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HOW TO INCREASE TRACK WORKER SAFETY 
AND PRODUCTIVITY 
Ing. Jos Fries, Movares Nederland B.V. on behalf of ProRail 

SUMMARY 

Providing a safe space for various users of the rail infrastructure (including matching guarantees such as points 
being in correspondence and limiting conditions for the use such as speed restrictions) is a main function of an 
interlocking.  To this end the interlocking creates paths over the infrastructure to be used by trains and – in the 
Netherlands – separates areas from regular train traffic for shunting movements.  However, most interlockings 
lack this functionality to one other very important, party, who also needs safe access  onto the infrastructure, the 
track workers.  As a consequence those workers have to use “stopgaps” such as a Track Circuit Operating 
Device (TCOD), simulating the presence of a train on the infrastructure to protect the work area. 

To facilitate providing a safe work area to the track workers, Prorail is extending interlocking functionality with 
work zone protection functionality, ranging from plain work zone switches to the innovative Handheld Terminal for 
the Betuweroute and Hanzelijn.  The Dutch rail infrastructure has been divided into work zones which can be 
taken out of service by the “Leider werkplekbeveiliging” (LWB), the person in charge of a possession.  When a 
work zone is put out of service, the interlocking makes safety arrangements to prevent trains from entering the 
work zone, by preventing the train controller from setting routes into the work zone and, in some cases, by 
putting points in a position deviating from the work zone. 

Application of work zone protection functionality in the interlocking has a number of advantages.  Firstly, safety is 
increased as the LWB doesn't have to enter the tracks to provide the track workers with a safe work area.  At the 
same time the efficiency of the works is increased as the time-consuming application of TCODs (15-20 TCODs in 
an extensive area during regular engineering works) becomes obsolete.  In summary, the extension of 
interlockings with work zone protection functionality leads to an increase in track worker safety and productivity. 

1 INTRODUCTION 

As the manager of the Dutch rail infrastructure, ProRail has the task to provide an available, reliable and safe rail 
network to the operators.  Thereto one of the main duties of ProRail is to supply train paths over the rail 
infrastructure to the operators. 

To be able to provide these operators with train paths, the rail infrastructure has to be kept in good working order, 
requiring the execution of engineering works on the infrastructure.  These works are carried out by track workers 
employed by contractors.  These activities carry risks with them, as the tracks, normally used by trains, have to 
be accessed by the workers.  Also a limited time is available for these activities as they have to be executed at 
night, in the time-intervals the line is not used for normal train traffic. 

This paper describes a way in which the safety and productivity of the track workers in the Netherlands can be 
increased in order to reduce the risks involved with the engineering works and have as much work executed as 
possible in the limited time available. 

2 NOTATION 

HSL High Speed Line 

HHT Handheld Terminal 

LWB Person in charge of a possession 

TCOD Track Circuit Operating Device 

WBI Safety notice in which the arrangements for a possession are specified. 
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3 SAFETY OF ENGINEERING WORKS IN THE NINETIES 

Carrying out engineering works on the rail infrastructure was and still is a dangerous activity. Unfortunately, in the 
past accidents frequently occurred, in which track workers were injured or even lost their lives.  During the 90’s, 
in the Netherlands the five-year moving average of track worker fatalities was increasing to six deaths per year 
(Fig. 1).  Especially in the year 1995 the number of casualties peaked.  In that year, an accident at Mook claimed 
the lives of three track workers, a total of five lives were lost and 12 track workers were injured. 

 

Figure 1: Fatalities and injuries 1992 – 1999 

The accident at Mook caused a shock to the Dutch society which created a drive to develop an increase to the 
level of safety of engineering works.  The authorities urged NS (Netherlands Railways), the organisation at that 
time responsible for the maintenance of the rail infrastructure, to take measures to prevent accidents such as the 
one at Mook.  The then “Spoorwegongevallenraad” (Rail Transport Safety Board) conducted an investigation into 
the accident and made a number of recommendations. 

Until then, the duties for the safe execution of the works were combined with the engineering duties.  One of the 
recommendations of the Spoorwegongevallenraad was to separate these duties and appoint a separate officer 
for the safety duties.  Furthermore, NS made an agreement with the trade unions that engineering and 
maintenance works were to be protected by placing TCODs in the track (Ref. 1).  In the following years the Dutch 
“Arbeidsomstandighedenwet” (Health and Safety legislation) became much more restrictive and more structural 
measurements were taken. 

The current Dutch legislation sets out the following conditions for the execution of works (Ref. 2): 

• In the first instance, whenever possible, risks have to be prevented at their source.  Only when this is 
not feasible it is allowed to take lower order safety measures (such as the protection against the 
occurrence of the hazard).  This is called the “hierarchy of risk controls”. 

• In case of serious and imminent threats for his (or her) safety or that of others, every employee, 
considering his technical knowledge and means, has to be able to apply the necessary measures to 
prevent the consequences of such threats. 

• Prior to the execution of works a risk assessment and evaluation has to be performed in which in writing 
the risks involved with the execution of the works for the employees have to be laid down.  This risk 
assessment also has to comprise the measures to be taken to reduce the risks. 
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3.1 Operating procedures 

The measures and conditions quoted above have led to the following operating procedures for the safe execution 
of engineering works in the Netherlands: 

• To prevent the occurrence of risks at their source, trains and track workers on the track are separated, 
following the principle that the presence of track workers equals the presence of a train.  The 
consequence of this principle is that works have to be carried out during a possession of the track.  The 
obligation and commitment to follow the above-mentioned hierarchy of risk controls has as a 
consequence that in the Netherlands hardly any work is carried out while the track is in operation.  The 
practice still found in some countries, in which track workers are warned of approaching trains in their 
own track is now almost completely banished in the Netherlands. 

• The responsibilities for the safety in a working area and the responsibilities for the supervision of the 
engineering activities are separated.  One person, the “Leider werkplekbeveiliging” (LWB), is made 
responsible for the supervision of track worker safety and this is his sole responsibility.  He is forbidden 
to carry out any engineering activities. 

• The responsibility for the protection of the work area against normal train movements does not lie solely 
with the signaller but with the LWB as well.  Apart from the arrangements the signaller takes to prevent 
trains from entering a work area, the LWB makes his own arrangements to protect that area.  E.g. the 
signaller's arrangements are the blocking of routes leading to the work area while the LWB's 
arrangements are the application of TCODs and point clamps. 

The application of the LWB’s arrangements has to ensure that a potential misunderstanding between 
signaller and LWB about the location and dimension of the work area cannot lead to an accident, this 
being one of the causes of the accident at Mook.  This procedure is also in line with the Dutch 
legislation which requires that employees are enabled, to the extent possible, to take responsibility for  
their own safety precautions. 

• The risks and measures to be taken are laid out in a Safety and Health Plan.  The detailed safety 
measures to be taken are written in a “work area safety notice” called the 
“Werkplekbeveiligingsinstructie” (WBI). The WBI comprises the location and dimensions of the work 
area, the signaller’s arrangements, the LWB’s arrangements and a contract to hand over the 
responsibility for the work area from the signaller to the LWB and vice versa. 

The operating procedure for taking a planned possession is as follows (Ref. 3): 

1. First the LWB contacts the signaller (usually by telephone) and informs him that he is ready to take the 
possession.  The LWB and signaller review the WBI together to reach a common understanding of the 
location and dimension of the possession. 

2. The signaller applies the arrangements he has to make as stated in the WBI, to separate the work area 
from the area used for normal train traffic.  After the signaller has applied his arrangements, the work 
area is "out of service". 

3. LWB and signaller both sign their own copy of the contract that is part of the WBI and confirm to each 
other they have signed it.  By signing off the contract, the responsibility for the safety in the work area is 
formally handed over from the signaller to the LWB and the work area now is under possession of the 
LWB. 

4. Now the LWB makes the arrangements stated in the WBI as the LWB's arrangements. 

5. Finally the LWB authorises the engineering supervisor to start the work. 

Whilst the works are being carried out, the LWB monitors the operations to make sure the works are performed 
in a safe way, the safety regulations are adhered to and the safety precautions he has taken are kept in order.  It 
is forbidden for the LWB to perform any engineering works; his sole responsibility are his safety duties. 

When the work is finished the possession will be given up and the reverse procedure as described above is 
carried out.  The LWB removes his safety arrangements and contacts the signaller.  They sign off the contract in 
the WBI to hand back the responsibility for the work area to the signaller, who then removes his arrangements 
and puts the area back into service again. 
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By means of these measures the number of incidents has decreased significantly over the last years and the 
safety of the track workers has improved considerably.  Whilst the five-year moving average of track worker 
fatalities reached over five fatalities per year at the end of the 90’s, that average decreased from approximately 
two fatalities in the first decade of this century to less than one fatality in recent  years (Fig. 2).  Fortunately the 
last fatality occurred in 2006. 

 

Figure 2 - Fatalities and injuries 1998 - 2010 

4 CURRENT SITUATION 

To date, the number of fatalities and injured track workers has decreased, but unfortunately near-collisions with 
personnel are still occurring (Fig. 3).  ProRail has a zero accident policy and as these near-collisions are a 
source of potential accidents, ProRail is not satisfied with the current situation and tries to further reduce the 
incidents in which track workers are involved. 

 

Figure 3 – Number of near-collisions 2000-2010 (Ref. 4) 

4.1 Technical context 

In the Netherlands a number of different types of interlocking are in use.  Traditionally relay interlockings and 
their electronic counterparts, Alstom VPI’s are used.  On some parts of the network (e.g. Arnhem, Amersfoort, 
Rotterdam, the High Speed Line) Siemens electronic interlockings are installed.  The line Amsterdam – Utrecht 
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and the Betuweroute, the freight line from the Rotterdam port to the German border, are fitted with electronic 
interlockings from Bombardier and Alstom. 

These interlockings are controlled by the signaller by means of Post21, the name for ProRail’s Integrated 
Electronic Control Centre.  This system provides a uniform control layer for the different types of interlocking, 
hiding the differences between these interlockings from the signaller as much as possible.  Apart from the usual 
display and control of the elements and manual route setting functionality, the Post21 system also provides 
automatic route setting on the basis of a schedule (i.e. the timetable). 

On the largest part of the Dutch network, train detection is performed by means of GRS track circuits. However, 
on a number of lines axle counters are used as the means for train detection.  This is the case on lines in the 
North East on which semi light-rail trains are running (which cannot guarantee track circuit activation) and axle 
counters are also applied on the high-speed line from Amsterdam to the Belgian border.  The Betuweroute is 
equipped with Alstom’s Jade track circuits. 

4.2 Application of TCODs 

A common way to separate the work area from the area used for normal train traffic, besides the application of 
point clamps and fences, is to provoke one or more track occupancies.  To this purpose one or more TCODs are 
placed in the track.  This safety arrangement can only be used where track circuits are employed as the method 
for train detection.  Where the track is fitted with axle counters, no suitable instrument for the LWB to protect the 
work area in this way is available. 

The application of TCODs as a means to protect the work area from normal trains comes with risks as the 
absence of running trains on that track cannot be guaranteed to the LWB.  The mounting of TCODs in a track not 
yet under possession is one of the causes for the occurrence of near-collisions with personnel.  Because TCODs 
have to be mounted while the track is just out of service and only the signaller's arrangements have been taken, 
misunderstandings between LWB and signaller can (and do) happen and the LWB can be mistaken in the 
location at which a TCOD has to be placed. 

The application of TCODs is  also a time-consuming activity.  In the Netherlands, for a standard possession of six 
to eight hours on week-nights, depending on the dimensions of the work area and the infrastructure lay-out, 
roughly about 15 to 20 TCODs have to be mounted in the track.  This requires the deployment of personnel and 
takes time at the start and end of a possession, where usually the available time for the works is very limited to 
begin with. 

In summary, the current situation is not ideal.  Fortunately, the number of accidents involving track workers has 
dropped, but near-collisions with track workers still occur.  Application of TCODs is not possible to protect a work 
area where axle counters are used as train detection equipment, the application itself is a hazardous process 
and in addition the procedure is time-consuming, taking up valuable time at the start and end of engineering 
works. 

4.3 A signalling perspective 

Viewed from a signalling perspective the fact that the LWB has to place TCODs and point clamps in the track to 
implement his safety arrangements is a curious situation.  It is the duty of a signaller to assign a designated part 
of the rail infrastructure to the different users and authorise them for the use of that space.  As a manual 
execution of this process is fraught with dangers the signaller is supported in these duties by an interlocking.  By 
means of the interlocking the signaller creates paths over the infrastructure and assigns these paths to trains and 
– at least in the Netherlands – assigns shunting areas to a shunting supervisor.  The interlocking then separates 
the shunting area from the normal train traffic area by locking the points around the area in the position deviating 
from that area. 

For the purpose of creating a safe space on the rail infrastructure for the track workers, most interlockings 
however lack functionality.  The track workers have to resort to stop gaps such as TCODs and point clamps to 
protect the working area from normal train traffic, resulting in a significant risk for the track workers involved. 

If the allocation of a safe space to track workers is regarded as a function of the interlocking, the question arises 
what features this function should have.  The stakeholders involved with the Dutch practice for engineering 
works, listed the following requirements: 
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1. Allowing a safer execution of engineering works by allocating a safely usable work space to the track 
workers in a safe way, 

2. Being able to ascertain the state of a track section (whether or not being under possession) at any time 
at the location of that section, 

3. Being able to apply and remove the safety arrangements "simply and quickly", 

4. Allowing the signaller to manage the infrastructure under his responsibility and providing him with a 
clear overview of the responsibilities of all parties involved at any moment, 

5. An increase in the efficiency of the preparation of safety arrangements of engineering works.  In the 
Netherlands each year more than 20.000 possessions are being taken and each possession requires 
the preparation of the safety arrangements and the definition of these arrangements in a WBI. 

 

5 IMPROVEMENTS BY MEANS OF WORK ZONE PROTECTION 

5.1 Principles 

The requirements mentioned in the previous paragraph can be realized by extending the interlocking with the 
functionality for work zone protection.  In applying this kind of protection the entire rail infrastructure controlled by 
the interlocking is split up into a number of work zones of fixed dimensions.  Work zones are uniquely identified 
and do not overlap; every infra element (such as a points or track section) belongs to exactly one work zone. 

A work zone at a junction typically comprises two to five points.  A single track between two junctions comprises 
just one work zone.  Figure 4 shows an example of the work zone layout for a part of the Betuweroute. 
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Figure 4 - Example work zone layout 

These work zones become first class members of the interlocking, with the same integrity level as routes and 
shunting areas.  During the execution of works, the work zones are taken under possession in their entirety and 
are, after completion of the works, put back in service again.  When a work zone is taken under possession, the 
interlocking provides the necessary precautions to protect the work zone from normal train traffic. 

Taking and giving up a possession is done in the following way (Fig. 5).  At the start of the work the signaller puts 
the work zone out of service, whereupon the LWB, e.g. by operating a switch, takes the work zone under 
possession.  After the works have been completed the LWB gives up the possession by returning the switch to 
its normal position, whereupon the signaller takes the work zone back in service. 

The interlocking enforces the sequence of these actions.  A work zone cannot be taken under possession by the 
LWB before the signaller has put it out of service.  This way the signaller is able to keep control over the area 
under his responsibility.  Once a work zone is under possession, the signaller cannot take it back into service 
before the possession has been given up by the LWB. 

Work zones and conflicting routes, i.e. routes leading to or crossing the work zone, are mutually exclusive.  
When the signaller puts a work zone out of service, the interlocking checks that no routes conflicting with that 
work zone are set.  When a work zone is out of service the signaller can no longer set routes conflicting with the 
work zone. 
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In case an interlocking supporting this feature is applied, the flank protection points of a work zone are steered 
and locked in the position deviating from the work zone when that work zone is put out of service.  This prevents 
a train passing a signal at danger entering a work zone under possession, whilst at the same time preventing any 
engineering trains driving or rolling out of the work zone fouling the tracks still in service. 

 

 

Figure 5 - State Transition Diagram Work zone 

For high-speed lines a temporary speed restriction can be applied to the work zone’s adjacent track.  This has to 
prevent track workers and/or their equipment being caught in the turbulence of a passing train. Typically the 
speed is restricted to 130 or 140 km/h. 

5.2 Operational embedding 

As mentioned before a WBI comprises both the signaller's arrangements and the LWB's arrangements for a 
possession.  In applying a work zone protection the signaller's arrangements comprise the work zones to be put 
out of service while the LWB's arrangements comprise the taking under possession of the same work zones.  In 
this way the work zone protection is fully integrated with the operational procedures for taking and giving up a 
possession. 

5.3 Implementations 

The functionality for work zone protection as described above is implemented in several Dutch interlockings.  The 
major characteristics of these implementations will be described below. 

5.3.1 High Speed Line 

The High Speed Line (HSL) in the Netherlands has a length of 125 km and is split up into 24 work zones.  The 
work zones are controlled by the LWB by means of switches, located in metal cabinets placed alongside the 
track.  The switches are situated at a location the LWB can safely reach without running the risk of being struck 
by a train.  Every cabinet comprises: 

• A switch with which the LWB can take and give up possession of the work zone, 

• An indicator light indicating the possession of the work zone, 

• A key, which can be removed only if the work zone is under possession and which in turn is required to 
give up possession of the work zone. 

Per track an additional switch is provided to take all work zones on that track under possession or give up their 
possession. 
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Points in a work zone under possession 
cannot be operated by the signaller and 
are controlled from a management console 
in the Operations Control Centre of the 
HSL.  The speed of the trains on 
neighbouring tracks is restricted to 130 
km/h. 

5.3.2 Betuweroute/Hanzelijn 

The 120 km long Betuweroute from 
Kijfhoek to Zevenaar is split up in 64 work 
zones.  The work zones are controlled by 
means of a mobile terminal (Fig. 6), called 
the Handheld Terminal (HHT).  The HHT 
links with the Betuweroute's interlocking 
via the ERTMS Radio Block Centres 
(RBC’s). 

Points in a work zone under possession 
can be operated through the HHT without 
intervention of the signaller.  Flank 
protection points can also be controlled by 
the LWB; to be able to steer these points 
however permission has to be granted by 
the signaller. 

The HHT also provides functionality for the 
transfer of responsibility of a work zone 
from one LWB to another on a shift 
change, for blocking work zones under 
possession, for blocking the movement of 
points and for checking the state of a work 
zone. 

All LWB actions via the HHT are executed 
on a personal basis, i.e. the LWB has to 
login on an RBC by means of a user name 
and password combination.  A juridical 
recorder keeps track of all actions 
performed. 

The track is equiped with signs, indicating 
the work zone and its limits. By means of 
these signs, the LWB is able to verify he is 
at the right location, i.e. in a work zone he 
has taken under possession. 

The HHT will also be implemented on the 
Hanzelijn, the extension of the line from 

Weesp to Lelystad to Zwolle.  This line will be put into operation end 2012. 

5.3.3 Support in relay and VPI installations 

Support for work zone protection in relay and VPI installations is under development.  The design rules for the 
design of work zone protection in these types of installations will be available later this year. 

This implementation will have to be relatively simple as adding the logic for work zone protection in a relay 
interlocking requires additional components and the capacity of VPI interlockings is limited.  The system will just 
comprise the functionality for taking and giving up a possession by means of a switch.  The interlocking will keep 
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the entry signal of all routes conflicting with a work zone under possession at danger and the Post21 system will 
prevent any conflicting route setting.  Flank protection points will not be steered and locked and the points in a 
work zone under possession will still be controllable by the signaller. 

5.4 Signaller’s work zone control 

As stated before, all interlockings in the Netherlands are controlled by the signaller by means of the Post21 
system.  On a display the system shows the signaller the area (i.e. the junctions and lines) under his control, the 
state of the elements in the area, the routes set and the trains present in the area.  This display shows the 
signaller the state of the work zones as well.  Work zones taken under possession are greyed out as the tracks 
and track occupations in such a work zone are of no importance to him. 

The Post21 system also contains functionality for activating WBIs.  The Post21 system is supplied with the WBIs 
to be executed in a digital format on a daily basis.  These WBIs can be checked and activated by the signaller.  
When the signaller activates a WBI to start a possession, the signaller's arrangements as specified in that WBI 
are taken automatically by the Post21 system and the interlocking.  By means of the activation of a WBI an entire 
work area can be put out of service by one action of the signaller. 

When the interlocking is equipped with work zone protection functionality, the work area specified in the WBI 
comprises the work zones to be taken under possession.  On activation of the WBI by the signaller, Post21 
checks all work zones in the work area for conflicting routes and in the absence of such routes puts the work 
zones out of service.  These actions take place through the single action of the signaller.  On deactivation, under 
the condition the possession has been given up by the LWB, these work zones are put back into service. 

5.5 Benefits 

By means of the work zone protection integrated in the interlocking, the stakeholder's requirements mentioned 
above can be met.  The LWB can make his arrangements without having to enter the tracks with the result that 
this source of near-collisions is eliminated and the safety of the operations is increased.  An analysis conducted 
on near-collisions with track workers showed that approximately a third of these accidents can be prevented by 
means of a work zone protection.  Also the LWB's arrangements can be taken and removed "simply and quickly" 
so the efficiency of the works can be increased.  The time needed for taking and removing the LWB’s 
arrangements can be reduced with a quarter of an hour for small-scale possessions to an hour for possessions 
of a larger scale. 

As less time is lost to the process for taking and removing the arrangements for a possession, more work can be 
performed during the possession and the number of possessions required for the engineering works can be 
reduced. This could lead to a significant reduction in the expenditure for small and large scale maintenance. 

Also, by using the standard work zone layout the preparation of the safety arrangements of a possession can be 
simplified and made more efficient.  Instead of manually having to determine which routes have to be blocked 
and at which locations TCODs have to be placed, the work area can simply be defined by summing up the work 
zones the work area will be comprised of.  Post21 and the interlocking will then take care of the necessary 
precautions. 

Another benefit is that the signaller can control the process of taking a work area under possession.  Only the 
work zones he has given permission for, can be taken under possession by the LWB. 

The work zone protection functionality also provides the possibility for indicating the state of the work zone to the 
track workers, fulfilling the demand to be able to ascertain at any moment the state of a track section at the 
location of that section.  This indication can take the form of a work zone signal or a mobile terminal on which the 
work zones under possession are shown in relation to the position of the terminal's user.  This functionality 
mitigates another serious hazard, incorrectly locating the tracks taken under possession. 

In the future the work zone protection can be at the heart of a more extended functionality made available to the 
LWB for the management of a possession.  It is technically feasible to provide the LWB by means of a mobile 
terminal, the equivalent to the functionality the signaller has at his disposal to manage the WBIs.  By means of 
this functionality it would then be possible for the LWB to take an entire work area, comprised of many work 
zones, under possession with one action on his terminal.  This functionality would increase the efficiency of the 
engineering works even further. 
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In principle it would even be possible to perform engineering works during brief possessions, in between normal 
train traffic, while still maintaining the principle that the presence of trains and track workers on the track is 
separated. 

5.6 Cost-benefit analysis 

To determine if the integration of work zone protection in interlockings to be built would be feasible and could 
produce lower rail infrastructure life cycle costs, a cost-benefit analysis was performed.  In this analysis the costs 
for implementation of the work zone protection and the benefits mentioned previously were quantified.  The most 
significant costs are the investment in the implementation of the work zone functionality in the interlockings and 
the configuration of the work zones in the Post21 system.  The most significant benefits are, as mentioned 
above, an increase in safety and an increase in efficiency of the process for taking and removing the 
arrangements of a possession. 

A quantification of these benefits is given in Tables 1 and 2. Table 1 describes the calculated annual safety 
benefits, based on the average number of casualties in the Netherlands in 2001 to 2009, the European Railway 
Agency value for casualties avoided (Ref. 5) and the reduction in the number of incidents of 33% mentioned 
previously.  This calculation shows that the application of work zone protection would result in annual safety 
benefits of approximately €432K. 

Incident 
category 

Value of safety plus 
costs (level 2011) 

Average number of 
casualties per year 

Reduction Safety benefits 

Fatality € 2.023.822 0,56 33% € 374.002 

Serious injury € 268.707 0,44 33% € 39.016 

Slight injury € 2.158 2,67 33% € 19.013 

Total   € 432.031 

Table 1: Calculated safety benefits 

The calculated efficiency benefits are given in Table 2. The annual budget for small and large scale infrastructure 
maintenance for 2011 up to 2020 is in the order of €360M (Ref. 6).  As the time needed for taking and removing 
the LWB's arrangements can be reduced by 15 up to 60 minutes, a significant reduction in the cost of labour 
would be feasible, leading to a considerable reduction in the expenditure for small and large scale maintenance.  
(The exact figure is considered ProRail confidential information.)  Even if the savings were a mere one percent, 
the introduction of the work zone protection would lead to yearly savings of €3,6M on the current annual budget 
for maintenance. 

Budget Euro Savings Value 

Small scale maintenance € 243M 1% € 2,43M 

Large scale maintenance € 117M 1% € 1,17M 

Total   € 3,6M 

Table 2: Calculated efficiency benefits 

The conclusion resulting from this analysis might be surprising.  Looking at the benefits purely from a financial 
viewpoint, the safety benefits do not deliver the greatest benefit;  the efficiency benefits outweigh the safety 
benefits by at least a factor of 8. 

The cost-benefit analysis shows that an investment in the addition of work zone protection is profitable under the 
condition that the provision of a new interlocking already is planned.  Adding work zone protection to existing 
interlockings will not be justifiable form a purely financial perspective. 

Until a few years ago investments in work zone protection were regarded just as investments in the safety of 
track workers.  The cost-benefit analysis however shows that from a financial viewpoint the efficiency benefits 
are much higher than the safety benefits.  An increase in safety therefore can go hand in hand with an increase 
in efficiency!  Put differently: an increase in track worker safety could be financed from the efficiency benefits. 
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6 CONCLUSION 

Summarising, it can be stated that in the Netherlands the productivity of track workers and their safety can be 
increased by investing in the addition of work zone protection functionality to new interlocking projects.  The 
interlockings for Betuweroute, HSL and Hanzelijn already are equipped with work zone protection functionality 
and ProRail currently is developing support for work zone protection in relay and VPI installations.  The result of 
this will be that in the coming years the number of interlockings providing work zone protection functionality will 
grow and the number of accidents with track workers will be reduced further, while at the same time the 
efficiency of their efforts is increased. 
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