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Abstract

Taking the excavation of the working shaft of a station of the Metro Line No.6 for the case study,
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the construction of the shaft adopts a shallow-first-and-then-deep sequence, i.e. first constructing
the auxiliary structure (AS), the structure buried shallowly and then the working shaft, the one
buried deep, but this sequence risks damaging the AS. Therefore, a two-dimension model is estab-
lished by finite element method to simulate the excavation process, and the displacement, strain
and stress of the AS due to the excavation are then obtained to evaluate the safety of the AS. The
result shows that the maximum horizontal and vertical displacement of the AS during construc-
tion is 3.01mm and 7.20mm respectively, all located near the shaft. The farther away from the
shaft, the smaller the displacements are. The maximum inclination rate of AS during construction is
0.046%, which is much less than 0.2%, the allowance specified in the National Building Code
(GB50007-2011); When the shaft is completed, the maximum tensile stress of the mat of the AS is
about 0.27 MPa, which is less than the concrete design tensile strength and meets the requirements
against cracking. It is hence suggested that the excavation of the shaft only be carried out after the
completion of AS lest at the early phase after placement the concrete tensile strength should be
lower than the stress induced by excavation, and lead to cracking of the components of the AS.
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Figure 1. Layout of foundation pit and monitoring points
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Figure 2. Section and measuring point diagram of adjacent
foundation pit (unit: mm)
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Figure 3. 2D finite element model
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Table 1. Physical and mechanical parameters of soil layers

®1 TEMENFESH

T FR W BIEEA s JEAREE
BE R AR HE FKE AL gy K WIRBR AR ESo1-02 ISk
kN/m® % - cm/s Cmi/s kPa MPa -
@ - 197 281 079 42x10% 55x10°® 471 16.4 75
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@, WEEFLFHE 191 301 0843 7.2x10° 84x10° 212 17.1 5.65 0.040
@, wmLIkFEELE 190 311 0863 12x10° 15x10° 145 23.2 5,57 0.035
®, ikt 190 307 0.860 24x10° 3.0x10° 130 28.2 7.65 0.022
®; g 195 264 0.767 24x107 28x107 518 16.4 8.51 0.021
®; Ft 200 252 0724 25x10° 3.1x10°  63.8 18.9 9.45 0.021
®, W E+ 193 289 081 56x107 67x107 363 17.0 6.93 0.030
@ T 190 326 0891 - - - ; 5.44

@, g 193 291 0.819 1.0x10° 12x10° 358 16.1 7.13 0.024
®, MmEFLIHmE 191 306 0854 13x10° 1.7x10° 183 17.1 5,57 0.021
®; i e+ 189 305 0.857 22x10* 26x107* 9.1 255 8.87 0.016
®, WLdemmEzit 189 305 0.858 6.7x10° 8.0x107° 9.5 27.0 7.80 0.021
ON ARk 189 319 0889 13x107 1.6x107 18.2 11.4 457 0.028
©®, Mg+ 193 286 0.805 6.2x10° 7.2x10° 370 16.3 6.86 0.025
@, Ikt 1.88 301 0855 - - - ; 8.48

OM ¥R+ 190 320 0884 13x10° 15x10°% 235 17.1 4.76 0.026
®; i A+ 194 276 0784 36x10°% 37x10° 436 17.1 8.32

©8 Zht 201 249 0711 39x10° 49x10% 659 17.5 9.79
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Figure 4. Cloud diagram of horizontal displacement
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Table 2. Base plate horizontal displacement of auxiliary structure
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Figure 5. Vertical displacement of auxiliary structure
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Table 3. Base plate vertical displacement of auxiliary structure
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Figure 6. Vertical displacement curve of auxiliary structure base plate
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Figure 7. Relative settlement curve of auxiliary structure base plate
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