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Abstract
Using the Hulinjia Tunnel as a case study, an in-depth investigation was con-
ducted on the deformation characteristics of tunnel surrounding rock through
field monitoring methods, and corresponding support measures were proposed
to ensure the safe, stable, and normal operation of the tunnel. The research re-
sults show that: in terms of temporal characteristics, crown settlement exhibits
three stages—rapid settlement, slow settlement, and stabilization; the crown set-
tlement during the rapid settlement stage is 23 mm, accounting for 82.1% of the
total settlement. Analysis of monitoring data from three different cross-sections
reveals that surrounding rock crown settlement increases with increasing cross-
section size. The time-dependent variation trend of peripheral convergence is
similar to that of crown settlement, with peripheral convergence values follow-
ing Cross-section 1 > Cross-section 2 > Cross-section 3. There is no obvious
correlation between burial depth and deformation, which is attributed to the
influence of in-situ stress that renders the effect of burial depth on deforma-
tion less pronounced. After implementing combined measures of initial support
and advanced support, the crown settlement and peripheral convergence of the
three cross-sections were reduced by more than half compared with those before
support, achieving significant control of surrounding rock deformation.
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Abstract
This paper presents an in-depth investigation of deformation characteristics of
tunnel surrounding rock through on-site monitoring at the Hulinjia Tunnel,
proposing corresponding support measures to ensure safe, stable, and normal
tunnel operation. Research findings indicate that crown settlement exhibits
three temporal stages: rapid settlement, slow settlement, and stabilization. The
rapid settlement stage contributes 23 mm, accounting for 82.1% of total settle-
ment. Analysis of three monitored cross-sections reveals that crown settlement
increases with cross-sectional area. Peripheral convergence shows similar tem-
poral trends, decreasing from Cross-section 1 to Cross-section 3. No significant
correlation exists between burial depth and deformation, as geostress effects ob-
scure the influence of burial depth. After implementing combined primary and
advanced support measures, crown settlement and peripheral convergence across
three cross-sections decreased by over 50% compared to pre-support conditions,
achieving significant control of surrounding rock deformation.
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