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Field Test Study on Mechanical Characteristics of Arch Structures
in Highway Loess Tunnels

HE Xin', SUN Xuliang®, SU Zhongming'*, ZHU Tantan'** , ZHU Huanhuan’
(1. Key Laboratory of Highway Construction & Maintenance Technology in Loess Region, Taiyuan, Shanxi 030006, China;
2. School of Highway, Chang' an University, Xi'an, Shaanxi 710064, China)

Abstract: To study the mechanical characteristics of the inverted arch structure of highway loess tun-
nel, taking the Fengshuiling highway loess tunnel as the engineering background, two tunnel sections
with different embedded depths were selected. By embedding pressure boxes, concrete strain gauges,
rebar gauges, surface strain gauges and other sensors, the evolution laws of surrounding rock pressure,
shotcrete stress, steel frame stress, contact pressure between primary support and secondary lining, se-
condary lining concrete stress, and reinforcement stress of the highway loess tunnel invert were studied ,
and the mechanical characteristics of the loess tunnel invert structure were analyzed. The experimental
results show that the stress characteristics of the inverted arch structure of the loess tunnel are signifi-
cantly different under different embedded depths. The pressure of the inverted arch surrounding rock in
the section with a larger embedded depth is obviously greater than that in the section with a smaller em-
bedded depth. Under different embedded depths, the stress characteristics of the inverted arch structure
of the loess tunnel with the same cross section form and the same surrounding rock condition are diffe-
rent, but the position of the arch foot is prone to the tensile stress. The tunnel invert structure with a
large embedded depth is easy to show the states of upper compression and lower tension. The bearing
capacity of the foundation of the loess tunnel invert has a significant effect on the mechanical characte-
ristics of the invert.
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Fig. 1 Longitudinal section diagram of the harvest ridge tunnel
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Tab. 1 Physical and mechanical properties of the surrounding rock in the harvest ridge tunnel

Rl 44k EKE/ % ZKE/(KN-m®) WR/% AR/ % WrEFEs R Si/kPa WNEEEES/(°)
QiP(#4) 20.20~21.30 17.90~19.20 30.40~31.30 18.50~18.90 0.18 21.00~38.00 23.90~36.00
QUM'(#+) 20.60~21.80 18.50~19.00 28.50~31.40 17.90~19.10 0.21 25.00~40.00 20.70~29.20
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Fig. 2 Arrangement scheme of monitoring points for the inverted arch and deployment of sensors on site
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Fig. 3 Pressure of inverted arch surrounding rock
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Fig. 5 Inner and outer stresses of K90+036 section steel frame
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Fig. 6 Inner and outer stresses of K90+226 section steel frame
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Fig. 7 Contact pressure between primary support and

secondary lining
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Fig. 8 Stress of concrete in secondary lining of K90+036 section
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