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Calculation of safety factor of tunnel structure based on Duncan-Fama
convergence curve

LIU Shao-feng, SU Yong-hua, LI Shuai
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: Firstly, convergence-confinement curve of circular tunnel surrounding rock is established based on the Duncan-Fama
convergence function and characteristic functions for rock bolt, shotcrete and metal net. Meanwhile, how to convert noncircular
section into circular section of a tunnel is solved, and the dynamic development relationship between the surrounding rock and
the supporting system based on the convergence-confinement curve is also analyzed. Then, the longitudinal deformation profile
(LDP) is introduced and the development process of excavation, support and information feedback about rock mass is formed in
conjunction with the convergence-confinement curve. Finally, the expressions for stable safety factor of tunnel surrounding
rock are proposed, and the method for determining the relevant supporting time is discussed. The effect of the initial location of
the supporting system on constraining force of rock mass after tunnel excavation is analyzed. Using the above mentioned
achievements, the existing shortage that the design method for support of underground structure based on classification system
of rock mass can not quantitatively evaluate the degree of safety is investigated. Two practical cases show the implementation
of the proposed method, and its availability is also verified.
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Fig. 3 Schematic diagram of shear failure mechanism
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Fig. 10 Convergence-confinement curves for surrounding rock
of case two
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Table 2 Calculation results of safety factor of tunnel surrounding

rock
I/m  wuymm P.y/MPa  Peymjim/MPa AP, ,/MPa  Fj
3 3.762 0.403 0.302 -0.101 0.75
6 5.011 0.289 0.302 0.013 1.04
9 6.125 0.190 0.302 0.112 1.59
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Fig. 11 Cracking of tunnel for case two
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