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Deformation law of surrounding rock in shallow buried asymmetric small clear
distance tunnel with different construction methods
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[ Abstract] Aiming at the problem that unreasonable construction methods for double-hole asymmetric section small clear-dis-
tance tunnels cause unbalanced loading, leading to tunnel collapse risk due to superimposed stress in the intermediate rock pillar, this
study investigates the Qingliangshan Station project of Nanjing Metro Line 7. The finite element method is used to simulate surround-
ing rock deformation laws under three excavation methods: double-step method, CD — two-step method, and double-side wall guide pit
method — thiple-step method, to select an optimal construction method. The results show that: (1) Maximum surrounding rock settle-
ment occurs at the vault, with soil heave at the arch bottom. Surface settlement is proportional to the tunnel’s centerline position, and
the settlement curve tends to a single-peak shape. Plastic zones are mainly distributed at the arch waist, sidewalls, and intermediate rock
pillar, with potential continuity in the intermediate rock pillar; the double-step method results in significantly larger plastic zones than
other methods. (2) Vault settlement values for all methods follow large tunnel > small tunnel. Compared to the CD — two-step method
and double-step method, the double-side wall guide pit — triple-step method reduces large tunnel vault settlement by 4.33% and
24.01%, and small tunnel vault settlement by 4.95% and 11.77%, respectively. Maximum surface settlement ranks as: double-step
method > CD — two-step method > double-side wall guide pit — triple-step method. The CD — two-step method is selected as the optim-
al method after comparison of deformation control, construction efficiency, economy and other aspects. (3) Field monitoring and simu-
lation results for surface and vault under the CD — two-step method show consistent surrounding rock deformation laws.
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Fig. 1 Schematic diagram of the plan position of the tunnel
in the asymmetric small-clearance section
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Fig. 3 Construction process diagram of CD method — two-
step method
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Fig. 5 Tunnel design parameters
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Tab.1 Rock and soil layer and supporting structure parameters

FoRW=Tb X al v E/(KN-m™) bR i/ MPa THRALE DY A/(°) FiJ1/kPa JELBE/m
A7 20 27 0.33 13 15 3.5
LyidsE 19.8 12 0.35 27.8 16.5 4.6
FREERUALED A 225 1300 0.35 27 50 50
e X 30 3100 0.3 20 30
A X 29 2600 0.3 20 30
FhoE SR 29.64 1290 0.33 314 58 1.5
WIS 23 22300 0.2 0.30
A 25 23400 0.2
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Fig. 6 Finite element model
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Fig. 8 Displacement cloud diagram of double-side wall guide pit method — thiple-step method
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Fig. 9 Displacement cloud diagram of the CD method — two-step method
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Fig. 10 Displacement cloud diagram of double-step method
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Tab.2 Numerical simulation results of three construction methods
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Tab.3 Comprehensive comparison of three construction methods
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Fig. 16 Comparison of surface subsidence
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