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Model test study on the influence of advance support on tunnel surrounding

rock stress

MENG Haoran', LI Yao'*, CHEN Houxian®, LI Lin', DU Xuchao'
(1. School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China; 2. Sichuan Jiuma Expressway Group Co., Ltd.,
Chengdu 610041, Sichuan, China)

Abstract: To address the issue of stress redistribution in the surrounding rock during the construction of shallow, large-section
loess tunnels, the stress redistribution patterns under three conditions—no advance support, advance small pipes, and advance
pipe umbrella—were investigated through model testing and numerical simulation. In the experiments, 3D-printed sliding
connectors were innovatively employed to simulate three-stage step excavation, and an internal stress monitoring system was
established. The results showed that the advance pipe umbrella formed a strong three-dimensional soil arch with considerable
longitudinal length and height ahead of the tunnel face. This significantly reduced the stress release rate of the surrounding soil
(from 54.9% to 14.3% ) and effectively transferred the overburden weight to both sides of the tunnel. At the same time, the
expansion of the plastic zone was substantially suppressed ( the plastic zone area was reduced by 49.1% ), and the extent of the
relaxation zone was diminished ( the height decreased from 17.5 m to 14.1 m, and the area was reduced from 138 m’ to 110 m’.
Consequently, the self-supporting capacity of the surrounding rock was enhanced, and its pressure characteristics were altered.
This study revealed the mechanism by which advance support regulates stress redistribution through the reinforcement of the 3D
soil arch effect, providing a theoretical basis for calculating surrounding rock pressure and designing advance support in shallow-
buried loess tunnels.
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Fig.1 Lining cross-section design diagram
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Fig.2 Schematic diagram for model test chamber
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Table 3 Physical and mechanical parameters for shotcrete
Ea3id] E/GPa d/cm
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St 0.7 8.75
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Fig.3 Schematic diagram for advanced pipe roof

HRAE AR IR R 3, 12086 R AR 77 254 S iy
EIARUS R}, SRR 13 GPa, #E T E Oy b A
40 ARAEHI, A HER ) TR 1 em PRI A IN
e, SRHT 1 ARREAT A4 4 AR SO RO . AR
BT NIEEARRUEIN > d5R(5) AT 5AR I K, =
EI=7.84x10° N-m’, K, =7.658x107 N-m’, 4/
Prociy e =430 6.2 mm B, H S 4 s R 45 W)
4 MM 10 ARFEAT AR E S0 A AR B HE CHRRLRE R
B ExTE=2.5 cmx2.5 cm) 140°3E B P, 4014 4
7N

P4 Tl A A A
Fig.4 Prefabricated advanced pipe roof model
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Fig.6 Location of soil internal stress measurement
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without advance support
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