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Abstract:
							                           

Introduction/purpose: Progress of science and development of new technologies brings increased everyday use of goods with potential human safety and health hazards. The aim of this paper was to select a model for training individuals who are to perform the function of dangerous goods transport advisors in the Ministry of Defense (MD) and the Serbian Armed Forces (SAF). 

Methods: The problem was solved through the use of the AHP (Analytic Hierarchy Process) with ten subject-matter experts involved, who all contributed - within their individual competency level, with different individual weight of knowledge - to the final decision. 



Results: The stability of the final decision was confirmed with a dynamic sensitivity analysis through the use of Expert Choice 2000 software.



Connclusion: The results of the conducted research favored the model by which the training should be conducted relying on one’s own resources. 






Keywords: model, training, transport safety advisor, dangerous goods.
		                         


Pезюме:
						                           
Введение/цель: Научные достижения и развитие новых технологий способствуют повседневному потреблению нарастающего количества товаров, которые могут вызвать неблагоприятные последствия для безопасности и здоровья человека. Цель данной статьи заключается в представлении модели, в соответствии с которой должно проводиться обучение лиц, занимающих должность советника по безопасности перевозки опасных грузов в Министерстве обороны (МО) и Вооруженных силах Республики Сербия (ВСРС).Методы: Проблема решалась с помощью AHP (Analytic Hierarchy Process), в процессе решения участвовали десять экспертов, которые в соответствии с их оцененной компетенцией внесли каждый свой индивидуальный вклад в окончательное решение задачи.

Результаты: Стабильность окончательного решения подтверждена динамическим анализом чувствительности с помощью программы Expert Choice 2000.

Выводы: Результаты проведенного исследования свидетельствуют о преимуществах модели, согласно которой обучение должно проводиться исходя из собственных возможностей.





Ключевые слова: модель, обучение, советник по транспортной безопасности, опасные грузы.
                                


Abstract:
						                           
Увод/циљ: Напредак науке и развој нових технологија доприноси свакодневној употреби све већег броја роба које могу изазвати нежељене последице по безбедност и здравља људи. Циљ овог рада јесте избор модела по којем би требало вршити оспособљавање лица за обављање функције саветника за безбедност транспорта таквих врста роба у Министарству одбране (МО) и Војсци Србије (ВС) .Методе: Проблем је решаван помоћу АHP (Analytic Hierarchy Process) у којем су учествовала десеторица екперата, а који су захваљујући својој компетентности допринели коначној одлуци.

Резултати: Стабилност коначне одлуке потврђена је динамичком анализом осетљивости помоћу софтвера Expert Choice 2000.

Закључак: Резултати спроведеног истраживања фаворизовали су модел по којем би обуку требало спроводити ослањајући се на сопствене капацитете.





Keywords: модел, обука, саветник за безбедност транспорта, опасна роба.
                                







Introduction

Industrial development contributed greatly to the development of transportation and through that to greater presence of dangerous goods in transportation activities. Every participant of the process of dangerous goods transport is exposed to the risk of possible accidents during the dangerous goods transport. Dangerous good transport accidents also present risk for individuals not directly involved in the process of goods transport, their material goods and the environment in which they live.

Dangerous goods transport in the armed forces is very pronounced given the fact that the majority of members of the armed forces are, by nature of the job, in everyday contact with some sort of dangerous goods. Precisely, this fact obliges armed forces to undertake many activities to prevent dangerous goods transport accidents.

Mode of transport and responsibilities of individuals involved in the transport of dangerous goods are prescribed through legal norms at national and international levels. Policy of dangerous goods transport in the MD and the SAF (Official Military Gazette, 8/2018) regulates transport of dangerous goods within the MD and the SAF, as well as by other armed forces or organisations which make use of the transportation infrastructure of the Republic of Serbia (RS), in accordance with a separate agreement. First and foremost, the mentioned policy is in accordance with the national Law of dangerous goods transport (Official Gazette of the RS, 95/2018) as well as with international agreements that regulate dangerous goods transport for different means of transportation.

For dangerous goods transport to function without problems and for it to be in accordance with regulations, a need arose for a person who has the knowledge of duties and responsibilities of all participants in the said process. That person is a Dangerous goods transport advisor.

Dangerous goods transport advisors are professionals in charge of full compliance with regulations during dangerous goods transportation activities performed by an organisation. This function can be executed only by individuals who attended prescribed training and are in possession of adequate certificates for the said function.

According to the European Regulations concerning the international transport of dangerous goods by road ADR, a Dangerous goods transport advisor must be appointed within all organisations who participate in the process of dangerous goods transport or who are involved in other activities related to dangerous goods transport (packaging, filling, loading or unloading). For the mentioned positions, many individuals permanently hired by the organisation may be appointed, or the organisation could outsource and hire on contract when needed.

Duties of the Dangerous goods transport advisor are defined by the ADR and are related to:

- monitoring of compliance with dangerous goods transport regulations,

- giving advice to decision makers within the organization for all activities related to dangerous goods transport, and

- creation of yearly reports about the activities and events related to dangerous goods transport.

The aim of this paper was to select a model for training individuals who are to perform functions of dangerous goods transport advisors in the MD and the SAF. The problem was solved through the use of the AHP (Analytic Hierarchy Process) with participation of multiple decision makers. The decision makers in the AHP evaluation of the said problem were members of the MD and the SAF, performing duties of organisation and conduct of dangerous goods transport.

The paper is composed of six sections, including Introduction and Conclusion. "Dangerous goods in transport", is the subject of the second section of this paper. The third section of the paper, entitled "AHP decision-making", describes the procedure for implementing the AHP at the individual and group level. The fourth section of the paper entitled "Formulation problem" describes the problem and presents the AHP hierarchy of decision-making problems. The "Results and discussion " are presented in the fifth section of the paper. The Conclusion section emphasizes the key benefits of the conducted research.




Dangerous goods transport

For a more accurate understanding of potential hazards associated with working with some substance, it is necessary to know and analyze a large number of physical and chemical properties of substances, as e.g. (Vidović et al, 2019):

- type of danger,

- physical state,

- viscosity,

- boiling point,

- melting temperatures,

- density,

- the voltage of the steam,

- flammability temperature,

- auto-ignition temperature,

- limits of explosive mixtures,

- reactivity with respect to other substances, etc.

The term a "dangerous substance" refers to a substance with its physical-chemical characteristics, which are determined on the basis of the recognized and appropriate criteria. From the standpoint of chemistry, the mentioned term "dangerous substance" is not adequate to define the notion, but it would be the term "hazardous substance" (Jovanović et al, 2010).

Using the wrong term may lead to erroneous determination of the status of dangerous substances during the transport process, which directly affects both the application of appropriate recovery procedures in case of accidents, and the application of methods that are contrary to the international rules and obligations.

"Dangerous goods" refers to the keyword when the hazardous matter-substance is contained in an appropriate packaging - container or a vehicle during the transport process. There are specific criteria for potential risks from hazardous substances which determine the transport conditions (Jovanović et al, 2010).

According to the Rulebook of the Transport of Dangerous Goods in the Ministry of Defense and the Army of Serbia (Official Gazette 8/2018) and the Law of the Transport of Dangerous Goods (Official Gazette of the Republic of Serbia, 95/2018), dangerous goods are substances and articles forbidden from transport, i.e. allowed if transport is performed under international agreements and regulations for the transport of dangerous goods by the type of traffic (ADR, RID, ADN).

There are numerous examples of unprofessional and negligent treatment during handling (manipulating) in transport of dangerous goods, which have resulted in the suffering of people, property and environmental degradation (Pamučar et al, 2019; Pamučar, 2020).

The consequences of road traffic accidents with vehicles transporting dangerous goods may also be such as to amount to a catastrophe. As e.g.:

- On 6th December 1917, in Halifax (Nova Scotia), Figure 1, there was a collision due to the accident of the French ship "Mont Blanc" and the Norwegian ship "SS imo", in the access port and channel - Halifax, at a low speed of about 2.5 km/h. The Mont Blanc ship was carrying about 3.2 million pounds of picric acid and TNT for the needs of the French army in World War I. The effect of the explosion was in fragments of the ship, a shock wave and a tsunami 18 meters high, created by the explosion. The estimated temperature of the explosion was about 5000 ° C. A pyrotrophic cloud rose to an altitude of about 3600m. The number of victims has never been precisely determined. It is believed that about 1,600 people were killed immediately, and about 400 succumbed to injuries, 9,000 were injured, 1,600 homes were destroyed in a series of fires and 12,000 homes were damaged. The industrial sector of the city was completely destroyed. The Halifax disaster was the unofficial start of systematic consideration of hazardous substances (Janković, 2016).
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Figure 1



Disaster in Halifax in 1917, the explosion of the ship and the consequences







(Janković, 2016)








- In 1978, in  Los Alfaques (Spain), a fuel tank was overloaded. Due to high heat and pressure, the tank exploded and the fuel caught fire, killing 216 people (Figure 2).
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Figure 2



Consequences of an accident on the way to Los Alfaques in 1978















- On 12th July 2012, in Okobie town in Nigeria, there was an explosion of a road tanker for gas transport (Figure 3). One hundred and twenty one people were killed in the accident and 75 were injured.
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Figure 3



Consequences of the accident in Okobie–Nigeria 12th July 2012.







(Janković, 2016)








- In 1986, in Šabac, Serbia, a railroad tank carrying ammonia (NH3) hit an overpass from below. The valves got loose and the gas began to leak. Favorable wind and the timely intervention of specially trained workers prevented a more serious catastrophe.

To avoid this and similar situations and reduce risks to a minimum, it is necessary that all personnel who come into contact with dangerous goods, or all people involved, comply with regulations and guidelines that define the handling of dangerous goods, as well as be properly trained and prepared for their work.

On the basis of these problems, experts of the United Nations gave basic recommendations and guidelines for international agreements, i.e. procedures related to Conventions about different methods of transport of dangerous goods (Vidović et al, 2019; Jovanović et al, 2010; Janković, 2016; Jovanović, 2004; Petrović, 2004), Figure 4:

- European Agreement concerning the International Carriage of Dangerous Goods by Road (ADR),

- Regulations concerning the International Carriage of Dangerous Goods by Rail (RID),

- International Civil Aviation Organization – Tehnical Instructions for the Safe Transport of Dangerous Goods by Air (ICAO-TI),

- International Air Transport Association – Dangerous Goods Regulations (IATA-DGR),

- International Maritime Dangerous Goods–Code (IMDG-CODE),

and

- European Agreement concerning the International Carriage of Dangerous Goods by Inland Waterways (ADN).
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Figure 4



International agreements on transport of dangerous goods


















AHP decision making

The analytical hierarchical process (Saaty, 1980) is one of the most exploited methods for decision making when multiple criteria are considered. (Escobar, 2004; Vaidya & Kumar, 2006; Altuzarra et al, 2007; Ho, 2008; Arnette et al, 2010; Subramanian & Ramanathan, 2012; Bernasconi et al, 2014; Žižović & Pamučar, 2019; Biswas et al, 2019; Stanković et al, 2019; Durmić et al, 2020; Janković & Popović, 2019)

The method is “analytical” and “hierarchical” because decision making participants disassemble the root problem of decision making (the aim) to several decision-making elements and create hierarchical relations between them. The obtained hierarchy has a multilevel composition. At the top of the hierarchy is the aim, followed by the criteria at the next level and the alternatives at the bottom. This type of hierarchy presents the base problem of AHP decision making, but also reflects problems present in other hierarchy types, such as three-level hierarchy when a sub-criteria level is found between the criteria and the level of alternatives. Likewise, hierarchies with only two levels pose the same problems when only the aim and the alternative layers are found.

In order to determine relations between the AHP hierarchy elements, one has to compare groups of elements (couples) against the elements on the higher level of hierarchy. The comparison is done through rating and the use of the Saaty rating scale, as shown in Table 1.




Table 1




Saaty rating scale
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Besides the Saaty rating scale, many other scales could be used, e.g. the Lootsma scale (Lootsma, 1988; Lootsma, 1990; Lootsma et al, 1990; Muravev & Mijic, 2020; Ma et al, 2011). The Saaty rating scale is most common and its linear part is composed of whole number values (1 to 9), while the non linear part is composed of appropriate reciprocal values (1/1-9).

When a participant in the AHP, on a specific hierarchy level, rates semantically n elements of that level against the elements of the higher level using the scale in Table 1, its semantic rates from the left column are shown in equivalent number values from the right column and are entered in the square matrix A. The matrix is positive and reciprocal (symetrical in relation to the main diagonal), which means that the elements in the upper matrix triangle are reciprocal to the elements of the lower matrix triangle, while the elements on the main diagonal are equal to 1(aij=1/aji, for each i and j; aii=1 or each i), Matrix 1. 
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If the standard Saaty scale is used, then each of aij a can have one of 17 values from the discrete interval [1/9 ,9]. When filling in the matrix A , the transit rule should be followed [image: 661770260003_gi2.png] for every i, j, k , l...,n . Determining the weights of the compared elements based on the numerical values from the matrix is called prioritization. Prioritization is the process of determining the priority vector [image: 661770260003_gi3.png] from the matrix A, where every [image: 661770260003_gi4.png] implicates [image: 661770260003_gi5.png]. There are multiple prioritisation methods, but the most used ones are the Additive normalisation method, the Eigenvector method, and the Logarithmic least squares method. (Blagojević, 2015; Blagojević et al, 2020) 

Because of its simplicity and frequency of use, the additive normalization method was used in this paper (additive normalization method - AN). In order to determine the vector of priorities w, it is sufficient to divide each element from a given column of the matrix A by the sum of the elements of that column (normalization), then to compile the elements in each type, and finally to divide each resulting sum by the rank of the matrix n. This procedure is described by relations 2 and 3: 
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Based on the evaluation, the chosen method of prioritization determines the local weights of the decision elements, and the synthesis, i.e. the additive synthesis, ultimately determines the weights of the alternatives at the lowest level relative to the element at the highest level (goal), which determines ending individual decision making by the AHP. The additive synthesis is given by relation 4:
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- ui
- the final (global) priority of the alternative i,

- wj
 - weight of the alternative j,

- dij
 - the local weight of the alternative i relative to the criterion j.

In addition to the prioritization methods, one of the important features of the AHP is that it checks the consistency of decision maker evaluations at all levels of the hierarchy. For consistency checking (Saaty, 1977),  the consistency ratio (CR) is suggested. It is used in AN prioritization methods. Calculating the consistency ratio includes two steps. The first step, the consistency index (CI) is calculated using relation 5:
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- n - rank of the matrix,

- [image: 661770260003_gi6.png] - the maximum eigenvalue of the comparison matrix.

The second step, the consistency ratio (CR) is calculated as the ratio of the consistency index (CI) and the random index (RI), relation 6:
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The random index is in direct relation to the rank of the matrix (RI), Table 2.




Table 2




Random index values
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When the obtained CR is ≤ 0.10, it is considered that the participant of the AHP performed the analysis and evaluation in a consistent manner. (Jandrić & Srđević, 2000; Kazimieras Zavadskas et al, 2020). In cases when CR is > 0.10, the participant of the AHP should repeat the process and modify its evaluation process.

It is becoming a common practice in the creation of scientific papers where decision-making processes based on the opinions of single individuals are considered non-objective. That is why nowadays group decision making is more and more applied, i.e. decision making is based on opinions and suggestions of multiple participants in the process.

In the AHP, for the synthesis of separate decisions into a final, or group decision, multiple methods exist. Two most common methods for final decision making are (Ramanathan & Ganesh, 1994; Forman & Peniwati, 1998):

- Aggregation of Individual Priorities - AIP and

- Aggregation of Individual Judgments - AIJ.

To integrate individual decisions into group decisions, this paper uses the AIP method. Aggregation was perfomed using the Weight Arithmetic Mean Method-WAMM. The alternative Ai
 and its weight value [image: 661770260003_gi7.png] (priority) for the k-th decision maker are given. If all the members of the group (g) are assigned appropriate weight values [image: 661770260003_gi8.png], the weight arithmetic mean is:  



[image: 661770260003_ee9.png](7)



- [image: 661770260003_gi9.png]- final (composite) priority of the alternative Ai
,


- m - number of decision makers (group members).

By assumption, the individual weights of the group members [image: 661770260003_gi10.png] are previously additively normalized [image: 661770260003_gi11.png]. A final additive normalization of the priorities of all alternatives is needed.  

The sensitivity analysis of the final decision is a very important characteristic of the AHP. It is conducted to determine if the changes of the entry parameters influence the score list of alternatives in the final decision. Multiple software solutions exist for the sensitivity analysis  and Expert Choice is one of the most used ones.

If the changes of the entry parameters for 5 % in all combinations do not cause changes in the score list of alternatives, the final AHP decision is considered stable (Hot, 2014).




Problem formulation

The training of Dangerous goods transport advisors for the MD and the SAF is held in certified civilian institutions. Such a training model presents problems that affect functioning of transportation units within the MD and the SAF, among which the most important ones are:

- Mutual dependency between the training plan terms and the capability of civilian training institutions,

- Weak teritorial availabilty of civilian institutions for dangerous goods transport advisor training outside regional hubs,

- Training costs, and

- Personal costs for trainees.

That said, in order to analyse the existing approach to training Dangerous goods transport advisors within the MD and the SAF, a group of experts in the field of dangerous goods transport, made of ten transportation officers from the MD and the SAF, was surveyed.

The first part of the survey allowed the experts to give their opinions on possible training models for Dangerous goods transport advisors of the MD and the SAF. The second part of the survey guided the experts in determining the criteria based on which the training model was to be selected. The process used in decision making about the training model was the analytic hierarchy process (AHP).

The setup of the AHP hierarchy for deciding on the model of training candidates for the function of Dangerous goods transportation advisors is shown in Figure 5.
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Figure 5



Setting up the AHP hierarchy
















Figure 5 shows a standard decision making problem where the aim (the training model) is at the top of the hierarchy. On the next level, there are  criteria (certificate acquisition speed, adaptation to own needs, training mobility, cost price, transparency). Models which should be used in training Dangerous goods transportation advisors  are represented by alternatives in the AHP hierarchy, and are located at the bottom level:

- model 1 – Model in which both training and certification would be conducted in accordance with the present practice, i.e. relying on the civilian sector,

- model 2 – Model in which training would be conducted within armed forces and certification would be conducted in the civilian sector,

- model 3 – Model in which both training and certification would be conducted within armed forces units using own resources.

Competency assessment of expert group members was conducted according to the approach which Djorovic (2003) recommends for competency assessment of transportation support experts, which accounts for   three assessment aspects:

- Objective assessment,

- Assessment of the source of the argument, and

- Subjective assessment of the expert.

A dettailed overview of the above mentioned approach to the competency assessment of the experts is shown in Djorovic (2003) and Lukovac (2016). The results of the competency assessment process of the experts in this research have confirmed their competencies for research participation, see Table 3.




Table 3




Competence assessment
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After being introduced with the AHP methods, subject-matter experts were given forms to evaluate the elements of the AHP hierarchy  for the choice of a model for training candidates for the function of Dangerous goods transport advisors. Figure 6 shows a completed form for the AHP evaluation of one of the members of the expert group.
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Figure 6



AHP evaluation form


















Results and discussion

Processing of the gathered forms for the AHP evaluation was done by the use of Expert Choice 2000 (EC 2000) software, which yielded the results shown in Table 4.

Compiling individual expert decisions into a final decision was done through compiling individual priorities according to the relations shown in Equation 7. In final decision making, Table 5, the experts used the weighted normalised values of their evaluated competences.




Table 4




Expert decisions
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Table 5




Final decision
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Figure 7 holds the results of the final decision.
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Figure 7



Graphic representation of the final decision
















Figure 7 shows that the decision makers favored “model 3”. A sensitivity analysis of the final decision made by the members of the expert group was conducted with the use of EC 2000 software. Noting that the changing of the initial entry parameters by 5% did not cause the alternative range to change, the final decision made by the members of the experts group can be considered stable.

In the end, based on the conducted AHP evaluation, it can be concluded that training and certification of dangerous goods advisors in the MD and the SAF should be conducted relying on own resources.




Conclusions

Dangerous goods transport, based on the means of transport, necessitates full compliance of regulations at all levels (including organisational, national and international). Prevention of accidents which may occur during dangerous goods transport is a duty for all participants. The decision on the model of training candidates for the function of Dangerous goods transport advisors stems from multivariate analysis and participation of more experts with adequate competencies. For the purpose of this paper, the AHP was used in a group context. Managing the group decision process can be done in many different ways. One of them is favoring decisions of specific participants through the process of evaluation of participants. To make group decision more objective, individual participants of this AHP evaluation had their decisions weighted with the use of normalization of their competencies. The decision obtained after the AHP evaluation process points out that the model for training candidates for the function of Dangerous goods transport advisors and certification which should be used is the one where only the resources of the MD and the SAF were used, without external assistance.
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