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Abstract

With the continuous expansion of urban underground space development, the number of ultra-
deep foundation pits in water-rich soft soil areas has been increasing, posing challenges in defor-
mation control and overall stability. This study focuses on the ultra-deep foundation pit of the re-
ception shaft on the Puxi side of the Wusongkou Yangtze River Tunnel in Shanghai, where a three-
dimensional finite element numerical simulation was carried out to model the entire process of un-
derwater excavation combined with the top-down construction method. The results showed that: 1)
the hydrostatic pressure inside the pit during underwater excavation effectively counterbalanced
part of the external earth and water pressures, limiting the maximum lateral displacement to only
28 mm with satisfactory deformation control; 2) when excavation reached the pit bottom, unload-
ing induced a maximum heacve of about 10 mm, effectively suppressing excessive rebound of the
subsoil; 3) after dewatering, the plain concrete base slab exhibited a maximum uplift of approxi-
mately 10 mm and a maximum Mises stress of 0.118 MPa, which is far below the design strength of
C30 concrete; 4) the uplift-resisting piles showed a load distribution characterized by “smaller in
the middle and larger at the edges,” with a maximum tensile force of 2332 kN, lower than the de-
signed ultimate pile capacity of 2747 kN. These findings confirm the feasibility of the proposed un-
derwater excavation scheme for ultra-deep foundation pits.
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Figure 1. Geological profile of foundation pit
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Figure 2. Construction steps
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Figure 3. Three-dimensional geometric model
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Figure 4. Internal support structure system
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Table 1. Physical and mechanical properties of rock and soil
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)1 B E =+ 10.3 18.8 1 20.68 1.00E-07 0.917 14.5
)3 #+ 28.02 19 6.4 32.68 4.74E-06 0.837 6.38
(3)1 VAR TR P A 10.88 18.2 3.1 13.32 6.00E-08 1.083 11.06
(4 Ue B & 1 6.26 17.2 6.5 9.04 1.00E-08 1.369 10.93
G517+ 9.19 17.9 6.5 12.08 1.00E-08 1.169 12.28
(5)2-1 By JFi gt 10.27 18.4 9 31.68 1.00E-07 1.008 14.5
G+ 28.39 18.7 20 18 9.14E-06 0.894 5.93
(5)3-2k+ 28.54 18.7 11 35.44 8.00E-06 0.883 6.96
(7)2 #Hp 31.67 19.4 8.5 57.36 2.00E-05 0.744 4.45
1 #H 30 19.4 25 23.96 7.00E-05 0.817 5
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1) far#k
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Figure 5. Key steps in simulation
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Figure 6. Variation of lateral wall displacement during

excavation

E 6. FHZEIEFMIEMBENLFR

a
e
ax
a
a
ax
+
a
a
4
Bt
e

2. B&3-2. D2ExX&%

Figure 7. Seepage equipotential map along the long-side section of the foundation pit

7. EEFKIGREEREFHE

DOI: 10.12677/hjce.2025.1410270 2515 TARTHE


https://doi.org/10.12677/hjce.2025.1410270

BTHE, mE

+4+4+++++4+ 4+

O
\

) C
)

B
‘(

i

ML SR EAEK

Figure 8. Plan view of seepage equipotential contours across the bottom section of the foundation
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Figure 9. Vertical displacement curve of pit bottom along horizontal distance
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Figure 10. Stress distribution of the plain concrete base slab
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Figure 11. Vertical displacement of plain concrete base slab after pit dewatering
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