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Research on Safety Assessment of Existing Tall Structures Adjacent to Metro
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Abstract: To address the safety disturbance caused by urban rail transit construction to adjacent
tall structures, this study conducted a systematic structural safety assessment on a TV tower in the
context of construction adjacent to a metro transfer station and a shield tunnel. Field structural
inspection, long-term deformation monitoring, and three-dimensional numerical simulation were
integrated to assess the current condition of the TV tower structure, the evolution patterns of hori-
zontal and vertical foundation displacements, and the inclination characteristics of the tower body.
These methods also accurately quantified the impacts of metro foundation pit excavation and shield
tunnel construction on the tower’s foundation and superstructure. The results showed that the cur-
rent concrete strength of the TV tower meets the design requirements, with a historically accumu-
lated foundation inclination ratio of 1. 3%0. Numerical simulation predicted that subsequent con-
struction would increase the inclination ratio by 0.31%0, resulting in a total inclination ratio of
1. 61%0c, which still meets safety requirements. Based on these findings, targeted deformation con-
trol standards and engineering recommendations were proposed.
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Fig. 1 Elevation and section of the TV tower
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Fig.2 Schematic diagram of the area surrounding the TV tower
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Table 1 Information of foundation pits of Huanxi
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Fig.3 Layout of settlement observation points for the TV tower
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Fig. 4 Layout of settlement observation points for the basement
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Table 2 Observed settlement data of the basement floor
slab surface

gy RRITER R ;—ngﬁg/
" CRR/ SR PR/ SN mm
JC14-1 1.771 1.60269 1.60147 -169
JC14-2 1.771 1.60285 1.60417 -167
JC14-3 1.771 1.58974 1.58835 -182
JC14-4 1.771 1.56417 1.56581 -206
JC14-5 1.771 1.59312 1.59306 -178
JC14-6 1.771 1.60062 1.59925 -171
JC14-7 1.771 1.59816 1.59701 -173
JC14-8 1.771 1.60938 1.60877 -162
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Fig.5 Settlement changes at each measuring point since rail transit

construction
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Fig. 6 Settlement changes at various measuring points in the first half
of 2021
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Fig.7 Changes in settlement difference between JC14-1 and JC14-5
in the first half of 2021
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Fig. 8 Observed verticality of the tower body
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Fig. 9 Calculation model considering initial inclination
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Fig. 10 Schematic diagram of pile reaction forces at 0. 6%o inclination
(condition D+L)
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Fig. 11 Axial force distribution of a cylinder layer at 0. 6 %o

inclination (condition D)
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Fig. 12 Schematic diagram of pile reaction forces at 1. 3%o inclination
(condition D+L)
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Fig. 13  Axial force distribution of a cylinder layer at 1. 3 %o

inclination (condition D)
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Fig. 14 Influence of foundation inclination on the internal forces of the

tower body
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Fig. 15 Influence of foundation inclination on foundation reaction

forces
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Table 3 Physical and mechanical parameters of soil
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Fig. 16 Three-dimensional finite element model
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Fig. 17 Horizontal displacement contour plots of the TV tower pile

foundation in the X direction during interval tunnel construction
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Fig. 18 Horizontal displacement contour plots of the TV tower pile

foundation in the Y direction during interval tunnel construction
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Table 6 Extreme displacement statistics of the TV tower
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Fig. 19 Horizontal displacement contour plots of the TV tower pile foundation in the X direction during auxiliary foundation pit construction
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Fig. 20 Horizontal displacement contour plots of the TV tower pile foundation in the Y direction during auxiliary foundation pit construction
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