: ERAARFES(51868074); HMBAS/REEX A AR FE£(2022D01C55)

SIRMEE: B, IER, BN, F OWHKEMTFHEAKRENSRIPHRI]. BHROZE, 2024, 37(3): 75-81.
DENG Wenbin, SUN Changkang, YANG Li, et al. Vibration monitoring and protection for ancient buildings under a metro
shield[J]. Urban rapid rail transit, 2024, 37(3): 75-81.

URBAN RAPID RAIL TRANSIT 75



EHIREIZE - F 375 F3H 2024 F 6 B

speed, avoiding the operation peak period, using the grouting reinforcement between the strata in the affected area, supporting
the vulnerable structure of the ancient buildings, and adopting a vibration isolation and vibration reduction scheme during the
construction. This provides a reference for similar subsequent projects.

Keywords: urban rail transit; metro shield; preservation of ancient buildings; vibration monitoring; protection measures
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Figure 1  Plan of Metro Line 6 and the Andingmen section
of the city wall
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Figure 2 Profile of the right line of Metro Line 6
passing under the city wall
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Table 1 Formation mechanical parameters
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Table 2 Mechanical parameters of city bricks and
internally compacted loess
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Figure 3  General section of the Xi’an City Wall structure
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Figure 4 Surveying and mapping of the main
building of the city wall
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Figure 5 Finite element model of the main building
of the city wall
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Figure 8 Vibration monitoring schematic
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Table 3 The allowable vibration velocity of brick structure
specified in Technical code for industrial vibration of ancient

buildings
& drH & FERIR Vol (/!
oy R EHE v/(m/s)
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Figure 9  Acceleration time-history curve and
Fourier spectrum
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