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ABSTRACT 

Stability analysis of the underground karsts around excavated and supported tunnels is one of the most 

important tasks in terms of safety evaluation of tunnels and underground excavations. In this paper, the 

stability and the stabilization method of a natural hole which existed before excavation above a 

transportation tunnel were investigated. The hole was modeled in form of continuous and discontinuous 

media. Several realizations with different crack patterns were generated in order to eliminate random 

effect. The stability was analyzed numerically. The results show that the equivalent continuum method 

induces overestimation upon strength parameters and consequently results in higher uncertainty compared 

to the discontinuum method which is a better representation of the problem. The generated models in 

discontinuous medium were highly unstable and showed prominent signs of collapse. As per the 

agreement between the discontinuous models with the real problem’s conditions, this instability and 

collapse of rock blocks may disturb the tunnel lining and yield to catastrophes. The results of using 

concrete foam as the filling and the whole support confirm the proper applicability of this approach 

alongside its practicability under the conditions specific to this project. 

 

1. Introduction 

Maintaining the safety of underground excavations and 

transportation tunnels in particular is of utmost importance in 

rock engineering related issues. Based upon the rock nature of the 

material surrounding these excavations, the investigation of the 

associated mechanical behavior and characteristics is necessary. 

Rock masses have inherently higher strength and stiffness than 

those of the other constituents of the earth’s crust. However, this 

statement may not be true for weathered, fractured, or soft rocks 

(Bobet et al., 2009). In other words, presence of discontinuities is 

the source of difference between rocks and other materials of the 

Earth’s crust and brings about a wider range of behaviors in them. 

Moreover, the constitutive model of fractures influences the 

mechanical behavior of rock mass and plays an important role in 

failure conditions and the stability of surroundings in 

underground excavations (Wu and Kulatilake, 2012). 

Underground spaces generally include excavations constructed 

and supported for a particular purpose and inherent openings 

whose instability might be dangerous. Karsts belong to the second 

category and refer to vast aquifers particularly developing in 

soluble rocks such as limestone, marble, and gypsum. Various 

numerical approaches have been used for stress analysis 

considering discontinuities. Numerical methods are generally 

categorized into discontinuum and equivalent continuum classes, 

both of which are utilized to assess the impact of fractures on the 

mechanical behavior of rock mass in stability analysis or failure 

status in the surroundings of underground excavations (Wu and 

Kulatilake, 2012; Azarafza et al., 2018). To date, studies using 

equivalent continuum method have involved stability of 

underground spaces by developing a continuous model in terms 

of micromechanics of rock mass (Yoshida and Horii, 2004) and 

also introducing cracks through joint factor and adopting an 


