Technique to assess hazards
in underground stone mines:
the roof-fall-risk index (RFRI)

Introduction

Mining has beenidentified as one
of four sectors with injury rates that
are consistently higher than all other
industries within the United States
(NIOSH. 2004). Fatal occupational
injury rates in 2002 were highest in
mining (23.5 per 100,000 workers).
Mining was [ollowed by agriculture,
forestry and tishing (22.7): construc-
tion (12.2): and transportation and
public utilities (11.3). Within the
underground mining sector, falls of
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(RFRI) as one possible method to
assess the ground-fall hazards asso-
ciated with underground mining.

Background. Methods aimed at
improving the quantitative nature of
roof-stability assessment have been
developed and used in mining. In
the early 1990s, the United Kingdom
(UK) developed a code of practice
(now Industry Guidance) for rock
bolt use as roadway supports that
included geotechnical assessment,

ground comprised about 28 percent

of the fatal and 16 percent of the lost-workday injuries
trom 2000 to 2004 (NTOSH. 2003). The National Insti-
tute for Occupational Safety and Health (NTOSH) has
a focused research program to enhance the recognition
ol hazardous conditions and practices and to develop
engineering interventions that mitigate conditions most
often associated with tall-of-ground injuries.

Many of the hazardous conditions present in the un-
derground mining environment are caused by a combina-
tion of geologic and mining-induced factors. Recognizing
and assessing the different stability conditions of mine
roof strata is a tundamental part of a proacuve effort to
address falls-of-ground injuries. The implementation of
this process allows decision-makers at all levels to de-
termine the potential for a roof fall. a fundamental com-
ponent of methods to assess risk. This paper proposes a
qualitative method to determine a roof-fall-risk index

Abstract

The potential for roof falls in underground mines remains a
clear and present danger for mine workers. An investigation
of ground conditions in nearly 30 percent of the nation’s

underground stone mines found thar the staie of roof

stability is primarily determined in u limited and subjec-
tive manner. These large-opening mines. with roof heigins
typically 7 m (23 ft) or more, make physical observation
difficulr. Although some mines use monitoring reclniques
1o gainadditional information on reo fstability, this practice
isusually shortrerm and localized 1o address ground condi-

initial design, design veritication

-and routine monitoring (Arthur ct al.. 1998). Cartwright

and Bovwler (1999) provided a UK example of a proce-
dure to assess the risk associated with potential tailure
or overloading of rock bolt support systems. [n the mid-
1990s. South African mines developed codes of practice
to combat rock fall and rock burst accidents, as required
by its 1996 Mine Health and Safety Act (Gudmanz, 1998).
Swart and Joughin (1998) discussed the importance of
rock engineering in developing this code of practice.

‘an Wijk et al. (2002) developed a risk-rating system
for use in South African coal mines. This risk-rating sys-
tem aimed to optimize resources and ensure that focus is
placed on the areas whereit is most required. Lind (2003)
demonstrated an integrated risk-management approach
that required a basic assessment of physical parameters
such as coal scam characteristics, depth below surface
and mining conditions. [n the United States. Duzgun and

tions in a particular section or pario fthe mine. A roof-fall
huzard-ussessment technique was developed based on en-
gineering judgment acquired from exiensive underground
stone mine experience and on examinarion o f the relared
literature. This technique wiilizes observational processes to
determine roof fall likelihood. Case-study scenarios offer
« redlistic picture o fmodel implementation. Providing the
mine level decision-makerwith an accurate assessment rool
to asceriain the level of ground fall hazards is expected ro
reduce mine worker injuries and fatalities. Moreover, the
presences o fdanger can be overcome with a clear picture
of quarniified ground conditions.
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