
Accepted Manuscript

Effect of rock mass and discontinuity mechanical properties and
delayed rock supporting on tunnel stability in an underground
mine

Yan Xing, P.H.S.W. Kulatilake, L.A. Sandbak

PII: S0013-7952(17)30592-6
DOI: doi:10.1016/j.enggeo.2018.03.010
Reference: ENGEO 4788

To appear in: Engineering Geology

Received date: 14 April 2017
Revised date: 12 March 2018
Accepted date: 14 March 2018

Please cite this article as: Yan Xing, P.H.S.W. Kulatilake, L.A. Sandbak , Effect of rock
mass and discontinuity mechanical properties and delayed rock supporting on tunnel
stability in an underground mine. The address for the corresponding author was captured
as affiliation for all authors. Please check if appropriate. Engeo(2018), doi:10.1016/
j.enggeo.2018.03.010

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.enggeo.2018.03.010
https://doi.org/10.1016/j.enggeo.2018.03.010
https://doi.org/10.1016/j.enggeo.2018.03.010


AC
CEP

TE
D M

AN
USC

RIP
T

 

1 
 

Effect of rock mass and discontinuity mechanical properties and 

delayed rock supporting on tunnel stability in an underground mine  

 

Yan Xing1,2, P. H. S. W. Kulatilake3,*, L. A. Sandbak4 

1 School of Mechanics and Civil Engineering, China University of Mining and Technology, 

Xuzhou 221116, China 

2 Department of Mining and Geological Engineering, University of Arizona, Tucson, AZ 85721, 

USA 

3 Rock Mass Modeling and Computational Rock Mechanics Laboratories, University of Arizona, 

Tucson, AZ 85721, USA 

4 Barrick Gold Inc., Golconda, NV 89414, USA 

*Corresponding author, email: kulatila@u.arizona.edu, telephone: (520) 591-9560 

 

 

Abstract 

 

In this paper, the rock mass stability around the tunnels in an underground mine is investigated 

using the distinct element method. A three-dimensional model was developed based on the 

available geological, geotechnical, and mine construction information. It incorporates the 

inclined lithologies including a weak interlayer, the persistent and non-persistent faults, and a 

complex tunnel system. The strain softening constitutive model was prescribed for the rock 

masses in the numerical model. The continuously yielding joint model was used to describe the 

non-linear behavior of the faults. To account for the deformations occurred between the 

excavations and rock supporting, the delayed installation of supports was implemented by using 

the stress relaxation method. Numerical analyses were performed to study the effects of the post-

failure constitutive parameters of the rock masses, the mechanical properties of faults and the 

delayed supporting on tunnel stability. The following results are presented: (a) the rock mass 

deformations and failure zones around the excavations, (b) the joint shear displacements of the 

major fault, and (c) the failure conditions of the applied supports. Satisfactory comparisons are 
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