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Surrounding rock stability analysis of aeolian sand tunnel
considering relative compactness
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(Key Laboratory of Transportation Tunnel Engineering of Ministry of Education( Southwest Jiaotong University) ,

Chengdu 610031, China)

Abstract; To improve the construction safety of aeolian sand tunnels, construction simulation was carried out based
on the Wangjiawan Tunnel of Menghua Railway to investigate the stability changes of surrounding rocks. Laboratory
tests were conducted by using the soil taken from the site to obtain the physical and mechanical characteristics of the
surrounding rock. Based on the discontinuity of sandy surrounding rocks, the discrete element software was adopted
to simulate the construction process of aeolian sand tunnels with different relative compactness, and the dynamic
changes of surrounding rock stress and the development of the loose zone were monitored and analyzed. Results
show that the range of the advance displacement of the surrounding rock in front of the tunnel face was positively
correlated with the relative compactness of the surrounding rock, and the disturbed range above the vault was
negatively correlated with the relative compactness of the surrounding rock. Face failure was prone to occur in dense
aeolian sand tunnels, and the risk of collapse in loose strata was high. The excavation of the aeolian sand tunnel
mainly disturbed the surrounding rock within 2/3D — D in front of the face, around the tunnel, and within 0.5D -
D above the tunnel. When the relative compactness was 0.5 and 0.7, the failure modes of the surrounding rock were
basically the same as that adopted in “Code for design of railway tunnel (TB 10003—2016)”. When the relative
compactness was 0.9, the form of surrounding rock instability was approximately ellipsoidal. The stability of the
surrounding rock of the aeolian sand tunnel was closely related to its compactness. The tight combination of the
meso-particles could effectively resist the external force, which shows the stability of the macrostructure. The
stability of the stratum increased with the increase of the compactness.

Keywords: aeolian sand tunnel; surrounding rock stability; relative compaciness; discrete element method;

surrounding rock instability
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Fig.1  On-site soil sample collection
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Tab.1 Physical parameters of aeolian sand

KK KK ik A XK wmAHT RKRT
gk WEs WE/ O Al wRE/ W/ D,
%z/%(g'cm’})(g-cm%) R/ % (g-cmﬂ) (g-cm%)

12.07 1.905 2.66 36 1.346 1.757 0.89
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Tab.2  Grain compositions

WRLRLAR/m B %
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Tab.3  Meso-parameters of aeolian sands with three relative

compactness
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Fig.3 Stress-strain curves of triaxial calibration
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Fig.5 Stress curves of surrounding rock of line 1 during excavation
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