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Differential Settlement and Induced Structural Damage in a
Cut-and-Cover Subway Tunnel in a Soft Deposit

Shunhua Zhou'; Honggui Di%; Junhua Xiao®; and Peixin Wang*

Abstract: This study investigated the differential settlement and induced structural damage in the west extension of Nanjing Metro Line 1.
The minimum and maximum cumulative settlements measured over the course of four years of operation were 1 mm and 122 mm,
respectively. Four settlement troughs in the longitudinal direction of the line, as well as a peniodic vanation of differential settlement
between the stations and the tunnel, were observed. Approximately 10% of the vertical radius of curvature of the hine violates the safety
limit of 15,000 m, and three typical kinds of cracks (Le., transverse cracks in the tunnel roof and in the track bed, and inclined cracks in the
outer wall) and leakage have occurred. The differential settlement of the line was mainly caused by the nonuniform distnbution of under-
lying soft so1l. The peniodic varnation of differential settlement between the stations and tunnel was attributed to the structural character-
1stics and the seasonal vanation in the groundwater level. The findings presented 1in this paper can provide a reference for controlling the
differential settlement of tunnels constructed 1n soft deposits. DOI: 10.1061/(ASCE)CF.1943-5509.0000880. © 2016 American Society of

Civil Engineers.
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(c)

Fig. 11. Structural damage in the line: (a) transverse cracks in the tunnel roof; (b) transverse cracks in the tunnel floor and track bed; (c) incli:
cracks in the outer wall
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H. Cheng et al.

Tunnelling and Underground Space Technology incorporating Trenchless Technology Research 107 (2021) 103652

Table 1
Summarize of the existing tunnel accidents caused by unfavorable circumstances.
Unfavorable Name of the existing Case description Tunnel outer Tunnel Deformation of the existing tunnel Tunnel defects
circumstances tunnel diameter buried depth Displacement Convergence
Nearby Taipei Rapid Transit Distance from the 6240 mm 17.5m 27 mm 24 mm i. Separation of the track
excavation System, China (Chang excavation 6.9 m (Horizontal) (Horizontal) bed with the tunnel
et al., 2001) 33 mm 46 mm segments with a gap of 20
(Settlement) (Vertical) mum
ii. Cracks varied from 0.05
to 0.25 mm in width
Ningbo Metro Line 1, Distance from the 6200 mm 12.1-18.1 m 33.5° mm 21.9" mm i. Leakages
China (Chen et al., excavation 7.2-13 (Horizontal) (Horizontal) iL. Cracks
2016) m 25.3" mm 16 mm
(Settlement) (Vertical)
Guangzhou Metro Line  Distance from the 6000 mm 10 m 7.8 mm ! i. Leakages
1, China (Liu, 2008) excavation 6 m (Horizontal) iL. Cracks
12.3 mm iii. The ditch mud lowering
(Settlement)
Surface Shanghai Metro, China ~ Surcharge 7 m in 6200 mm 17.9-19.6 m ! 214 mm i. Break of the bolt
surcharge (Shao et al., 2016) height (Horizontal) ii. Leakages
iii. Concrete spalling
between segments
Shanghai Metro, China  Surcharge 4.1 m in 6200 mm ! 15 mm 128 mm i. Leakages
(Huang and Zhang, height (Settlement) (Horizontal) ii. Concrete spalling
2016) between segments
Groundwater Shanghai Metro Line A long-term 6200 mm 12.1-18.1 m 111 mm” ! i. Separation of the track
lowering No. 1, China (Shen monitoring period (Settlement) bed with the tunnel
et al., 2014) of 12.5 years segments
ii. Leakages
Cyclic train load Nanjing Metro Line 1, A long-term Internal width and  / 1-122 mm ! i. Leakages
China (Zhou et al., monitoring period height of 4.4 m (Settlement) ii. Cracks in the segment and
2016) of 4 years and 5.16 m the track bed

Positive horizontal displacement value represents displacements toward the excavation.

Positive convergence value represents the tunnel horizontally or vertically elongated.
means the increment of tunnel deformations during the 3rd excavation step.

a

b

means the average settlement of Shanghai Metro Line No. 1, China.
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