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The face stability of shield tunnel drilling underneath an existing

tunnel at close distance based on the spatial discretization technology

HUANG Fu, ZHANG Hongyuan, ZHANG Min, ZHU Rui

(School of Civil and Environmental Engineering, Changsha University of Science and Technology, Changsha, Hunan 410114, China)

Abstract: To study the face stability of a shield tunnel drilling underneath an existing tunnel at close distance, a
three-dimensional failure mechanism of the soil in front of the excavation face was constructed by using spatial
discretization technology. Utilizing this failure mechanism and virtual work principle, the objective function of
the chamber pressure for the shield machine under limit states was derived. The upper bound solution of the
required chamber pressure for maintaining the stability of soil in front of the tunnel face during was obtained
based on optimization calculations. Moreover, the influences of various parameters on both the chamber
pressure and the failure modes of the front soil mass were investigated. Parametric analysis demonstrates that
the required chamber pressure decreases with the shield machine approaches the existing tunnel and increases
with it moves away from the existing tunnel. Applying the proposed theoretical methodology to the Guangzhou
Metro Line 12 shield tunneling project, the theoretical solution of the chamber pressure were calculated. By
comparing with the field-measured data of the chamber pressure, the validation of the proposed approach was
proved.

Key words: Underpass construction at close distance; limit analysis; spatial discretization technique;

excavation face; chamber pressure; numerical simulation
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Figl Profile of soil collapse mechanism at the shield tunnel face when the shield tunnel passes underneath at a close distance
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existing tunnel closely
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Fig3 Collapse mechanism of newly constructed tunnels generated based on spatial discretization technology
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Fig5 Three-dimensional discrete failure mechanism of soil ahead of the cutter head during the construction of shield machine

passing through an existing tunnel
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Fig6 Curve of soil chamber pressure variation with the change in distance between the cutter head and the existing tunnel

during the shield machine passing beneath the existing tunnel
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Fig7 Changing law of extreme soil chamber pressure variation with relevant parameters during the shield machine passing

beneath an existing tunnel closely
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Fig10 The geological profile of the tunnel between Yunxi Park Station and Xiaojinzhong Station of Guangzhou Rail Transit

Line 12 underpassing Jinyuan Road Tunnel
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Tablel Engineering geological parameters of Guangzhou rail transit line 12
JEFE RIREE biiE Wl FEHE A

/m y/kN/m3 c/kPa o/°

TR

A AR T 4.67 19.6 28.3 17.2

R T DA 5.14 20.09 21.8 24.3
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Fig11 Collapse block of the tunnel face for shield tunnel crossing under existing tunnel in Guangzhou Metro Line 12 project
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Table2 Comparison of theoretical solutions and measured data of soil chamber pressure during the construction process of
shield machine passing through an existing tunnel at a close distance
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0 83.3 120
-1.5 87.7 130
-3 91.6 139

-4.5 97.3 145




3
o

—=— LIRIE (kPa)
—o— KR (kPa)

R

o
S

oW A
S o o o
1 1 1

o
1

© o
S S

+HE o (kPa)

0
S
1

-
o

=3
S

5 0 5
TR BB Bk 0 BB (m)
12 ELEEE TR AMER TIiEh LAEIIRIR MRS TR L

Fig12 Comparison of theoretical solution and measured data of soil chamber pressure during the construction process of

shield machine passing through an existing tunnel at a close distance
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