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ing and Technology, Xuzhou 221116, China; 2. State Key Laboratory of Geomechanics and Geotechnical Engineering,

Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)
Abstract: Convergence-constraint method is a design approach for underground engineering structures that combines theoretical analysis,
field measurements, and engineering experience. It is a commonly used method for analyzing the interaction between surrounding rock and
support system, as well as for conducting optimized support design. Based on the basic principle of convergence-constraint method, the
classical supporting characteristics and supporting structure deformation equations were summarized. The supporting characteristic curves
of supporting structures such as shotcrete, bolt (cable) and U-shaped steel were obtained by theoretical calculation. The effects of the geo-
metric size (diameter, length), row spacing and material strength of supporting structure on the support pressure were analyzed. As the
thickness and strength grade of shotcrete increase, the support stiffness and support pressure provided by shotcrete gradually escalate. Sim-

ultaneously, the support pressure of bolts experiences a significant increase with the augmentation of bolt (cable) diameter, length, materi-
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al strength, and reduction in row-spacing between them. Furthermore, the support pressure delivered by U-shaped supports intensifies as
the row-spacing decreases and the material strength increases. By using the Mohr-Coulomb strain softening constitutive model embedded
in FLAC?”, the numerical analysis model of deep soft rock roadway considering the post-peak strain softening and dilatancy characterist-
ics of rock was established. The deformation curves of roadway longitudinal section and the characteristic curves of surrounding rock un-
der different stress states were calculated. The applicability of three kinds of combined support technologies such as bolting shotcrete, bolt
(cable) shotcrete and bolting-shotcrete U-shaped steel to the large deformation control of surrounding rock in deep roadway were analyzed.
The feasibility of applying the combined support technique of bolting-shotcrete U-shaped steel in deep roadway support projects has been
verified. The numerical simulation results of the strain-softening constitutive model considering the post-peak strain-softening and
dilatancy characteristics of rocks are quite different from those based on the classical Mohr-Coulomb constitutive model. The numerical
simulation results of the Mohr-Coulomb constitutive model are conservative, and the supporting pressure provided by the supporting struc-

ture cannot meet the stability control requirements of the deep roadway. After roadway support, the surrounding rock exhibits pronounced

deformation, which may give rise to safety incidents such as roof collapse and wall instability.

Key words: deep roadway; convergence-constraint method; surrounding rock-support interaction; roadway supporting
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Fig.1 Schematic diagram of convergence confinement method
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Table 1 Classical supporting characteristics and deformation equation of supporting structure of deep roadway[23'24’29]
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Table 2 Numerical simulation values of post-peak strength parameters and dilatancy angle of rock under condition of ;=20 MPal*”
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SYmmmm ) 0.0029 00042 00055 00062  0.0073
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Fig.10 Numerical simulation results of deep roadway
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Table 3 Characteristic parameter of supporting parts

hac B0 75N Prax K Uy U
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4 URIZ 8 0.76 153.22 4.99 19.94
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