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1. Introduction

Risk is an uncertainty, occurrence or condition and its 
existence has different effects on the aims of the opera-
tion, e.g. including threats and also opportunities for the 
project goals (Pinto, 1998). Currently, research in min-
ing operations are dramatically influenced by dangers 
and any decision needs risk aspects. Risk is defined, ac-
cording to the Project Risk Management standard PM-
BOK or Project Management Body of Knowledge as the 
uncertainty that may or may not have a negative impact 
which could cause injury or loss (Guide, 2001). Catego-
rizing, processing and proper responding to all hazards 
of operation for improving impacts of wanted phenom-
ena and decreasing unwanted events, developed a com-
prehensive risk management method. As mentioned in 
PMBOK, risk controlling projects contain six main lev-
els: Programing, Risk management, Determining risks, 
Qualitative and Quantitative risk processing, Preparing 
proper respects to risk and Monitoring (Yari et al., 
2016).

Since quarrying operations are one of the most dan-
gerous operations (in the designing and application 
phases), they require extra attention for their hazardous 
aspects. Determining all full parameters of risk, caution 
regarding the impacts of hazards and ranking are basic 

activities in risk management. Having a comprehensive 
risk management system leads to making reliable deci-
sions in a limited time. It also helps in making the proper 
response to applied risks and in determining the negative 
aspects of hazards (Bagherpour et al. 2015; Yarahma-
di et al. 2014). All risks of open-cast mining were deter-
mined by Steffen in 1997. In this investigation, risks of 
open-cast operations contain two fundamental branches: 
technical risks and management risks (Steffen, 1997). 
The determination and designation of mining equip-
ments’ risk factors was carried out by Joy in 2004. For 
achieving this goal, the possibility of risk was examined 
and the impact of risks on the production rate was dis-
cussed. As a result, all influencing risks are ranked by 
implementing the probability-consequence matrix (Joy, 
2004). In 2004, a novel model was developed by Arends 
et al., for prognosticating the costs of risk evaluating in 
underground spaces. In this research, qualitative meth-
ods are used for risk assessment (Arends et al., 2004). 
Duzgun and Einstein (2004) presented a model for eval-
uating risks in the underground coal mines of Turkey 
(Duzgun and Einstein, 2004).

In 2005 “@Risk” software was applied by Heuberger 
for assessing the risks of gold mines using the DCF 
method (Heuberger, 2005). In order to complete fire risk 
assessment in underground excavations, Soons et al. 
presented a novel qualitative model in 2006 (Soons et 
al., 2006).
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Reilly et al. in 2007 considered the time of occurrence 
and the applied cost of risks. For risk assessment in un-
derground projects (tunnels and excavations) in this re-
search, a regression model and probability-consequence 
matrix are used for processing all risks (Reilly and 
Brown, 2004; Reilly and Parker, 2007). Evans and Br-
ereton in 2007 indicated that both positive and negative 
impacts of risk should be regarded as a system. They 
indicated that sustainable development models should 
be used for the risk assessment process (Evans et al., 
2007). In other research, all influencing factors of flood-
ing in coal mines are determined in eight dominant cat-
egories in four levels of danger (Wang et al., 2008) . 
The Monte Carlo model is used by Fuentes for risk as-
sessment in Chilean copper mines (Fuentes et al., 2009). 
All technical and economic uncertainties are explored 
by Dehghani and Ataee-pour for resource exploration 
projects. In this research, all appropriate responses to 
monitored risks are presented clearly (Dehghani and 
Ataee-pour, 2012). The previously mentioned studies 
proved that there is no comprehensive model for risk as-
sessment in decorative stone quarries. In addition, the 
majority of previous research used the probability-con-
sequence matrix for evaluating risks. It is proven in this 
investigation that these classic methods are not suffi-
ciently reliable (Chapman and Ward, 2003). One of 
the main disadvantages of this process is that low pos-
sibility risks with high consequence and high probability 
risks with low consequence are considered equal (Pipat-
tanapiwong, 2004).

Multi Attribute Design Making (abbr. MADM) mod-
els helps researchers to use experts’ recommendations 
for decision-making (Pomerol and Barba-Romero, 
2012; Shirland et al., 2003). MADM methods are ap-
plied for critical decision-making in mining engineering, 
such as equipment selection and blasting management 
(Yari et al., 2017; Yari et al., 2015; Yari et al. 2014). 
Safety factors for decorative stone quarries were exam-
ined for the first time through an analysis of different 
incidents and injuries which occurred. For this purpose, 
standard guides were implemented for safety, quality 
measurement and risk analysis (Bagherpour et al., 
2015). A classification of quarries considering safety and 
environmental attributes help mining companies in all 
aspects of health, safety and environmental manage-
ment. This process helps them to convert their qualita-
tive assessment to quantitative evaluation and reliable 
judgment (Yari et al., 2016).

In the first step of this study, all hazards with an im-
pact on the production rate of decorative stones quarries 
were analysed by using 21 experts’ opinion as a Risk 
Breakdown Structure (RBS) in dimensional stone quar-
ries in 17 main levels and 128 sublevels. In the next step, 
the weights of assessment factors were evaluated using 
Fuzzy-Analytical Hierarchy Processes (Fuzzy-AHP) 
based on experts’ opinions. Finally, using the PRO-
METHEE method, all the defined hazards concerning 

the imposing aspects were evaluated and the most threat-
ening risks were determined for the Ghasre dasht mine 
(Yari et al., 2014).

2. Risk breakdown structure

Risk Breakdown Structure (RBS) is implemented as a 
reliable method for hazard administration in prominent 
guides such as PMBOK. The application of RBS is com-
parable to Work Breakdown Structure (WBS). RBS is a 
pyramidal model of possible hazards which could be 
useful for administration to recognize all the risks of an 
operation. More detailed risk factors are present in the 
sub levels of the RBS for an exact definition of them 
(Iranmanesh et al., 2007). Full-detailed RBS is valua-
ble for documentation of the hazards of engineering op-
erations, but it is not essentially containing all the risks 
of the operation. Consequently, a proper RBS should be 
organized for each project considering its special fea-
tures. Quarrying operations inherently include two main 
branches of risks: internal and external risks. Internal 
conditions of quarrying operations applies internal risks 
to a project and external restrictions such as economic 
policies which lead to external risks (Hillson, 2003). 
Fuentes categorizes hazards of the quarrying operations 
as: the geological risks, geotechnical risks, project risks, 
operational risks, environmental risks, marketing risks, 
macroeconomic risks, political risks and transaction 
risks (Fuentes et al., 2009; Gaurina-Međimurec and 
Mavar, 2017; Yarahmadi et al., 2014). The main haz-
ards of the mining operation in Mongolia have been 
classified by Chinbat and Takakuwa as: Owners’ eco-
nomic uncertainty, weak management, technical risks, 
government bureaucracies, incorrect assessment of the 
resource, workers’ carelessness, transportation in need 
of improvement, a lack of skilled workers, delay of 
equipment, government inspectors’ restrictions, varia-
tions in regulations, fuel deficiency, accidents during the 
production process, unpredicted environmental events, 
inadequate investment, organization/human confronta-
tion (Chinbat and Takakuwa, 2009). The previous 
studies show that there are no comprehensive categori-
zations of risk parameters in quarrying operations and 
only some of the hazard factors are regarded by previous 
investigations. Numerous and different types of risks 
that occur in quarrying operations makes this process as 
one of most hazardous fields of engineering. RBS is a 
reliable structure that includes all risks of a particular 
project and is applicable for all similar projects (Mac-
Dermott et al. 1996).

This investigation presented a complete RBS for di-
mensional stone quarries which contains two dominant 
branches of hazards: internal risks (including: 11 main 
categories and 79 sublevels (see Figure 1)) and external 
risks (including: 6 main groups and 49 sub-groups (see 
Figure 2)).
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3.  Evaluating attributes for risk 
assessment

As mentioned in the introduction, all conversional 
methods which are implemented for risk evaluation 
(such as the probability-consequence matrix) are com-
plex models and are not able to present a comprehensive 
risk management model (Yari et al., 2015). For provid-
ing a comprehensive model, all impactful factors and 
criteria on risk assessment are determined (as shown in 
Table 1).

4.  Multi attribute decision-making 
methods

Multi Attribute Decision Making (MADM) is a sys-
tematic model for assessing, sorting and determining the 
most proper alternative among several conditions. In all 
MADM problems, there are two main indexes: attributes 
and alternatives. A decision matrix is a structure which 
determines the value of each alternative in the perspec-
tive of attributes (Yari et al., 2016; Yoon and Hwang, 
1995). All columns of the decision matrix have a scale 

Figure 2: Risk Breakdown Structure for internal hazards in dimensional stone quarries

Figure 1: Risk Breakdown Structure for External hazards in dimensional stone quarries
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and unit. Attributes are divided into two categories: pos-
itive and negative. After applying a routine of systematic 
steps, attributes get their own score based on the evalu-
ated criteria (Yoon and Hwang, 1995).

4.1. Fuzzy-AHP method and steps

In a decision-making problem, there are various at-
tributes (criteria) with different important values. These 
values are specified by a number between 0 and Y and 
indicate the preference of each attribute in comparison 
with others. These indexes are called weights in deci-
sion-making problems. In this study, the Fuzzy-AHP 
method is implemented for calculating the relative pref-
erence of attributes under the condition of uncertainty 
(Ooriad et al., 2018). For applying this method, the 
relative preference of each attribute in comparison with 
other attributes is determined by using a couple com-
parison matrix. After carrying out the systematic stages, 
the weights of the attributes are determined.

The decision-making is a problem which has a num-
ber of attributes with various degrees of importance. 
Consequently, each attribute is assumed a weight and the 
preference of each index over the other attributes is de-
termined using these weights. There are different meth-
ods for measuring the weights of the attributes. In this 
study, the Fuzzy-AHP method was used due to its com-
prehensive application (Saaty and Vargas, 2000).

Fuzzy-AHP follows all steps of the AHP method in a 
Fuzzy environment. In other words, this model is pre-
sented for solving decision-making problems in condi-
tions where there is no capability of using crisp num-
bers. In this condition, the fuzzy environment converts 
all linguistic factors to fuzzy numbers. The Fuzzy-AHP 
model consists of the following steps (Özdağoğlu and 
Özdağoğlu, 2007):

4.1.1. Break down the complex problem

Break down the complex problem into a graded struc-
ture form.

4.1.2. Forming a couple comparison matrix

Forming a pair comparison matrix with n rows and m 
columns (shown in Equation 1).

  (1)

Where:

 

4.1.3. Calculating fuzzy synthetic amount

  (2)

Calculating the fuzzy synthetic amount value si four 
rows of pairwise comparison matrix as shown in Equa-
tion 2.
Where:

 - triangular fuzzy numbers,
si - fuzzy synthetic amount value,
i - each of the attributes,
j - each of the criteria,
m - number of criteria,
n - number of attributes.

To get  perform “fuzzy addition operation” 

of m extent analysis values for a particular matrix given 
in Equation 3.

  (3)

Where:
l - the lower limit value,
m - the most promising value,
u - the upper limit value.

To obtain  perform the “fuzzy addition 

operation” of  values are given as 
Equation 4.

Table 1: Significant attributes in risk assessment procedure 
for dimensional stone quarries

Attribute Description
Event probability Expert judgment about the Expected 

rate of Event risk
Impact on project 
time

Negative effect of risk on the project 
time

Impact on project 
cost

Negative effect of risk on the project 
cost

Impact on project 
quality

Negative effect of risk on the project 
quality

Impact on project 
performance

Negative effect of risk on the project 
performance

Manageability The ability to manage and answer to 
risk

Continually 
repeating Exposure

Repetition rate of risk facing the 
ability to predict risk occurrence

Proximity Proximity of time of the risk occurring
Confidence level confidence level of assessed risk 

values
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  (4)

And then calculate the reverse of the vector (see 
Equation 5).

  (5)

4.1.4. Defining the degree of possibility

The degree of possibility of  
 is defined in Equation 6 (Zhu et al., 1999) 

(see Figure 3).

  (6)

4.1.6. Presenting the normalized weight vectors

  (10)

Via normalization, the normalized weight vectors are 
presented in Equation 10.
Where:

W - normalized weight vector,
 - n attributes.

To evaluate the risks, experts only choose the related 
linguistic variable, and for calculations, they are con-
verted into the following scale, with triangular fuzzy 
numbers advanced and are quantified as shown in Table 
2 (Chang, 1996).

Figure 3: The degree of opportunity of two fuzzy numbers

The degree possibility for a curved fuzzy number to 
be greater than k convex fuzzy numbers  
can be defined in Equation 7.

 

 and ,

  (7)

Where:
Mi - convex fuzzy numbers.

4.1.5. Calculating the weights of attributes

  (8)

Calculating the weights of attributes in pair wise com-
parisons matrix (see Equations 8 and 9).

Then the weight vector is given by:

  (9)

Where:
W - the weight vector,

 - attributes.

Table 2: Fuzzy number of linguistic variables

Linguistic Fuzzy number
Very High (5,7,9)
High (3,5,7)
Medium High (1,3,5)
Medium (1,1,3)
Medium Low (1/5,1/3,1)
Low (1/7,1/5,1/3)
Very Low (1/9,1/7,1/5)

4.2. PROMETHEE method

The PROMETHEE (Preference Ranking Organiza-
tion Method for Enrichment Evaluations) is one of the 
most reliable methods of MADM for the ranking of al-
ternatives in decision-making problems. This model was 
presented by Brans et al. in 1984 and 1986 for the first 
time (Brans et al., 1986; Mareschal et al., 1984). In 
this method, various preference relations are determined 
for evaluation criteria (Dağdeviren, 2008; Senvar et 
al., 2014). This decision model is one of the most user-
friendly models of MCDM. This method is a proper al-
gorithm for problems with a limited number of alterna-
tives and a set of criteria (Albadvi et al., 2007; Bilsel et 
al., 2006; Tuzkaya et al., 2010).

The advantages of this method are mentioned as fol-
lows:

1.  The simplicity of this method for decision-mak-
ing.

2.  This model is applicable for real problems.
3.  In partial and total decision problems PROMETH-

EE makes adequate, simple and reliable decisions.
Two substantial types of data are necessary for deci-

sion-making using PROMETHEE (Macharis et al., 
2004):

4.  The weight of criteria which indicates the relative 
preference of them.

5.  The standard guides which experts use for deter-
mining the relative preference of alternatives for 
each criterion.
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The fundamental steps of PROMETHEE contain six 
main stages (Brans et al., 1986; Geldermann et al., 
2000):

Step 1: defining a preference function pj(d) for crite-
rion j.

Step 2: determining the weights vector for the criteria.
Step 3: equation π should be determined for all crite-

ria  (see Equation 11).

  (11)

π (at, at’) as a preference indicator presents the prefer-
ence degree of experts in comparison of at and alterna-
tives at’.

Step 4: Ø+(at) leaving flow should be calculated as an 
index for determining power of alternatives (see Equa-
tion 12). 

  (12)

Where:
Ø+(at) - leaving flow.

  (13)

Step 5: Ø–(at) (entering flow) should be determined as 
an index for weakness of alternatives (see Equation 13).
Where:

Ø–(at) - entering flow.
Step 6: a graphical assessment of the sorting equation 

is derived. Basically, the higher the leaving flow and the 
lower of the entering flow, the more proper the action. 
These outcomes are indicated graphically using a rela-

tive preorder (PROMETHEE I) or an entire preorder 
(PROMETHEE II).

In PROMETHEE I, alternative at is raised to at’ (see 
Equation 14) (Dağdeviren, 2008).

   (14)

5. Case study

The case study which was used for verifying the pre-
sented model is a high production rate marble quarry in 
the north-east of the Fars Province, Iran (see Figure 4). 
This area contains a satisfying marble resource in the 
North West-South East trend. This region also includes 
Bangestan marls.

6. Results and discussion

For accumulating experts’ assessments, two types of 
questionnaires were composed:

• The first questionnaire: defining the weights of cri-
teria by implementing the Fuzzy-AHP method.

• The second questionnaire: for creating an initial de-
cision matrix for assessing and sorting the deter-
mined risk by using PROMETHEE.

All questionnaires were designed and filled in accord-
ance with the standards of the AHP and PROMETHEE 
methods.

The initial decision matrix contains 11 columns and 
18 rows which includes criteria and alternatives respec-
tively. The opinions of 21 decorative stone experts were 
gathered for filling the initial decision matrix accurately. 
By using Fuzzy-AHP, the weights (relative importance) 

Figures 4: Ghasre dasht mine
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of criteria were determined. Figure 5 shows the relative 
importance of the criteria in this study.

In the next stage, by forming an initial decision matrix 
and determining the weights of criteria, graphic PRO-
METHEE software was applied for the sorting and eval-
uating of risks. All stages of PROMETHEE were conse-
quently followed and the results are presented in Table 
3. Later assessing the weight of attributes and applying 
all the mentioned steps of the PROMETHEE method, 
the ranking process of risks is shown by using the 
Graphic PROMETHEE Software. Figure 6 and Table 3 
show the results of PROMETHEE for sorting threaten-
ing risks of the Ghasre dasht marble quarry.

The mining process is one of the unrepeatable pro-
cesses that affect different factors and conditions of op-

erations. Therefore, the risks in different mines are dif-
ferent. The results obtained in this study are only related 
to dimensional stone quarries.

7. Conclusion

Quarrying and extracting operations are the riskiest 
and most hazardous operations in mining. The assess-
ment, controlling and management of risks in quarrying 
regions are significant issues which could lead to sus-
tainable production. Categorizing, processing and prop-
er responding to all hazards of the operation for improv-
ing the impacts of wanted phenomena and decreasing 
unwanted events, lead to the development of a compre-
hensive risk management method. The Risk Breakdown 
Structure process is an applicable and helpful means of 
risk evaluation. In this research, decorative stone quarry-
ing risks are explored for the first time and divided into 
17 main branches and 127 subcategories. These risks are 
political risks, social risks, environmental risks, eco-
nomical risks, act of God risks, legal risks as external 
sources and financial risks, management risks, technical 
risks, material and equipment risks, contracting risks, 
loss or damage, personnel risks, schedule risks, employ-
er involvement risks and planning risks as internal risks. 
After determining the main and sublevel risks, these 
hazards are ranked by using PROMETHEE by regarding 
all the influencing criteria of risk assessment. The opin-
ions of 21 decorative stone experts were gathered for 
filling the initial decision matrix accurately. By using 
Fuzzy-AHP, the weights of criteria are determined. The 
results indicate that the employer risk is in the first rank 

Figure 5: Weights of criteria

Table 3: Results of PROMETHEE for sorting threatening risks of the Ghasre dasht marble quarry 

Risk Rank Risk Rank Risk Rank
Employer risk 1 Management risk 7 Legal risk 13
Schedule risk 2 Economical risk 8 Contracting risk 14
Material and Equipment risk 3 Personal risk 9 Political risk 15
Financial risk 4 Guarantees risk 10 Social risk 16
Technical risk 5 Act of God risk 11 Loss and Damages risk 17
Planning risk 6 Environmental risk 12

Figure 6: Sorting threatening risks of the Ghasre dasht 
marble quarry
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of risks which should be controlled in quarrying opera-
tions. Schedule risk, Material and Equipment risk, Fi-
nancial risk and Technical risk are the next five most 
hazardous risks.
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SAŽETAK

Istraživanje sveobuhvatnoga modela za procjenu obradbenoga i okolišnoga rizika  
kod vađenja arhitektonsko-građevnoga kamena

Jedna od najopasnijih inženjerskih aktivnosti jesu rudarske operacije koje stoga zahtijevaju dodatne procjene rizika. 
Vađenje ukrasnoga kamena jedna je od glavnih rudarskih grana u Iranu. Trenutačno su Iran, Kina i Italija tri glavna 
 proizvođača takva kamena u svijetu. Procjena rizika među temeljnim je aktivnostima kamenoloma. Jedan od glavnih 
postupaka toga procesa jest procjena rizika loma strukture (RLS). S tim ciljem modelirane su makrostrukure arhitekton-
sko-građevnoga kamena te su podijeljene u 17 razina. Jedan od najboljih postupaka za rangiranje rizika jest višeatributna 
metoda donošenja odluka koja povezuje brojne zavisne parametre. Nadalje, ocijenjeni su glavni rizici u najvećim kame-
nolomima uporabom metode preferirajućega rangiranja za poboljšanu procjenu (MPRPP). Na kraju su izračunani eko-
nomski rizik te rizici upravljanja i planiranja, koji ujedno imaju najveći utjecaj na opisane aktivnosti.

Ključne riječi:
procjena rizika, arhitektonsko-građevni kamen, fuzzy-AHP, rizik loma strukture, MPRPP
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