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Managing successfully the risks in the transportation domain is a prerequisite in order to increase its safety and also to guarantee a high quality of operation. As far as road transport is concerned, upgrading its safety is in the forefront since roads have the largest share in the movement of both goods and people, worldwide. Among the various elements of road transport, tunnels particularly are considered the most "sensitive" part of the road infrastructure. Potential seriousness of accidents in road tunnels was justified in the consequences derived from past accidents, especially those resulted in fires. In order to prevent road tunnels from potential fire accidents as well as to minimize their consequences, if they occur, it is necessary to manage the safety of tunnels through a holistic approach by examining all the parts of these complex socio-technical systems. Therefore, this paper introduces the plan for the development of an intelligent system for managing holistically fire risks in tunnels by synthesizing new and innovative technical installations together with advanced human-related methods. The presented system aims to support control rooms of road tunnels to response adequately in case of potential fire incidents guaranteeing thus higher level of fire safety for these critical road infrastructures.

INTRODUCTION

Road transport has the largest share in the movement of goods and people among the rest transport modes (Ntzeremes and Kirytopoulos, 2019). In order to achieve the sustainable development as well as the high quality of road networks' operation, an increased level of safety of road infrastructure is a prerequisite (Ntzeremes et al., 2020a). In particular, road tunnel safety is a major issue as tunnels are a key part of road infrastructure [START_REF] Piarc | Integrated Approach to Road Tunnel Safety[END_REF]. In general, tunnels have very high requirements in capital and human resources while their enclosed environment poses the dangerousness of potential accidents in them (Ntzeremes and Kirytopoulos, 2019). However, the improvement of construction technology over the past two decades has further highlighted the contribution of tunnels as an economically viable solution to the development of new road networks [START_REF] Maidl | A survey of vehicle fires in Norwegian road tunnels 2008-2011[END_REF].

Despite the economic benefits the use of road tunnels renders to the transportation sector, it also poses a particularly significant inherent risk of serious accidents that may occur within them, namely, fire accidents [START_REF] Ren | Statistical analysis of fire accidents in Chinese highway tunnels 2000-2016[END_REF]. When such accidents occur, due to the closed environment of the tunnels, adverse effects can be caused, especially in terms of human losses and damage to equipment and infrastructure of the tunnel [START_REF] Kirytopoulos | Exploring driving habits and safety critical behavioural intentions among road tunnel users: A questionnaire survey in Greece[END_REF].

Road tunnels, because of the different, infrastructure elements, actors and technologies involved, are complex socio-technical systems. The level of safety of such a system is composed of the close co-operation and interaction of mainly four parts that define it and which are: the users, the vehicles, the equipment and the infrastruc-ture itself of the tunnel [START_REF] Piarc | Risk Analysis for Road Tunnels[END_REF]. Therefore, to manage successfully fire risks in tunnels as well as to minimize their consequences, if they occur, it is necessary to holistically manage the safety of the tunnel system by examining all the parts of this complex sociotechnical system.

Therefore, this paper introduces the plan for an intelligent communication system for managing holistically fire risks in tunnels by synthesizing new and innovative technical installations together with advanced anthropocentric methods. Fire risks may include a fire inside the tunnel from vehicles carrying dangerous and/or non-dangerous goods, the presence of high levels of carbon monoxide and other toxic gases, the release/leakage of flammable volatile liquids/gases on the road, etc. The presented system aims to support control rooms of road tunnels to response adequately in case of potential fire incidents guaranteeing thus higher level of fire safety for these critical road infrastructures.

This research aims at enhancing the level of safety of road tunnels and is supported with European Union and Greek national funds through the Operational Program Competitiveness, Entrepreneurship and Innovation, under the call RESEARCH -CREATE -INNOVATE (project code: T1EDK-02374).

LITERATURE REVIEW

A significant number of studies focusing on the analysis of fire accidents in road tunnels justifies that fire is the most fearful and important threat inside tunnels, despite the fact that fires in road tunnels are not common phenomena. [START_REF] Hansen | An engineering tool to calculate heat release rates of multiple objects in underground structures[END_REF].

MOSIM '20 -November 12-14, 2020 -Agadir -Morocco In Norway, a country with over a thousand road tunnels, a survey of vehicle fires inside them was conducted by Naevestad and Meyer (2014). This survey concluded that a) the fires did not always involve harm to road tunnel users, b) heavy vehicles such as trucks were overrepresented in fires studied, c) the causes of road tunnel fires involving heavy and light vehicles were different, and d) subsea road tunnels and tunnels with high gradient were particularly vulnerable to vehicle fire. The last finding is unique since Norway has the most (31) subsea road tunnels and 10 tunnels that have a very high (over 5%) gradient. Added, these two categories together, gives 41 road tunnels which is nearly 4% of all the Norwegian road tunnels. Results of this study show that nearly one out of two fire accidents in Norwegian road tunnels happened either in subsea or high gradient tunnels (Naevestad and Meyer, 2014).

A recent analysis of fire accidents in Chinese highway tunnels from [START_REF] Ren | Statistical analysis of fire accidents in Chinese highway tunnels 2000-2016[END_REF] found that the average prevalence of tunnel fire accidents has shown yearly increase during the last 20 years. This study also concentrated on specific locations that are fire accident prone, as seem to be the entrances and exits of highway tunnels. Heavy vehicles such as trucks are also indicated in this study as the vehicle type that is most involved in tunnel fire accidents. According to the study, heavy vehicles also carry the risk of triggering secondary fires, mainly since the materials they carry are frequently combustible. Even further, in case of road congestions, heavy vehicles if involved in an accident may exert major disastrous consequences. This study also notes that heavy goods vehicles are prone to fire tunnel accidents, since they maintain a quite large proportion of involvement despite of the fact that, in terms of general traffic, they maintain a much smaller proportion [START_REF] Ren | Statistical analysis of fire accidents in Chinese highway tunnels 2000-2016[END_REF].

An important actor in case of a tunnel fire accident includes the tunnel users. [START_REF] Kirytopoulos | Exploring driving habits and safety critical behavioural intentions among road tunnel users: A questionnaire survey in Greece[END_REF] highlighted that smoother adverse consequences of a potential fire accident could be possible from correct users' behaviour. In their survey, they explored Greek tunnel users' awareness and identified potential knowledge gaps. The survey results blurt out users' misconceptions related to recommended users' behaviour in both normal and critical situations. The researchers also noted that people tend to adopt others behaviour especially in critical situations. In conclusion, they suggested that tunnel operators should focus on users' behaviour and knowledge which might significantly increase the overall safety of key infrastructures such as tunnels [START_REF] Kirytopoulos | Exploring driving habits and safety critical behavioural intentions among road tunnel users: A questionnaire survey in Greece[END_REF].

In [START_REF] Xie | Experimental study on vertical evacuation capacity of evacuation slide in road shield tunnel[END_REF] study, an experiment was conducted to study the characteristics of the evacuation process in a subsea road tunnel. The experiment included two buses filled with passengers. The buses catch fire near an emergency exit of the tunnel. According to the scenario, passengers had to get off the two buses, then evacuate against the direction of the traffic, to the nearest evacuation slide, which led to the secure channel and finally, get out to the ground through the shaft. The study concluded that the evacuation process was seriously af-fected by the composition of the passengers, the use of carry-on luggage, the guidance of the bus driver, the tunnel structure, and the slide type [START_REF] Xie | Experimental study on vertical evacuation capacity of evacuation slide in road shield tunnel[END_REF].

Fire and rescue personnel have been highlighted as significant actors during a tunnel fire incident. [START_REF] Bjørnsen | Applying Systems Theory to Increase Competence in Tunnel Fire Safety -Focusing on the Fire and Rescue Services[END_REF] focused on the skills and knowledge that is absolutely necessary for the rescue personnel in order to perform an effective emergency response in the event of a tunnel fire accident. They recognized that although the Norwegian Fire Academy has an established educational program which consists of both practical and theoretical training as well as courses comprising fire protection and rescue operations, the fire and rescue personnel learns a great deal mostly in informal learning situations. Informal learning situations include mainly the experience gained after the occurrence of major events in tunnels and discussions analysing these events. They also recognized that the fire and rescue services have a high degree of freedom to implement learning and training activities regarding tunnel fire safety and they proposed the use of formal learning agents in order to avoid the varying and subjective interpretation of the important aspects constituting essential knowledge and competence.

Besides, [START_REF] Casse | Analysis of critical incidents in tunnels to improve learning from experience[END_REF] highlighted that tunnel users' behaviour might be a source of disruption on operators' activity. Their study focused on identifying the critical situations that road tunnels professionals might face (i.e. control room personnel and personnel patrolling in tunnels). The findings demonstrate that critical incidents for road tunnel professionals are mainly common action situations which take place in a dynamic and complex environment mainly because of the diversity of actors and the interaction between them. By analysing data of critical incidents in road tunnels, the study revealed the lack of trainings and insufficient and divergent safety procedures, which could lead to a disaster in case of a road tunnel accident. The researchers stressed the need to define an efficient system for the systematisation of the collecting and analysing of critical incidents to enhance experiential learning [START_REF] Casse | Analysis of critical incidents in tunnels to improve learning from experience[END_REF].

STRUCTURE OF THE PROPOSED SYSTEM

The proposed intelligent communication system pursues to fulfill the following central objectives (see Figure 1):

• Development of a holistic method for the management of fire risks that may arise in the road tunnel system. • Educating tunnel operators that have the primary and central role in the management of risks about the potential behavior of users participating in the accident as well as informing tunnel operators about the availability of system's resources. These objectives are related with the first four axes depicted in Figure 2, whereas the fifth axis of Figure 2 is the application of the new system on a drill that will be organized for the purposes of the project in a tunnel longer than 500m length, which is part of the Greek motorway of "Egnatia Odos S.A." and the Trans-European Road Network.

•
In brief, the first axis is twofold. Initially, it will focus on the development of the method for managing holistically the fire risks in tunnels. To do so, the proposed method will take into account the type of fire risks (i.e. whether fires involve dangerous goods), the available tunnel facilities and equipment, the behavior of the users, and the actions of the operators of the control room (official protocols) along with the operating personnel. The method will be designed based on the system theoretic approach [START_REF] Kazaras | Introducing the STAMP method in road tunnel safety assessment[END_REF]. In parallel, this axis focuses also on developing a new software installed in technical installations already used by the tunnel personnel for informing tunnel operators about the availability of system's resources (Asiminidis et al., 2019a). This system will inform real-time the intelligent communication system. Based on this installation, a machine learning algorithm will be developed in order to optimize the response of relevant emergency services, including the operators patrolling teams.

The second axis focuses on tunnel users and their knowledge regarding safety and proposed actions in case of an emergency situation (PIARC, 2011). Relevant literature has shown that their behavior impacts directly in the safety level of the tunnel and can affect the response of tunnels' control room (Ntzeremes et al., 2020b). An initial questionnaire study has already illustrated several misconceptions [START_REF] Zeeri | Exploring road tunnel drivers' behavior: The case of Greece[END_REF]. To this respect, the results will be used as feedback for the development of a software tool following the gamification approach for supporting drivers' education on properly behaving in case of a tunnel accident resulting in fire. However, the initial objective of this axis is to communicate to the tunnel operators that have the first and central role in the management of risks about the potential behavior of users participating in the accident.

The third axis will explore in depth the fire evolution in parallel with users' evacuation process. Initially, a novel software will be developed utilizing technical installations already existed in tunnels in order to scan and identify the vehicles that carrying dangerous goods and will pass through the tunnel. The literature indicated that when heavy good vehicles carrying dangerous goods are involved, the adverse effects are increasing significantly. This system will inform real-time the intelligent communication system. In addition, a risk analysis study is performed in order to assess the vulnerability of the tunnel system and the performance of users' evacuation process (Ntzeremes et al., 2019). Furthermore, risk analysis will examine the impact on users' evacuation of the installation of "smart" emergency exits that are controlled by the control room of the tunnel.

The fourth axis comprises an innovative integrated communication system that is expected to be able to orchestrate the response during a fire accident. In general, fire events as any critical and emergency incident often lead to asset, infrastructure and human losses, all major concerns for tunnel managers. Thus, early prediction, emergency management plans and immediate dissemination of information can mitigate the consequences of such events or even prevent them from occurring. To this respect, an intelligent early warning system will be developed. The warning system will comprise of sensors, event detection and decision subsystems that will work together to forecast the occurrence of possible incidents. These forecasts are then processed by a mass notification system for the dissemination of public alert guidelines and coordinated emergency group actions [START_REF] Asiminidis | Mass notification for public safety: Current status and Technical Challenges[END_REF]. 

IMPACT OF THE PROPOSED SYSTEM

Road tunnel safety is an important issue as road tunnels are a key part of road infrastructure with very high capital and human resources requirements. The significant rise in the number of road tunnels with the simultaneous increase in the number of users and the volume of commodities passing through them, has made their safety a goal more relevant than ever.

By analyzing the relevant data from previous critical incidents in road tunnels and especially the users' behavior in case of these accidents, the lack of an efficient data-driven system in the context of road tunnel operation for the systematization of safety procedures becomes evident. Furthermore, there is a lack in training of users that could easily result in misapplication of safety procedures and further lead to a disaster in case of a fire incident.

In an emergency incident we expect the road tunnel control center to be in charge of many responsibilities and tasks that must be implemented at the operational level in a short period of time. The process of situation awareness includes assessing the risks, estimating the number of victims and predicting the future development of the situation. Situation assessment is a process that is closely linked to the assessment of human and material resource needs, and must be repeated at regular intervals to assess the effectiveness of ongoing action plans. Critical information needed to manage the incident may not be available, while others may be unreliable or difficult to understand. Given the fact that emergency services are becoming increasingly dependent on technology, an information system that could gather information and support the implementation and coordination of the control center would be an excellent supporting factor for the crisis management center. However, in order to design such a system, it is necessary to define the organizational structure of the team that will be called to manage the emergency. Also, a deep understanding of all the precarious conditions and pathogenies that may lurk at the organizational and administrative level, as well as dangerous/threatening events that may occur at the operational level in the road tunnel system, is of paramount importance for the increase of the safety level of the tunnel system.

The development of an innovative service of resource management software, with emphasis on the construction of the resource availability optimization algorithm, aims to manage emergencies in the highway tunnels. Specifically, it focuses on estimating operator response time and optimizing it per road tunnel incident.

The development of an appropriate service and identification algorithm for vehicles bearing plates for the transport of dangerous goods (ADR) will enhance the readiness of the control centers.

The investigation of fire conditions in a tunnel and of the possibility of its safe evacuation in order to determine the probable behavior of tunnel users as well as the effect of "smart" exits will enhance the level of the road tunnel safety, as it will contribute to the detection of its MOSIM '20 -November 12-14, 2020 -Agadir -Morocco vulnerability and the design of appropriate response strategies.

According to its design, the innovative integrated communication system utilizes data from the resource management system for emergency incidents and events in real time and provides the ability to automatically or manually activate the appropriate response protocols (Start Event/Emergency Incident Management).

This project is expected to enhance the body of knowledge regarding road tunnel safety. The immediate impacts regard:

• the improvement of safety operations and the optimisation of the relevant processes on behalf of the tunnel operator, • the education of tunnels users on safety measures and relevant procedures, and • the potential contribution in supporting tunnel operators to confront fire incidents successfully.

The most important consequence of the project will be, in the long term to lead to the wide application of its methods, tools and standards, in order to achieve higher level of services from the tunnel operators, in terms of transport infrastructure projects, thus strengthening the competitiveness in transport services and supporting the domestic economy.
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 1 Figure 1. Central research objectives for the development of a comprehensive intelligent communication and holistic risk management system.
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 20 Figure 2. Axes of the research project
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