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Abstract: The loose pressure value of tunnel surrounding rock is one of the important parameters for tunnel
design and calculation, and the structural characteristics of loess strength must be considered in the
calculation of the surrounding rock loosening pressure on shallow tunnel in loess area. First, in view of the
problems existing in the existing methods of describing strength parameters and structural parameters, the
concept of structural extent is introduced to improve the description method of loess strength. According to the
engineering characteristics of shallow loess tunnel in loess area, the failure mode of shallow loess tunnel is
constructed. On this basis, by introducing the strength considering the loess structural extent, based on the
improved Mohr—Coulomb criterion and the upper bound method of limit analysis, the calculation formula of
the overburden loosening surrounding rock pressure on shallow loess tunnel is derived, the optimal upper

bound solution is obtained through Matlab algorithm. The calculated values are compared with the field test
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result. The influence rules of related parameters on the tunnel loosening support pressure and failure mode are
analyzed. The stress-strain relationship of loess with different water contents and confining pressures shows
that there is an approximate linear relationship between the cohesion of shear strength and the structural extent
of loess, while the internal friction angle does not change with the change of structural extent. The
comparative analysis result shows that (1) the surrounding rock loosening pressure of shallow tunnel is
obviously affected by the structural extent of loess, and it decreases with the increase of structural extent;
(2) this value increases linearly with the increase of tunnel buried depth and surrounding rock weight, but
with the increase of lateral pressure coefficient, the pressure of loosening surrounding rock shows a nonlinear
decreasing trend, and the decreasing trend is first fast and then slow, indicating that the change of lateral
pressure coefficient in the early stage has a greater influence on the support pressure; (3) the calculated
values are in good agreement with the measured values, which verified the feasibility of the method.

Key words: tunnel engineering; shallow tunnel; laboratory test; loosening pressure; structure characteristic

of loess; limit analysis
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Fig.1 Variation rules of structural parameters with different water contents
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Fig. 2 Relationships between strength parameter

extent and structural parameter extent
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Fig. 6 Analysis of influencing factors of loosening pressure on shallow tunnel
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