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Keywords   Abstract 

The research presents a method entitled MORESM based on the rock 
engineering system (RES) for selecting the optimum rock bolt (RB) for 
underground coal mines. This method introduces a new application of 
RES that simultaneously provides the possibility of comparing various 
options in rock engineering and validating the model based on the 
relevant hazards. The model is intended to operate based on routinely 
collected field data in underground coal mines and does not require 

specialized or costly testing equipment. The model is based on two key components: the interaction 
matrix, which determines the weights of effective system parameters, and the rating matrix, which 
evaluates the response level of each RB under various system conditions. The rating matrix is used to 
ÅÖÁÌÕÁÔÅ ÅÁÃÈ 2"ȭÓ ÒÅÌÁÔÉÖÅ ÅÆÆÉÃÉÅÎÃÙ ÂÙ ÁÎÁÌÙÚÉÎÇ its responses compared to other RBs across different 
conditions, without considering the strength factors of each rock bolt, such as load-bearing capacity. This 
approach is applicable when outcome validation is supported by field data. Here, six RB types are involved 
as six options, and the model is capable of determining the risk of applying (VIap) for each RB. In the 
following, a case study including 100 plus to 10 locations/cases of an underground coal mine was used to 
test and validate the MORESM. In this regard, the amounts of roof convergence (tell-tale displacement 
(TTD) at considered locations) are considered as the relevant hazard caused by increasing the VIap of 
applied (installed) RB. The results demonstrated that there is an acceptable correlation between the 
determined VIaps and corresponding TTDs, with a coefficient determination (R2) of 0.765, and also the 
measured and predicted TTDs, with an R2 of 0.803. The findings also indicated that when the applied RB is 
far from the optimal RB, instability increases just as much. This could be considered as a criterion for 
evaluating the performance of MORESM. Finally, it is proven that the model could be helpful to estimate 
the substitution time of the applied RB with a useful option, which is investigated for the case study. 
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1. INTRODUCTION 

Underground coal mines have had the most 
use of rock bolt (RB) compared with other mining 
methods. The application of RBs has caused an 
increase in productivity and a decrease in 
support costs in these mines. In recent years, a 
significant number of RBs have been produced by 
companies (more than 35 types) for the support 
operation of underground excavations. Each of 
these products has various performances in 

various conditions of strata surrounding an 
underground space. Some of them are capable of 
covering a wide range of rock mass behaviors in 
support operations, and some can only be applied 
in limited conditions. Application of appropriate 
RB is a major challenge as the application of 
inappropriate options creates serious problems. 
So, it is necessary to present a comprehensive 
model for the selection of optimum RB. 

The selection of RB type and their application 
conditions have been investigated by many 
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researchers. Mark and Barczak (2000) stated that 
the strength of rock, dependent on geology and 
the loads applied primarily by the in situ and 
mining-induced stresses, are two major factors to 
determine the type and specifications of the 
support system [1]. Mark et al. (2000) studied the 
performance of point-anchor tension and fully 
grouted resin RBs in different geological 
environments by field studies [2]. Mark (2000), 
developed an approach to design the roof bolt 
ÓÙÓÔÅÍÓȢ "ÁÓÅÄ ÏÎ ÔÈÅ -ÁÒËȭÓ ÒÅÓÅÁÒÃÈȟ ÒÏÏÆ 
support mechanisms are determined by stress 
level and roof quality which are determining 
factors in selecting the roof support system [3]. 
Parker (2001) emphasizes time as an effective 
factor and recommends using the resin/bar bolt 
for long-term support. Van der Merwe and 
Madden (2002) discussed support system 
selection in underground coal mines and 
summarized their results in two tables as a very 
general guide. They involved the rock quality, 
horizontal stress, and time as the determining 
factors to system selection in their charts[4]. 
Yassien (2003) released some advice on applying 
the appropriate bolt type. In these 
recommendations, the rock quality, the 
horizontal stress, the mining method, and the 
time are emphasized as the major effective 
factors for RB selection [5]. Canbulat et al. (2005) 
investigated the performance of four various RBs 
from different manufacturers in South Africa. 
They also studied the performance of the 
tensioned and un-tensioned bolts in different 
rock types. They explained Non-tensioned roof 
bolts achieved significantly greater bond 
strengths than the tensioned bolts in sandstone 
and shale roofs. They also concluded that the 
overall support stiffness of non-tensioned roof 
bolts was significantly greater than that of the 
tensioned roof bolts [6]. Jalalifar et al. (2009) 
proposed an AHP-Entropy-TOPSIS method for 
the pick of the optimum RB. They considered 15 
major effective parameters (see Figure 2 of their 
paper) for choosing the best option from eight 
types of RB. They stated that selecting the 
suitable rock bolt is dependent upon the load 
transfer capacity, curing time, ease of installation, 
anchor length, cost, and distance from the 
heading face [7]. Spearing et al. (2010) conducted 
experimental studies on corrosion of rock 
anchors in US underground coal mines. They 
explained that corrosion would only seem to be a 
potential issue for long-term applications in coal 
mines [8]. Li et al. (2014) believe that the 
performance of an RB is dependent upon the 
loading conditions to which it is subjected[9]. 
Scolari e al. (2017) tested a new RB in deep 
mining conditions and achieved better results 

compared with a simple frictional, inflatable bolt. 
The new RB is based on a frictional, inflatable 
bolt combined with an internal additional load-
bearing element, called the Dynamic Omega-Bolt 
[10]. Zhigang et al. (2017) proved the importance 
of using an energy-absorbing bolt for rock 
support in a high-stress rock mass [11]. Li (2017) 
noted that the suitable types of RBs for a given 
rock mass are associated with the loading 
conditions in the rock mass. The rock mass 
behavior under the induced stresses is the main 
criterion for bolt selection. Li explained that the 
traditional principle of selecting strong RBs is 
valid only in conditions of low in situ stresses in 
the rock mass. Energy-absorbing RBs are 
preferred in the case of high in situ stresses [12]. 
Song et al. (2017) discussed how smart sensor 
technologies can monitor rock bolt performance 
in real-time, enhancing the ability to select 
suitable bolts based on actual ground conditions 
and bolt health [13]. Sun et al. (2018) 
demonstrated that applying the yielding bolts is 
an effective way to support the soft rock roadway 
under high stress [14]. Wu et al. (2019) reached 
experimental results highlighting how rock bolts 
perform under dynamic coal burst conditions, 
emphasizing bolt strength and ductility as critical 
parameters for optimal selection in burst-prone 
mines [15]. Shaposhnik et al. (2021) 
demonstrated that friction-anchored rock bolts 
perform well in backfill environments, 
emphasizing the importance of frictional 
engagement in excavations with loose or 
unconsolidated fill [16]. Tshitema & Kallon 
(2022) focused on the development of a 
specialized reinforcing rock bolt for hard rock 
mines, demonstrating that material properties 
and rock mass interaction significantly influence 
bolt selection [17]. Frenelus et al. (2022) 
analyzed durability and long-term stability of 
rock bolts, highlighting environmental exposure 
and bolt design as crucial parameters for 
selecting bolts in deep rock tunnels [18]. Li et al. 
(2022) evaluated the influence of pretension on 
cable bolts, showing that optimal pretension 
enhances bolt load-bearing capacity, a key factor 
in bolt design and selection for diverse geological 
conditions [19]. Jiang et al. (2023) examined the 
mechanical behavior of fully grouted rock bolts in 
soft rock, emphasizing grout quality and bolt 
stiffness as decisive factors for their suitability in 
weak ground [20]. Demin et al. (2024) presented 
a new technology combining support and friction 
anchors, suggesting that combining anchoring 
mechanisms can optimize bolt performance in 
ore mine workings [21]. Mesutoglu & Ozkan 
(2024) compared rock bolting and steel arch 
supports in thick coal seams, finding that 
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geological conditions and load requirements 
heavily influence the selection between these 
support types [22]. Wang et al. (2025) 
investigated bolt support mechanisms for hard 
roof control, identifying bolt length, diameter, 
and installation parameters as key for optimizing 
rock bolt effectiveness [23]. Isfahani et al. (2025) 
applied 3D numerical modeling to optimize rock 
bolt support for large underground structures, 
stressing bolt layout and mechanical properties 
as pivotal in support design [24]. Zhou et al. 
(2025) introduced an anchoring approach 
grounded in pre-stress distribution within 
composite rock strata, emphasizing the role of 
pre-stress management in determining the 
optimal bolt anchoring method [25]. 

According to the literature review, 
understanding the rock mass behavior is very 
important for the selection of an appropriate RB 
type. Many parameters are involved in the rock 
mass behavior and loading conditions as each of 
them has different effects. Therefore, there is a 
system with three main components consisting of 
rock mass, loading conditions, and RB. These 

components have different factors. The 
interaction between rock mass and loading 
conditions determines the rock mass behavior. 
Also, the interaction between rock mass behavior 
and each RB has different responses. So, the 
performance of each RB in various rock mass 
behaviors is different, and the best response in 
support operation could be obtained by applying 
the most appropriate RB type. By using this 
theory, a model based on the rock engineering 
system (RES) is presented for the selection of 
optimum RB in underground coal mines. The RES 
method is adopted because of its ability to 
evaluate the interaction between the effective 
parameters in rock mass that this process leads 
to simulating the rock mass behavior. MORESM 
provides the possibility of evaluating the risk of 
using various types of RB in various rock mass 
behaviors. A schematic of the adopted theory for 
the selection of an optimum option is shown in 
Figure 1. In this Figure, VI is the vulnerability 
index or risk of applying the RB. The interaction 
matrix and rating matrix are elements of 
MORESM, which are introduced in the following. 

 
Fig. 1. A schematic of adopted theory for selection of optimum RB .

2. APPLIED METHOD AND PRESENTATION OF 
MORESM 

Hudson (1992) presented an approach named 
rock engineering system (RES) for analyzing the 
interaction between effective parameters and 
components involved in rock mass for evaluating 
and answering complex engineering issues [26]. 
The RES determines and quantifies the 
interaction between parameters involved in a 
system. This process is conducted by an 
interaction matrix  as a key element of RES (Fig. 
2). An n*n interaction matrix is created by n 
parameters affecting the system. The off-diagonal 
positions in the matrix are filled by values 

describing the degree of interaction between the 
parameters. This research has adopted the 
ȬȬÅØÐÅÒÔ ÓÅmi-ÑÕÁÎÔÉÔÁÔÉÖÅȭȭ ɉ%31Ɋ ÍÅÔÈÏÄ 
(Hudson 1992) for numerically coding the 
interaction matrix, in such a way that 0 for no 
interaction, 1 for weak, 2 for medium, 3 for 
strong, and 4 for critical interaction, respectively. 
According to Figure 2, each particular parameter 
is denoted as coordinates (C, E). The interaction 
matrix helps in determining the weighting of each 
effective parameter within the system by Eq. (1). 
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Fig. 2. A general view of interaction matrix , including principles of the interaction betwe en parameters and the matrix 

coding (taken after Hudson (1992))  [26] . 




