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Abstract

To accurately control the structural deformation risk of adjacent operational metro tunnels caused by
deep foundation pit excavation, this study took a deep foundation pit of a commercial complex adjacent
to the operational Zhengzhou Metro Line 2 as the research object. Based on the site geological survey
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data, and on the basis of the original “soil nailing wall + double-layer curtain” support scheme, three
new schemes were optimized and designed with “whether to arrange soil nailing walls and the number
of curtain layers (single-layer/double-layer)” as variables. The Midas GTS NX software was used to es-
tablish a 3D finite element model to simulate the entire process of foundation pit excavation, and the
displacement responses of the foundation pit and adjacent metro tunnels as well as the engineering
economy under different schemes were compared. The research showed that the optimization scheme
(Optimization Scheme 1) of “45° slope without soil nailing + double-layer curtain” had the best compre-
hensive benefits. The maximum displacements of the foundation pit and adjacent tunnels all met the
displacement allowable values, and compared with the original scheme, the project cost was reduced
by 3.7%. In addition, the relative errors between the on-site monitoring data of displacements at key
parts of the foundation pit and the finite element simulation values were only 3.2%~9.5%, showing a
high degree of consistency. This effectively verified the reliability of the established model in defor-
mation prediction under the engineering conditions of this project, and can provide technical reference
for similar deep foundation pit projects adjacent to metro lines.
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Figure 1. Geographical location and overall layout of the project
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Figure 2. Schematic diagram of the relationship between foundation pit and
subway location
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Figure 3. Equivalent plate unit diameter and spacing
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Table 1. Curtain design parameters

F 1. MERRITSH

A= bt e S35 /(mm) K /(m)
[Eag L] C30 784 26
e C30 784 20.5
Jefm C30 784 205
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Table 2. Anchor rod design parameters
2. WIS

I/ (m) XL E K E/(m) HE B /(m) TR KN(KN) 5iA/()
-3 (A= [l 23 12.5 230 25
[l 23 14.5 260 25
-6 (DAL [ 17 8 210 40
Jefm 17 8 210 40
[l 23 20 310 25
9 (A= e 17 10 270 40
Jefm 17 10 270 40
[l 20 14.5 310 25
-12 (A= e 15 9.5 270 40
Jefm 15 9.5 270 40

Table 3. Design parameters of beam elements
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B K/(m) Bi/(m) TARALL MR /GPa
R 0.90 0.50 0.25 30
Ji g 0.35 0.25 0.25 30

Table 4. Design parameters of sprayed concrete layer
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Table 5. Design parameters of soil nails
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(VA= TR/ (m) K /(m) WA/C)
-1.25 12 15
225 12 15
FEm
-3.25 9 15
-4.25 9 15

Table 6. Design parameters for subway tunnel lining
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Table 7. Recommended values of soil parameters for foundation pit engineering design
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Figure 4. Finite element model of foundation pit
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Table 8. Allowable displacement values for foundation pits and subways
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Figure 5. Cloud map of horizontal displacement of subway structure
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Figure 6. Cloud map of vertical displacement of subway structure
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Figure 7. Cloud map of vertical displacement at the top of excavation slope
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Figure 8. Cloud map of horizontal displacement at the top of excavation slope
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Figure 9. Deep horizontal displacement diagram of foundation pit support system
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Table 9. Maximum calculated displacement of foundation pit support system and subway structure
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AL FEALAL # {8/ (mm)
TR AL 8.68
i T3 TR B [ A 7.15
RIZKPALFE 10.03
KL F 0.74
Hbgk #F 0.03
B h %
ik 0.15
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Table 10. Comparison of excavation support schemes
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Table 11. Displacement values of foundation pit after reducing the support level
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. 7 ZXF NAL RS /(mm)
firF A7 : _
HE— HEZ HE=
FEHTTTH
KRR 8.69 17.41 19.39
HEHTITH
W S 7.15 11.76 15.01
RIZKPALFE 10.34 18.78 22.78
KL F 0.77 0.79 1.35
Hhk o
fens %rﬂ i 0.03 0.04 0.05
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Table 12. Cost table of supporting structures
=12, IPEENR

55 L LEA AN EXDA
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3 1o s e A 171.88 JG/m
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6 s S VR 71.37 J6/m?
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W7 S AT SRR X EE 2% 13 P

Table 13. Cost comparison table
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THEE
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JRTT % ik o
FEVEHE/(m) 8839 8839
35 78/ (m) 8839 8839
5 S S A/ (m) 8839 8839
4T /(m) 6000 -

DOI: 10.12677/hjce.2025.1410271 2529 T AT


https://doi.org/10.12677/hjce.2025.1410271

HOCH

S
¥ /(m) 16365 16365
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XI5 M /(m?) 7062 7062
76 42 /(m) 620 620
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BAREN/(FTT0) 1216.92 1171.78
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Table 14. Table of displacement measured values
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