
13th ICTCT workshop Proceedings
Traffic Safety Measures

21

TRAFFIC SAFETY AT RAILROAD LEVEL CROSSINGS

Kirsi Pajunen

VTT Communities and Infrastructure
PO Box 1902, 02044 VTT, Finland
Phone: +358 9 456 6209
Fax +358 464 850
e-mail: kirsi.pajunen@vtt.fi

INTRODUCTION
This presentation is based on two studies reported in Finnish and with an English abstract:

Anila, M. & Kallio, M., Tasoristeysten turvallisuus Toijala – Turku –rataosalla (Safety of
railway level crossings on the track between Toijala and Turku). Technical Research Centre
of Finland, Communities and Infrastructure. Research report 539/2000.

Pajunen, K. & Katajisto, P., Rautatietasoristeysten turvaaminen. (Countermeasures to
improve traffic safety at railway level crossings). Technical Research Centre of Finland,
Communities and Infrastructure. Research report 543/2000.

Finnish Rail Administration has started to monitor all railway level crossings on their rails.
The monitoring has already been made on five rail sections (about 450 km and 325 railway
level crossings have been monitored) and will continue for some years. The research
referred includes the monitoring of first rail section (Toijala –Turku about 140 km and 94 level
crossings).

After the field studies the recommendations for countermeasures to improve traffic safety at
monitored railway level crossings were made. The countermeasures were classified to be
carried out immediately, soon or later. The countermeasures to be carried out immediately
make a railway level crossing safe to enter. Examples of those countermeasures were e.g.
restrictions for articulated vehicles, speed limits for trains or clearing the vegetation to
improve sight distances. A countermeasure to be carried out soon (within a year) could be
e.g. equipping the level crossing with half-barriers and later e.g. building of grade separated
crossing or a new road connection.  A computer program called ARC (Audit of Railway level
Crossings) was developed to view all monitored railway level crossings.

In the second research we described the problem of traffic safety at railroad level crossings.
We also listed almost one hundred different countermeasures to improve traffic safety at
railroad level crossings. The pros and cons of the countermeasures and their applicability to
the conditions in Finland were assessed. The identification of countermeasures was based
mainly on literature review and interviews of experts.



13th ICTCT workshop Proceedings
Traffic Safety Measures

22

BACKGROUND
The crashes at railway level crossings represent a significant part of casualties in railway
traffic. Having two different traffic modes meeting each other at level is always a challenge
for traffic safety. Legally the train has always right-of-way at railway level crossings in all
countries. Because the car driver has to give way it is very easily assumed that the car driver
is also the only responsible party for the crash.

On the network of Finnish Rail Administration there were about 4300 railway level crossings
at the beginning of year 2000. About 500 of those were the crossings with the public road
and a little less than 300 crossings with streets. In addition there were about 900 railway
level crossings on the private rails (table 1).

Table 1. Information on Finnish rail network and railway level crossings.

Total length of railway lines 5 836 km

Total track length including sidings 8 680 km

Gauge 1 524 mm

Lines with two or more tracks 507 km

Electrified line 2 234 km

Tunnels 42

Total length of tunnels 25 284 m

Number of level crossings on main line 3 554

Number of level crossings on whole rail
network

 5210

Half-barriers 806

Crashes at railway level crossings
during 1999

48

Fatalities at railway level crossings
during 1999

10

About 56% of train traffic accidents and 56% of resulting fatalities in Finland occur at railroad
level crossings. Improving the traffic safety of railroad level crossings is therefore an
important issue when improving safety of train traffic. The crashes at railroad level crossings
are more severe than road traffic crashes on average. For avoiding those crashes it is
important that the road user is aware that she or he is approaching the railroad level
crossing.

In Finland and also in other countries both the absolute numbers of crashes at railway level
crossings and crashes per number of railroad level crossings were decreasing from 1970’s to
1990’s. In Finland the decrease slowed down during the second half of 1990’s.

The number of accidents at railway level crossings in Europe, USA and Japan was
compared. In the USA the number of railway level crossings per rail-kilometre is very low
(table 2) and in Japan the number is high. (Godziejewski et al. 1999)
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The number of crashes per railway level crossing was lowest in Norway and highest in
Czech republic, where the number of fatalities per railway level crossing was also the
highest. In Norway one of the factors effecting to the low number of crashes per railway level
crossing is that every railway level crossing is equipped with some kind of safety device.

The traffic safety at railway level crossings is on higher level in Sweden and Norway than in
Finland. In Sweden they have high volume of railway level crossings per rail-kilometre but
have a low number of crashes and the lowest number of fatalities per railway level crossing.
The Swedish have paid special attention and allocated resources for improving the traffic
safety at railway level crossings. They have very clear criteria for selecting the proper
warning device to different types of railroad level crossings. The criteria seem to be very
strict compared to the present status of warning devices in Finland and the conditions are
tightened frequently.

Table 2. The number of railway level crossings per rail-kilometres and the number of crashes
and fatalities per 100 railway level crossings in Europe, Japan and USA. (Godziejewski et al.,
1999, Banverket, Jernbaneverket, Finnish Rail Administration)

Country Railway level
crossings/km

Crashes/ 100
railway level
crossings

Fatalities/ 100
railway level
crossings

Japan 1.41 1.28 0.34
USA 0.10 1.35 0.17
Germany 0.73 1.73 0.35
France 0.66 1.10 0.24
Poland 0.73 0.96 0.51
Sweden 0.88 0.28 0.08
UK 0.56 0.39 0.24
Czech rep. 0.90 2.93 0.84
Italy 0.46 0.48 0.13
Norway 1.26 0.24 0.12
Finland 0.74 1.12 0.23
Mean 0.77 1.08 0.30

In Finland the number of railway level crossings per rail kilometre and crashes per railway
level crossings are very near the average. We have a little more fatalities per railway level
crossing than the countries of the table in average.

It is very difficult to make international comparisons on railway safety. The data are collected
by UIC, but the data from one country can represent only one operator. Comparisons
between countries are therefore almost impossible to make based on that data. There is also
very limited and out of date information on accidents, fatalities and person injuries.
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COUNTERMEASURES TO IMPROVE TRAFFIC SAFETY
All the countermeasures and their sub-measures listed in the research and the types of
railway level crossings they can be applied are listed in the appendix.

Reducing the number of railway level crossings

The most effective way to improve traffic safety at railroad level crossings is to close the level
crossing or to build a grade separated crossing. It is possible that the grade-separated
crossing is situated in a different place than a level crossing. In that case a new road
connection must be built. If there is high-speed traffic (speed more than 140 km/h) on the
track no level crossings are allowed in Finland. In long-term plans in many countries railroad
level crossings are going to be closed and grade separated crossings built instead.

Improving the sight distances

The results of monitoring the railway level crossings show that the most common problem is
insufficient sight distances. Poor sight distances are often the problem at railway level
crossings with private roads. The solution is usually very cheap and simple, just clearing the
vegetation. There can also be construction waste blocking the sight to the rail. A building can
also block the sight. If the building is not in use it could be torn down. It is also possible to
move some buildings. During the wintertime the snow should be driven away from the
crossing. Clearing the vegetation is sometimes the only measure needed to make it safe to
cross the rails.

It is sometimes almost impossible to improve the sight distances with reasonable costs.
There can be big buildings situated near the level crossing, the terrain can block the sight to
the rail or there can be a sharp bend on the track near the level crossing. In those kind of
locations grade separation is one solution to the problem. If it is unsafe to cross the rails
because of sight distances the first recommendation is to restrict the types of vehicles that
are allowed to enter the level crossing. If that solution is impossible, reducing the speeds of
the trains gives road users enough time to cross the rails safely.

Improving the gradients of road

According to the field studies another common problem is the gradients of the road and
waiting landing which are not according the regulations. The problem can be that there is no
proper waiting landing or that the gradient of the road is too high. It should be discussed if
the regulations are sensible especially it there is a small private road going to one farm. The
railway level crossings could at some places be closed for wintertime. It should be also
considered if it is wise to build a grade separated junction instead of improving the gradient
of the road. The costs can be very near each other.

Half-barriers

At the railroad level crossings equipped with half-barriers (figure 1) driving round the gates is
one of the main problems. Short waiting times and the reliability of the equipment are
prerequisite for proper traffic behaviour at railroad level crossings with half-barriers.
According to the study made in the USA 38% of free vehicles (single vehicles and first ones
in queues) crossed the track when the half-barriers were already down. (Meeker & al., 1997)

One problem is the road vehicles colliding with half-barriers. In Finland there are about 800
railway level crossings equipped with half-barriers. During year 1999 there were 164 (about
20%) half-barriers broken in the crashes. The optimisation of waiting times is one solution to
this problem.
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Figure 1. Railway level crossing with half-barriers.

Pedestrians and cyclists go round the gates even more than car drivers do. In Sweden only
20-25% of them stop when the red signal is on, 3-5% go under the barriers and 17% of
pedestrians and 65% of cyclists proceed before the red signal is off. (Vägverket, 1998)

Flashers and warning bells

At the level crossings with flashers and warning bells the waiting time should be optimised,
function reliable and it is important for the road user to be able to distinguish the light also
when the sun is shining at the driver or in the dark.

There are several reasons for driving against the red signal. It is possible that the driver does
not observe the signal. The strobe lights or LED’s could make the signal more
distinguishable. The driver can drive against the ‘fresh’ red signal, if she or he presumes to
be able to cross the track before the train comes. It is also possible that the driver is tired for
waiting for the train and drives against the red signal presuming that the train does not come
this time. Keeping the waiting times as short as possible (the equipment should be able to
detect the speed of the train) can help to solve these problems.

Warning signal for one domain

In Sweden and Norway they have used a simple warning signal at the level crossings with
one track and very low volume private road.  There is a normal light bulb at the level crossing
and the light is on when the train is not approaching the level crossing. If the light is off the
train is approaching or the bulb is broken. This solution is in use if the road connection is just
for one domain and they make a contract with the owner of the domain. This kind of warning
device is not defined in law. The experiences of the system are good and they are building
more of those in Sweden.

In Finland we are testing a same type of device called level crossing signal. There is LED
situated in the middle of the cross buck. The light is on when the train is approaching. There
are axle counters detecting the train. The equipment gets its power from solar panels and
wind turbine. The road is planned to be a private road with low traffic volumes and there is no
need for it leading to just one domain. For now only a prototype of the device exists.
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Stop-signs

Stop signs are found to have positive effect on traffic safety at level crossings in Finland. The
drivers do not necessarily exactly stop but they reduce their speed significantly before the
railway level crossing. There are also level crossings where stop signs are not a good
solution. That can be for example if the gradient of the road before the level crossing is high.
The location of stop signs should be optimised for example according to sight distances from
the road. (figure 2)

Figure 2. Railway level crossing with stop signs.

Adjustable ramp on the road before the level crossing (Russian application)

As an example of new innovation is the adjustable ramp on the road before the railway level
crossing they have been developing in Russia. (figure 3) The device is used at the level
crossings with half-barriers to prevent the road users from proceeding when the train is
approaching. This is a new solution and there is no experience on how well it is functioning.
There are no plans to try this equipment in Finland.
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Figure 3. Adjustable ramp on the road before the railway level crossing.

CONCLUSIONS
The aims of the studies were to monitor the actual status of railway level crossings and to
collect a list of existing ways to solve the problems with traffic safety at railway level
crossings and possibly to innovate some new countermeasures. Relevant factors affecting
the safety at railway level crossings are for example the type and traffic volume of the road,
speeds of vehicles, number of tracks and the speeds of trains. According to those factors a
proper countermeasure or set of countermeasures should be tailored to each railway level
crossing. There are low cost countermeasures, which can be executed immediately (e.g.
clearing of vegetation to improve sight distances). There are more complicated and more
costly countermeasures that need time and could be executed in long term (e.g. building of
grade separated crossing).
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APPENDIX

Countermeasures to improve traffic safety at railway level crossings. (In the
table level crossing = railway level crossing.)

Countermeasure Sub-measure Applicability
Closing of level crossing Level crossing not in use
Replacing with a new road
connection

Private road with low traffic
volume or high-speed trains

Combining several level
crossings

Private road with low traffic
volume or high-speed trains

Closing of level crossing partly
(pedestrians and bicycles
allowed)

Replacing road connection
exists, pedestrian and
bicycle volumes high

Whole barriers Pedestrians and bicycles
Breakable materials All barriers
Fault diagnosis Automatic barriers
Room for bypass Whole barriers

Four-quadrant gates Road traffic volume high
Half-barriers Road traffic volume high

Extension of half-barriers All half-barriers
Breakable materials All barriers
Reflecting materials All barriers
Nets to half-barriers (looks
like a gate)

All half-barriers

Fault diagnosis Automatic barriers
Automatic obstacle
detection

Information to train, new
techniques in use

Timing according to the
speed of the train

New techniques in use

Blinking light also on the
barrier

Automatic barriers

Optimisation of location All barriers
Fence in the middle of the
road

Road has more than two
lanes

Other activities during the
waiting time

New techniques in use

Indicator for the direction
the train is coming from

New techniques in use

Flashers and warning bells Moderate road traffic
Optimisation of location All warning device
Strobe lights Flashers  & warning bells or

half-barriers
LED’s The visibility of flashers

poor
Fault diagnosis New techniques in use
Optimisation of timing New techniques in use
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Countermeasure Sub-measure Applicability
Timing according to the
speed of the train

New techniques in use

Advance warning with
signals

Level crossing difficult to
perceive

Other activities during the
waiting time

New techniques in use

Indicator for the direction
the train is coming from

New techniques in use

Warning bells Voice to the direction of the
road

Urban areas

Warning signal for one domain
(ägovägslampa)

Road leading only to one
domain

‘Level crossing signal’ Level crossings of private
roads

Straightening of road Some private roads,
investigation needed

Gradient of road according to
regulations

Level crossings of private
roads

Reconditioning of waiting
landings

Level crossings of private
roads

Gradient Level crossings of private
roads

Length of waiting landings All level crossings
Grating on the road before the
level crossing

Unpaved roads, level
crossing difficult to perceive

Humps on the road before the
level crossing

Paved road, Level crossing
difficult to perceive

Optimisation of deck material All level crossings
Paving of road near the level
crossing

Unpaved roads, moderate
road traffic volumes

Improving the sight distances Level crossings with short
sight distances

Clearing of vegetation Vegetation obstructing the
sight

Removing of waste  after
construction

Rudiments obstructing the
sight

Removing of buildings Buildings that are possible
to move or demolish
obstructing the sight

Reconditioning of climbing
restraints

Climbing restraints
obstructing the sight

Staking of sight distance
areas on the ground

All level crossings

Intensifying of maintenance All level crossings
During summer: filling up
the holes

Level crossings of private
roads
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Countermeasure Sub-measure Applicability
During winter: timing of
ploughing

Level crossings of public
roads

Sand boxes at level
crossings

Gradient of road is high
before the level crossing

Condition of decks Decks need reconditioning
Pedestrians and bicycles
meandering across the rail

Level crossings for
pedestrians and bicycles
only

Periodic closing of level
crossing

Private roads with low traffic
volumes

Prohibiting the driving across
the rail with long vehicles
(trucks)

Sight distances poor or
gradient of the road high

Equipping the level crossing
with barriers with locks

Only one or few users at the
level crossing

Asking permission to cross the
rail by phone

Private roads with low traffic
volumes

Warning signs before the level
crossing

All level crossings

Checking the location All level crossings
Correct signs All level crossings
Sign of the angle between
road and rail

Angle between road and rail
is not right

Reflecting materials All level crossings
Stop-signs before level crossing Investigation needed

Optimisation of location Level crossings with stop-
signs

Speed limit signs before the
level crossing

All level crossings

Portal before the level crossing Passive level crossings
Traffic mirror at the level
crossing

Investigation needed

Signing the optimal place to
stop

Passive level crossings

Painting of tracks with reflecting
paint near the level crossing

Passive level crossings

Quick alarm to the engine by
general emergency number

All level crossings

Laws and regulations All level crossings
Education and campaigns Level crossings in general
Enforcement at active level
crossings

Active level crossings

Supervision of the state of the
level crossing

All level crossings

Updating of regulations All level crossings
Lights on the engine when the
speed is over 35 km/h

All level crossings

Speed limits for trains Temporary countermeasure
Net across the road Not applicable (expensive)
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Countermeasure Sub-measure Applicability
Rumble strips on road Not applicable (wear out)
‘Noisy’ pavements Not applicable (wear out)
Adjustable ramp on the road
before the level crossing
(Russian application)

Not applicable (no
experience on function)

Advance warning on poor sight
distance

Not applicable (no effect)

Variable speed limits Not applicable (expensive)
In-vehicle warning Not applicable (possible in

the future)
Route planning of transportation No need


