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Reasonable Construction Method for Grade IV Surrounding Rock in

Single-Hole Four-Lane Super-Span Highway Tunnel

LI Heyin', GAO Jingming', LI Yanfeng” ,XUN Wenjie’, DONG Fangfang’, ZHANG Jiangang'
(1. CCCC-SHB Fourth Engineering Co., Ltd., Luoyang, Henan 471013, China; 2. School of Highway, Chang’an
University, Xi’an, Shaanxi 710064, China)

Abstract: In order to study the reasonable construction method of super-span highway tunnels, the Xinghuacun
No. 1 tunnel included in the reconstruction and expansion project of the Xiaocaohu - Urumgqi section of the
Lianyungang - Khorgos Expressway in Xinjiang was studied. The numerical simulation method was used to
analyze the deformation and stress of the supporting structure of the Grade tisurrounding rock in the super-span
highway tunnel constructed by the center diaphragm (CD) method, the upper-bench CD method, and the three-
bench and seven-step excavation method. Under the premise that the deformation and the stress of the supporting
structure met the design requirements, the advantages and disadvantages of each construction method were
considered, and the most reasonable construction method was determined. The field test was implemented to
analyze the feasibility of the construction method. The results show that: (D) The tunnel deformation calculated by
the CD method, the upper-bench CD method, and the three-bench and seven-step excavation method are all less
than 21 mm, and the safety factors of the supporting structure at the initial stage are 2.48, 2.41, and 2.28,
respectively, which are greater than the minimum safety factor required by the tunnel design rules. The
deformation and the stress of the supporting structure all meet the design requirements; (2 the advantages and

disadvantages of the three construction methods are compared, and the optimal construction method for the grade
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IV surrounding rock in the Xinghuacun No. 1 tunnel is determined as the upper-bench CD method after

considering tunnel geological conditions and other factors; (3 according to the field test results, the grade IV

surrounding rock is constructed by the upper-bench CD method. The maximum arch subsidence is 14.6 mm, and

the maximum peripheral displacement is 15.0 mm, indicating a good tunnel deformation control effect. The

minimum safety factor of the supporting structure at the initial stage is 6.94, which meets the design requirements.

Keywords: tunnel engineering; super-span highway tunnel; reasonable construction method; CD method;

upper-bench CD method
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Figure 1 Exposure of surrounding rock on site
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Figure 2 Lining section of grade IV surrounding rock in

Xinghuacun No.1 tunnel(unit:cm)
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Table 1 Supporting parameters of deeply buried section of

grade IV surrounding rock in Xinghuacun No.1 tunnel
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Figure 3 Proportion of construction methods for

grade IV surrounding rock
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Figure 4 Construction process
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Table 2 Physical and mechanical parameters of

surrounding rock
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Table 3 Parameters of supporting structure
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Figure 5 Numerical calculation model(unit:m)
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Figure 6 Simulation results of surrounding rock

E 6

deformation by upper-bench CD method (unit:mm)
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Table 4 Simulation results of surrounding rock

displacement of construction methods
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Figure 7 Axial force and bending moment of supporting

structure at initial stage by upper-bench CD method
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Table 5 Internal force of supporting structure at initial stage by construction methods
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Table 6 Minimum safety factor of supporting structure and cross-section by construction methods
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Table 7 Comparison of construction methods for grade IV

surrounding rock in super-span highway tunnel
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Figure 8 Test scheme for tunnel deformation and stress

of supporting structure at initial stage
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Table 8 Vault subsidence monitoring results of

XK3495+140 section

i Bk vike/ RRLKE/
{8

mm mm
HETH(0) 10.4 9.9
HETH i A7 (1) 14.6 13.1
HETH g A2 (2) 8.5 8.7
FHEEE(3) 9.6 9.0
AL (4) 7.7 7.3

i 2% 8 W] HEFE B KR UOME M 14.6 mm, B it
TUUEA 13.1 mm, 7 FHE TR HET0 (15 250, A4
SRR R DR R KT 11.0 mm, BE 8 19 #3535 F T
6 /N T T SR B 1A AR JE i 80 mm .

F T 9 Wl T HEES R UL I T 0 e K v
W2 AR AR 3B B s e R SR IZ R
Xof IO 0 A AR T DR G K I RS SR T d A2
LG NE KB, B B R 14 d A4, 2
Ja #EAFEARRCGERA . T B By TF 42 MM HE it 7 X B
TEHEER R ULIC A R



ELOR X AR WEERBRKBEEARBENAE RS EL G EFR 227

16 TA[;,lﬂ:}L UIEs RS il

T UUL{EH/mm

-08 05- 22 06 05 06 19 07 03 07 17 07- 31 08- 14
WL H /T -HD

0

9 XK3495+140 b T $# &3 T 70 B 75 # 2%
Figure 9 Arch subsidence variation of XK3495+140

section with time

(2) Jiihfi ¥

XK3495+ 140 W i J& i1 17 7% W5 I 4
A RSB A e an & 10 Bos .

F9 XK3495+140 i E E L % M S 4

Table 9 Monitoring results of peripheral displacement of

XK3495+140 section
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e 1 B (3-3") 13.0 13.0
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F LR (5-6) 11.4 11.0
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Figure 10 Peripheral displacement variation of

XK3495+140 section with time
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Figure 11 Stress variation of shotcrete with time
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Figure 12 Stress distribution of shotcrete in

XK3495+140 section (unit:MPa)
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Figure 13 Steel frame stress variation of XK3495+140

section with time
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Figure 14 Steel frame stress distribution of

XK3495+140 section(unit:MPa)
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Figure 15 Stress of supporting steel frame at initial stage
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Table 10 Minimum safety factor of supporting structure at initial stage and cross-section
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