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Numerical study on a deep excavation of transportation hub underlying
operating railways and a metro station
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Abstract: The excavation of the transportation hub is located below Shanghai-Nanjing high-speed railways and metro station of
Line 11. The surroundings are extremely complicated and the deformation controls of both the railway subgrade and the metro
station are strict. 3D numerical simulation, using the FLAC™”, is carried out to model the construction process of the deep
excavation. The deformation behaviors of the retaining structures and the surrounding existing structures are investigated during
the construction of the adjacent pit, underlying pit and the pits sharing the same diaphragm walls with the existing structures.
Numerical predictions are verified by the monitoring data. The results show that both the settlement of the railway subgrade and
the rebound of the metro station are controlled within the allowable values, and the numerical predictions are reasonable and
close to the monitoring data. Deformations of diaphragm wall and settlement of railway subgrade can be reduced by deepening
and thickening the diaphragm wall and improving the soils. The soils excavated at both sides of the existing metro station will

result in rebound of the structures, and the rebound depends on the unloaded volume. The overlying railway subgrade heaves as

a result of the interaction of the underlying excavation and the train loads.
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Table 1 Parameters of Mohr—Coulomb model

H 14 Eg c 4

I
Jo

/m ©  JkN'm®) /MPa  /kPa /(°)
1 1.8 2.00 18.0
2 4.5 0.88 18.6 5.0 17 23.0
3 33 1.20 17.4 2.6 12 18.0
4 7.6 145 16.7 2.1 14 11.5
5 59  1.17 17.5 3.3 16 12.0
6 56  1.00 18.0 43 16 17.0
7 57  0.69 19.6 7.0 46 17.0
8 27.1  0.81 18.7 14.0 0 34.5
9 31.2  0.84 18.8 11.4 2 32.0
F2 ENEIEETES
Table 2 Main calculation steps of excavation
L THZ X 4k THZ LN JZ Ei/m
stage0 P p A WIGE N g -4
BRTHE L5
stagel AXMT )= 02 B 5.4
5% 3 )2 TTHZ 2.7
W1 EIHE 1.4
B2 JRIHE 6.0
stage? BIX 53 R 5.5

42T 2.9
B 5EFE 4.7
6 JETFS 3.7

B1RTHE 0.9
stage3 CIx 2~8 213.0
59 J2TTHZ 2.2

51 EIFE 3.5
%2 BT 3.9
B3RS 3.5
54 BRI 3.0
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Fig. 3 Wall deflections due to excavation of underpass
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Fig. 4 Ground settlements due to excavation of underpass
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Fig. 5 Wall deflections due to excavation of metro station
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Fig. 6 Vertical displacements of top slab in zone A
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Fig. 7 Rebounds of metro station (numerical results)
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Fig. 8 Rebounds of metro station (monitoring data)
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