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1. Introduction
This paper relates to propositions made by the IRF delegation in the Ad Hoc Group of Experts on Tunnel Safety of the UN/ECE. This group, including the most specialised experts in the field in Europe, has extensively and exhaustively investigated tunnel safety related issues. Additionally, most European countries have invested important assets in, both, studying potential danger scenarios and furnishing tunnels with appropriate equipment and layouts, capable of diminishing danger risk. All of these activities are moving, of course, towards the correct goal. However, they are focused mainly on passive (or restraining) safety measures, i.e. on how to avoid more severe casualties when an incident has already occured, and do not address the important issues of active (or preventive) safety measures, i.e. how to avoid certain types of incidents happening at all. 

The suggestions presented in this report focus on supplementing current safety measures with an additional set of active (preventive) safety measures, appropriate for diminishing the number of potential incidents in tunnels.  All propositions made concern general layouts and ideas and do not enter into details. However, hopefully, most of these suggestions will, in the near future, be more extensively analyzed in the UN/ECE Working Party on Road Traffic Safety (WP.1), to reach the status of international standards.

2. The importance of conspicuity in tunnels
The correct perception of the driver of road conditions is a very critical issue in all driving situations and becomes even more vital in cases of dark surroundings where drivers, sometimes, may get the wrong perception of the characteristics of the oncoming road section. This becomes even more important in the case of tunnels, where an abrupt change in lighting conditions causes difficulties for drivers in perceiving the actual road conditions since even sophisticated lighting systems cannot offer a smooth adaptation for the drivers’ eyes from daylight to the dark surroundings of the tunnel. The core of active measures in tunnel safety should, therefore, be the provision of a satisfactory level of perception of road conditions for drivers. Thus, the title of this report, although dealing with preventive measures in general, is “Recommendations on tunnel safety issues concerning signing systems”, signing systems being the core of such a set of measures. 

Due to the above-mentioned fact that a satisfactory level of perception of road conditions for drivers is the most important factor in preventive safety measures, appropriate guidance with a high level of conspicuity is of utmost importance to allow drivers to get the right perception of the oncoming road and traffic situations. This guidance may be divided into two main categories:

· Classical signing (horizontal and vertical)

· ITS related equipment

In the following section of this report, proposed solutions in both these categories are briefly presented.

3. Signing systems and ITS equipment related to tunnel active (preventive) safety

3.1.  Signing systems

Signing systems include two basic groups:

· Vertical signing (i.e. traffic signs and signals)

· Horizontal signing (i.e. road markings)

In all types of signing systems these two groups must be closely linked to give drivers the optimum amount of information on road conditions ahead. In the case of tunnels, safety requirements from signing should be higher than in normal road sections, since driver perception assisted by means of illumination is lower than with normal daylight and, in addition, potential hazards may have much more important consequences in the case of a tunnel accident than in the case of an open-air road section. For these reasons conspicuity in tunnel signing systems should be very carefully examined. The main guidelines to support this basic principle of enhanced conspicuity in tunnel signing are the following:

Vertical signing
· The traffic signing system should rigorously follow the basic signing principle “not one missing sign and no sign more than the ones strictly necessary to the appropriate guidance”.

· All traffic signs to be used in tunnels and in their advance warning area should be carefully dimensioned and positioned, following studies performed by experienced traffic engineers, to give optimum perception to all oncoming drivers (i.e. both private cars and heavy vehicle drivers).

· Signs should be constructed, both in tunnels and in their advance warning area, with the highest performing retro-reflective products available to give optimum conspicuity to oncoming drivers both in day and in night conditions. In some specific conditions trans-illuminated retro-reflective signs should be used.

Horizontal signing
· Horizontal signing (markings) in tunnels and in the approach area should use the highest quality performing retroreflective products and appropriate dimensions to give optimum conspicuity to oncoming drivers both at road edges and for lane separations in all conditions, including wet weather.

· In the case of two directional tunnels, lane separation should be emphasized with road reflectors (“cat’s eyes”). These devices give clear visual information about the road extension (alignment) in daylight and especially in darkness. They also make a noise when the car runs over them, thus alerting drivers crossing the median line.

· Improve delineation inside the tunnel by installing high retro-reflective delineators capable of  providing appropriate conspicuity in the difficult visual conditions that usually exist inside  tunnels, above all in the case of accidents.

3.2.  ITS equipment
In the last decade, ITS road equipment has evolved greatly in volume, information capacity, sophistication and financial competitiveness with other equipment. Many of the attributes of ITS equipment may be successfully used as traffic safety devices in tunnels. The most easy to apply for this purpose are:

· Variable Message Signs (VMS)

· Image Processing Devices

VMSs should be used to warn drivers of potential hazards in the tunnel area. They may be positioned both outside and, in the case of long tunnels, inside the tunnels. When there is no incident of which drivers should be aware of ahead, no messages should be displayed, in order to keep, in the driver’s conscience, the messages of these devices as most important and crucial to safety. 

Image processing devices should be used to immediately detect potential hazards in the tunnel area, mainly fire or car crashes and instantly alert the appropriate personnel and mechanisms.

4.
Expected benefits
By adopting the proposed safety measures, tunnel safety will be improved in the following aspects:

· Optimal conspicuity in both horizontal and vertical signing equipment will assist drivers in avoiding trajectory mistakes inside the tunnel area, minimising accident risk and making driving more relaxed.

· Timely warning through VMSs to drivers will allow them to be more aware of oncoming situations or, if necessary, halt their vehicles before reaching a potential hazard area. In that way they will not get involved in the hazardous conditions, thus also easing the job of rescue units that will be able to intervene without encountering congestion ahead of them. Additionally, timely warning from image processing devices will minimize the intervention time of rescue units and give more accurate information about conditions, thus making interventions more effective.

5. Conclusion
Active (preventive) safety interventions in tunnels may upgrade the total level of safety in tunnels.  More important, most of these interventions are low costs (signing and markings), thus yielding very high benefit-to-cost ratios. For this reason all the proposed measures are suggested for further analysis in order to be implemented, at a standardisation level, as soon as possible. Hopefully, WP.1 will soon adopt these guidelines and promote them to the status of international standards.

*       *      *
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