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ABSTRACT

Turkey is located on the Alpine-Himalayan orogenic belt, which has led to significant development in both surface and underground mining indust-
ries. Due to the growing mining sector, there has been an increase in raw material production and workforce, making occupational health and safety
increasingly important. This study identifies 59 hazards and risks associated with 26 activity areas in the marble quarry operating areas on Marmara
Island, the second largest island of Turkey in Balikesir province. The geological structure of the area and the activities carried out in the quarry were
taken into consideration. The hazards and risks were assessed using three quantitative risk methods: 5x5 L-type Matrix, Fine-Kinney, and Potential
Failure Modes and Effects Analysis (FMEA). The 5x5 L-type Matrix identified 24 activity areas as high risk and two as medium risk. The Fine-Kinney
method identified 16 areas as very high risk, 8 as high risk, and 2 in the important risk group. The FMEA method recommended 13 precautions based
on RPN values. Among the identified risks, 11 require precautions while 2 do not. The Fine-Kinney method is considered suitable for marble quarry
operations as it provides a detailed, comprehensive, and sensitive analysis of hazards and risks specific to environmental conditions, work areas, and

employees, resulting in safer outcomes.

Keywords: Marmara Island, Marble Quarry, 5x5 L Type Matrix, Fine-Kinney, FMEA.

Introduction

Marble is a rock composed of carbonate, resulting from the
metamorphism of limestone and dolomite, and bearing traces of
this process. Commercially, according to the Mining Law, it is de-
fined as a stone of sedimentary, magmatic, and metamorphic or-
igin that can yield blocks in sizes in accordance with commercial
standards, is cut and polished, and is suitable for use as a covering
stone (DPT, 2001). Marble quarrying in our country is carried out
using the surface mining method. This sector is economically im-
portant for the extraction and production of raw materials, but it
is also one of the most hazardous in terms of occupational health
and safety. The process of cleaning and stripping the ground cover
in marble quarry operations involves drilling holes on the surface,
dividing the surface into blocks with a cutting machine, demol-
ishing the cut blocks, sizing the demolished blocks into small
pieces with wire cutting machines, transporting them within the
quarry, storing them in the stock area, and finally shipping them
(Angotzi et al.,, 2005). Depending on the work areas and activities
undertaken, there may be many potential dangers and high risks
present. As the number of mines and enterprises increases, so do
work-related accidents and occupational diseases. Therefore, it is

essential to conduct a risk assessment to reduce hazards and risks
to acceptable levels.

In recent years, researchers have evaluated occupational he-
alth and safety in marble quarries andenterprises. Konuk et al.
(2009), identified hazards and risks in 15 marble quarries in Bi-
lecik province using the Check-list method for risk analysis. Agca
(2010), conducted a risk analysis evaluation with the L-Type Mat-
rix method in a private marble factory in Diyarbakir province. El
Gammal et al. (2011), evaluated the health risks associated with
marble. Eleren and Ersoy (2011), used the Failure Mode and Ef-
fects Analysis method to assess the risks of chain arm cutter and
diamond wire cutting methods in natural quarry enterprises. de
Melo Neto et al. (2012), conducted a Preliminary Risk Analysis in
the Recife Metropolitan Region (RMR) of Brazil. They found that
a quantitative study was necessary to determine the risks in the
marble quarry. Goztepe et al. (2013), conducted a study on risk
assessment and occupational health and safety nonconforman-
ce monitoring systems in marble production using a 3T method.
The authors suggest that this method is easy to apply for those
who are knowledgeable in the field and can help raise awareness.
Ozgelik (2013), conducted a risk analysis in a marble quarry using
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the Fine-Kinney methodology and proposed preventive measures.
Cinar and Sens6giit (2016), calculated risk scores for identified
hazards in marble enterprises. The calculated risk scores helped
to identify risky enterprises and sources of risk. Additionally,
measures to eliminate high-risk sources or minimize risks were
determined. Mikaeil et al. (2017), conducted a safety risk analysis
using the FMEA method in Badeki marble quarries. The study
identified wire saw tearing and rockfall as the primary safety
concerns. The authors suggested that implementing preventive
measures and making necessary changes can significantly reduce
the initial risk in these mines, ensuring the safety of both personnel
and equipment. Yilmaz (2018) conducted a survey on the ‘Evalua-
tion of Marble Production and Processing in Terms of Occupational
Safety’ among randomly selected employees from marble compa-
nies and quarries in the Bursa region. The survey aimed to mea-
sure workers’ awareness of the risks in their work environment.
Sarikaya and Kasap (2019) identified existing hazards in a marble
enterprise using the Failure Mode and Effects Analysis method
and interpreted these hazards. Giir and Sezik (2020) conducted
a focus group discussion to determine the working conditions of
employees in a small-scale marble factory in Corum province, with
a focus on occupational health and safety. The questions for the
study were prepared to cover working conditions, existing hazar-
ds and risks, occupational health and safety practices, occupatio-
nal health and safety training, and precautions to be taken by the
management. Esmailzadeh et al. (2022) conducted a study using
the Failure Modes and Effects Analysis (FMEA) method to identify
the most likely hazards in dimensional stone mines in West Azer-
baijan. The study found that the top three hazards were diamond
cutting wire breakage, rockfall, and car accidents, in that order. It
was suggested that these hazards could be reduced by implemen-
ting preventive actions, such as timely replacement of the cutting
wire, using an intelligent system for cutting tool control, providing
necessary personal training, and considering protective measures.
Giindiiz (2023) identified the hazards present in all areas of acti-
vity of a marble enterprise in Bilecik and conducted a risk assess-
ment using the Fine-Kinney risk analysis method. Hazards and ris-
ks in surface mining operations have been identified using various
risk assessment methods

A comparison has been made between risk methodologies to
determine which can provide better results for activities related to
the operation and processing of marble quarries. In the study con-
ducted by Ozfirat et al. (2017), the L-matrix and ETA risk methods
were applied in Afyon marble facilities, and three initiating events
were identified: breaking of the lifting rope, breaking of the dia-
mond wire, and electrical leakage caused by old systems. Dolmaz
(2018) measured physical risk factors, including lighting, thermal
comfort, noise, dust, and vibration, in a marble cutting and polis-
hing facility. The data was analysed using L Matrix and Fine-Kin-
ney risk analysis methods. The results showed that Fine-Kinney
risk analysis is more advantageous than L Matrix analysis due to
the frequency factor. In a study of a marble quarry, Gok (2018)
employed the Fine-Kinney risk method with an L-type matrix for
risk assessment. The study found that this method produced effe-
ctive results due to its incorporation of multiple variables in risk
scoring. However, the author suggested that the L matrix method
should also be employed to support this approach. Demirel (2019)
conducted separate risk assessments using FMEA and Fine-Kin-
ney risk methods for machine-related risks in the mine and its
facilities. They provided recommendations for reducing work ac-
cidents. Ersoy et al. (2019) identified potential accident types and
effects in block production activities at a marble quarry. They per-
formed risk analysis using the Fine-Kinney method and evaluated
the data using the Grey Relational Analysis method. It was conc-
luded that the GIA method can be integrated into the Fine-Kinney
risk analysis method and used to solve problems and determine
priorities for the improvement program.

In addition to mining, other sectors have also compared diffe-
rent risk methodologies to reveal similarities and differences. For
instance, Erten and Utku (2017) compared the 5x5 Matrix, Fine
Kinney, and FMEA risk methods in the pharmaceutical industry.
They found that the 5x5 matrix was inadequate compared to the
Fine Kinney method. When evaluating the FMEA method alongsi-
de the 5x5 L Matrix and Fine Kinney methods, it was found that
the Fine Kinney method was more applicable and functional, and
more comprehensive in terms of conditions. In their comparison
of the Fine-Kinney and FMEA risk methods in the tea business,
Durmus et al. (2021) noted that while the FMEA method has ad-
vantages and disadvantages, it should be used to detect process
errors and prevent them from occurring instantly. Kiray (2023)
compared the hazards and risks of geothermal power plants using
the 5x5 L Matrix and Fine Kinney methods. The study suggests
that the Fine-Kinney Method should be preferred due to its clas-
sification as very hazardous and the need for a detailed analysis.
Yorulmaz and Yegin (2023) found that FMEA risk analysis is more
effective than Fine-Kinney risk analysis in detecting the error that
causes hazardous material handling activities in port enterprises.
However, Fine-Kinney risk analysis provides more precise and de-
tailed risk levels.

Marble quarrying is a crucial sector in the mining industry
and has become a significant source of national income for produ-
cing countries due to its increasing importance. Our country has a
substantial potential for marble resources with its geological and
tectonic structure (Gorgild, 1994). Marmara Island, located in the
Balikesir province, has a significant resource of white dolomite
stone and fulfils a significant portion of the marble demand. Du-
ring the Paleozoic and Mesozoic Eras, Marmara island underwent
sedimentation and was subjected to Alpine-Himalayan tectonic
movements. As a result of orogeny, east-west faults were formed.
Evidence of the island’s exposure to the sea during the Quaternary
period can be seen in the presence of marine terraces in its sout-
hern part. In the Halocene epoch, the Marmara island became se-
parated from the other islands and the Kapidag Peninsula (Tung¢di-
lek, 1987). The island’s current appearance is the result of tectonic
movements it has been exposed to (Aksoy, 1993).

Marmara Island is the largest island in the Marmara Sea and
the second largest in Turkey. The study area is located on the Biga
massif, which is surrounded by a complex tectonic mosaic of va-
rious tectono-stratigraphic layers and fault zones. The location
was previously described by Ketin (1946) and Aksoy (1999). The
Giindogdu Metamorphics, the oldest unit of Marmara Island, were
deposited on the edge of the continent and comprise mica schist,
calcschist, and marble. The Erdek Complex is located on a unit
with a tectonic contact and is mainly composed of metabasites,
which are formed from oceanic crust, as well as smaller amounts
of mica schist, calcschist, and marble blocks. It is overlaid by Mar-
mara Marble, the most common rock type on the island, with an
angular unconformity (Aksoy, 1993). The Sarayli Complex consists
of exotic marble and metabasite blocks, as well as metapsammite,
metapelite, and calcschist intercalations with metavolcanics (basic
and intermediate). It is an intrusion that cuts through the calc-al-
kaline composition, WSW-ENE trending ilyasdagi Metagranodiori-
te, Marmara marble, and Erdek complex, and overlies the Marma-
ra marble. Numerous aplites associated with this intrusion have
cut along hot contacts with pegmatite and quartz veins (Tanyolu
1979; Aksoy 1993).

Based on previous studies have concluded that risk assess-
ment is crucial in the mining industry as it directly impacts mining
operations and production. The selection of the most effective risk
methods should be based on their applicability to changing con-
ditions, such as environmental or technological factors, and the
measures taken to mitigate risks. It is important to continuously
improve the selected risk assessment methodologies. The aim of
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this study is to determine the most effective and reliable methodo-
logy for assessing the risks associated with marble quarrying. This
will be achieved by comparing the hazards and risks of marble
quarrying using commonly used 5 x 5 L-type matrix, Fine-Kinney,
and FMEA.

Marble quarries on the Marmara Island (NW Kapidag Penin-
sula), which is the second largest island in Turkey and the largest
island in the Marmara Sea and which gives its name to the sea, will
be evaluated for the first time in terms of occupational health and
safety with this study. In this study, a comparison of risk methods
using 5x5 L Type Matrix, Fine-Kinney and Possible Failure Modes
and Effects Analysis (FMEA) methods was made for the first time
in determining the hazards and risks in these marble quarries.

1. Materials and Methods

The objective of this study was to identify the hazards and ris-
ks associated with a marble quarry. To achieve this, we compared
the potential hazards and risks using three methods: the 5x5 L
Type Matrix, Fine Kinney, and Possible Failure Modes and Effects
(FMEA). The aim was to determine the most suitable risk assess-
ment method for the quarry.

1.1. 5x5 L Type Matrix Method

The 5x5 L Type Matrix method is a widely used quantitative
risk assessment technique. It was developed by the United States
to meet the requirements of the system security program (MIL_
STD_882-D Military Standard). The method calculates the risk sco-
re by multiplying the probability and severity parameters (Ozkilig,
2005). The risk score is obtained by multiplying the probability
(Table 1) and severity (Table 2) parameters, as shown in Table 3.
Table 4 outlines the acceptability and actions to be taken based on
the risk score.

Table 1. The probability of an incident occurring(Ozkilig, 2005)

Likelihood Rating for Likelihood of Occurrence

Very Small Almost never

Small Very rarely (once a year), only in abnormal cases
Medium Less (a few times a year)

High Frequency (once a Month)

Very High Very often (once a week, every day), under normal oper-

ating conditions

Table 2. Severity of the incident outcome (Ozkilig, 2005)

Result Rating

Very Light No work hours lost, first aid required

Mild N0.1<.)ss of worl.dng (.jays, no permanent effects re-
quiring outpatient first aid

Moderate Minor injury, inpatient treatment

Serious Serious injury, long-term treatment, occupational

disease

Very Serious Death, Permanent Disability

Table 3. Risk rating matrix (Ozkilig, 2005)

Likelihood Severity

1 2 3 4 5

1 Acceptable Low Low Low Low
1 2 3 4 5

) Low Low Low Medium  Medium
2 4 6 8 10

3 Low Diisiik Medium  Medium
3 6 9 12

4 Low Medium Medium
4 8 12

5 Low Medium
5 10

Table 4. Acceptability values of the incident outcome (Ozkilig, 2005)

Result Action

Activities should not commence until the identified
risk has been reduced to an acceptable level. If ac-
tivities are already underway, they must be halted
immediately. If the risk level does not decrease
despite the measures taken, the activity should be
prevented.

Intolerable Risks

(25)

Activities should not commence until the identified
risk has been mitigated. If activities are already un-
High Level Risks derway, they mustbe halted immediately. If the risk
(15,16,20) is related to the continuation of the work, urgent
measures should be taken and a decision should be
made on whether to proceed with the activity.

Efforts are ongoing to decrease the identified risk

Moderate Risks levels.

(8,9,10,12) G . R
Mitigating risks may require a significant amount

of time.

Low Level Risks
(2,3,4,5,6)

The maintenance of existing controls and auditing
of taken controls is recommended.

Acceptable Risks  Control to eliminate identified risks

1.2. Fine-Kinney Method

The Fine-Kinney method was developed in 1976 by Kinney
and Wiruth as a quantitative risk assessment tool for controlling
hazards. This method considers the risk value, consequences of an
accident, and frequency and probability of occurrence of the ha-
zard (Table 5, 6, and 7). The risk score is calculated by multiplying
these three factors (Table 8, Fine, 1971).

Table 5. Probability of harm occurring (Kinney and Wiruth, 1976)

Value Probability of Occurrence
10 Expected, sure

6 High / quite possible

3 Likely to happen

1 Rarely possible

0,5 Unexpected but possible

0,2 Not practically possible
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Table 6. Severity of estimated damage to humans and the environment(Kin- their effects on system performance (Gandhi and Agrawal, 1992).
ney ve Wiruth, 1976) The risk table is determined by analysing the frequency of error
occurrence, the severity of impact, and detectability parameters
Value  Consequence (Table 9-11). Precautions are evaluated based on the risk priority
100 Multiple deaths - Environmental disaster numbers (Table 12).
40 Fatal accidents - Serious environmental damage
15 Permanent damage, disability, need for internal first aid - Table 9. Likelihood of failure (Stamatis, 1995)
Wide environmental impact
7 Significant damage, disability, external first aid - Environmen- Likelihood Occurrence Degree
tal impact beyond land boundaries
. . . . . . o Very High: more than 1/2 10
3 Minor damage, injury, first aid - Environmental impact within
land boundaries Unavoidable error 1/3 9
1 Cheap bypass - No harm to the environment High: 1/8 8
Mistake over and over again 1/20 7
Middle: 1/80 6
Table 7. Repeated exposure to hazard (Kinney ve Wiruth, 1976) Occasional error 1/400 5
Low: 1/2000 4
Value  Frequency
10 Very often (Several times an hour) Relatively 1/15000 3
6 Frequently (Once or several times a day) Few: 1/150000 2
3 Occasionally (Once or several times a week) Improbable error 1less than 1/1500000 1
2 Not often (Once or a few times a month)
1 Rare (A few times a year)
0,5 Vi [0] 1
! ery rare (Once a year or less) Table 10. Classification of the impact of consequence (Stamatis, 1995)
Effect Effect of Severity Level
Coming with-  There is a risk of catastrophic failure that 10
Table 8. Risk levels and acceptability values(Kinney ve Wiruth, 1976) out warning  could occur without warning.
High risk
Risk Value Risk Severity Level Risk Control Measures . . .
Hazard that This text describes a potential error that 9
comes with-  could cause significant damage and mass
out warn- casualties without warning.
ing
Very high This text describes a failure type that can 8

cause complete damage to a system, resulting
in catastrophic effects such as severe injuries,
third-degree burns, acute burns, and even

In the short term, it should be death.
resolved within a few months.

200<R<400  High Risk

Major This failure type can cause severe damage to 7
the equipment and result in fatalities, poi-
soning, third-degree burns, acute death, and

The improvement should be .
other serious consequences.

70<R<200 Significant Risk made within the year for long-
term benefits. Moderate System failure can result in serious harm such 6
as loss of limbs or organs, serious injury, or
even cancer.
20<R<70 Considerable Risk Must be kept under surveillance.
Low Instances of failure may result in various 5
' Priority is not to take immediate injuries such as fractures, minor permanent
R<20 Acceptable Risk action. disabilities, second-degree burns, concus-
sions, and other similar injuries.
Very low Injuries resulting in minor harm, such as 4
1.3. Potential Failure Modes and Effects Analysis bruises, minor cuts, abrasions, or crushing,

may cause short-term discomfort.
The Failure Modes and Effects Analysis (FMEA) method was

first introduced on November 9, 1949, as Military Procedure Minor SyStem_ failure that causes a slowdown in 3
MIL-P-1629 by the United States Army. It is a reliable and straigh- operation.
tforward method that can be easily applied by a risk assessment Very minor  System failure that causes a slowdown in 2
team with moderate experience, without requiring theoretical operation.
knowledge. FMEA is a systematic procedure used to analyse a None No effect 1

system and identify potential failure modes, causes of failure, and
10
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Table 11. Probability of occurrence of damage(Stamatis, 1995)

Table 12. Risk Priority Number(Stamatis, 1995)

Noticeability Probability of noticeability Degree Risk Priority Number Value Action
Not detectable Not possible to detect potential error 10 RPN<40 No precautions need to be taken.
Not enough Detectability of potential defect is too far 9 40<RPN<100 Precautions may be taken.
- RPNG100 Precautionsmustbetaken.
Little Detectability of potential defect is remote 8
. ] ] Precautions should be taken starting from the highest value of
Very low E) itecmblhty of potential defect is very 7 the risk priority number (RPN) coefficient as it causes the greatest
damage (Ozkilig, 2005).
Low Detectability of potential fault is low 6
Medium Potential error detectability ismedium 5
. High average detectability of potential 2. Results
High average 4 . . .
faults Risk assessment studies were conducted to evaluate occupati-
High High detectability of potential errors 3 onal health and safety in the marble quarries of Marmara Island.
Verv high Potential detectabilitv i high ) The risks associated with quarry activity areas and hazard situati-
ery g otentialerror detectability is very hig ons were assessed using the 5x5 L Type Matrix, Fine-Kinney met-
Almost certain Detectability of potential error is almost 1 hod, and FMEA risk assessment methods (Table 13).

certain

Table 13. Comparison of Risk Assessment Methods: 5x5 L-Type Matrix, Fine-Kinney, and FMEA

5x5 L Type Matrix Fine-Kinney FMEA

= =l °
C =
B 5 g R = p . £ S5

= ) = = ) = B 7 [}
HAZARD Z £ 2 E 2 £ £ 2 E Z £ & sz
< L O 0 < o =) S & ol L B o 0
Q > A O Q > o A O Q > 3] N O
o 3 17 [=) 3 [} b =) Q Q 3
= %] 2 p ) %] = 2 5 = 2] o x ¢
=9 2 < A = 2 < A A O

& =2 (4

LEVEL

The platform height and width of the platform, slope not

suitable for the structure and durability of the ground, unsafe

working on the platform and failure to take safety precau-
tions.

DRAINAGE

Lack of water drainage, improper installation

MINE ROADS - TRANSPORT

Lack of warning signs and markings, uncleaned benchs and
roads, unsuitable road gradient, pedestrians using roads,
speed limits exceeded.

BLOCK PRODUCTION

Failure to drill holes properly, unsafe conditions in the dia-
mond wire cutter, failure to take precautions during block
cutter

BLOCK DESTRUCTION

Failure to take safety precautions when breaking blocks can
lead to block destruction.

LOADING

Unsafe operation of trucks and construction equipment
during loading

11
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STOCK AREA 240
Unsuitable ground, unsafe operation of lifting equipment, 3.5 340 2 High 5 73
incorrect stacking of blocks, unauthorized persons. &
EMERGENCIES
Lack of designated bl d tes in th
ack of designated assembly areas and escape routes in the 5 5 6 1 4 9 9

quarry and in the building and its outbuildings, lack of drills,
lack of emergency procedures, lack of employee training on
the subject.

FIRE

Lack of fire extinguishers, and the existing ones are noteasily 3 5
accessible, visible, or placed at a height of 90 cm, not regular-
ly checked for functionality.

ELECTRIC

Lack of leakage current relays in electrical panels, careless-
ness in the use of panels, lack of lightning conductors, failure
to check electrical and earthing installations and lightning
conductors, use of damaged cables.

CONSTRUCTION MACHINES
Failure to check the equipment and machines to be used 240
(such as hole drilling, diamond wire cutting, block cutter) 3 5 6 40 1 5 7 2
before starting work, lack of operating instructions for the High
equipment and machines, lack of an emergency stop system,
lack of metal body and equipment grounding,
WORK EQUIPMENT AND HAND TOOLS
240
The misuse of work equipment and hand tools for purposes 3 5 6 40 1 5 7 3
other than their intended use, as well as failure to wear pro- High
tective visors while using work equipment.
PRESSURE VESSELS AND PRESSURE PIPES
240
Lack of inspection of pressure vessels and cylinders, improp- 3 5 6 40 1 5 7 3
er storage of cylinders, mobile compressors being close to High
employees
WELDING WORKS
Welding work is not carried out by qualified personnel, check 240
valves are not available, gas hoses are damaged, goggles/face 3 5 6 40 1 4 7 4
shields are not used, flammable and combustible materials High
are in the welding area, fire extinguishers are not used while
working.
MANUAL HANDLING AND ERGONOMICS 12 126
The misuse of hand tools, absence of protective casing on ro- 3 4 . 6 7 3 L 75 4
Medium Significant

tating parts of electrical tools, and use of defective equipment

12
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WORKING AT HEIGHT
Failure to use personal protective equipment (parachute type 3 5 40 2

seat belt etc.) when working at heights, working at heights
not receiving proper training.

MAINTENANCE AND REPAIR

Failure to obtain permission for work, failure to disconnect 3 5 40 2
power from the machine/equipment, and failure to take
safety precautions.

PHYSICAL RISK FACTORS
. . - . 15 6
Unsuitable working conditions and lack of environmental
measurements.

CHEMICAL RISK FACTORS

The use of hazardous chemicals without Material Safety Data
Sheets (MSDS) and without working with a minimum num-
ber of employees, non-hazardous or less hazardous chemi-
cals instead of hazardous chemicals.

40 3

BIOLOGICAL RISK FACTORS

The exposure of workers to factors such as dust, humidity, 3 5 40 3
heat, and other environmental hazards, as well as the lack of
protective vaccinations

PSYCHOLOGICAL RISK FACTORS 90
Events experienced by people and failure to find solutions to

Significant
these events, lack of employment and periodic examinations g

PERSONAL PROTECTIVE EQUIPMENT
. . . . 40 3
Failure to provide employees with appropriate personal
protective equipment (PPE) for their work.

TRAINING

The inadequate training of employees in areas such as oc- 3 5
cupational health and safety, vocational training, on-the-job
training, emergency procedures, and first aid etc.

HEALTH AND SAFETY SIGNS
40 3
Inadequate or missing health and safety signs.

SAFETY

The boundaries of the pit have not been determined. Addi-
tionally, third parties have been entering the site without
permission due to the lack of cameras and inadequate light-
ing.

40 1

BUILDINGS AND EXTENSIONS 12 240

The building and its outbuildings lack thermal comfort, hy-

. I - . Medium High
giene, lighting, ventilation, and ergonomics.

13
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2.1. Hazards Identified in Marble Quarries and Related Precautions

The risk analysis for the marble quarry operation was condu-
cted using the L type (5x5) Matrix, Fine-Kinney, and FMEA met-
hods. The analysis identified 59 hazards among 26 activities, and
presented measures to reduce the risks to an acceptable level.

The bench height and slope angle of inclination should be approp-
riate to the specific characteristics of the rock being studied and
the geological structure (Figure 1). The slope should be wide and
flat for comfortable operation of work machines, trucks, and emp-
loyees. Extensometers must be installed in designated locations
within the marble quarry, and cracks should be regularly monito-
red during operation. To prevent slope slippage, measures such as
reducing the slope angle, strengthening the ground, establishing a
drainage system, and retaining walls should be taken. Employees
should not stand or work under the face. Safety barriers must be
installed in areas such as stages and casting areas (Official News-
paper, 2013; CSGB, 2018).

Figure 1. General view of the marble quarry

The determination of groundwater levels in quarries, which
vary according to climatic, geological, and hydrogeological condi-
tions, is necessary for the design and construction of appropriate
drainage systems on site. Observations should be made after he-
avy rain and snowfall to detect any deformation in the water levels
(CSGB, 2018).

At each level of work, there must be at least one functional
path that is suitable for the vehicles being used. The path must
be constructed in a manner that ensures safe movement of the
vehicles. Vehicle paths and crossings should be clearly marked,
and warning signs should be placed at the side of the road. The
road must always be well-maintained, and benchs and road edges
should be cleared of hazardous stones (Figure 2). The slope of the
roads inside the mine should not be more than 10° and a safety
distance of 1 meter should be maintained. The maximum speed li-
mit on the quarry ramps and the roads inside the quarry should be
20 km/h. The quarry roads should be watered regularly to prevent
dust exposure (CSGB, 2018).

Figure 2. Roads in marble quarry

14

Drilling (Figure 3) should only be carried out by individuals
who possess a professional qualification certificate. It is important
to exercise caution when handling, placing, adding, and removing
rods. The use of appropriate equipment is necessary when adding
and removing rods. Prior to drilling horizontal holes, it is essential
to clear any shells that may fall from above. An adequate water
supply should be provided and regularly checked. Work should
not be conducted near the slope’s edge to prevent workers from
falling. To ensure worker safety when working close to the edge, it
is necessary to provide secure anchor points and ensure that wor-
kers wear parachute-type safety harnesses. Additionally, safety
barriers must be erected before work begins.

Figure 3. Image of drilling a vertical hole in a marble block

The ladders used must comply with health and safety regula-
tions for work equipment. If possible, the diamond wire cutting
machine should be at least 3 metres away from the face. The rails
must be level. The machine should be securely placed on the rails.
Before using the diamond wire, it is important to check its conditi-
on. Avoid applying excessive tension during cutting and ensure that
the wire is run at an appropriate speed. The length of the wire inside
the marble should not exceed the length of the wire outside. Cons-
tantly check for worn diamond wires and replace them as necessary.
Water must be supplied during the cutting process. The machine
should only be operated by competent individuals in accordance
with the instruction manual. During vertical and horizontal cuts, it
is important to ensure that no one is in line with the wire (Figure 4).
The machine must be equipped with guards. For safety reasons, the
operator should place the control panel at a higher level than the
wire, as recommended by Urhan and Sisman (1993).
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Figure 4. Vertical cutting and horizontal diamond wire cutting process

A specially designed water or air cushion should be used in the
cutting gap to separate the block after cutting. After pushing the
block, tilt the gap using a hydraulic jack. Before tipping the block,
the area where it will be tipped should be cleared of all debris. Ad-
ditionally, if an airbag is used instead of a water bag, care should be
taken to prevent injuries due to explosions that may occur during
inflation (MEGEP, 2011).

The process of block cutter (Figure 5) is identical to the pre-
cautions taken when cutting with diamond wire. The operations
must be performed in safe areas, and the block sizing machine
should be installed in a suitable location. Do not stand under or
near the block, and do not enter the block until the process is
complete. Take appropriate measures when climbing the block,
and avoid keeping sharp hand tools near it. The blocks at the bot-
tom of the stack should be well supported, with no gaps between
them. If there is a gap, it should be filled with rubble to prevent
the cover from falling. A portable screen should be placed behind

the counters. Sufficient water flow should be used to prevent wire
breakage. Wet cutting also prevents the release of dust into the
environment (MEGEP, 2011).

Figure 5. Block cutter and sizing process

During block demolition, individuals other than the excavator
operator and signalman should not be present in the area near the
platforms. Additionally, it is important to inspect the platforms for
any cracks following the demolition and remove them if found.

Loading should be carried out within the capacity of the tru-
cks. Reversing signals must be installed on trucks and constructi-
on equipment and they should be ready for use at all times (Figure
6). In quarries, all signals and commands for the movements and
manoeuvres of excavators, loaders, shovels, and other machinery
must be given by a signalman. It is important to note that constru-
ction machinery should not be used for any purposes other than
those for which it is intended, and only authorised personnel with
an operator’s certificate should operate it (CSGB, 2018).

Figure 6. Transport operations in a marble quarry
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The storage area floor should be smooth, and no more than
two blocks ought to be stacked on top of each other. It is impor-
tant to follow regular and safe stacking practices, and access to the
storage area should be restricted to authorized personnel only. He-
alth and safety signs must be displayed in appropriate locations. It
is crucial to avoid being underneath the trucks when lifting loads
(Official Newspaper, 2022).

The risk of accidents should be reduced by taking precautions
against the hazards identified in other areas of activity.

3. Conclusions and recommendations

The study identified 59 hazards in 26 areas of activity invol-
ved in operating surface marble quarries. The hazards and risks

Table 14. Comparison of 5x5 L-Type Matrix, Fine-Kinney and FMEA risk methods

were compared using the 5x5 matrix and the Fine Kinney method,
which are the most preferred risk assessment methods, and the
FMEA method, which has become the preferred method in pra-
ctice. Following the risk assessment, it was found that 24 of the
hazards belong to the high-risk group, while only two belong to
the medium-risk group, according to the 5x5 L-type matrix. Furt-
hermore, the risk assessment identified 16 items as very high risk,
8 as high risk, and 2 as important risk. Based on the Fine Kinney
method and RPN values, 13 precautions are required. The FMEA
method identified 11 risks where precautions can be taken and 2
risks where no precautions are necessary. Appropriate measures
have been determined to mitigate these risks. Table 14 presents
the control measures for hazards identified in the risk assessment
table.

Hazard Risk Methodologies

Control Measures

5x5 L type matrix

Level, Drainage Fine-Kinney

FMEA

5x5 L type matrix
Mine roads - transportation, emergencies, fire,
electricity, maintenance and repair works, physi-
cal risk factors, training

Fine-Kinney
FMEA

Block production, Block demolition, Loading, 5x5 L type matrix

Working at height, Chemical risk factors, Biolog-
ical risk factors, Personal protective equipment,
Health and safety signs

Fine-Kinney
FMEA

5x5 L type matrix
Stock area, Work equipment and hand tools,
Pressure vessels and pressure tubes, Welding
works, Security

Fine-Kinney
FMEA

5x5 L typematrix
Construction Machines

Fine-Kinney

FMEA

5x5 L type matrix

Manual handling and Ergonomics Fine-Kinney

FMEA

5x5 L type matrix
Psychological Risk Factors Fine-Kinney
FMEA
5x5 L type matrix
Buildings and Extensions

Fine-Kinney

FMEA

Immediately take necessary precautions or stop the work

No need to take precautions

Immediately take necessary precautions or stop the work

Immediately take necessary precautions or stop the work

Precautions can be taken

Immediately take necessary precautions or stop the work
In the short term, it should improve within a few months
Precautions need to be taken

Immediately take necessary precautions or stop the work
In the short term, it should improve within a few months .
Precautions can be taken

Activities to reduce identified risk levels continue and response may
take time.

In the long term, it should be improved year-round.
Precautions need to be taken

Immediately take necessary precautions or stop the work
In the long term, it should be improved throughout the year.
Precautions can be taken

Activities to reduce identified risk levels continue and response may
take time.

In the short term, it should improve within a few months

Precautions can be taken
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The marble quarries on Marmara Island have various areas of
activity, including stages, drainage, quarry roads for transportati-
on, block production and demolition, loading, stock areas, emer-
gencies, fire, electricity, work machines, work equipment and hand
tools, pressure vessels, and pressure tubes. The following topics
will be covered: welding works, manual handling and ergonomi-
cs, working at height, maintenance and repair works, physical risk
factors, chemical risk factors, biological risk factors, psychological
risk factors, personal protective equipment, training, health and
safety signs, security, and building and its extensions. As the 5x5L
type Matrix, Fine Kinney, and FMEA are the most commonly used
risk assessment methods, the identified hazards and potential ris-
ks were evaluated using these three methods and their respective
risk ratings compared.

After comparing these methods, it appears that the evalua-
tions differ depending on the field experience and knowledge of
those conducting the risk assessment study. It has been determi-
ned that the 5x5 L Type Matrix method is inadequate when com-
pared to the Fine-Kinney and FMEA methods. In the 5x5 L type
matrix method, high values are assigned to both probability and
severity, resulting in urgent precautions being taken and the acti-
vity being continued. For the dangers caused by manual handling
and ergonomics, the severity value should be 3 in the L-type mat-
rix system. However, precautions were necessary, and the severity
value was increased to 5.The Fine-Kinney method is unique in that
it allows the frequency value to be multiplied by probability and
severity. This enables a more detailed examination of hazards spe-
cific to work areas and employees, and provides quicker solutions.
The FMEA method is deemed more appropriate for identifying
mechanical risks in machine and system operation. However, it is
not recommended for risks specific to the field of activity of the
studies and employees. It is complex, difficult to apply and time
consuming. The severity of the risks was determined by multipl-
ying their detectability, probability, and severity values. Further-
more, it has been noted that assigning risk severity levels based
on the need for precautions presents a significant challenge. In the
FMEA method, events that require precautions should be assigned
low detectability values. However, this approach poses a problem
as there are limited measures that can be taken regardless of the
risk severity. For example, in the FMEA method, there is no need to
take precautions against the dangers that may occur in stage and
drainage activities. However, other methods may require urgent
precautions. The study suggests that selecting an appropriate risk
assessment method for a given sector and work area is related to
the severity of the risks involved and the effective implementation
of control measures based on these levels.

Fine-Kinney risk method, taking into account the environmen-
tal conditions, areas of activity and results related to hazards and
risks specific to employees in the operation of marble quarries,

It is easy to implement, practical, effective and unders-
tandable;

It produces safer outcomes by conducting a more detai-
led, comprehensive, and sensitive analysis of hazards and risks;

Including the frequency value in the calculation of proba-
bility and severity enhances the clarity of risk classifications;

It has quantitative results;

The expertise and experience of the individual conduc-
ting the risk analysis are crucial.

Therefore, it is recommended to use this risk assessment met-
hod in the mining industry for a detailed and comprehensive study
of occupational health and safety in mining activities.
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