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Experimental study on mechanical response characteristics of

surrounding rock during in-situ excavation of large-section tunnel

MA Zhiguo’, LIU Le?, SONG Wenming®, ZHAOQO Yingari’, DAI Yiming®, LV Xiangfeng®
(1. PowerChina Roadbridge Group Co., LTD., Beijing 100160, P. R. China; 2. China Power Construction (Guangdong)
Zhongkai Expressway Co., LTD., Jiangmen 529142, Guangdong, P. R. China; 3. Future City Institute; Hebei Key
Laboratory of Collapse Prevention, University of Science and Technology Beijing, Beijing 100083, P. R. China)

Abstract: The in-situ excavation process of large-section highway tunnels causes significant disturbance to the
surrounding rock and poses high construction risks. However, research on the mechanical characteristics of the
surrounding rock during in-situ excavation of tunnels is not yet comprehensive. This paper adopts a research

method combining physical model tests, theoretical analysis, and engineering measurements to investigate the
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distribution characteristics of surrounding rock pressure and displacement under different tunnel excavation
methods. A mechanical model for the tunnel surrounding rock is established, and the physical model tests and
theoretical models are verified using engineering measurement data. The results of the tunnel excavation
physical model test show that the displacement variation is the largest in the single-sided borehole excavation
method, the surrounding rock pressure accumulates at the arch shoulder in the single-sided step excavation
method, and the displacement is the smallest with a more uniform surrounding rock pressure distribution in the
single-sided CD excavation method. The simplified model analysis of surrounding rock stress indicates that the
displacement at the arch foot is larger than at the crown, and the greater the damage degree of the surrounding
rock, the larger the displacement. Field measurements confirm that model test values of rock pressure and
displacement align closely with measured values, showing similar displacement trends. When the damage
coefficient D is 0.2, the model values for the single-side step excavation and single-side CD excavation methods
can fully reflect the measured values, with the single-side CD excavation method being more favorable for the
long-term stability of the surrounding rock.

Keywords: large-section tunnel; in-situ excavation; surrounding rock stability; mechanical characteristics;

physical model test
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Fig.1 Dachangshan tunnel construction site
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Fig.2 In-situ tunnel excavation cross-section design
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Table 1 Mechanical parameters of the prototype and model
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Table 2 Prototype and model size parameters
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Fig.3 Specimens of surrounding rock similar material
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Fig.4 Determination of the mix ratio for lining similar

materials
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Fig.5 Model box equipped with a hydraulic loading system
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Fig.6 Monitoring scheme of the model test
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Fig.7 Tunnel excavation sequence diagram
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Fig. 8 Diagram of different conditions after tunnel

excavation
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Fig.9 The crack development and evolution process of the

single-sided pilot tunnel excavation method
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Fig.10 Displacement variation curves under different

tunnel excavation methods
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Fig.14 Displacement characteristics of the crown and

invert under different tunnel excavation methods
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Table 3 Theoretical model parameter value
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Fig.15 Field images of different excavation methods in

tunnel construction
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Fig.16 Displacement variation process under different

tunnel excavation methods
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Fig.17 Measured rock pressure values under different

tunnel excavation methods

T 25 R TG . K 18(b) R AT LA, Sl 5
W4 42k vh A S A 6 5 S 2 SR S AR AL
A CD P42 12 b Ze HE A 1 0 1 5 SE D R 4 2R



10 T ARE Fx ¥ TREFIROP E L)

% XX A

HHAE o Xt RE 8 WA AS [l 97 42 36 X6 [ A 1 410 3 32
Wi 2 A 35 1), 75 B LR I 2 0 T Tk B X L
FR VS S R 2 R DR T 22 4 R 4 R AR Y B
o WA LAE I, G B2k h SR A L
B fE 5 S MMEL A5 SR AN 22 0 8. 4300, A7 HE I 1006
5 S S5 SR AR 258 8. 51 %, B CD 4 42 % vh 4t
TR 1 a0 {5 S M {EL 45 SR A 220 6. 8500, A 1t
A0 (R S MME S5 R AR 220 9. 720

16

[ EZE
14+ D=0.1 I
D=0.2H i
12rF D=0.3 A
Tl PETRIR T 1 0 (i
£ PETRR 0 L
g
w
= s
s
bS]
B
5]
00.:

CDik

Tk
(a) $ETUEAL R 4 19X A

—
(=)}

I 5z
141 D=0.1[R T
Ll D=0.2[( T

D=0.3[1 R
A L A S {E

—_
(=]
T

i #% & (mm)
38 + =)} -]

El0erS
YLk

(b) HE SR A% & 1 % L 43 BT
18 ARBETFEZELETEUBENILLSH
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