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Keywords Extended Abstract

Experimental methods Summary

Stope geometry In general, there are various analytical, numerical, physical and
Stability analysis experimental methods for analyzing the stability of underground
Open Stopes excavations and spaces. Among them, experimental methods are

considered as the most conventional and reliable methods due to their remarkable compatibility with reality,
simplicity of application, and reliance on the results of experienced cases, especially for the initial estimation of
the stability of mining stopes.The experimental methods of analyzing the stability of open stopping are based on
the influence of geomechanical and geometrical factors. In almost all experimental methods, the geometry of the
stope is specifically expressed with the hydraulic radius index. Therefore, in the stability graphs, hydraulic radius
is on one axis and other effective factors, such as geomechanical characteristics and environmental factors are
on the other axis. Due to the insufficient efficiency of the hydraulic radius in the stope geometry, another index
called the radius factor was also defined later, which could not solve all of the hydraulic radius defects. Therefore,
in this research, with the aim of achieving more accurate and complete experimental methods, the defects and
deficiencies of the experimental methods for analyzing the stability of open stopping have been identified based
on the geometrical considerations of the stope.

Introduction

As far as the stability of open stopping mines is concerned, the ore and the hanging wall both should be competent
rocks. Under these conditions the open stopping mine can be developed safely and from the engineering point
of view, the stability issue is of utmost importance for the open spaces.The open stopping method of ore
extraction is only feasible for competent rocks when the hanging wall and ore have the proper strength to
withstand the overburden weight and stress concentration. The main factors affecting the stability of
underground excavations and mine stopes can be divided into natural and artificial factors. The natural factors
include environmental and rock behavior whereas the artificial factors include the geometry, safety and design
issues of the underground excavation. For the design engineers, the stope geometry is regarded as the main
controlling factor of the excavated space which directly affect the stability analysis of the rock structure. The
existing experimental stability analyses show that the stope geometry can be regarded as the main issue of stope
design in underground mining. For example, Mathews, Potvin, Nixon, Stewart and Forsyth stability charts
considering the hydraulic radius of the open stopes are used in practice. Also, radius factor is used to improve
some of the deficiencies related to hydraulic radius for some special cases. These two indices (hydraulic radius
and radius factor) indicate the importance of the stope geometry in the stability analyses and safety issues of
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open stopping mining methods.

Methodology and Approaches

In this research, with analytical and comparative views, the validation of the two indices; hydraulic radius and
radius factor in expressing the effect of stope geometry on the stability of underground spaces are investigated.
Therefore, at the beginning, all the experimental methods of stability analysis are reviewed and the possible
modifications for achieving the latest improvements are considered. Then, emphasizing the geometrical
considerations of the stopes, the strengths and weaknesses of each method are analyzed and compared. The lacks
of each method are compiled and tabulated. The validity of the hydraulic radius and radius factor representing
the geometry factors for stability analyses of the mine stopes are studied based on the newly discovered problems
in various mining environments.

Results and Conclusions

In this research, the two main indicators of stope geometry i.e., hydraulic radius and radius factor are considered
and used as representative factors to investigate the stability and safety issues of open stope mines. The hydraulic
radius considers only the area and perimeter of the stope, and the radius factor consider only the size of the radius
and the placement angle of the radius on the studied surface. These indicators may drastically decrease for
irregular geometries and have low correlation with the stope stability two-dimensionality. Therefore, they may
have low impact range of aspect ratio, ignoring the distortion in the third dimension i.e., they may not consider
the effect of pillars and back fills. It is concluded that none of these two mentioned indicators can be a good
representative of the stope geometry in some cases. Based on this achievement and in order to gain more
complete and accurate experimental relationships for the effects of the two geometric factors, it is necessary to
formulate more complete geometric indices that include a larger number of geometric features of the mining
stopes.




