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Abstract

Using risk assessment in a work process that can influence people, machinery, and environment
enables simple and quick method of establishing potential hazards and giving those a risk rating.
The big advantage is that hazards are defined for a specific case, and consequently, risk ratings
are defined for each hazard. Adding risk ratings for each hazard makes it possible to assess total
model risk rating and determine the average risk rating of each model. Distributional risk
assessment is an additional method of analysing each model and it provides a visual overview.
Additional risk control measures were applied to the least critical model to assess the hazards, and
thus model risks were reduced to the least value. Risk assessment was performed on the example
of “Ocura I1” quarry haul road based on a new risk assessment algorithm.

Keywords: risk assessment; mine safety; haul road; project parameters; distributional risk
assessment; quarry; Ocura II

I. INTRODUCTION

The risk signifies the probability of a potential hazard happening during work process, either
as an injury or illness [1]. That is why risk assessment is a relatively simple, but very important
step in ensuring the safety of work environment in different industries [2]-[4]. Risk assessment
considers classification of hazards based on available information to assess the risks affecting
people, property, and environment [5], [6]. The goals of risk assessment are: a) ascertaining
hazards, harms, and efforts, b) risk assessment level for industrial accidents, professional illnesses,
and ailments relating to profession, c) ascertaining corrective and prevention measures to keep the
employees’ health safety [1].

Based on the risk assessment (analysis), it is possible to recognize (detect) hazardous events
which can cause unwanted consequences, and therefore also detect suitable protection measures.
Very common manner of risk assessment is using the risk assessment matrix which juxtaposes the
probability of (hazardous) events and the severity of the consequence [7], [8].

Some of the major causes of accidents in large coal open pits are: human error, causes due to
machinery operation (loading, unloading, truck driving), and inadequately designed haul roads
and parts of the open pit [9]. Considering that in mining large quantities of material are mined and
transported, which often means utilization of trucks, it is therefore trucks which are linked to the
large number of accidents [10]-[13]. Following this, it is necessary to constantly assess the risks to
minimize the severity and number of accidents involving trucks as much as possible. The risk
assessment in mining does not only include risk assessment inside the exploitation area but also
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the analysis and impact outside of it. For example, transporting zinc lead ore from the mine to the
harbour can constitute a source of pollution impacting human health if either zinc or lead reach the
food chain [14].

Some authors use multicriteria decision-making techniques after risk assessment in order to
define the best way of minimizing risks, which is the result of selecting the optimum problem
solution, i.e., risk minimization method [15]-[17].

The mining industry invests a lot of effort in gathering valuable data if an accident occurs, so
the same or similar situation would not occur again. An example of that is the analysis of the
mining landslide incident using several methods (Critical Decision Method, Rasmussen’s Risk
Management Framework, and Accimap method) to gather as much data as possible regarding the

landslide. The safety leadership decisions and actions were analysed and safety measures for
minimizing the repeated accident were implemented [18], [19]. Nevertheless, despite all efforts in
administering security and protection measures, accidents still happen in the mining industry [13],
[20], [21].

In order to automate the assessment of haul roads, many methods are used today that find all
areas of the open pits that are suitable for transport. The Multi Dilation-LinkNeSt system [22] can
be used to assess the Road network of the open pit mine which enables mapping of haul roads,
which are the basis of risk assessment.

The influence of project parameters on the safety (Table 1) were analysed in the example of
the haul road for the quarry “Ocura II”. All project parameters used must conform to the legal
framework to ensure the safety of the designed road, and the safety of the workers (employees)
and machinery [1], [23]-[25].

I1. SITE LOCATION

The surface quarry “Ocura II” is located in the north-west part of Croatia (Figure 1 - a). It
consists of two separate areas (polygon P1 and polygon P2) and has the total area of 29.93 ha
(Figure 1 - b).

The haul road, for which the risk assessment and the influence of project parameters on safety
were performed, is located at the western area of the quarry “Ocura II”, next to the edge of the
exploitation area (Figure 1 - c).

i

SITE LOCATION

SLOVENIA

HUNGARY

BOSNIA AND HERZEGOVINA

=5

412



Branimir Farkas, Ana Hrastov, Ivo Gali¢ RT&A, Special Issue Ne 4 (70)
THE INFLUENCE OF HAUL ROAD... Volume 17, November 2022

Figure 1: Site location of “Ocura II” quarry and the haul road

I1I. RISK ASSESSMENT METHODOLOGY

The hazard assessment of the designed haul road was performed using the process of risk
assessment, which was created specifically for that purpose, in accordance with the site
circumstances, legal regulations [1], [23], [26], technical specifications, and company’s internal
safety regulations. Three models of the haul road were observed, each with different project
parameters (longitudinal and transversal inclination, length and width of the road, rotational
radius) stated in Table 1. The impact of project parameters, i.e., the risks that can occur with each of
the models were observed through the consequences they can have on people, machinery, and
environment.

The analysis process of possible hazards that can appear in any of the three models was
conducted in the manner shown in the algorithm (Figure 2). The process itself consists of three
basic parts: analysis, evaluation, and control. The definition of project parameters is not considered
as part of the analytical process. The analysis represents comparative analysis of the selected
project parameters regarding the legal requirements and recognition, i.e., definition of potential
hazards and determining their influence on the selected model of the haul road. The evaluation
handles the assessment of recognized risks for the selected model of the haul road, and the
evaluation of the model is performed as preliminary step for the next part. The control is where the
safest model of the haul road is selected, considering the recognized hazards and administration of
safety measures which minimize the hazards to acceptable level or eliminate them completely. The
safest model of the haul road is one that meets regulations and safety measures.

3.1. PROJECT PARAMETERS

The following data was used as entry data (project parameters) in order to create the models:
¢ Model 1 - current haul road situation [27],

* Model 2 — mining design documentation [28],

* Model 3 - the new, optimized parameters for the creation of the future haul road [29].
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Figure 2: Risk management process

Model 1 represents the current state of the haul road in the field and is used in machinery
transport and the people passage. The haul road is exposed to the influence of rainfall which pour
down the road and erode the filled material that is regularly raised when heavy machinery and

people pass.

Model 2 represents the designed haul road which needs to be constructed, and it was
designed as part of the mining design intended for the transport of mining machinery and as a
connection between areas of the quarry and benches. The haul road model 2 needed to be designed
in consideration of the legal regulations which are absent. The decision of the inclination of the

haul road was left to the experience of the design engineer.

Model 3 is the suggestion for the new haul road which was designed by taking into account
the legal regulations concerning the longitudinal inclination. However, as the exploitation has
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reached parts of the terrain where the haul road should go, it was necessary to accept certain
constraints and accommodate them while determining the project parameters for the haul road.

Based on project parameters shown in Table 1, three models of the haul road were made for
the quarry “Ocura I1”.

Table 1: Project parameters for the quarry “Oc¢ura II” haul road

Project parameters Model1  Model 2 Model 3
Longitudinal haul road min _ 10.0 % 6.2 % (3.5°) 8.0 % (4.6°)
inclination, % (°) max 37.6% 33.1 % (18.4°) 22.5% (12.7°)
Transversal haul road min 1.0 1.0 1.0
inclination, % max 6.0 2.0 2.0
min 3.0 6.0 7.0
Haul road width, m
max 4.2 8.0 14.0
min 7.8 15.0 7.0
Haul road bend radius, m
max 14.0 35.0 70.0
Haul road length, m - 471.3 445.3 479.8

3.2. DETERMINING POTENTIAL HAZARDS AND THEIR INFLUENCE ON MODELS

Each of the analysed project parameters (Table 1) has a smaller or larger degree of influence
on people, machinery, and environment. In order to determine the hazards that can occur during
machinery and people circulation on the haul road, but also environmental impact arising from it,
risk assessment matrix was created (Table 3). Based on the matrix, the probability of a certain risk
and its influence is analysed.

The probability of a certain event happening is analysed from 10% (very low) to 90% (very
high). The probability of the risk under 10% happening is considered a negligible value, while the
probability of a risk over 90% is considered as almost certain appearance of the risk and it must be
mitigated immediately. The event probability is distributed into five possibilities:

* Very low (10%) — hazard should not occur,

* Low (30%) — little probability of hazard occurring,

* Moderate (50%) — hazard is possible,

* High (70%) — the probability of hazard occurring is high,

* Very high (90%) — the probability of hazard occurring, and repeating, is high.

The considered risk assessment goes from the value of 1 (minor damage) to 5 (catastrophic)
depending on the impact of the analysed risk, ie. the danger it poses. The severity of
consequences is also divided into five possibilities:

* Minor damage (1) — the consequences are slight, negligible health damage,

e Damage (2) — no greater consequences, temporary health damage,

* Major damage (3) — no greater consequences but can happen occasionally, significant
health damage which can cause permanent diminishment of working capacity,

* Severe loss (4) — serious consequences can occur, severe permanent and/or progressive
health damage,

e Catastrophic (5) — extremely severe consequences, very severe health damage with
handicap or death.

The risk analysis can be done qualitatively or quantitatively. The quantitative risk analysis
gives numerical assessment for the probability of events and their consequences. In qualitative risk
analysis, words and/or descriptive scales are used to describe possible hazards and the impact of
potential consequences. [5]. For the influence assessment of the project parameters on the safety of
quarry “Ocura II” quantitative assessment was selected.

The risks are separated into five levels and each level comprises of a certain value range
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(Table 2). The risk range is defined considering the recognized hazards and the participants in the
risk assessment. Risk levels are split into five categories, and their range is from 0.0 to 4.5. The risk
level is additionally colour coded to visually emphasize the risks, from those that have negligible
influence (blue colour) to those risks that are critical for the haul road (red colour).

Table 2: Risk levels

Risk level Range Note / needed actions

Risks that do not present immediate hazard but need
Insignificant 0.0 05 to be taken into account and can be mitigated

relatively simply

. Risks that need to be followed but can be mitigated or
Sustainable 05 15 . . _ .
almost eradicated through relatively simple actions

Risks that must be minimized because there is
Moderate 1.5 25 medium probability of unwanted situations
occurring

Risks that must be mitigated as soon as possible, i.e.,
Severe 25 3.5 actions need to be enacted that either mitigate the
risks or eliminate them
Risks that can lead to catastrophic consequences and

if they are detected, the work needs to stop
0.5 immediately and actions that minimize the spotted
risks must be performed urgently, work must not

continue unless the risk cannot be mitigated

The risk assessment was performed on the basis of the risk assessment matrix (Table 3). The
risk (cell value) is the resultant of probability of dangerous event occurrence and the impact
(severity) of the consequences of that event either in the form of human injury or illness, or
damage done to property and environment [8], [30].

Table 3: Occurrence and impact risk probability matrix

Minor Major Severe

Impact Damage Catastrophic
Probability damage damage loss
1 2 3 4 5

Very High 90% 0.90 1.80 270 |G
High 70% 0.70 1.40 2.10 2.80 3.50
Moderate 50% 0.50 1.00 1.50 2.00 2.50
Low 30% 0.30 0.60 0.90 1.20 1.50
Very Low 10% 0.10 0.20 0.30 0.40 0.50

The risk assessment was performed for the three basic risks, out of which a whole plethora of
hazards during usage of the haul road arises from, and those are:

¢ Longitudinal inclination of the haul road,

¢ The width of the haul road,

* The possibility of further exploitation.

Based on the determined basic risks, specific hazards were defined which are the consequence
of those risk, and based on that, the risk assessment for all three models of the haul road was
performed.
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IV. RESULTS

4.1. RISK ANALYSIS AND EVALUATION

The risk assessment based on the project parameters was performed for all three haul road
models (Table 4). The hazards which can occur based on three recognized sources of risk
occurrences, and as well as their influence on employees, machinery, and environment, were
evaluated (13 in total). The risk evaluation of each hazard was obtained as the multiplied
probability of the hazard occurring and the hazard’s influence on employees, machinery, and

environment.
Table 4: Model risk assessment
Risk MODEL 1 MODEL 2 MODEL 3
Description Hazard “Tw-\}‘hit is Probability . Probability .. Probability i
itype of at risk? of Impact Ratin of Impact Ratin of Impact Ratin
activity) Occurrence & OQccurrence € Ocourrence g
Machanical damage of machinery Machinery 0.9 4 0.7 4 280 0.5 4 2,00
- N . Warkers - - - - - -
Longitudinal Machinery toppling [T 09 5 0.5 5 250 0.3 5 150
Inclination of Stome jettison vheels turni W L;-- 0.9 2 1.80 0.7 2 140 0.5 2 1,00
the hanl road bone jettison from wheels ning arkers . 2 . 2 . 5 2 i
Mechanical damage of the haul road  Environmeni 0.7 3 210 0.7 3 210 0.7 3 2,10
Dust emission - inabllity tomeisten the p vment 09 3 27 0g 3 270 07 3 210
road i
Machinery passage Machinery 0.5 2 1.00 0.5 2 1.00 0.3 2 0,60
The width of Dierent e of macinary bYPaSsng - g gy 07 3 210 0s i 130 032 3 0,90
the hanl road _ collision _ — _ _ _ = _
Machinery and people bypassing — collisiz Warkers 0.5 5 250 0.3 5 150 0.3 4 1.1
Foad width in alij ent with legal
oAt wAdin AgmmAant WIRV IREL o ronment 05 4 200 05 4 200 03 1 1,20
regulations
Unstable haul road Machinery 07 4 280 0.5 4 2.00 0.3 4 1,20
Inability to correctly develop benches  Environmeni 0.5 3 150 0.5 3 150 0.5 3 1,50
Fossibilly of Landslides appearing in arzas of the haul Warkers
further * AFpEAning T areas Machinery 0.7 4 | 280 0s 4 2 03 4 1,20
exploitation zoad Envirenmeni
development
Landslides i t I+ sxscuted Wearkers
A #Appesrng aWIOngLy SXERd ) rchinery o7 5 350 o7 s | 350 0s 5 2,50
benches X -
Environmeni
TOTAL MODEL FISK FATING 32.90 26.50 19.00

After analysing all three models, it is visible that model 1 has two critical hazards (mechanical
damage of machinery and machinery toppling) which can lead to very severe consequences. The
total risk rating of model 1 was obtained by adding up the individual risk ratings for each hazard,
so model 1 has the total of a 32.90 risk rating. The average risk rating for model 1 is 2.53 which
classifies it as severe risk model.

Model 2 has the total risk rating of 26.50, i.e., the average risk rating for model 2 is 2.04 and
that classifies this model as moderate risk model. Model 2 has three severe risk ratings, while other
risks are in the sustainable and moderate risk categories.

Model 3 represents the least risky model considering its total model risk rating is 19.00, i.e., on
average it is 1.46 which classifies it as sustainable risk model. Model 3 has risks distributed into
sustainable and moderate risk rating categories.

4.2. DISTRIBUTION RISK ANALYSIS OF MODELS

An additional, tabular distribution risk analysis was performed for all three models which
shows in a simple, visual manner how the risks are distributed for each model. The distribution
risk analysis table is split into two halves by a transversal line. The upper right half of the table
represents the area where risks that can cause severe and/or catastrophic consequences of a model
prevail, while in the bottom left half there are risks that will cause minor and/or negligible
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consequences.
Table 5 shows the distribution risk analysis for model 1.

Table 5: Distribution risk analysis - model 1

Minor Maior
Impact Damage J Severe loss Catastrophic
ili damage damage
Probability

1 2 3 4 5
Very High  90% 1 1 1 1
High 70% ’ . .
Moderate  50% 1 T — 1 1

Low 30%
Very Low  10%

Model 1 has the total of 4 hazards, with the probability of their occurrence higher than 90%
and 5 hazards with probability higher than 70%, with total 3 Catastrophic events that can cause
major damage but also the loss of human life. The detected hazards of model 1 are mostly located
in the upper right corner of the table which indicates that this model requires additional risk
control.

Table 6 shows the distribution risk analysis for model 2.

Table 6: Distribution risk analysis - model 2

Minor Major
Impact Damage ] Severe loss Catastrophic
o damage damage
Probability
1 2 3 4 5
Very High  90% 1
High 70% s 1 1
Moderate  50% 2 3
Low 30%

Very Low  10%

The risks of model 2 are distributed over the upper right part of the table but this model does
not have any severe loss or catastrophic risks with the probability higher than 90%. The risk
distribution gravitates toward the middle of the table which indicates that this model would need
additional risk mitigation. Model 2 has a total of four risks which belong to severe loss category
with the probability of 70%, and three risks in the catastrophic category, but only one of them has
the probability higher than 70%.

Table 7 shows the distribution risk analysis for the model 3.

Table 7: Distribution risk analysis - model 3

Minor Major .
Impact Damage Severe loss Catastrophic
o damage damage
Probability
1 2 3 4 5
Very High ~ 90%
High 70% 2

Moderate  50% 1 1 1
Low 30%
Very Low  10%
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The risk distribution of model 3 is relatively evenly spread in the middle of the table which
indicates a model with less risks from the catastrophic category with the probability of occurrence
greater than 90%, and only one risk with the probability of occurrence higher than 70%. Although
there are five risks in the severe loss category, their probability of occurrence is moderate to low
which indicates that this model could be made safer by applying risk control measures.

4.3. RISK CONTROL MEASURES

Model 3 is the model with the least total model risk rating of 19.00 and risk control measures
were applied to the model to additionally control the hazards, i.e., to lower the total model risk
rating (Table 8). For each of the 13 defined hazards of model 3, risk control was performed and

measures to minimize hazards prescribed.

Table 8: Model 3 risk control measures

Risk Residual Residual
1.s . Who/what is Risk control est .1.1a Residual es1. ua
Description Hazard . Probability of Risk
. at risk? measures Impact .
(type of activity) Occurrence Rating
Mechanical Machinery Decrease of
damage of longitudinal 03 0,60
machinery inclination
Machiner
: y W0r1.<ers Work.er 01 0,40
toppling Machinery education
Stone jettison Work
C rker
Longitudinal  from wheels Workers © .e 0.5 0,50
R . education
inclination of turning
the haul road Mechanical
Regul
damage of the Environment .egu ar 0.5 1,00
haul road maintenance
DPStI:T:SS:OH Compacting and
- 1n.at ! lt}; ° Environment moistening of 0.3 0,30
morsten the the haul road
road
Machiner Widening th
Y Machinery ' cemngthe 0.1 0,20
passage haul road
Different
types of
Work
machinery Machinery or ?r 0.3 0,60
. education
bypassing —
The width of collision
€ Wit o Machinery
the haul road and people Enclosed areas
) Workers 0.1 0,40
bypassing — for people
collision
Road width
in alignment . Rehabilitating
with legal Environment parts not in use 0.1 0,10
regulations
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Possibility of Unstable haul Desi f
Y Machinery 8 1 eW 0.3 2 0,60
further road mining works
exploitation Inability to
development Desieni f
P correctly Environment esighing o 0.3 1 0,30
develop new haul roads
benches
Landslides
appearing in Wo}rllfers Greening the
areas of the Machinery slopes 0.3 3 0,90
haul road Environment
Landslides
appearing at Workers Worke
rker
wrongly Machinery . 0.1 2 0,20
education
executed Environment
benches
TOTAL MODEL RISK RATING 6.10

After applying the risk control measures, the total model risk rating of model 3 is 6.10,
considering that the average risk rating is 0.47 which puts this model, i.e., the risk of the model into
insignificant category.

A distribution risk analysis was performed for model 3 after risk control measures were
applied (Table 9).

Table 9: Distribution risk analysis - model 3 (after risk control measures)

Minor Major :
Impact Damage Severe loss Catastrophic
o1 damage damage
Probability
1 2 3 4 5

Very High  90%

High 70%
Moderate  50% 1 1

Low 30% 2 3 1
Very Low  10% 1 2 2

V. DISCUSSION

During risk assessment and selection of the safest haul road model, emphasis was given to the
influence of project parameters on the safety of employees, machinery, and environment. By
evaluating the potential hazards (Table 4) which can occur as the consequence of project
parameters, the haul road models for quarry “Ocura II” were ranked. The haul road models were
ranked based on numerical risk values which were the result of the total sum of risk values of each
hazard per each model (total of 13 hazards). The results of the total values of the estimated risk are

shown in Table 10.
Table 10: Haul road model risk rating

Total model Average model

Model . . ] .
risk rating risk rating

Model 1 32.90 2.53

Model 2 26.50 2.04

Model 3 26.50 1.46

Model 3* 6.10 0.47

*after risk control measures
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The ranking of haul road model is additionally displayed graphically (Figure 3).

Risk rating

2,04

1,46

0,47

0,00

Average model risk rating

OMODEL1 OMODEL2 ©OMODEL3 ©OMODEL3*

*after risk control measures

Figure 3: Ranking of haul road models

The model 1 with total model risk rating of 32.90 (average 2.53) represents a very risky model,
i.e., represents the actual situation in the field and an urgent implementation of safety measures is
necessary to prevent possible severe consequences for people and machinery. A less risky model is
the model 2 (moderate category) with total model risk rating of 26.50 (average 2.04). However,
implementing model 2 might cause moderate risks which could cause major damage. Model 3
accepts the current situation in the field and its total model risk rating is 19.00 (average 1.46) which
classifies this model in the sustainable risk category. Regardless of the sustainable category, risk
control measures were performed which in a simple manner minimized the existing hazards and
thus minimized the total model risk rating. After the implementation of risk control measures the
total model risk rating for model 3 is 6.10 (average 0.47) and that classifies it in the insignificant
risks category.

VI. CONCLUSION

Considering that risk assessment is relatively easy to perform, that it is done specifically for
each individual case and that it is most often performed by people with location affiliation, it
represents a realistic risk assessment.

For the risk assessment procedure to be complete, it is necessary to carry out certain security
measures which will mitigate the risk, and make the consequences acceptable, or will remove the
risks completely. The measures that should be implemented to mitigate or eliminate the influence
of project parameters are primarily visible in their compliance with official legislative (regulations,
directives, laws on the basis of which project design is performed) and professional standards,
prescribed measures of work safety and internal investor documents if there are any (for example
guidelines for safe work in an open pit, and similar).

Lowering the risk, i.e., increasing the safety for both employees, and machinery and
environment, will in this case be performed by creating a new haul road which is foreseen by
model 3. The project parameters considered while designing model 3, as one of the options for risk
assessment, are in compliance with legislation of the Republic of Croatia, professional standards,
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and experiential work information from quarry “Ocura I1”.

By implementing Risk control measures on existing models, it is possible to reduce the
possibility of risks occurring, i.e., to lower the existing risks to a negligible value. Therefore, for
model 3 which is a sustainable risk model, additional risk control measures were performed to
minimize the risks which resulted with model 3 being classified in insignificant category. Using
distribution risk analysis, it is possible to visually ascertain, in an easy way, whether there are risks
that can cause severe consequences or that model risks are, for example, insignificant.

REFERENCES

[1] HZZZSR, “Procjena rizika,” 2016. http:// www.hzzzsr.hr/index.php/rizici-na-
radu/procjena-rizika/ (accessed Aug. 06, 2022).

[2] R. F. D. S. Gomes, L. Gauss, F. S. Piran, and D. P. Lacerda, “Safety at work: A complex or
an exceedingly simple matter?” Reliability: Theory & Applications, vol. 17, pp. 187-267, Aug.
2022, doi: 10.24412/1932-2321-2022-167-267-287.

[3]J. Navarro-Esbri, A. Real, D. Ginestar, and S. Martorell, “Application of a vapour
compression chiller lumped model for fault detection,” in Safety, Reliability and Risk Analysis:
Theory, Methods and Applications, 2009, pp. 175-181.

[4] ]. C. Garcia-Diaz, “Fault detection and diagnosis in monitoring a hot dip galvanizing line
using multivariate statistical process control,” in Safety, Reliability and Risk Analysis: Theory,
Methods and Applications, 2009, pp. 201-204.

[5] M. Rausand and S. Haugen, Risk Assessment: Theory, Methods, and Applications, vol.
Second edition. New York, 2020.

[6] Y. Yin, H. Wen, L. Sun, and W. Hou, “Study on the Influence of Road Geometry on Vehicle
Lateral Instability,” Journal of Advanced Transportation, vol. 2020, pp. 1-15, Oct. 2020, doi:
10.1155/2020/7943739.

[7] European Agency for Safety and Health at Work, “Risk Assessment Tool,” vol. 97333, no.
541, p. 52, 2007, [Online].

[8] Z. Rukavina, Smjernice za procjenu rizika. Zagreb: Koordinacija za sigurnost pri
odobalnom istrazivanju i eksploataciji ugljikovodika, 2017. Accessed: Aug. 06, 2022. [Online].
Available: https://www.azu.hr/media/1094/smjernice-za-procjenu-rizika.pdf

[9] R. Kumar and A. K. Ghosh, “The accident analysis of mobile mine machinery in Indian

opencast coal mines,” International Journal of Injury Control and Safety Promotion, vol. 21, no. 1,
pp. 54-60, Mar. 2014, doi: 10.1080/17457300.2012.755551.

[10] V. Kecojevic and M. Radomsky, “The causes and control of loader- and truck-related
fatalities in surface mining operations,” Injury Control and Safety Promotion, vol. 11, no. 4, pp.
239-251, Dec. 2004, doi: 10.1080/156609704/233/289779.

[11] R. J. Thompson, G. A. Fourie, A. T. Visser, and R. A. F. Smith, “Benchmarking haulroad
design standards to reduce transportation accidents,” International Journal of Surface Mining,
Reclamation and Environment, vol. 12, no. 4, pp. 157-162, Jan. 1998, doi:
10.1080/09208118908944039.

[12] R. Szabo, “Traffic hazards on mines — More than road safety audits help?,” Australasian
Mine Safety Journal, Jan. 29, 2022. https://www.amsj.com.au/traffic-hazards-on-mines-more-than-
road-safety-audits-help/ (accessed Aug. 06, 2022).

[13] M. Zhang and V. Kecojevic, “Intervention strategies to eliminate truck-related fatalities in
surface coal mining in West Virginia,” International Journal of Injury Control and Safety
Promotion, vol. 23, no. 2, pp. 115-129, Apr. 2016, doi: 10.1080/17457300.2015.1032982.

[14] M. R. Garry, S. S. Shock, and ]. Salatas, “Human health risk assessment of metals
exposure through subsistence foods consumption and subsistence harvest activities near a mining
transport road in northwest Alaska,” Human and Ecological Risk Assessment: An International

422


http://www.hzzzsr.hr/index.php/rizici-na-radu/procjena-rizika/
http://www.hzzzsr.hr/index.php/rizici-na-radu/procjena-rizika/
https://www.azu.hr/media/1094/smjernice-za-procjenu-rizika.pdf

Branimir Farkas, Ana Hrastov, Ivo Gali¢ RT&A, Special Issue Ne 4 (70)
THE INFLUENCE OF HAUL ROAD... Volume 17, November 2022

Journal, vol. 27, no. 1, pp. 227-257, Jan. 2021, doi: 10.1080/10807039.2019.1706151.

[15] B. Farkas and A. Hrastov, “Multi-Criteria Analysis for the Selection of the Optimal
Mining Design Solution—A Case Study on Quarry ‘Tambura,” Energies (Basel), vol. 14, no. 11, p.
3200, May 2021, doi: 10.3390/en14113200.

[16] M. J. Rahimdel and M. Mirzaei, “Prioritization of practical solutions for the vibrational

health risk reduction of mining trucks using fuzzy decision making,” Archives of Environmental &
Occupational Health, vol. 75, no. 2, pp. 112-126, Feb. 2020, doi: 10.1080/19338244.2019.1584085.

[17] Y. Choi, H. Park, C. Sunwoo, and K. C. Clarke, “Multi-criteria evaluation and least-cost
path analysis for optimal haulage routing of dump trucks in large scale open-pit mines,”
International Journal of Geographical Information Science, vol. 23, no. 12, pp. 1541-1567, Dec. 2009,
doi: 10.1080/13658810802385245.

[18] S.-L. Donovan, P. M. Salmon, M. G. Lenné, and T. Horberry, “Safety leadership and
systems thinking: application and evaluation of a Risk Management Framework in the mining
industry,” Ergonomics, vol. 60, no. 10, pp. 1336-1350, Oct. 2017, doi:
10.1080/00140139.2017.1308562.

[19] R. Szabo, “Ground control: Failure of high walls, low walls and dumps,” Australasian
Mine Safety Journal, 2022. https://www.amsj.com.au/ground-control-failure-of-high-walls-low-
walls-and-dumps/ (accessed Aug. 06, 2022).

[20] R. Szabo, “Mine wall collapse sends truck tray into ‘free fall,”” Australasian Mine Safety

Journal, 2022. https://www.amsj.com.au/mine-wall-collapse-sends-truck-tray-into-free-fall/
(accessed Aug. 06, 2022).

[21] M. S. Maziah Munirah, Z. Libriati, Y. Nordin, and M. N. Norhazilan, “Prioritization of the
human health and safety loss factor subject to offshore pipeline accidents,” IOP Conference Series:
Earth and Environmental Science, vol. 220, pp. 1-10, Feb. 2019, doi: 10.1088/1755-
1315/220/1/012031.

[22] Q. Gu, B. Xue, S. Ruan, and X. Li, “A road extraction method for intelligent dispatching
based on MD-LinkNeSt network in open-pit mine,” International Journal of Mining, Reclamation
and Environment, vol. 35, no. 9, pp. 656-669, Oct. 2021, doi: 10.1080/17480930.2021.1949800.

[23] Vlada Republike Hrvatske, Zakon o zastiti na radu. Croatia:
https://www.zakon.hr/z/167/Zakon-0-za%C5%Altiti-na-radu , 2014.

[24] SL, “Pravilnik o tehni¢kim normativima za povrsinsku eksploataciju leziSta mineralnih
sirovina,” Sluzbeni list SFR], no. 4/1986, 62/1987, 1987.

[25] SL, “Pravilnik o tehnickim normativima za strojeve s dizelskim motorima koji se

upotrebljavaju pri podzemnim rudarskim radovima u nemetanskim jamama,” Sluzbeni list SFR],
no. 66/1978, 1978.

[26] European Parliament, Direktiva vije¢a o uvodenju mjera za poticanje poboljsanja
sigurnosti i zdravlja radnika na radu. European wunion: https://eur-lex.europa.eu/legal-
content/HR/TXT/PDF/?uri CELEX:01989L.0391-20081211&from=EN, 2008 .

[27] B. Farkas and A. Hrastov, “Fotogrametrijski snimak povrsinskog kopa ‘Ocura IL.””
RUDAR PROJEKT d.o.0., Zagreb, Feb. 2021.

[28] J. Pranji¢, I. Zori¢, M. Hatlak, F. Pranji¢, and N. Gizdavec, Dopunski rudarski projekt
eksploatacije tehnicko-gradevnog kamena na eksploatacijskom polju “Oc¢ura II” — prva dopuna.
Varazdin, Hrvatska: SPP d.o.o0., 2018.

[29] B. Farkas and A. Hrastov, Elaborat niveliranja pristupnih puteva povrsinskog kopa
,Ocura II”. Zagreb, Hrvatska: RUDAR PROJEKT d.o.o0., 2021.

[30] Z. Vucini¢, Procjena rizika. Karlovac: Veleuciliste u Karlovcu, 2019.

423


https://www.amsj.com.au/ground-control-failure-of-high-walls-low-walls-and-dumps/
https://www.amsj.com.au/ground-control-failure-of-high-walls-low-walls-and-dumps/
https://www.amsj.com.au/mine-wall-collapse-sends-truck-tray-into-free-fall/
https://www.zakon.hr/z/167/Zakon-o-za%C5%A1titi-na-radu
https://eur-lex.europa.eu/legal-content/HR/TXT/PDF/?uri
https://eur-lex.europa.eu/legal-content/HR/TXT/PDF/?uri

