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Generalized solution of earth pressure for shaft wall based on
Mogi-Coulomb strength criterion
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Abstract: In order to solve the problem that it is dangerous to adopt Belinzantzev’s active earth pressure based on the Hal-
Kamen assumption in engineering, a hoop compressive stress coefficient is introduced to revise the above assumption.
Through the elastic-plastic analysis of the surrounding rock of the shaft, the analytical solution of the spatial active earth
pressure is deduced. The analyses show that when the intermediate principal stress coefficient b=0.1, 0.2, 0.3, 0.4 and 0.5,
the active earth pressure of shaft wall is reduced by 23.0%, 42.6%, 57.7%, 67.2% and 70.5% respectively, compared with
b=0 or 1.0. With the increase of b value, the cracking depth of the surrounding rock tension zone of the shaft increases.
With the decrease of hoop compressive stress coefficient {; the spatial active earth pressure of shaft wall increases by
29.4%, 65.2%, 109.2% and 163.3%, respectively. With the decrease of ' value, the cracking depth in the tension zone of
surrounding rock of the shaft decreases. By comparing the spatial earth pressure deduced in this paper with the Rankine
earth pressure under plane strain conditions, it is found that the spatial active earth pressure in this paper is about 33%-
86% lower than the Rankine active earth pressure under different working conditions. Therefore, the use of Rankine earth
pressure in the project is conservative, resulting in a waste of well wall support materials.
Key words: axisymmetric; shaft; intermediate principal stress; hoop compressive stress coefficient; spatial active earth
pressure; the tension area; arching effect of annular soil
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Fig. 1 Stress state of a point on the surrounding rock
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Fig. 2 Two groups slip lines of shaft surrounding rock
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