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1. GENERAL 
 
The increasing length of railway tunnels being planned has led many railways to reconsider the 
safety measures required.  Although the frequency of accidents in tunnels, owing to the 
protection against external hazards and the generally more simple operational conditions, is of 
course lower than on the open line, the restricted space conditions can lead to serious 
consequences in certain types of accidents (such as fires and accidents involving dangerous 
goods) because emergency measures can be considerably impeded. 
 
The purpose of Study Group 7/K/9 was to analyse previous accidents and then to evaluate, on an 
interdisciplinary basis, possible measures for further improvement of the high standard of safety 
already achieved by the railways. 
 
The general standard of safety achieved by the railways was taken as a starting point.  Elements 
in this are:- 
 
 - Systematic inspection of structures and tracks. 
 
 - Checking the conformity of the load to the gauge at originating terminals. 
 

- High reliability of rolling stock. 
 

- Constant maintenance of a minimum distance corresponding to the braking 
distance by means of a signalling system. 

 
- Drivers, conductors, traffic controllers and other operating staff carry out their 

duties in a professional manner, receiving further vocational training at regular 
intervals and are subject to medical examinations. 

 
- Continuous monitoring of the functioning of the signalling equipment and 

continuous monitoring of the driver’s ability to undertake his duties. 
 

- First Aid training for staff. 
 
- Provision of railway-specific rescue equipment. 
 
- Operating regulations, proven over many years, are systematically monitored and 

continually updated and developed. 
 

Further possible safety measures have been divided into:- 
 
 - Measures to prevent accidents. 
 - Measures to reduce the effects of accidents. 
 - Measures to facilitate escape. 
 - Measures to facilitate rescue. 
 
Within these categories, a distinction has been made between measures relating to:- 

1. Operating. 
2. Vehicle design. 
3. Infrastructure. 
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It is common to most of the measures that, even with very high levels of investment, only a small 
and limited further increase in safety is possible.  Generally, the public at large has a heightened 
perception of the risks in tunnels.  A single catastrophic railway accident can have far-reaching 
consequences for many railways.  That is why particular importance has been attached to 
measures designed to prevent accidents. 
 
This report essentially covers tunnels and other underground installations approximately 2 km to 
15 km in length.  For shorter tunnels (600 m – 2 km) the said measures, perhaps in a modified 
form, may also be applied taking into account the individual local circumstances including 
topography, construction and train operating arrangements. 
 
The recommendations of this report apply to underground railway installations but not to:- 
 

- underground platforms 
- underground railway installations in urban conurbations 
- exceptionally long tunnels (e.g. Alpine base tunnels, Channel tunnel) 
 

for which special safety measures should be developed to suit individual circumstances. 
 
The order in which the various measures are described is no indication of their priority.  It is not 
possible, as part of this international study, to make a comprehensive evaluation in the sense of a 
recommendation as to which individual measures should be adopted, since both the overall 
safety concept and the different circumstances on each railway are of critical importance here.  
Every railway should individually develop its own concepts for tunnel safety on the basis of their 
own situation, taking into account the recommendations of this report. 
 
2. DEFINITIONS AND TECHNICAL TERMS 
 
2.1 Rescue 
 

Rescue is defined to be the aid given by services not involved directly in the accident, 
such as railway departments, fire and emergency services. 

 
2.2 Intermittent train control system 
 

Equipment which automatically applies the brakes if the driver fails to observe a signal.  
Transmission from track to vehicle can be effected mechanically or inductively. 
 
2.3 Continuous automatic train control system 
 
 A system for automatic train sequence control, i.e. continuous monitoring of the running 
speed, taking into account the available braking distance and local track data.  The instructions 
necessary for train sequence control are transmitted directly to the driver’s cab.  Transmission 
can be through the rail, a cable laid in the track or by radio. 
 
2.4 RIC (Regolamento Internazionale Carrozze) 
 
 Regulations governing the reciprocal use of passenger rolling stock in international 
traffic. 
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2.5 RID (Règlement concernant le transport international ferroviaire des marchandises 

dangereuses) 
 
 International agreement on the conveyance of dangerous goods by rail. 
 
2.6 RIV (Regolamento Internazionale Veicoli) 
 
 Regulations governing the reciprocal use of wagons in international traffic. 
 
2.7 Intervention by train crew 
 
 Measures taken by the train crew to avoid imminent danger and to contain any damage 
that has already occurred. 
 
2.8 Tunnel 
 
 An underground structure constructed for a railway whether bored or by the cut and 
cover method. 
 
2.9 Tunnel risk 
 
 The probability of a railway operating accident occurring in the tunnel. 
 
2.10 UIC cable (12-core) 
 
 Cable in passenger coaches, used by all UIC railways, providing for public address 
announcements and driver/train communication.  It also serves to transmit certain control 
commands (central closing of doors and control of lighting).  In some cases, this cable is also 
used as the control wire for reversible train working (time-multiplex push-pull control). 
 
2.11 Central power supply 
 
 Central power supply to the whole train from the locomotive via the train busbar.  Central 
power supply dispenses with the need for the former axle-driven generators on each coach. 
 
2.12 Train busbar 
 
 Cable running through the train to provide the central power supply. 
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3. MEASURES TO PREVENT INCIDENTS 
 
3.1 Operational measures 
 
3.1.1 Restrictions on the passing of passenger and freight trains in tunnels. 
 
Description of measure 
 
 Freight trains may contain a higher fire load than passenger trains and also convey 
dangerous goods.  In accidents involving passenger trains, dislodged loads on freight trains can 
worsen the consequences of such accidents and considerably impede rescue work. 
 

This potential hazard to passenger trains can be eliminated by the segregation of 
passenger and freight traffic.  Such segregation is possible in the following stages: 

 
- ban on passing passenger trains and trains conveying goods with special hazard 

risk in tunnels (e.g. highly toxic gases) 
 
- ban on passing passenger trains and any trains conveying dangerous goods 
 
- ban on passing passenger trains and freight trains. 
 
The ban on passing trains could be restricted to timetabled passing movements or could 

be applied to all passing movements without exception. 
 

Advantages: 
 
 - Elimination or reduction of the potential risk arising out of the goods conveyed 
 - facilitating rescue work after an accident. 
 
Disadvantages: 
 
 Reduced productivity for freight traffic due to 
 
 - restricted utilisation of the sections of route concerned 
 

- provision of dedicated sorting sidings in marshalling yards, if special trains 
conveying dangerous goods have to be formed 

 
 - increased costs for making up trains 
 
 - the need for stabling tracks before tunnels 
 
 - problems connected with train control. 
 
Recommendation 
 
 This measure should be applied only in special circumstances.  The reduction in route 
capacity involved may be unacceptable especially where the longer tunnels are concerned.  This 
might result in diverting hazardous traffic to other routes or modes of transport. 
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 Thus, the risks involved in situations without a ban on passing trains and the risks 
involved in transport on alternative routes must be carefully considered prior to introducing these 
measures. 
 
3.2 Vehicle Design 
 
3.2.1 Adjustment of the pressure reducing valves and other venting devices on tank wagons 
 
Description of measure 
 
 A special technical regulation governs the equipping of tanks, to avoid any possible risk 
from the accidental opening of any of the equipment fitted to the tanks (mainly pressure reducing 
valves and vent valves) and in particular: 
 

- penetration of particles from the outside into the tanks (danger of combustion, 
danger of destabilization of certain dangerous goods, etc.). 

 
- air flow conditions which theoretically, under certain conditions, can create an 

electrostatic charge through friction. 
 

Advantages 
 

Avoidance of risk of explosion or fire. 
 
Disadvantages 
 
 - 
 
Recommendation 
 
 In specifying the features of certain tank wagon fittings (pressure valves, venting 
devices …), it will perhaps be necessary to take into account the aerodynamic pressure 
fluctuations occurring when trains pass through tunnels. 
 
3.3 Infrastructure 
 
3.3.1 Systematic inspection of tunnel condition 
 
Description of measure 
 
 Systematic monitoring of tunnel condition in accordance with UIC Leaflet 779.10 R 
using special tunnel inspection vehicles. 
 
Advantages 
 
 Early detection of dangerous situations resulting from the condition of the structure or of 
the surrounding rock. 
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Disadvantages 
 
 Additional track possession. 
 
Recommendation 
 
 UIC Leaflet 779.10 R on the maintenance of existing railway tunnels gives important 
advice on the monitoring and inspection of tunnel structures.  The recommendations of this 
leaflet should be followed, the nature and frequency of inspections depending on the age and 
condition of the tunnel and on the nature of the surrounding rock. 
 
3.3.2 Systematic inspection of the track 
 
Description of measure 
 
 Systematic monitoring of the track condition in tunnels, in particular track geometry 
(curvature, superelevation, twist, longitudinal level), height of track, track material (rails, 
sleepers, fastenings) and track stability. 
 
Advantages 
 
 - Detection of track defects, before they lead to the possibility of a derailment risk 
 

- Avoidance of short circuits caused by a reduction in the height of the contact wire 
above the rail following track work. 

 
 - Avoidance of vehicles or loads striking the tunnel walls. 
 
Disadvantages 
 
 Additional track possession. 
 
Recommendation 
 
 The railways’ usual track inspection intervals are adequate.   
 

Additional measurements of track condition in tunnels are not required. 
 
In this connection, UIC Leaflet 720 “Laying and maintenance of track consisting of 

continuous welded rail” is also applicable. 
 

3.3.3 Train detection equipment 
 
Description of measure 
 
 Checking that a track section has been completely cleared.  Checking that trains are 
complete. 
 
 Train detection is effected by means of axle counters or track circuits (d.c., 50/100 Hz 
a.c., uncoded or coded audio-frequency). 
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Advantages 
 
 Prevention of movements into occupied track sections. 
 
Disadvantages 
 
 - 
 
Recommendation 
 

Train detection equipment should be installed on new lines and in addition on heavily-
trafficked routes and in connection with switches and crossings in underground installations and 
tunnels. 

 
3.3.4 Power supply to separate sections of the overhead line 
 
Description of measure 
 
 The overhead line for each track should be divided into several sections which may be 
cut off from the others. 
 
Advantages 
 
 If there is disruption with the overhead power supply on a particular section in a tunnel, 
trains in another part of the tunnel can be taken clear. 
 
Disadvantages 
 
 - 
Recommendation 
 
 If there is a possibility in a tunnel of more than one train being on the same track then 
power should be supplied individually to separate sections of the overhead line, the number and 
length of the sections being dependent on local and operating conditions. 
 
3.3.5 Protection against flooding 
 
Description of measure 
 
 Tunnels should be designed with a gradient of not less than 1 in 2000, in order to ensure 
adequate drainage.  If a tunnel passes beneath a river, or water has to be pumped out for other 
reasons, then the feeder pipes to the pump sumps should have at least this gradient. 
 
Advantages 
 
 Reliable drainage of water from the tunnel. 
 
Disadvantages 
 
 - 
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Recommendation 
 
 In planning new tunnels the pump sump should be dimensioned to contain:- 
 
 - seepage for a defined period 
 

- the contents of water mains or hydrants for fire fighting if these  are damaged at 
their lower end 

 
 - the contents of 3 tank wagons 
 
 - the water necessary to operate a fire fighting line for one hour 
 
 In determining the seepage rate (in the event of pump failure), allow for at least double 
the time required to evacuate the tunnel. 
 
 In dimensioning the pump sump, the calculation may include the tunnel floor up to the 
top of the rail head, at its lowest point. 
 
 Where local circumstances require, two pumps should be installed, each with the 
necessary total capacity, and with a separate power supply.  The pump lines too should be 
duplicated. 
 
3.3.6 Speed monitoring 
 
Description of measure 
 
 Monitoring of speed can be effected 
 
 - on the locomotive 
 - on speed checking sections by means of automatic train control at fixed points 
 - by means of radar 
 - ahead of signals, using signal-based safety controls. 
 
 Under continuous automatic train-running control, speeds are monitored continuously. 
 
Advantages 
 
 Protection against maximum permitted speed being exceeded. 
 
Disadvantages 
 
 - 
 
Recommendation 
 
 So long as speed monitoring is possible in the speed checking section with the continuous 
automatic train running control system it is desirable in tunnels, especially where there are speed 
restrictions (permanent or temporary). 
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3.3.7 Hot running detectors 
 
Description of measure 
 
 Temperature sensors are fixed on either side of the track, to measure bearing temperature 
and the difference in the temperature of the two bearings on one axle.  Temperature sensors can 
also be fitted on axle boxes.  With the assistance of lineside fixed temperature sensors, it is also 
possible to detect hot wheel tyres due to brakes not being fully released.  Useful not only for 
tunnels, but also for the route as a whole. 
 
Advantages 
 
 - Prevention of fires. 
 - Prevention of derailments. 
 
Disadvantages 
 
 European railways set different maximum temperatures.  Since cylindrical roller bearings 
run hotter than conical roller bearings, false alarms are possible. 
 
Recommendation 
 
 Detectors are recommended where trains are not observed by operating staff on the 
approach to sections with many tunnels, or before tunnels more than approximately 5 km in 
length. 
 
3.3.8 Wheel flat detectors 
 (Wheel flat = irregularity in the curvature of the wheel tread) 
 
Description of measure 
 
 The majority of wheel flat detectors are based on the principle of the rail-wheel circuit, 
which is broken by a wheel flat, or on “impact measurement”, or on a combination of the two 
methods. 
 
Advantages 
 
 - Early detection of a potential hazard. 
 - Avoidance of broken rails, especially at low temperatures. 
 - Useful not only for tunnels, but also for the route as a whole. 
 
Disadvantages 
 
 None, can be installed on existing track. 
 
Recommendation 
 
 Wheel flat detectors are recommended where trains are not observed by operating staff 
on the approach to sections with many tunnels, or before tunnels more than approximately 5 km 
in length. 



-  15  - 
3.3.9 Lineside checking of the conformity of the load to the gauge 
 
Description of measure 
 
 Provision of a warning device to detect loads which foul the gauge before the tunnel 
entrance.  This is effected mainly by optical devices (the profile envelope is defined by light 
beams, a warning is given when these are broken). 
 
Advantages 
 
 Detection of displaced loads which can, in certain circumstances, have devastating 
effects. 
 
Disadvantages 
 

- Load displacements can take place very quickly.  The load’s profile would need 
to be frequently checked for gauge conformity (possibly even in the tunnel itself). 

 
 - False alarms would occur. 
 
 - Not effective for authorised out-of-gauge loads. 
 
Recommendation 
 
 Special checking of the load profile conformity before entering the tunnel is not worthy 
of recommendation.  Since gauge infringements occur very suddenly, only continuous 
monitoring would be effective because remedial action must be taken immediately. 
 
 Strict observance of loading regulations by loading stations is of special importance in 
order to guarantee the conformity of the load to the gauge during train operation. 
 
3.3.10 Wheel load measurement 
 
Description of measure 
 
 An electronic weighing by means of strain gauges bonded to the rail. 
 
 This determines the load on the wheel as well as the difference in load on two wheels on 
the same axle. 
 
 When wheel loads incompatible with train safety are detected a warning is given at the 
next station. 
 
Advantages 
 
 - Early detection of a potentially dangerous situation. 
 - Avoidance of rail or axle box breakages or derailment. 
 - Useful not only for tunnels but also for the route as a whole line. 
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Disadvantages 
 
 At present there is no long-term experience available. 
 
Recommendation 
 
 Generally, the use of technically perfected wheel load weighing systems is recommended 
provided sufficient experience of such systems has been acquired.  It would also help to increase 
safety in tunnels. 
 
4. MEASURES TO REDUCE THE EFFECTS OF INCIDENTS 
 
4.1 Operational measures 
 
 No suggestions can be made relating to operating practices. 
 
4.2 Vehicle design 
 
4.2.1 Reduction of the fire load;  fireproofing should be taken into account in the design of 
vehicles in which passengers are carried. 
 
Description of measure 
 
 It is possible to reduce the fire load by reducing the amount of combustible material or by 
substituting non-flammable for flammable material.  Other positive measures for preventing the 
outbreak and spread of fire are separation (compartment-type construction with interconnecting 
doors constructed as fire doors) and introducing fire-resistant layers inside seats although these 
increase the fire load. 
 
Advantages 
 
 Preventing the outbreak or rapid spread of fires in vehicles. 
 
Disadvantages 
 
 The desire to minimise combustible material in rail vehicles is limited by the calls for 
greater passenger comfort and high-quality internal fittings.  Limits are also set to the 
substitution of combustible by non-combustible materials for reasons of comfort and weight (e.g. 
replacement of a plastic interior lining by one of sheet metal). 
 
Recommendation 
 
 UIC Leaflet 564-2 “Regulations on fire prevention and fire-fighting for rail vehicles used 
in international traffic, in which passengers are conveyed or which are classified as passenger 
rolling stock” lays down the relevant requirements.  These are of general validity for rail vehicle 
design, irrespective of problems relating to tunnels. 
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4.2.2 Avoiding the use of materials the combustion of which produces toxic substances and 

emits large amounts of smoke 
 
Description of measure 
 
 In the period of outbreak and spread of fire it is still possible for passengers to escape;  
this possibility should not be further reduced by excessive smoke and toxic fumes from the 
burning material.  Material should therefore be selected with this in mind. 
 
Advantages 
 
 No reduction in escape time by the emission of smoke or toxic fumes. 
 
Disadvantages 
 
 There is no method, established by UIC, for determining the toxicity and smoke-
producing potential of materials used in passenger vehicles. 
 
Recommendation 
 
 If possible, no materials should be used which produce toxic gases or large amounts of 
smoke in the event of a fire. 
 

ORE 106/2 is pursuing the study of this problem.  The results of its work should be taken 
into consideration. 
 
4.2.3 Maintaining the movement capability of passenger vehicles in the event of fire 
 
Description of measure 
 
 In order to avoid a burning train becoming stranded in a tunnel, the vehicle must be 
designed in such a way that its running fitness in the event of fire is ensured for as long as 
possible (at least 15 minutes) even if the roof and side walls are largely destroyed by fire.  In 
particular, the side walls should not bend outwards under the effects of heat to such an extent so 
as to allow collision with fixed equipment. 
 
Advantages 
 
 - In the event of fire, the train is able to leave the tunnel. 
 - Better rescue possibilities in the open. 
 
Disadvantages 
 
 In individual cases, proof possible only by theoretical calculation (static examination of 
the residual strength of the vehicle following the assumed effects of fire). 
 
Recommendation 
 
 This measure should be adopted systematically for new builds of vehicle, in particular for 
passenger coaches.  Further work by the 5th Committee on this problem would be useful. 
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4.2.4 Maintaining train control in the event of fire 
 
Description of measure 
 
 The electrical wiring required for train control is in part exposed to fire risk through its 
location in the roof.  Possible remedies are:- 
 
 - location in the fire-proof underfloor area 
 - location in the roof in fire-resistant conduits 
 - use of fire-proofed cable. 
 

Because of the compatibility demanded by UIC for passenger vehicles which have been 
differently designed, the 12-core UIC cable must still be guided upwards from the underframe 
area through the vestibule for connection in the vehicle gangway. 

 
Advantages 
 
 Extending the period during which the train is under control in the event of fire. 
 
Disadvantages 
 
 Where the UIC cable is laid in the underfloor area, this could lead to the risk of 
interference from the adjacent train busbar. 
 
Recommendation 
 
 The proposed design changes should be taken into account in new builds and major 
refurbishment of passenger stock, with the aim of maintaining control of the train for at least 
15 minutes in the event of fire. 
 
 Further work by the 5th Committee on this problem would be useful. 
 
4.2.5 Neutralizing of emergency braking in tunnels 
 
Description of measure 
 
 If a passenger discovers a fire on a train, he will as a rule pull the alarm and thus activate 
the emergency brake.  It is possible that the burning train will come to a stand in a tunnel, thus 
increasing the danger for passengers.  This may be prevented if it is possible for the driver to 
neutralize the emergency braking activated by the passenger. 
 
 Following operation of the emergency brake in the vehicle, the main brake pipe starts to 
empty and the emergency braking valve can be closed again from the driving cab, and the train 
can proceed. 
 
 Marked route sections with emergency braking inhibition supply the driver with 
additional data.  Any emergency braking initiated within these marked route sections must be 
neutralized by the driver.  The marking guarantees that the train does not come to a stand in the 
tunnel. 
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Advantages 
 
 The driver can prevent the stopping of the train in a tunnel which is undesirable. 
 
Disadvantages 
 
 - It would be necessary to modify the braking system of coaches. 
 

- A train being operated through a tunnel and subjected to sudden running gear 
failure, derailment, or other emergency cannot be brought to an immediate 
standstill by crew or passengers operating the alarm but only by transmitting a 
message to the driver unless of course a derailment has split up the train and thus 
the braking line anyway. 

 
Recommendation 
 
 The cancellation of the automatic direct action of the braking system on the receipt of the 
emergency signal is an important safety element in the event of fire.  However, the decision to 
apply this measure must follow a careful weighing of other emergencies, e.g. the derailment risk, 
against the fire risk. 
 
 Because of their differing situations the decision must be taken by each railway 
individually. 
 
 In the interest of reciprocal use of railway vehicles a unified braking system should be 
developed to allow individual railways, on an optional basis, to cancel the automatic direct 
action of the emergency braking system.  Further work by the 5th Committee on this problem 
would be useful. 
 
4.2.6 Central facility for switching off air-conditioning in an emergency 
 
Description of measure 
 
 It is already possible for the train crew to switch off the air conditioning for the entire 
train by switching off the train busbar (however, this does not apply to coaches with forced-air 
heating and axle-driven generators).  For reasons of comfort, the fan motors continue to operate 
for 7 to 30 minutes after the train busbar is switched off, so that passengers continue to receive 
fresh air (e.g. during locomotive changes or remarshalling of the train). 
 
 Immediate switching off the air conditioning for individual coaches by the train 
conductor is possible at any time. 
 
 It would be technically possible to send a special signal, e.g. over the UIC cable, to 
switch off the fans in all coaches immediately.  In coaches with central power supply from the 
train busbar, the fans could also be switched off directly by switching off the train busbar, if the 
continued running of the fans were to be cut short. 
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Advantages 
 
 The reduced supply of fresh air can slow down the spread of fire in the coach.  Moreover, 
the penetration into the vehicle of smoke and gas from the tunnel can also be prevented. 
 
Disadvantages  
 
 - the capability to send a signal over the UIC cable would require measures to be 
  taken in locos and rolling stock 
 

- with reduced fan running after switching off the train busbar, there would be a 
loss of passenger comfort (no further fresh air supply). 

 
Recommendation 
 
 Since the air conditioning of the burning vehicle can be switched off separately by the 
train conductor in an emergency, a “central facility for switching off air conditioning in an 
emergency” is not a priority.  Nevertheless, provision should be made for this facility in the 
development of centralised on-train data transmission. 
 
4.3 Infrastructure 
 
4.3.1 Fire, gas and smoke detectors in tunnels 
 
Description of measure 
 
 Installation of fire, gas and smoke detectors in tunnels, functioning on a chemical or 
physical basis. 
 
Advantages 
 
 Alarm raised quickly.  Rapid location of accident. 
 
Disadvantages 
 

- Gas detectors generally detect only one specific gas, so that a whole series of gas 
detectors would be needed for the railways. 

 
- False alarms could be anticipated during work in the tunnel (e.g. welding and rail 

grinding. 
 
- High maintenance costs and the difficulty of undertaking the functional testing. 
 

Recommendation 
 

Fire, gas and smoke detectors are installations for limited areas of application and defined 
risks.  They are conceivable for cases in which prompt discovery of damage does appear to be 
guaranteed.  Not recommended for general application in tunnels. 
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4.3.2 Sprinkler installations in tunnels 
 
Description of measure 
 
 Sprinkler installations consist of thermal valves (generally fusible), mounted at regular 
intervals along a water pipe.  Heat opens the valves and water is discharged under pressure. 
 
 On electrified lines, care must be taken to ensure that the water jets are not aimed directly 
at the catenary, otherwise a system which automatically switches off the catenary (which is not 
desirable) would have to be installed. 
 
Advantages 
 
 - Immediate extinguishing action. 
 - Rapid cooling. 
 - Immediate attack on open sources of fire. 
 
Disadvantages 
 

- High water consumption of 150-200 litres/min. per sprinkler head.  Requires 
external supply with possibly increased pressure. 

 
 - Costly to maintain. 
 

 Contact between water and certain chemical substances can lead to violent 
reactions. 

 
- Does not fight fire inside vehicles. 
 
- Does not appear to be technically feasible in long tunnels. 
 
- Sprinklers will operate only when the train is at a stand, and the fire fully 

developed.  At this stage, however, their effectiveness is doubtful, since the water 
supply by a sprinkler system is limited. 

 
- Sprinkler heads that stand the pressure differences of high speed traffic have not 

yet been developed. 
 

Recommendation 
 

In the case of a fire in its early stages, movement out of the tunnel is to be preferred.  For 
a major fire, effectiveness is dubious.  Sprinkler installations are not therefore recommended for 
tunnels. 
 
4.3.3 Smoke extraction systems 
 
Description of measure 
 
 Installation of fans to extract smoke from tunnels. 
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Advantages 
 
 Improved chances of rescue, since rescue operation can move in direction of air flow. 
 
Disadvantages 
 
 - Supplies of air and/or oxygen intensify the fire. 
 
 - High maintenance costs. 
 

- The volumes of smoke arising place especially high demands on the suction 
equipment. 

 
Recommendation 
 
 The use of systems of this kind is sensible only in conjunction with an overall ventilation 
concept. 
 
4.3.4 Protection of wiring and cables in tunnels 
 
Description of measure 
 
 Laying of cable in concrete troughing sunk in the ballast bed alongside the track.  Use of 
flame-proofed, self-extinguishing cable coverings.  Use of such expensive special cable can be 
avoided if the cable ducts are separated by non-combustible material at intervals of 
approximately 100 m so that fire cannot spread via the cable runs. 
 
Advantages 
 
 - Effective protection in the event of derailment. 
 

- Ensures the continued functioning of signalling and telecommunications 
equipment following an accident or during a fire. 

 
Disadvantages 
 
 Cables are less accessible. 
 
Recommendation 
 
 In new tunnels, cable no longer to be laid along the tunnel wall (exception:  strip slotted 
wall cable for train radio and train telephone). 
 
 Use of flame-proofed, self-extinguishing cable coverings.  To be laid in concrete 
troughing in the cess. 
 
5. MEASURES TO FACILITATE ESCAPE 
 
5.1 Operational measures 
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5.1.1 Formulation of an escape plan 
 
Description of measure 
 
 By rapid and purposeful action, the traincrew can make a major contribution to ensuring 
that a situation remains under control and does not reach a critical stage.  To this end, it is 
necessary to prepare emergency plans and to ensure they can be put into effect as quickly as 
possible. 
 
Advantages 
 
 By laying down the main actions to be taken, the need for co-ordination in a specific 
instance is minimised and losses of time are avoided.  At the same time, staff training will be 
more closely matched to requirements. 
 
Disadvantages 
 
 No plan can cover the multitude of possible occurrences right down to the last detail. 
 
Recommendation 
 
 Formulation of a strategy for dealing with critical events, with the involvement of all 
relevant specialist departments. 
 
 Training of staff in all points of the strategy including training in the use of fire 
extinguishers. 
 
5.2 Vehicle design 
 
5.2.1 Equipping vehicles with First Aid boxes 
 
Description of measure 
 
 See heading. 
 
Advantages 
 
 Rendering of first aid possible in accidents. 
 
Disadvantages 
 
 - 
 
Recommendation 
 
 Each train should be equipped with at least one First Aid box.  In major accidents, 
however, efficient aid is possible only by rescue. 
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5.2.2 Fire detectors on traction units and in coaches 
 
Description of measure 
 
 Installation of automatic fire detectors (temperature and ionisation sensors) will make it 
possible for fires to be discovered at an early stage.  Train crew can then initiate fire-fighting 
measures without delay. 
 
Advantages 
 
 Early detection of fires in trains. 
 
Disadvantages 
  

- The effectiveness of such detectors is considered problematical owing to the false 
alarms expected. 

 
- High installation and maintenance costs. 
 

Recommendation 
 
 Due to the high capital costs involved, fire detectors should be provided only on traction 
units which can be operated without a driver in the cab (i.e. fitted for multiple working or push-
pull operation), or with technical equipment which is difficult to keep under observance or is not 
easily accessible.  As a rule, fire detectors are unnecessary, since the driver himself will notice 
any overheating or fire at an early stage. 
 
 On passenger coaches smoke detectors should be installed where unsupervised fire loads 
exist (for example diesel motors) and in sleeping cars where a smoking ban cannot be enforced. 
 
5.2.3 Equipping traction units and coaches with portable fire extinguishers 
 
Description of measure 
 
 UIC Leaflet 564-2, “Regulations on fire prevention and fire-fighting for rail vehicles used 
in international traffic, in which passengers are conveyed or which are classified as passenger 
rolling stock” governs the equipping of vehicles with fire extinguishers. 
 
 The use of more effective extinguishing agents improves extinguishing performance, 
reliability and ease of use. 
 
Advantages 
 
 Improved chances of success in fire-fighting. 
 
Disadvantages 
 
 - 
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Recommendation 
 
 Passenger rolling stock to be equipped with state-of-the-art fire extinguishers. 
 
5.2.4 Fire extinguishing equipment on traction units 
 
Description of measure 
 
 Traction units are equipped with automatic or manually-operated extinguishing 
equipment, e.g. sprinklers or gas extinguishers. 
 
Advantages 
 
 Automatic fire extinguishers can fight effectively a fire due to technical malfunction, in 
its early stages.  In view of the need to maintain the movement capability of a train, a fire in the 
traction unit is especially critical. 
 
Disadvantages 
  
 Danger of high engine room temperatures causing false operation of automatic 
extinguishers. 
 
Recommendation 
 
 From the standpoint of safety in tunnels, it is desirable that traction units are equipped 
with extinguishing equipment, to the extent that this is technically and economically feasible. 
 
5.2.5. Automatic fire-extinguishing equipment in coaches 
 
Description of measure 
 
 Coaches are equipped with extinguishing equipment (e.g. sprinklers) which operates 
automatically when triggered by a fire detector. 
 
Advantages 
 
 Rapid fighting of fire. 
 
Disadvantages 
  

- In a fire resulting from an accident, it is probable that the extinguishing equipment 
will also be so severely damaged that it will no longer be able to fight the fire. 

 
 - Effectiveness not guaranteed where source of fire concealed (e.g. under seats) 
 
 - Malicious operation possible. 
 
 - High installation and maintenance costs. 
 
 - Ability to function under extreme weather conditions is not proven. 
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 - Possible failure due to corrosion. 
 
Recommendation 
 
 This measure is not recommended, owing to its high cost and insufficiently-advanced 
technical development. 
 
5.2.6 Central door locking 
 
Description of measure 
 
 Central door locking gives the driver the facility, even when the train is at a stand, of 
releasing the doors only when it is possible for passengers to leave the train safely. 
 
Advantages 
 
 Unauthorized alighting from the train by passengers is made more difficult when the train 
has come to a stand in a tunnel (possible to alight only by operating the emergency door release 
handle or by using the emergency exits). 
 
Disadvantages 
  
 - 
 
Recommendation 
 
 Central door locking is recommended. 
 
5.3 Infrastructure 
 
5.3.1 Fire extinguishers in tunnels 
 
Description of measure 
 
 Provision of fire extinguishers in tunnels at regular intervals.  Fire extinguishers are 
generally portable.  They spray highly-effective fire-extinguishing chemicals. 
 
Advantages 
 
 - Rapid deployment when location of extinguishers is clearly marked. 
 
 - Easy to use, with good extinguishing effects at early stages of fires. 
 
Disadvantages 
  
 - Problems of operating fire extinguishers (only 1-2 staff on freight trains). 
 - High weight. 
 - Extinguishing agent only lasts a short time. 
 - Not effective against moderate or large fires. 
 - Costly to maintain. 
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Recommendation 
 
 In general the provision of fire extinguishers in tunnels is not necessary.  Fire 
extinguishers on vehicles are likely to be of much greater benefit. 
 
 However, additional fire extinguishers should be located in underground areas regularly 
occupied by maintenance staff. 
 
5.3.2 Marking of escape and emergency exits 
 
Description of measure 
 
 Marking of escape and rescue directions by means of pictograms fitted to the tunnel 
walls, to facilitate escape. 
 
 Additionally, emergency exits should be marked by special pictograms. 
 
Advantages 
 
 Prevent panic. 
 
Disadvantages 
  
 Illusory solution since the shortest distance to the outside of the tunnel is not always the 
best escape and rescue route.  (This depends on which way the smoke is spreading). 
 
Recommendation 
 
 Marking of escape and rescue directions is not recommended, but emergency exits should 
be marked. 
 
5.3.3 Walking routes, escape routes 
 (escape route = route to enable evacuation of passengers and access for rescue teams) 
 
Description of measure 
 
 Provision of walking routes in tunnels, normally beside the tunnel wall but where 
necessary (if there is not enough space) also in or between the tracks. 
 
Advantages 
 
 Escape and rescue made much easier.  Rapid progress possible. 
 
Disadvantages 
  
 - 
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Recommendation 
 
 Walking routes should be provided in new tunnels irrespective of tunnel length, running 
speed, number of tracks and type of operation.  Minimum width should be 40 cm (walking 
surface) and they may be located over cable troughing covers.  If walking routes are to be used 
as escape and rescue routes, they must have even surfaces and be as far as possible of uniform 
width.  Equipment fittings on escape and rescue routes should in principle be avoided.  
Equipment which does not project too far (e.g. telephone cabinets) is acceptable where the 
overall width of the escape and rescue route is adequate and where such points are specially 
protected, e.g. by handrails. 
 
5.3.4 Tunnel lighting 
 
Description of measure 
 
 Lights fitted to the tunnel wall, on one or both sides, at intervals of roughly 50 m for 
lighting the walking routes.  In order to ensure lighting functions even after cable damage, 
emergency battery power supply is necessary.  The spacing of lights should ensure uniform 
illumination of the escape route. 
 
Advantages 
 
 - Facilitates rapid departure from the scene of the accident. 
 - May also be useful for maintenance work. 
 
Disadvantages 
  
 In the event of an accident, uncontrolled alighting from the train by passengers could be 
encouraged. 
 
Recommendation 
 
 Recommended where the escape and rescue plan provides for escape from the tunnel, and 
suitable escape routes are available.  To prevent their becoming obscured by smoke in the event 
of fire, the lights should be positioned as low as possible over the escape route, while still 
permitting free passage. 
 
5.3.5 Train radio 
 
Description of measure 
 
 Train radio permits communication between train crew and operating control staff.  
Signalling instructions, for example an emergency stop, can be conveyed quickly and reliably by 
this means. 
 
Advantages 
 
 Measures to guard against danger and to control emergency assistance place special 
demands on communication and are given considerable support by train radio. 
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Disadvantages 
  
 To the extent that train radio is provided for operating control purposes, there are no 
disadvantages. 
 
Recommendation 
 
 On new lines, the use of train radio is generally recommended.  Conventional train radio 
systems are adequate so long as radio communication is also possible inside the tunnel. 
 
5.3.6 Emergency exits (stairs) and escape and rescue tunnels parallel to the tunnel 
 
Description of measure 
 
 Provision in tunnels, depending on length and depth, of emergency escape stairs or 
tunnels as escape routes from the danger zone. 
 
Advantages 
 

- High capacity in the escape phase, since rapid escape from the danger zone is 
possible. 

 
- Immediate movement into areas which can be sealed off. 
 
- Good access for emergency services. 
 

Disadvantages 
  

- Such facilities of use only to persons capable of escape.  Emergency stairs of no use 
to those unable to climb. 

 
- Emergency exits may be used for sabotage attacks. 
 

Recommendation 
 

The need for escape and rescue tunnels in connection with very long tunnels requires 
detailed examination as part of the overall rescue plan.  Access shafts and galleries for 
maintenance purposes may be used as escape and rescue routes. 

 
Escape shafts and escape and rescue tunnels should be kept free from smoke.  Escape 

tunnels should be usable by the emergency services.  No escape shaft should exceed 50 m in 
height. 

 
The decision in favour of a double or single track tunnel will be influenced by factors 

other than the escape plan, and is not therefore considered further in this leaflet. 
 

6. MEASURES TO FACILITATE RESCUE 
 
6.1 Operational measures 
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6.1.1 Preparation of emergency and rescue plans 
 
Description of measure 
 
 Where mishaps occur in tunnels, the provision of assistance from the outside is 
complicated by the fact that the scene of the accident is more difficult of access and takes longer 
to reach.  The time taken to call the emergency services and for them to reach the scene therefore 
represents the critical factor.  Plans for calling and deploying the emergency and rescue services 
can ensure that the time taken is as short as possible.  This includes the provision of data sheets 
for the structures concerned. 
 
Advantages 
 

- Minimising the time taken by emergency/rescue services to reach the scene of the 
accident. 

 
- Identical information for all involved. 
 
Disadvantages 

  
 - 
 
Recommendation 
 
 Emergency call-out plans for use in cases of accident are used by all railways.  They 
should be agreed with and amplified by the emergency services. 
 
6.1.2 Advance information to public emergency services on the transport of dangerous goods 
 
Description of measure 
 
 Notification of movements of exceptionally dangerous goods to control offices and 
emergency services. 
 
Advantages 
 

- Precautionary measures (e.g. observation of equipment or vehicles) can be planned. 
 
- Emergency services can be placed on standby during the period that the train is in the 

tunnel. 
 

Disadvantages 
  
- High organisational expenses for questionable effectiveness. 
- The costs for standby operation of public emergency services may be charged for. 
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Recommendation 
 
 The RID regulations form the basis for the safe movement of dangerous goods, so that 
this measure should be applied only in special cases involving especially sensitive loads and 
critical sections of route. 
 
6.1.3 Identification of loads after an accident 
 
Description of measure 
 
 Setting up of a data bank, from which information on loads can be retrieved very quickly 
when required. 
 
Advantages 
 
 In connection with accidents, immediate provision can be made for special dangers 
arising from the nature of the load. 
 
Disadvantages 
  
 None, where such data is gathered for commercial reasons and is thus available. 
 Data protection restrictions, if rescue services have direct access to data. 
 
Recommendation 
 
 Provision should be made for suitable interfaces in setting up databanks for commercial 
purposes.  In principle, access to data should be provided only through railway staff. 
 
6.1.4 Provision of breathing apparatus for rescue teams 
 
Description of measure 
 
 For reasons of safety, breathing apparatus should be available for the reconnaissance of 
an accident in a tunnel.  This breathing apparatus can be provided by the railways or the Fire 
Brigade. 
 
 Standard breathing apparatus (for approx. 30 mins.’ use) and so-called “long-period 
breathing apparatus” (for approx. 3 hours’ use) are available. 
 
Advantages 
 
 In the event of fire, breathing apparatus is essential for reconnaissance of the site of an 
accident in a tunnel.  Where this responsibility is passed to local fire brigades, there is no need 
for railway staff to be trained and be available for call-out with breathing apparatus. 
 
Disadvantages 
  
 - Wearers of breathing apparatus must meet special standards of physical fitness. 
 - The wearing of breathing apparatus requires regular instruction and practice. 
 - It is necessary to monitor that the equipment is fit for use. 
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Recommendation 
 
 An adequate supply of breathing apparatus must be available for tunnels more than 
approximately 2 km in length.  If there are no railway staff trained and authorised to wear 
breathing apparatus, then the services of the local fire brigade should be utilised and stated in the 
rescue plan. 
 
6.2 Vehicle design 
 
6.2.1 Provision of tunnel rescue trains 
 
Description of measure 
 
 Rapid and effective emergency assistance in the tunnel requires qualified staff and 
special equipment.  This gives rise to the following requirements: 
 
 - rapid transport to site of staff and equipment 
 - protection for the rescue team 
 - medical first aid and transport of the injured 
 - facilities for communication between rescue control centre and other points. 
 
Advantages 
 
 - Rail vehicles are an ideal means of meeting the above requirements. 
 - Can also be used for accidents and fires outside the tunnel. 
 
Disadvantages 
  
 - High cost of provision and maintenance. 
 - Special infrastructure measures for stabling the train ready for use. 
 
Recommendation 
 
 Depending on the rescue plan of the railways special rescue vehicles or trains may be 
used. 
 
6.3 Infrastructure 
 
6.3.1 Helicopter landing area at tunnel entrance 
 
Description of measure 
 
 Area measuring roughly 20 m square, free from obstructions, with flat landing area 
roughly 4 m x 4 m in the vicinity of the tunnel entrance, for transport of injured persons by 
helicopter. 
 
Advantages 
 
 Considerable reduction in time taken to transport injured to hospital, and facility for rapid 
provision of rescue equipment. 
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Disadvantages 
  
 Limited use, since it cannot be utilised for other purposes, e.g. storage. 
 
Recommendation 
 
 Landing area at entrances are desirable, but laying out of surfaced landing areas is not 
necessary.  Of use only in connection with an emergency rescue plan. 
 
6.3.2 Access roads in the vicinity of tunnel entrances and emergency exits 
 
Description of measure 
 
 Access road for local fire brigade and rescue services in the vicinity of the tunnel 
entrance or any emergency exit. 
 
Advantages 
 
 - Additional land required. 
 - Continuous maintenance necessary. 
 
Recommendation 
 
 It must be possible to gain access to the area of the entrance and emergency exits of the 
tunnel if the specific rescue plan provides for the attendance of the Fire Brigade and rescue 
organisations. 
 
6.3.3 Water main (water for fire-fighting) in the tunnel 
 
Description of measure 
 
 Laying of a permanent water main (permanently supplied with water or not) through the 
tunnel, with the necessary pumps, hydrants and valves. 
 
 Where natural water supplies are adequate, the drainage system can be designed in such a 
way that the water can also be utilised in fire-fighting. 
 
Advantages 
 
 - Savings in time for fire brigade 
 - No need for laying lengthy conveyance and pressure lines. 
 
Disadvantages 
  
 - High maintenance costs 
 - Low pressure in long tunnels 
 - Risk of frost damage to permanently charged mains 
 - Contact between water and certain chemicals can lead to violent reactions 
 - Water is inapplicable for certain substances. 
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Recommendation 
 
 The existence of a water main for fire-fighting use is desirable only if the water is also 
required for other purposes.  For tunnels less than 600 m such a main is in any case unnecessary. 
 
6.3.4 TV monitoring 
 
Description of measure 
 
 Provision of TV monitoring equipment in the tunnel. 
 
Advantages 
 
 Of value when accidents occur. 
 
Disadvantages 
  
 The effectiveness of TV equipment is directly related to the lighting conditions in the 
tunnel.  It will be impaired significantly by the accumulation of dust and dirt.  Even small 
amounts of smoke will reduce visibility to zero. 
 
Recommendation 
 
 This measure has no direct safety benefit and cannot therefore be recommended as a 
safety measure.  It is suitable only for traffic control and other operating purposes. 
 

_________  
 


