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Fig. 4 Stress-strain curves of frozen soil: stress curves (a), strain curves (b) and stress-strain curves (c)

F1 ARSI

Table 1 Parameters of the frozen soil constitutive model
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Fig. 6 Force analysis of the cutting picks

Fig. 5 A new gravity shaft excavation machine
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Fig. 7 Circulation process of frozen soil excavation by cutting pick rolling : destruction of frozen soil in Section a (al),
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Section b (b2), destruction of frozen soil in Section ¢ (c1), cross-section destruction in Section ¢ (¢2),

destruction of frozen soil in Section d (d1)and cross-section destruction in Section d (d2)
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Fig. 12 Energy curves of frozen soil excavation by cutting picks: internal energy curve (a), total energy curve (b),

specific energy curve (c) and leakage energy curve (d)
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Study on numerical simulation of influencing factors for frozen soil
excavation process by cutting pick rolling

ZHANG Jiangling', LI Xiao’er’, CHEN Xinming’, JIAO Huazhe’, LI Zhenhua’
(1. School of Civil Engineering, Henan Polytechnic University, Jiaozuo 454150, Henan, China; 2. Jiaozuo Coal Group,

Jiaozuo 454002, Henan, China; 3. Cooperative Innovation Center for Safe Production and Clean and

Efficient Utilization of Coal , Jiaozuo 454150, Henan, China)

Abstract: To solve the problems of difficult excavation of shaft frozen soil and low efficiency of manual excava-
tion, a new type of gravity shaft tunnelling machine was invented. The machine has well adaptability in the exca-
vation of shaft frozen soil. The invasion depth of cutting pick is an important factor affecting the efficiency of ex-
cavation of frozen soil. The cutting pick is used to continuously roll downward and walk to excavate frozen soil.
In this study, three-dimensional software is used to establish the model, and the parameters of frozen soil consti-
tutive model are optimized through the Hopkinson pressure bar impact test and the original parameters of HIC
compression damage model. Then, the finite element analysis software is used to simulate the rolling excavation
of frozen soil under different invasion depths of cutting picks, and the variation laws of three-dimensional force
of cutting picks, stress and strain of frozen soil under different destruction depths of depressions are obtained.
And it is convenient to visually study the process of cutting pick excavation of frozen soil and seek the optimal in-
vasion depth of cutting picks. The simulation results show that with the increase of the invasion depth of the cut-
ting pick, the three-dimensional force of cutting pick increases, the area of the frozen soil depression expands,
and the stress and strain of the frozen soil decreases downward without boundary. The stress and strain in the
contact area between the frozen soil and the cutting pick is the largest, and the stress and strain in the frozen soil
area away from the cutting pick decreases gradually. The stress and strain variation laws are related to the charac-
teristics of the frozen soil in the continuous rolling excavation of the cutting pick. When the uniaxial compressive
strength of frozen soil is 9 MPa, there is an optimal intrusion depth of 4 cm in the frozen soil excavation process
by cutting pick rolling. The destruction characteristics of frozen soil are obvious, and the efficiency of frozen
soil excavation by cutting pick rolling is the highest and the energy consumption is low.

Key words: three-dimensional force of cutting pick; invasion depth; stress; strain; frozen soil; numerical simu-

lation
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