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Stability reserve of loess highway tunnel under high ground stress

HUANG Jun'?, DANG Fa-ning’, QIN Yuan’, GUO Chan-juan’
(1. School of Earth Science and Engineering. Xi’an Shiyou University, Xi’an 710065, Shaanxi. China; 2. School of
Civil Engineering and Architecture. Xi’an University of Technology, Xi'an 710048, Shaanxi, China;
3. School of Water Resources and Hydro-electric Engineering, Xi’an University of Technology,
Xi’an 710048, Shaanxi, China; 4. Northwest Electric Power Design Institute, China Power

Engineering Consulting Group Co. Ltd., Xi’an 710075, Shaanxi., China)

Abstract; For a more comprehensive and accurate quantitative assessment on loess tunnel stability
under high ground stress, an analytical method via considering stress mechanical properties of
materials’ deformation resistance and strength reserve was introduced. Through the triaxial test
results in Q; loess samples, this paper proposed the hyperbolic stress-strain model of undisturbed
loess to explore the stability of loess tunnel reserves under high ground stress. By considering the
coupling effect of strength resistance and deformation resistance of undisturbed loess, a mapping
relation reflecting the stability state of any point of the surrounding rock was established, and the
loess tunnel limit state was explored. By using unloading confining pressure test to analog loess

tunnel excavation process, the change of the strength resistance and deformation resistance of
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loess was further studied. Besides, based on the results of the confining pressure unloading test

in Q; loess sample, it fitted the change law of strength, elastic modulus and Poisson’s ratio in the

unloading process. Finally the safety factor of loess tunnel was calculated, and the proposed

method was applied to a loess tunnel in Pingding to Yangqu expressway in Shanxi. The results

show that it is able to get closer to the real deformation field by the hyperbolic model, and to

better reflect the stability of loess tunnel.

The evaluation results in this method are more

consistent with the on-site monitoring conclusions. 4 tabs, 10 figs, 20 refs.

Key words: tunnel engineering; loess highway tunnel; deformation resistance; stability reserve;

confining pressure unloading; safety factor
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Fig. 2 Relationship between shear strength and confining pressure
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Fig. 3 Change law of elastic modulus and poisson ratio under

confining pressure unloading
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Tab.1 Initial physics-mechanical parameters of loess
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Tab.2 Allowable convergence displacement

according to specification
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Tab.3 Displacements of feature points calculated by different methods

38 BE AT I T AR/ mm | A SO A B/ mm

FRAIE £
Fi=10F=11F=12F=10F=1.1F=1.2
1 2.07 2.21 2.96 1.81 2.38 13.57
2 1. 68 1.79 2.11 1.49 1.79 6.34
3 1.33 1.54 1.83 0. 94 1.21 2.06
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SCTT I P iy Hh (L A 58 52 4 il ik 1) 45 3% O /) OJE 3
PL 7o VF A X WG SOME O ) s i 22 R R A N
—20. 690 X AT RS2 R A 8 BE BT 12k A RE 25 i ok
il £ T G 7 B AL T 25 1 X A2 7 1 ) 52 0 BT 20

R4 AEARRABRTEHBEERERE

Tab. 4 Safety factors under different instablity criteria

% K H4 ﬁi? T;Fﬁ %ﬁ%y:F’;;F’xmo/%
(A2 1.22 1.05 —10.3
FVEAE XSS E| 1. 41 1.12 —20. 6
R AL 1.36 1.21 —11.0
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