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Study on Stability of Tunnel Excavation in Composite Strata
with Overlying Accumulation Body
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Abstract: The entrance section of the Xianyueshan Tunnel project on the Louli Expressway passes
through complex and loose accumulation strata, posing significant challenges to construction safety. This
paper, based on ray casting algorithm and particle discrete element method, randomly simulates the
placement of boulders to construct a computational model for the excavation of the Xianyueshan
accumulation strata tunnel and proposes effective reinforcement measures. The results show that,
compared to the lower rock mass, the surrounding rock stability of the accumulation strata is poorer. As
the excavation ratio increases, the deformation zone of the surrounding rock expands, and asymmetric
horizontal displacements occur in the left and right sidewalls, with an asymmetric distribution of the
plastic zones as well. Particularly, when crossing the interface of different strata, stress concentration
causes an increase in sidewall stress, while the stress at the crown and bottom decreases. With an
increase in the excavation ratio, the settlement of the crown and the heave of the bottom plate are
mitigated, and the sidewall displacement increases before decreasing with the increase of the excavation
ratio. In response to the failure characteristics of the accumulation strata, surface grouting reinforcement
measures are proposed. After reinforcement of the strata, the cohesion between soil and rock particles is
good, and the support is stable, producing favorable results.
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Fig.3 Numerical model of tunnel excavation
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Table 1 Surrounding rock parameter

o HEy/  EPEBTE R BRI NEEM
(kN -m™) E/GPa L c/kPa @/(°)
A 20 0.0483  0.30 48 25
Yo 27 22.0 0.20 185 45
AL T 23 2.5 0.35 200 27
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Table 2 Formation mesoscopic parameters

SRR 4k Yor h ks
I/ (kg - m™) 2 000 2 700 2 300
R4 AL 0.25 0.59 0. 40
210 M B2/ Pa 3.0x10°  1.4x10"  1.7x10°
Y11 NI B2/ Pa 2.0x10°  1.2x10"  0.8x10°
EATREEEMRE/(Pa - m™')  0.5x10°  0.4x10°  0.5%10°

SEATEELE VI NIEE/(Pa - m™')  0.5%x10° 0. 13x10° 0. 19x10°
NEESESf/ (©) 27.5 45.0 35.0
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Fig. 6 Displacement cloud map with different

stone content (unit: m)
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different stone content
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Fig.8 Displacement cloud map at calculating
24 000 steps( unit:m)
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Fig. 9 Convergence of surrounding rock in tunnel

excavation with different excavation ratio
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