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Optimization of Pilot Tunnel Construction
Scheme for Shallow-buried Super-large-span
Metro Interval by Multi Guiding-hole Arch-
cover Method

GAO Xiaogang, YIN Xuexin, CUI Kai, SHU Wen-
tao, MA Longxiang

Abstract Objective: To ensure construction safety and ef-
fectively control ground deformation, the reasonable pilot tun-
nel construction scheme for the shallow-buried super-large-span
metro tunnel excavation by multi guiding-hole arch-cover meth-
od is studied. Method: By employing the method of numerical
simulation combined with orthogonal experimental analysis, the
effects of pilot tunnel excavation sequence, construction stagger
and construction advance on the stress and deformation charac-
teristics of the tunnel-surrounding rock system are investigated.
Under the premises of accommodating the requirements of min-
imal impact on the surrounding construction environment and
fulfilling the safety requirements of surrounding rock-supporting

structure system under stress, the pilot tunnel excavation

scheme is optimized. Result & Conclusion: Compared to
conventional excavation methods, the 'side-first, middle-later’
and "asymmetric excavation’ principles for guiding-hole con-
struction are more favorable for construction risk control and
surrounding rock displacement control. Under the upper-soft
lower-hard stratigraphical conditions, the construction parame-
ters that significantly affect the mechanical effects of super-
large-span tunnel by multi guiding-hole arch-cover method are
ranked in order of descending significance as follows; construc-
tion advance, excavation sequence, and construction stagger.
Key words metro tunnel; large-span underground engineer-
ing; arch-cover method; multi guiding-hole excavation; nu-
merical simulation; orthogonal experiment
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Fig.1 Diagram of Guangzhou Metro Line 11 Huajing Road

station — Huashi Station tunnel cross-section
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Tab.1 Physical and mechanical parameters of rock soil material and supporting structure

T H HIE/ (g/em’) BPMEAS / MPa AR R J1/kPa PRSI/ (°)

(12)4+ 1.90 8 0.35 15 18
(4N2) By ik + 1.95 10 0.31 22 23
(4-2B) Wi+ 1.76 4 0.42 7 6
(7-3) Ve Bk b4 s Ak 2.10 85 0.25 54 32
(9-3) R Bk b-A UL 2.71 6 000 0.15 480 40
(9-1) BRA AL 2.68 8 000 0.15 600 42

JE A ) 2.60 35 500 0.20
R S A 2.50 10 000 0.20 800 45

H— BRI 2.20 31 900 0.20

Ik B S 4 2.20 31 800 0.20

YR 2.50 31 500 0.20
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Tab.2 Different guiding hole construction sequences
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Fig.3 Variation curves of surrounding rock maximum vertical
displacement throughout construction process ( different

pilot tunnel excavation sequences )
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Fig.4 Variation curves of surrounding rock maximum vertical

displacement throughout construction process ( different

pilot tunnel excavation footages )
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Fig.5 Variation curves of surrounding rock maximum vertical
displacement throughout construction process ( different

pilot tunnel excavation offsets )
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Tab.3 Pilot tunnel reasonable construction scheme

orthogonal experimental factors and levels
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Fig.6 Relationship between pilot tunnel reasonable construction scheme orthogonal experimental factors and evaluation indicators
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