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Definitions
Unless the context indicates otherwise:
“Operator” means a network operator, train operator or station operator or a combination of two or three of them.
“Safety permit” means a permit issued by the Rail Safety Regulator.
“Standard” means any provision occurring:
• in a specification, compulsory specification, code of practice or standard method as defined in section 1 of the
Standards Act, 1993 (Act No. 29 of 1993); or
• in any specification, code or any other directive having standardization as its aim and issued by an institution or
organisation inside or outside the Republic which, whether generally or with respect to any particular article or
matter and whether internationally or in any particular country or territory, seeks to promote standardization.
“Private level crossing” means a level crossing where a private road crosses the railway line(s) at grade
“Public level crossing” means a level crossing where a public road crosses the railway line(s) at grade
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1. EXECUTIVE SUMMARY
The RSR Annual Operational Plan for the 2021-22 financial year instituted the state of safety
intervention to ensure that level crossings are safer. Looking at the 2020-21 State of Safety (SoS)
report most level crossing occurrences reported were caused by road user behaviour. Though
most of occurrences are caused by driver behaviour the rail operators bare the cost. The only
effective solution appears to be the upgrading of the level crossing protection levels. It shall be
noted that good cooperation between the Regulator, Railway Operators and the Road Authorities
is a key point for managing level crossing safety.

The purpose of the research was to determine:
•

Technologies used in South Africa for the different level crossing protection levels;

•

Related technologies used abroad for level crossing protection levels;

•

The risks involved with the technologies in line with geographical locations;

•

Compare the related technologies and recommend the best solution for South African level
crossings; and

•

The best approach/risk control measures in terms of the use of the appropriate new
technologies within the South African context.

The data gathering process utilized was through the quantitative and qualitative methodology.
Quantitative data was sourced though the Occurrence Data Report from 2008-2021 financial
year. This data was used to identify the province with the highest number of occurrences yearly
from both PRASA and TFR. The qualitative data was sourced through request for information,
interviews with industry experts to gauge the implementation process for the protection levels at
the high-risks level crossings. The international countries that were included in the study are the
British Railways, Indian Railways, and the Japan Railways.
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Through the analysis of the data the following findings were identified:
•

The provinces with the highest occurrence over the period of 2008-2021 for TFR and
PRASA are the North West and Western Cape respectively;

•

Seven of the top ten high-risk level crossings submitted by TFR are actively protected and
the three are passively protected. This is an indication that TFR is managing the risks in
level crossings a high occurrence rate;

•

Even though these level crossings as actively protected, the physical assessment and risk
assessment indicate that all the level crossings need to increase the protection levels
implemented;

•

The piloted level crossing protection technologies were decommissioned due to limitations
provided by the SANS 3000:2-2-1:2012 that has been updated in the year 2021; and

•

The RSR physical assessment and risk assessment tool indicated some limitations in
formulating the appropriate protection levels.

It is recommended that all stakeholders including the RSR, Railway Operators and Road
Authorities coordinate and take part in ensuring that level crossings are safer through the
implementation of protection level technologies. The process of implementation includes the
following:

RSR
•

The RSR manage the submission of the level crossing management strategy through
the safety permit renewal cycle and to ensure that through audits and inspections all
operators have conducted the mandatory 5-year physical assessment and risk
assessments.

•

The RSR will provide guidance on the implementation process of the updated level crossing
standard published in 2021, providing timelines for full compliance to the standard by
operators.
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•

The RSR will update the physical assessment and risk assessment tool to comply to the
updated standard and to rectify all software related problems.

•

The RSR shall resuscitate the Level Crossing Technical Committee.

Operators
•

The operators shall ensure that the results from the latest risk assessment and physical
assessment are utilized to upgrade the level of protection that have been assessed to be
inadequate. Implementation of recommendations to improve level crossing protection
levels within 12 months.

•

The operators shall attend the mandatory Level Crossing Technical committee meeting that
will be chaired by the RSR.

•

The operators shall Identify level crossing pilot projects with the purpose of testing new level
crossing protection technologies.

Road authorities
•

The road agency in each province to develop and implement strategic plan to improve
maintenance or upgrade of road markings or signages outside operator’s servitude for all
district and regional road crossing railway.

•

The road agency in each province to form part of the level crossing physical assessment
and risk assessment team with operators at least every five years.

•

The road agency to use results from the latest risk assessment and physical assessment
to rehabilitate/maintain/upgrade/modify the road markings/signages outside the operator’s
servitude.

Recommendation pilot technologies approach:
The framework that shall be followed in the implemented of the pilot technologies shall follow
this basic criterion in the identification of new technologies for level crossing piloting.
8

•

The identified technology must subscribe to the principles of Reliability, Availability,
Affordability and Safety (RAAS).

•

The identified technology must comply with the minimum safety requirements as
determined by Standard, the RSR, Operators, Road Authorities and affected
stakeholders, example in the case of protection level 6 the level crossing system needs
to comply to SIL level 4.
a. The identified technology/equipment must be resistant to theft and
vandalism.
b. The equipment must be able to function without power supplied via the
national electrical grid for an extended time (The system needs a backup
power supply).
c. The maintainability of the equipment needs to be considered. (Example:
Availability of spares and training of maintenance personnel).
d. A technology cost benefit analysis needs to be done for each pilot project
(The benefit must outweigh the cost).

In conclusions as a guide the identified level crossing pilot projects must focus on the
deployment of new technology as follows:
1. Operators must focus on the improvement of the level of protection at level
crossing that currently have a protection level of 4 and higher.
2. The identified technology must be focused on warning the motor vehicle driver of
the potential dangers when using a level crossing (Improved advance warning
signs, flashing red disc’s etc.)
3. Where possible the complete dependence on motor vehicle driver behavior needs
to be minimized (Through the use of booms and road barriers).
4. The option of stopping the train for the motor vehicle to pass at specific level
crossings need to be investigated (This can be done in combination with an
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appropriate vehicle detection system that is interlocked with the signalling
system).
5. Improved vehicle detection technology that complies to SIL level 4 in combination
with full arm booms as well as road barriers must be tested especially in the case
of protection level 6. Similar technology can also be tested for a protection level
5.
6. In the case of protection level 4 and 5 the roll-out of booms in combination with
the various vehicle detection systems (Example: Optical beam system, sonic
detection, inductive loop, radar detection and video Imaging systems) can also be
piloted.
7. The use of additional warning measures such as rumble strips and road islands
also need to be considered.
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2. INTRODUCTION
Rail transport in South Africa is significant in the country's transport infrastructure. All major cities
are connected by rail, and South Africa's railway system is the most highly developed in the Africa
continent. The Railway Safety Regulator (RSR) was established to oversee safety in the rail
environment as delineated in Section 4 and 5 of the RSR Act no.16 of 2002 as amended. The
provision outlined in Section 42 of the Act requires the regulator to monitor and assess the
performance of Railway Operators. In implementing the state of safety intervention, the RSR has
embarked on conducting research, to “investigate different types of level crossing protection
technologies and its application in South Africa”. The technologies that will be investigated will be
based on the level crossing protection levels prescribed in the SANS 3000-2-2-1 Level Crossings
Standard.

Railway accident prevention and protection is a crucial part in achieving safer railways. The RSR
conducted research on the Analysis of South African Level Crossing Accidents and Possible
Solutions to Improve Safety where one of the recommendations were to upgrade the level of
protection at level crossings using the best appropriate technology.

Railway stakeholders within South Africa and globally have been implementing a variety of
solutions to improve railway safety. This paper will provide a standardised implementation
process to be followed when the level of protection is upgraded.

The analysis conducted by the RSR through the annual State of Safety Report (SoSR) on rail
occurrences in South Africa indicates that high fatalities and injuries are reported from the level
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crossing accidents. Below is an extract of the major accidents that have occurred at level
crossings in South Africa:
•

13 November 2006, Faure level crossing accident, 19 people were killed at a level crossing
near Somerset West when a Metrorail train collided with a truck carrying farm workers.

•

25 August 2010, Blackheath level crossing accident, 10 children died because of a level
crossing crash between a Metrorail commuter train and a minibus taxi.

•

13 July 2012.Hectorspruit level crossing accident, at least 25 people were killed at a level
crossing near Hectorspruit, Mpumalanga, when a coal train collided with a truck carrying
farm workers.

•

4 January 2018, Geneva Level Crossing accident, 21 people were killed, and 254 people
were injured when a passenger train operated by Shosholoza Meyl collided with a truck at
a level crossing at Geneva Station between Hennenman and Kroonstad, in the Free State,
South Africa.
27 April 2018, Blackheath level crossing, 7 people were killed after a bakkie was hit by a

•

Metrorail train at the level crossing.

It is crucial to note that level crossing accidents are a shared responsibility between several
transport stakeholders that included the National Government, Railway Operators, the private
landowners, local municipalities as well as the Private Road users.

The Railway Safety Regulator developed a Level Crossing Standard, SANS 3000-2-2-1: 2012
with the aim of achieving uniformity in the management of safety at level crossings in South Africa.
The Level Crossing standard achieves this by outlining the physical assessment and risk
assessment process that must be conducted at level crossings. The standard also details on the
type signages to be implemented at level crossings as well as the life cycle process that should
be followed for the modification, decommissioning or construction of a new level crossing.
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One of the control measures employed at level crossings are signages that is applied in
accordance with the South African Road Traffic Signage Management (SARTSM). Signages
provide users with warning that they are approaching a level crossing so they can modify their
actions. It must be noted that level crossing signage places heavy reliance on users, it therefore
does not manage the risks but act as a form of warning as it warns the level crossing users of the
level crossing ahead. Another form of warning is provided by train drivers to road users by giving
a whistle, hooter or other sounding device when approaching a level crossing.

The prevailing risks at level crossings determines the level of signage to be implemented at level
crossings, in certain circumstances a higher level of protection is required. The use of additional
signs is depended on the outcome of level crossing physical assessment and associated risk
assessment as depicted on Figure 1:Level of Protection classification (Sourced from SANS 30002-2-1 ) that shows the minimum signage requirements.

The level crossing signage is not the only level crossing protection employed at level crossings.
Some level crossings are protected by a Flagman. Flag control is another mode found at level
crossings as specified in chapter 7, volume 2 of the SARTSM. This mode of control is normally
found in industrial level crossing where a flagmen would signal on approach of a train by using
flags to stop vehicles. General level crossing protection includes warning signs as explained
above, flashing lights and or warning bells, boom gates and pedestrian crossing gates.

This paper will determine:
•

Technologies used in South Africa for the different levels of level crossing protection as
depicted in figure 1;

•

Related technologies used abroad for level crossing protection;

•

The risks involved with the technologies in line with geographical locations;

•

Compare the related technologies and recommend the best solution for South African level
crossings; and
13

•

The best approach/risk control measures in terms of the use of the appropriate new
technologies within the South African context.

3. LITERATURE REVIEW
This section reviews literature aligned to the research with a focus on the background of South
Africa’s railway industry, the state of railway safety in South Africa, level crossing protection in
South Africa and level crossing protection used in other countries.

3.1

The background of South Africa’s rail

In South Africa, mainly Cape Gauge network is utilised throughout the country except for the
Gautrain with standard gauge network of 80 km, the rail network is extensive totaling 20247km
and is ranked 14th in the world in terms of the length of the rail network. Rail networks connect
the ports with the rest of South Africa (RSR, 2014). In comparison to other BRICS countries
(Brazil, Russia, India, China, and South Africa), South Africa’s rail network is the smallest with
China (86000km) and India (63974km) the obvious leaders. These figures are based on the
Central Intelligence Agency (CIA) 2012 world ranking for railway networks (Central Intelligence
Agency [CIA], 2012).

In a Green Paper for a National Rail Policy published by the South African transport department,
the DoT affirms that rail must play a pivotal role in the future of South Africa’s freight and
passenger transport system (DoT, 2015). Rail is a well-established industry in South Africa,
however, has experienced mixed fortunes over time with several events impacting adversely on
the industry’s development (DoT, 2015).

The South African Government acknowledges the need to improve its rail infrastructure, to
increase its use of rail freight to boost economic growth, and to preserve the country’s roads
(DoT, 2015). To reposition rail to play to a pivotal role in South Africa, there has been a shift to
14

revitalise the railway industry. The DoT (2015) refers to this at the ‘rail renaissance’. The rail
renaissance has resulted in an increased investment to improve the aging and declining
infrastructure. The result is there has been a great demand to move freight from road to rail for
several reasons including damage to the national roads by heavy vehicles (Havenga et al., 2014;
Pienaar, 2003; van der Mescht, 2006). While these different modes of transport have their own
strengths and limitations, rail transport has a cost advantage with respect to bulk goods that can
be carried over long distances.

Efficient and safe transport is vital for economic growth in developing countries which includes
South Africa. However, high levels of injury and violence on South Africa’s extensive rail network
have marred the railways strive to achieve economic growth (Lerer & Matzopoulos, 1996;
Thompson, 2009; Mathebula et al. (2014) affirm that for railway safety performance, key skills are
required for modern approaches to railway safety management (including accident investigations,
risk management, and auditing). With recent major investments in South Africa’s railway and
upgrading of rolling stock it has become even more pertinent to ensure the development and
effective utilisation of all available skills for South Africa’s expectation of becoming a world class
railway system to be realised.

3.2

South Africa Rail Stakeholders

Within socio-technical systems there are several stakeholders and each with their own roles,
responsibilities, goals, and constraints. To determine the systemic factors influencing the
investigation of the level crossing occurrences, it is crucial to acknowledge the stakeholders in
the South African railway system. These stakeholders consist of the Government, represented
by the DoT, the Regulator, represented by the RSR, and Railway Operators of which there are
over two hundred. For the purposes of this study the two major Railway Operators are discussed
in this section. They include the Passenger Rail Agency of South Africa (PRASA) and Transnet
15

Freight Rail (TFR). The background and relevance of these role players is discussed in the
following sections.

3.2.1 Department of Transport (DoT)

The Republic of South Africa, through the DoT, is responsible for the regulation of transportation
namely road, rail, maritime and air (DoT, 2012). The responsibilities of the DoT pertaining to the
rail sector include:
•

Research, formulating legislation and policy for the development of sustainable rail
transport;

•

Assigning responsibilities to the 12 public entities that report to the Minister of Transport
and other levels of government; and

•

Rail economic and safety regulation through standards, infrastructure development
strategies, and systems that reduce system costs and improve customer services.

3.2.2 The Railway Safety Regulator

National Railway Safety Regulator Act No 16. of 2002 (2009) as amended provides for the
establishment of a national regulatory framework for South Africa (hereafter referred to as Act 16)
and as a result the RSR was established. Prior to the establishment of the RSR, the railway
environment was self-regulated from the inception of railways in South Africa. One factor which
led to the establishment of the RSR was the acknowledgment by the State that railways are key
to sustained economic growth and that safety plays a pivotal role in advancing operational
efficiency of South Africa’s railways (RSR, 2011a)

3.2.3 Passenger Rail Agency of South Africa (PRASA)

PRASA is a national government business enterprise that reports to the Minister of Transport and
is wholly owned by the South African Government (Passenger Rail Agency South Africa [PRASA],
16

2013). The vision of PRASA is to be South Africa’s number one public transport Operator
responsible for rail (urban metro commuter and long distance intercity and cross border train
services) and bus transport services (PRASA, 2013). Over 2.2 million passengers are transported
daily by metro commuter rail services across South Africa in different corridors with level
crossings.

3.2.4 Transnet Freight Rail (TFR)

Transnet Freight Rail maintains an extensive rail network across South Africa that connects with
other rail networks in the sub-Saharan region, with its rail infrastructure representing about 80%
of Africa’s total.
The diverse rail network comprises 1 500 km heavy haul lines and includes 3 928 km of branch
lines that serve as feeders to main lines. The rail network service provides strategic links between
ports, terminals and production hubs providing connectivity with Southern African railways to
support regional integration. Infrastructure connectivity, coupled with close co-operation with the
other operating divisions and collaboration with key customers, enables the delivery of freight
volumes across value chains.

3.3

The State of Railway Safety in South Africa

The RSR is legally required by Act 16 to produce an annual report on the safety of workers, the
public, and the environment associated with railway operations. The State of Safety Report
(SoSR) details occurrences and reports on the safety statistics and safety performance of railway
operators for a specific reporting period. The reporting period is based on the financial reporting
period of the RSR which is from 1 April to 31 March. The purpose of this report is to identify areas
of concern and thereby develop strategic interventions.
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In the SoSR report for the 2018/2019, the RSR reported an increase in level crossing accidents
compared to the 2017/18 financial year with a total of 75 injuries and 25 fatalities. Occurrence
statistics at the level crossings has continued to increase in the past three years with 119
occurrences in 2016/17 financial year to 126 occurrences in 2017/18 and 133 occurrences in
2018/19.However in 2019/20 financial year there was a decrease in the number of occurrences
where only 104 level crossing occurrences were reported with a total of 18 fatalities and 59
injuries.
This research aims to improve safety at level crossings by recommending technologies and
increasing safety measures at the level crossings. “In the case of railway transport, level
crossings can represent as much as 29 per cent of all fatalities caused by railway operations. Up
to now, the only effective solution appears to involve upgrading level crossing safety systems
even though in more than 90 per cent of the cases primary accident cause is inadequate or
improper human behavior rather than any technical, rail-based issue.” (Fayyaz et al 2020)
a) the use of advanced technological solutions designed to minimize the impact of human
factors as the main cause for accidents at level crossings; and
b) a joint rail and road sector strategy to control and reduce risks at level crossings. Among
the major high-level recommendation.
It shall be noted that good cooperation between railway operators and the road sector is a key
point for managing level crossing safety. As it was outlined in the Analysis of South African Level
Crossing Accidents and Possible Solutions to Improve Safety research paper most of the level
crossing incidents are caused by the errors committed by road vehicles drivers. Level crossings
have been identified as being a particular weak point in road infrastructure, seriously jeopardizing
road safety. This is a particular problem for railway operators because they cannot control the
actions of road vehicle drivers and pedestrians at level crossings.
Level crossing accidents are the shared responsibility of several transportation players such as
railways, road and local authorities, and land use planning entities.
18

“Up to now, the only effective solution appears to have been to upgrade LX safety systems [2]
even though in over 90 per cent of the cases, the primary accident cause seems to stem from
inadequate human behavior rather than any technical, rail-based issue. “(Fayyaz et al 2020)
This section reviews literature aligned to the research with a focus on the background of South
Africa’s railway industry and the state of railway safety in South Africa.

3.4

Level Crossing Protection in South Africa
3.4.1

How are level crossing classified within South Africa?

As part of its responsibilities as a regulator, the RSR identified the need for the development of a
level crossings standard in conjunction with the South Africa Bureau of Standards. The purpose
of the standard is to provide clarity in terms of the relative responsibilities of road authorities and
railway operators regarding the different elements that needs to be addressed regarding level
crossings. The standard covers elements such as the classification of level crossings, the
applicable level of protection, road and rail signage, and the maintenance of lines of sight for road
vehicle drivers through vegetation control and limiting the erection of new structures that might
impede the line of sight.

Level crossings within South Africa are classified in accordance with the latest SANS Part 2-2-1:
Requirements for systemic engineering and operational safety standards: Track and associated
civil infrastructure and installations-Level crossings. The SANS 3000-2-2-1 standard is a
mandatory standard that is applicable to network operators, road authorities and private road
owners within the Republic of South Africa. As per the definition of the standard there are currently
two types of level crossings in existence in South Africa namely public and private level crossings.
a) Public level crossing – level crossing where a public road crosses a railway line(s) at a
grade.
b) Private level crossing - level crossing where a private road crosses a railway line(s) at a
grade.
19

The standard follows a risk-based approach in terms of the classification of the different types of
level crossings.
3.4.2

Classification of level crossings

The following descriptions give a broad classification of the types of level crossing as
specified in

Table 1:Classification of level crossings.:
a. a station/shunting yard environment.
b. low speed rail traffic:
a) industrial sidings; and
b) private lines.
c. normal rail traffic – single or multiple low speed lines; and
d. high speed rail traffic – single or multiple high-speed lines.
These classifications are developed into a formal classification of level crossings for purposes of
establishing the required level of signage, protection, and mode of control. This formal level
crossing classification is detailed in Error! Reference source not found..

Table 1:Classification of level crossings (Sourced from SANS 3000-2-2-1: 2021)
1

2

Class a

Description

SSH

Single shunt line

3

4

Line of sight
b

Minimum level of Recommended level
protection
of protection

N/A

1

20

5

Risk and physical level

≤ 10 km/h
MSH

Multiple shunt lines
≤ 10 km/h

N/A

1

SLS

Single low speed line Excellent
≤ 60 km/h
Adequate
Restricted

2A
2A/3
4A

MLS

Multiple low speed Excellent
lines
Adequate
≤ 60 km/h
Restricted

2A
2A/3
4A

SHS

Single
high-speed Excellent
line
Adequate
≥ 60 km/h
Restricted

2A
2A/3
4A/6

MHS

Multiple high-speed Excellent
lines
Adequate
≥ 60 km/h
Restricted

2A
2A/3
4A/6

crossing
assessment
outcome dependent

The risk assessment outcome will determine if a level crossing shall retain its current level of protection, be
upgraded to a higher level of protection, or decommissioned.
NOTE See table C.2 for details of the different levels of protection.
a

SSH = single shunt line
MLS = multiple low speed lines
MSH = multiple shunt lines SHS = single high-speed line
SLS = single low speed line
MHS = multiple high-speed lines

b

Line of sight gradings are defined as follows:
Excellent = visibility distance for vehicle drivers along rail line exceeds that given for yield control in tables C.3
and C.4 with no likelihood of occasional reduction due to vegetation growth, or as determined by the level of
risk at the level crossing.
Adequate = visibility distance for vehicle drivers along rail line complies with that given in tables C.3 and C.4
as dictated by the choice of crossing control with no likelihood of occasional reduction of vegetation growth,
or as determined by the level of risk at the level crossing.
Restricted = visibility distance for vehicle drivers along rail line cannot be made to comply with the
requirements of tables C.3 or C.4, level of protection 4 ,5 or 6 as appropriate, or as determined by the level
of risk at the level crossing.

3.4.3

What are current levels of protections per level crossing?

The different levels of protections currently used in South Africa are depicted in Figure 1:Level of
Protection classification (Sourced from SANS 3000-2-2-1. The protection levels range from level
1 (The lowest level of protection) up to level 6 (The highest level of protection). The correct level
to be used at a specific level crossing is dependent on the outcome of the level crossing risk
assessment and in cases where the risk is deemed too high, the level crossing can be eliminated
by means of a bridge or a an under pass.
Level 1
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Is normally used at very low risk level crossing on railway lines with very low train traffic and low
train speed < 10 km/h (Example: Shunting movements). Level crossings with this type of
protection are normally protected by making use of a flagman, that protects trains whilst they are
crossing the level crossing by means of a red flag using the appropriate flag signals. A permanent
W403 or W404 (signs used to indicate the number of railway line that need to be crossed) is also
put in place to warn motor vehicle drivers approaching the crossings. The road surface at this
type of level crossing can either be gravel or a tarred road surface.
Level 2
This level of protection is mainly used to protect private level crossings especially on private land
and along privately owned roads. This level of protection entails the use of locked gates. The key
to the gate is normally in the possession of the authorised users of the level crossing and therefore
access to the level crossing is restricted. The use of this type of protection is mainly on farmland
where the railway line cuts across existing privately owned farmlands and access is needed to
adjacent land that has been separated by the railway line. The use of a locked gate advance
warning sign (W314) is deemed optional.
Level 2A, 2B and 2C
This level of protection is mainly used to protect public level crossing where access to the level
crossing is not restricted at Single or Multiple low speed railway lines (<60 km/h) and the line of
sight is adequate to excellent. The road surface at these types of level crossings can be surfaced
(tarred) or gravel roads. Along gravel roads these level crossings are normally protected by a
permanent W403 or W404 (signs used to indicate the number of railway line that need to be
crossed) plus a permanent yield sign R2. The approach of this level crossing type is also
preceded by an advance railway crossing sign (W318). In the case of surfaced roads, road
marking WM1 (railway crossing ahead) and WM5 (yield sign ahead) is added.
Level 3
This level of protection used to protect public level crossing where access to the level crossing is
not restricted. The road surface at these types of level crossings is a gravel road. This level
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crossing is normally protected by a permanent W403 or W404 (signs used to indicate the number
of railway line that need to be crossed) plus a permanent stop sign (R1). The approach of this
level crossing type is also preceded by an advance railway crossing sign (W318) and stop ahead
sign (W302).
Level 4A, 4B,4C, 4D
This level of protection used to protect public level crossing where access to the level crossing is
not restricted. The road surface at these types of level crossings is surfaced (tarred). This level
crossing is protected by a permanent W403 or W404 (Signs used to indicate the number of
railway line that need to be crossed) plus a permanent stop sign R1. The approach of this level
crossing type is also preceded by an advance railway crossing sign (W318) and road marking
WM1 (railway crossing ahead).
In the case of level 4B, GM7(painted word message ‘Stop ahead’) is added at protection level
4C and 4D flashing red discs (FRD) signals in conjunction with a STOP sign R1 as well as booms
are used. In terms of the roadside W302 (stop ahead) and GM7b (painted word message ‘Stop
ahead’) is used.
The difference between 4C and 4D is that flashing lights SS3 (a yellow flashing warning light) are
added to W302 (stop ahead).
Level 5
This level of protection used to protect public level crossing where access to the level crossing is
not restricted. The road surface at these types of level crossings is surfaced (tarred). This level
crossing is protected by a permanent W403 or W404 (signs used to indicate the number of railway
line that need to be crossed) and a permanent stop sign R1. The approach of this level crossing
type is also preceded by an advance railway crossing sign (W318) and the road marking WM1
(railway crossing ahead).
At protection level 5 flashing red discs (FRD) signals in conjunction with a STOP sign R1 as well
as booms are used. In terms of the roadside W302 (stop ahead) and GM7(painted word message
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‘Stop ahead’) is used. Flashing lights SS3 (a yellow flashing warning light) are added to W302
(stop ahead).
The difference between 4D and 5 is that Flashing lights SS3 (a yellow flashing warning light) are
added to W318.
Level 6
This level of protection is used to protect public level crossing with the highest level of risk. Level
crossings of this nature need to be earmarked for elimination/closure over the long term. Factors
that contribute to the high level of risk amongst others are as follows:
•

A high volume of train traffic (i.e., multiple railway lines).

•

A high volume of motor vehicle traffic.

•

Restricted line of sight.

•

High level crossing accident history.

These level crossings are protected by S1 (Traffic Signal) and W403 plus full arm booms that are
integrated into the signal interlocking system in conjunction with adequate advance warning
signage W318 with flashing lights SS3, WM1 as well as W301 with flashing lights SS3 and GM7.
It is noted that except for the deployment of these levels of protection as part of several pilot
projects (that have since been abandoned) the use of this level of protection within South Africa
is non-existent due to the additional safety requirements that the level crossing must adhere to
from a risk perspective. To implement level 6 level of protection at high risk level crossings, rail
operators in South Africa are of the view that the level crossing protection system at this level
need to comply with a safety integrity level of 4 (SIL Level 4) -The highest level of safety. This
has made the practical application of this level of protection challenging for the following reasons:
•

There is uncertainty in terms of the availability of systems that comply with SIL level 4 on
both the local and international market.
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•

The prohibitive cost that might be associated with these systems.

•

The maintenance challenges that come with the application of these systems.
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Figure 1:Level of Protection classification (Sourced from SANS 3000-2-2-1:2021)
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3.5

Level crossing Protection used in other countries
3.5.1

How are level crossings classified internationally?

Level crossings are classified into different categories depending upon the class of the road,
visibility conditions, volume of road traffic, and the number of trains passing over the level
crossing. The classification of level crossings in Indian Railways is as follows:
Special class
These are the busiest level crossings in terms of road traffic. Most of the busy level crossings on
the national highway are special class level crossings. Normally the gates are open to road traffic
but whenever a train passes by the gates are closed to road traffic. The gates of the level
crossings are interlocked with signals. They are manned round the clock by three gatemen
working 8-hour shifts.

'A' class
These level crossings are also busy in terms of road traffic. All level crossings on important roads
are mostly A class level crossings. In this case also, the gates are normally open to road traffic.
All other provisions are the same as for special class level crossings except that these level
crossings are provided with only two gatemen who work in 12-hour shifts, as these crossings are
not as busy as special class level crossings.

'B' class
These level crossings are relatively less busy. Normal B class level crossings can be found on
metalled roads. The gates are normally closed to road traffic but can be kept open to road traffic
provided that the gates are interlocked with signals. They are provided with two gatemen working
12-hour shifts.
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'C' class
These level crossings are mostly provided on unmetalled roads. Some of these level crossings
are unmanned because of low volume of road traffic.

'D' class
These level crossing are provided for cattle; they are normally used by cattle or pedestrians.

3.5.2

The different levels of protection per level crossing

There are many different types of Level Crossings Protection within Europe and many other
countries. The level crossing protection are categorised as follows:
•

Passive level crossing is one without any form of warning system or protection activated
when it is unsafe for the user to traverse the crossing. As a minimum, fixed warning signs
and road markings may be used (e.g., St Andrews Cross, unprotected LC warning sign.

•

Active level crossing with automatic user side warning: a level crossing where userside warning is activated by the approaching train (including visible devices (lights) and
audible devices (bells, horns, klaxons, etc.).

•

Active level crossing with automatic user side protection: a level crossing where userside protection is activated by the approaching train. Users may be protected by the use
physical devices, including half barriers, full barriers, or gates.

•

Active level crossing with automatic user side protection and warning: a level
crossing where user side warning and protection is activated by the approaching train.
Users may be protected by a combination of the protection and warning devices listed in
the previous two classifications.
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•

Active level crossing with automatic user side protection and warning and rail-side
protection: a level crossing where user-side warning and protection is activated by the
approaching train and where a signal or other train protection system permits a train to
proceed once the level crossing is fully user-side protected and is free from incursion.

•

Active level crossing with manual user-side warning: a level crossing where user-side
warning is manually activated by a railway employee.
3.5.3

The different level crossings protection technologies

The following level crossing protection technologies are implemented in the British
Railways.

Flashing lights signals
The use of flashing red disc light signals is warranted by one or more of the following
conditions:
•

When a crossing has a high accident history;

•

Sight distance requirements are not met (these requirements are given in Chapter 2 of
Volume 2 of the Road Traffic Signs Manual); and

•

Train operations involve reversals of movement across the crossing.

Warning flashlights or road signals are fitted with incandescent lamps and red lenses and are
used to indicate to a driver that he or she shall stop his or her vehicle. The preferred mode of
operation is that a flashing red disc light signal is displayed at least 30 seconds before the arrival
of a train. If gates or barriers protect the crossing, the flashing red light signal should start 20
seconds before the gate or barrier closes. The two flashing red disc light signals shall be arranged
to flash alternately in such a way that the alternating flashes remain constantly out of phase i.e.,
when one disc is fully illuminated the other disc has zero luminous intensity and vice versa. When
there is no train in the section the flashing lights will stop flashing.
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If the boom gates stay down and the warning lights keep flashing, it means there is another train
coming, usually from the opposite direction.
Boom Gates
Some level crossings use flashing lights as well as boom gates, while others use only boom
gates. These booms can either be half of full booms. The booms are of round or square profile
aluminum and are available in lengths of 5,5 m, with a built-in shear point to protect the operating
mechanism in case any excessive force is exerted against the boom. The booms will rise if there
is no train in the section and will drop when there is a train in the section.

Gated crossings operated by railway staff
This type of crossing is protected by gates, on both sides of the railway. The crossing is manually
operated by railway staff who close the gates alternately across the road or the railway. The
normal position of the gates, either across the road or railway, may be specified in the legislation
authorising construction of the line. The road traffic light signals may be provided to assist with
the safe operation of the gates. Where they are not provided, red lamps and red retro-reflective
targets mounted on the gates, which show towards approaching road traffic when the gates are
across the road, should be provided.

The gates may be operated by either:
•

Infrastructure manager staff, who are permanently stationed at a control point, sufficiently
close to have a clear view to enable safe operation of the crossing; or

•

One of the crew of an approaching train (or other peripatetic staff) at a control point
adjacent to the level crossing, after the train has been stopped short of the crossing. The
person operating the gates should have a good view of the whole crossing area and,
unless road traffic light signals are provided, approaching road traffic. Road traffic light
signals, where provided, should be activated before any attempt is made to close the gates
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to road traffic. The lights should continue to show until the gates are fully closed across
the railway.
The crossing operator should have an appropriate indication of the approach of trains and clear
instructions as to when the gates should be closed to road traffic. Where the crossing is operated
by a member of train crew, the train must stop short of the crossing to allow the person to close
the gates to road traffic. The train may then only proceed over the crossing when the train driver
receives the authority from the person operating the gates. When the train has cleared the
crossing, the gates should be reopened to road traffic

Barrier crossings operated by railway staff
This type of crossing is protected by road traffic light signals and lifting barriers on both sides of
the railway. An audible warning to pedestrians is also provided. The barriers are normally kept in
the raised position and, when lowered, extend across the whole width of the carriageway on each
approach. The crossing is operated by infrastructure manager staff who start the road traffic light
signal sequence and then lower the barriers. The lowering and raising cycles may be initiated
automatically. Road traffic light signals may not be necessary where the barriers are normally in
the lowered position and are clearly visible from an appropriate distance to approaching road
traffic. Where no road traffic light signals are provided, the number of road vehicles during the
peak hour should not exceed 20 and the permissible speed of the railway should not exceed 100
mph.

This is one of the safest level crossings because the gate is always closed and only opened when
there are no trains in the section. This level crossing is not operated by road users but by railway
staff. This ensures that road users only cross when it is safe to cross.

Barrier crossings with obstacle detection
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This type of crossing is protected by road traffic light signals and lifting barriers on each side of
the railway. An audible warning to pedestrians is also provided. The barriers are normally kept in
the raised position, and when lowered, extend across the whole width of the carriageway on each
approach. Obstacle detection equipment may be appropriate to reduce risk at other types of level
crossing). 2.60 The crossing normally operates automatically. The closure sequence, described
below, is initiated by approaching trains. Confirmation that the crossing is clear, and that railway
signals may be cleared for the passage of trains, is provided automatically following a thorough
scan for any significant obstruction, by obstacle detection equipment.

The obstacle detection equipment ensures that there is no risk of collisions at this level crossing.

Automatic half barrier crossings (AHBC)
This type of crossing is protected by road traffic light signals and a lifting barrier on both sides of
the railway. Audible warning to pedestrians is also provided. Lifting barriers are normally kept in
the raised position and pivoted on the left-hand side of the road. When lowered, the barriers only
extend across the entrances to the crossing leaving the exits clear. The crossing equipment is
activated automatically by an approaching train. The lowering of the barriers is preceded by the
display of road traffic light signals. The period between the initial display of the road traffic light
signals and the arrival of the fastest train should be sufficiently long to enable road vehicles and
pedestrians to clear the crossing.

Protection in a form of traffic lights is good because drivers are not confused by flashing lights,
instead the same traffic lights that are used on the roads are easy to follow and drivers are used
to them.

Automatic barrier crossings locally monitored (ABCL)
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This type of crossing appears, to the road user, to be like an automatic half barrier crossing. It is
protected by road traffic light signals and a single lifting barrier on both sides of the railway.
Audible warning to pedestrians is also provided. Lifting barriers are normally kept in the raised
position and pivoted on the left-hand side of the road. When lowered, the barriers only extend
across the entrances to the crossing leaving the exits clear. The period between the initial display
of the road traffic light signals and the arrival of the fastest train should be sufficiently long to
enable road vehicles and pedestrians to clear the crossing.

The crossing equipment is normally initiated automatically by an approaching train. The operation
of the crossing equipment and the absence of obstruction on the crossing are monitored by the
driver of an approaching train. 2.90 Train drivers are required to stop their trains short of the
crossing unless they have received an indication that the crossing equipment is functioning
correctly and have observed that the crossing is clear.

Automatic open crossings locally monitored (AOCL)
This type of crossing has no barriers but is protected by road traffic light signals and an audible
warning for pedestrians. The period between the initial display of the road traffic light signals and
the arrival of the fastest train should be sufficiently long to enable road vehicles and pedestrians
to clear the crossing. The crossing equipment is normally initiated automatically by an
approaching train. The operation of the crossing equipment and the absence of obstruction on
the crossing are monitored by the driver of an approaching train. Train drivers are required to
stop their trains short of the crossing unless they have received an indication that the crossing
equipment is functioning correctly and have observed that the crossing is clear. Provide signs on
each side of the crossing, giving the name of the crossing and the public telephone number of a
supervising point, which is always open when the railway line is open. Telephones for public use
are not normally provided.
No barriers increase the risk at the level crossing as this leaves the driver of the vehicle with the
responsibility for collisions.
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Open Crossings
This type of crossing does not have barriers or road traffic light signals. Only road traffic signs are
provided. Road users must give way to trains at the crossing. Road users can see approaching
trains in sufficient time for them to be able to cross the railway or stop safely. Train drivers are
required to stop trains short of the crossing unless they have observed that the crossing is clear.
Train drivers are also required to sound the train’s horn as appropriate.
Trains normally approach the crossing at a steady speed, known as the crossing speed, so that
trains can be halted short of the crossing from the point at which it clearly comes into the train
driver’s view. Preferably, trains should not have to stop before passing over a crossing unless it
is not practicable to arrange otherwise.

User Worked Crossings (UWCs) for vehicles
This type of crossing is normally protected by gates or lifting barriers on both sides of the railway.
The gates, normally closed across the road and hung so as to open away from the railway, are
operated by the users. Barriers are normally closed across the road. Signs explaining how to use
the crossing safely, including when to use any telephones, are displayed to road users on each
side of the crossing.

Users should have sufficient time from first seeing an approaching train, or otherwise being made
aware of the approach of a train with the aid of additional protective equipment, to cross safely.
The decision point should be at least 3 m from the nearest running rail. Additional protective
equipment may not be required if the minimum warning time is available. The minimum warning
period should be determined by risk assessment of crossing usage and be at least 5 seconds
longer than the time required to cross. Assessments should involve the crossing users and be
recorded.
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The following level crossing protection technologies are implemented in Japan.
In Japan two approaches are adopted. The first approach is called the absolute safety method
which entails the elimination of the level crossing by means of a fly over. The second method is
called the functional safety method that is classified into three measures.

The first measure is enhancing the reliability of the level crossing safety device which is a vital
system for of the level crossing. The second measure is to reduce human error whilst the third
measure entails the introduction of devices to prevent level crossing accidents.
Three measures are used to reduce human error namely:
•

The first is to upgrade the level crossing.

•

The second is to improve the road warning device to enhance visibility.

•

The third is to improve the automatic barrier machine to enhance level crossing visibility.

There are three types of obstacles detecting devices used in Japan:
Type A is a laser beam.
Type B is an underground loop coil.
Type C is a laser radar.

These devices are used to automatically detect obstacles and to inform the train driver of the
danger through flashlights and/or the signalling system. The visibility of these signals is more than
800 meters to provide sufficient emergency braking distance, the system is not linked with the
automatic train protection and the driver must apply the brakes manually.

This methodology has proven to be effective in Japan due to the year-on-year decrease in level
crossing accidents.
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4. RESEARCH METHODOLOGY
This study seeks to standardize the implementation of level of protection technologies at level
crossings in South Africa using quantitative and qualitative means (Interviews and
questionnaires) and derived / compiled data. According to Krause (2005), quantitative methods
are quicker when gathering data from a relatively larger sample while maintaining objectivity and
scientific rigor, thus more reliable and valid. The qualitative method is also effective for gathering
data that require experienced individuals. In this study, PRASA and TFR staff that are responsible
for level crossings such as train drivers and municipal managers or engineers who oversee the
rail network; and RSR inspectors will be engaged on the different roles they play regarding
maintaining safety.

4.1

Research design

According to Kolb, (2008:210) empirical studies ought to follow a research design. Thus, Kolb
(2008:210) define research designs as the overall map that guides the research process for a
study. Wiid and Diggines (2010:135) document the exploratory, descriptive, and causal designs
as the most common research designs. Babbie and Mouton (2009:220) define an exploratory
design as a design that seeks to understand the processes as opposed to mere data collection.
On the other hand, descriptive design is about examining a research problem towards describing
the characteristics that define the problem (Babbie and Mouton, 2009:220). Regarding causal
designs, the focus is on revealing the cause and effect between variables (Kolb, 2008:210).
This study will employ both the descriptive and exploratory design with the aim to analyze level
crossing classification by gathering quantitative and qualitative data. Descriptive designs have
the advantage of being able to establish how data will be gathered across the organisation while
the exploratory design will deal with narratives and explanation on how accidents happen and
how then they could be addressed (Wiid and Diggines, 2010:129).

4.1.1

Population
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The population will include PRASA and TFR staff that are responsible for level crossings, train
drivers, municipal managers or engineers who oversee the rail network, RSR inspectors and
industry specialists. According to Burns and Grove (2004), it is not possible for researchers to
include all population members into a single study for reasons that include the cost of collecting
data collection from a larger group and time limitations. However, with mixed studies such as
this one, the sample size for the quantitative study will have to be relatively larger than samples
for a qualitative study (Collis and Hussey, 2003).

4.1.2 Data Collection
The data will be collected as follows:
1. Requesting information from PRASA and Transnet where concise information will be
extracted to determine the state in which each railway operator manages the improvement
of level crossing protection technologies as listed below:
a) A detailed description of the types of level crossing protection technologies used
in the top 10 most high-risk level crossings;
b) The accident/occurrence history of the level crossings where these technologies
are implemented to determine the decrease in the number of occurrences since
inception;
c) Copies of all/any investigation reports of investigations that were conducted
following any occurrence that happened at these level crossing to determine the
effectiveness of the technologies implemented;
d) Copies of the latest Physical Assessments and Risk Assessment Reports on the
top 10 level crossings identified under item 1 done in accordance with SANS
3000-2-2-1 (Level Crossing Standard-Annex A & B);
e) A detailed description of the current types of level crossing protection
technologies used by operators when it employs the different levels of
protections (Level 1 up to Level 6B) as prescribed by SANS 3000-2-2-1:2012;
and
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f) A detailed description of the types of level crossing protection technologies that
Operators plans to employ in future to protect level crossings.
2. Interviews with industry experts on technologies introduced in South Africa.
3. International level crossing protection technologies.
4. Interviews with the Road Traffic Management Corporation
4.1.3 Challenges with Data Collection
There have been challenges with the collection of data with Transnet Freight Rail and PRASA.
PRASA has not responded to our request for information even though they have been reminded
of the outstanding submission numerous times. TFR did respond to the request for information
however, the submitted information is incomplete.
A representative of the Road Traffic Management Corporation indicated that level crossings
accidents make up a low percentage of the overall road accidents statistics. This means there is
a low focus on level crossing protection mitigations by the road agency. This confirms the status
quo whereby the responsibility of upgrading and monitoring of the level crossings is mainly
implemented by the railway operators.
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5. DATA ANALYSIS
5.1

Data Presentation and Analysis

South African level crossing occurrences presented in Figure 2:South African Level Crossing Occurrences
(2008-2021) were reported from financial year 2008-09 to 2020-21 the past 13 years to the RSR by operator.
It illustrates an average of 18 fatalities and 71 injuries in the past 13 years, with a total of 235 fatalities and 933

TOTAL NUMBER OF FATAILITIES AND INJURIES
PER FINANCIAL YEAR

injuries.

SOUTH AFRICAN LEVEL CROSSINGS OCCURRENCES FOR 20082021 FINANCIAL YEAR
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Figure 2:South African Level Crossing Occurrences (2008-2021)

Table 3 and 4 below indicates the total number of level crossing from TFR and PRASA.
Table 3 below illustrates that TFR has a total of 8614 level crossings that consist of 75.91 per cent active
and 24.09 per cent dormant level crossings. In terms of active and passive levels of protection the
percentage split is 76.48 per cent and 23.52 per cent respectively.
Table 2: TFR Level Crossing Status and level of protection

Status
Ownership

Number of Level
Crossings

Active

Dormant

Public
Private
Departmental
Cattle
Grand Total

2172
5413
891
138
8614

1664
4106
726
43
6539

508
1307
165
95
2075

Level of Protection
Active
protection

Passive
protection

1668
4216
704
0
6588

504
1197
187
138
2026

As illustrated in Table 4 below. PRASA have a total of 112 level crossings. The status of PRASA level crossings
consists of 88.39 percent active, 0 per cent dormant and 11.61 per cent inactive level crossings. In terms of
active and passive levels of protection the percentage split is 18.75 per cent and 81.25 per cent respectively.
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Table 3 : PRASA Level Crossing Status, Ownership and Level of Protection

Status

Ownership (Public/Private)

Level of Protection

Province

Number of
Level
Active
Crossings

Dormant Inactive

Departmental Private

Public

Gauteng
Western Cape

28
52

27
42

0
0

1
10

16
2

7
20

5
30

2
16

26
36

KwaZulu-Natal

32

30

0

2

6

12

14

3

29

Grand Total

112

99

0

13

24

39

49

21

91

Active protection Passive protection

The purpose for this analysis is to give guidance to the operators in which areas they should focus in
implementing the level crossing protection technologies (higher levels of protection).

Table 5 and Table 6 below illustrate provinces with highest number of occurrences for the past 10 financial
years. KwaZulu Natal has been distinguished as the province with the highest-level crossing occurrences for
both TFR and PRASA. Ranking as the top province that had a high number of level crossing incidents repeating
in more than in one financial year within TFR for the past 10 financial years.
Table 5 illustrates that the province with the highest number of high-risk level crossings is the North West;
followed by KwaZulu-Natal, Mpumalanga, Gauteng, and Western Cape being the least within the financial years
from 2009 to 2019.
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Table 6 illustrates that in the case of PRASA the province with the highest number of high-risk level crossings
is the Western Cape followed by KwaZulu Natal within the financial years from 2009 to 2019.
Financial Year
2009- 10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17
2017-18
2018-19

Financial Year

Province with the high number of level
crossing occurrences
North West
North West
KwaZulu Natal and Western Cape
North West
North West
Gauteng and KwaZulu Natal
North West
Mpumalanga
North West
North West

Table 4 TFR high risk level crossings per province

2009- 10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17
2017-18
2018-19

Province with the high number of level
crossing occurrences
KwaZulu Natal
Western Cape
KwaZulu Natal and Western Cape
KwaZulu Natal
Western Cape
Western Cape
Western Cape
Western Cape
Western Cape
Western Cape

Table 5: PRASA Provinces with high risk level crossings
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5.2

Analysis of the Request for Information data received from TFR and PRASA

The section discusses the response received from TFR and PRASA on the RSR Request for Information (RFI)
and the analysis of the information received. The analysis is based on the information request that is divided in
6 sections as listed below:

1. A detailed description of the types of level crossing protection technologies used in the top 10 most highrisk level crossings;
2. The accident/occurrence history of the level crossings where these technologies are implemented to
determine the decrease in the number of occurrences since inception;
3. Copies of all/any investigation reports of investigations that were conducted following any occurrence
that happened at these level crossing to determine the effectiveness of the technologies implemented;
4. Copies of the latest Physical Assessments and Risk Assessment Reports on the top 10 level crossings
identified under item 1 done in accordance with SANS 3000-2-2-1 (Level Crossing Standard-Annex A &
B);
5. A detailed description of the current types of level crossing protection technologies used by operators
when it employs the different levels of protections (Level 1 up to Level 6B) as prescribed by SANS 30002-2-1:2012; and
6. A detailed description of the types of level crossing protection technologies that Operators plans to
employ in future to protect level crossings.
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5.2.1

TFR response to the RFI

1. A detailed description of the types of level crossing protection technologies used in the top 10 most highrisk level crossings.
Table 6:TFR Top 10 High Risk Level Crossings (2016-21)

Level Crossing Location

Province

Witbank
Rustenburg - Kgalestad (Dr Moroka)
Klaarwater
Mtubatuba
Brits
Ermelo
Charlottedale
Rustenburg - Burgerreg (Church)
Marikana
Ramathlabama

Mpumalanga
North West
KwaZulu Natal
KwaZulu Natal
North West
Mpumalanga
KwaZulu - Natal
North West
North West
North West

Level crossing occurrences from Level of protection
year 2016- 2021
23
Road signs
20
Road signs/FRD
8
Road signs/FRD
7
Road signs
7
Road signs/FRD
7
Road signs
6
Road signs/FRD
6
Road signs/FRD
5
Road signs/FRD
4
Road signs/FRD

Findings: The top 10 high risk level crossing in table 6 indicates that seven level crossings are actively protected
and three are passively protected as they only protected by road signs. The location(province) of the top 10 highrisk level crossings is in line with the finding in table 4 of the province with the highest number of occurrences per
financial year.
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2. TFR Level Crossing Physical Assessment and Risk Assessment: The latest Physical Assessments and Risk
Assessment Reports of the top 10 level crossings done in accordance with SANS 3000-2-2-1:2012 (Level
Crossing Standard-Annex A & B).

TFR submitted 9 physical assessments and risk assessments out of the 10 high risk level crossings identified on table
6. The Ermelo level crossing physical assessment and risk assessment is still outstanding.
Through the analysis of the physical assessments and risk assessments submitted the following were findings
identified:
▪

The Klaarwater level crossing present level of protection is 4A however, the recommended level of
protection as per the tool is a 3 this highlights the fact that the level crossing tool needs to be updated
for it to be able to take all the relevant risks into account;

▪

Six level crossings require a higher protection level. The level of protection recommended based on
the score formulated through the physical assessment and risk assessment inputs is 4C. These level
crossings are Charlettedale, Ramathlabama, Witbank, Mtubatuba, Dr Moroka and Pendoring-Brits;

▪

The Turfgrond-Marikana level crossing is recommended to be upgraded to protection level 4D;

▪

The Rusternburg- Burgerreg (Church Street) is recommended to have a protection level of 5 as the
traffic volume is more than 100 vehicles per hour;

▪

What shall be noted is that Dr Moroka, Rusternburg- Burgerreg (Church Street), Penduring -Brits and
Turfgrond-Marikana level crossings have the same score of 306 and they are recommended to
increase their level of protection to 4C, 4D and level 5. This emphasize the need for the tool to be
upgraded; and
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▪

The standard SANS 3000:2-2-1:2012 states that risks assessments shall be conducted every 5 years
if there hadn’t been any occurrences. However, four level crossing last had a physical assessment and
risk assessment conducted in 2014, namely Dr. Moroka, Rusternburg- Burgerreg (Church Street),
Pendoring -Brits and Turfgrond-Marikana. This confirms that the physical assessments and risk
assessment are not conducted in accordance with the frequency as prescribed by the standard.

Table 7: TFR Level Crossing Physical Assessment and Risk assessment findings

Location

Risk identified

Charlettedale,
KZN This sign is not in use should be erected on main road to indicate
conducted on the 12th that if you turn that there is a level crossing ahead.
of November 2021
This sign should be painted onto the road surface.
Klaarwater,
KZN During site inspection it was observed that approximately 12
conducted on the 15th vehicles pass per minute. Sand from the municipal road is
of November 2019
washing onto the track due to the steep road approach
gradients.
Road approach 1 is steep down grade and a side access road
enters and exits into the Klaarwater station parking lot and taxi
rank which is approximately 18m to the level crossing while
Road approach to approximately 72m in length at the Tintersection into Wiltshire Rd.
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Current protection
level
Present Protection
Level :4A: 2 FRD +
Stop
R1
&
W318+WM1
&
GM7
Present protection
level 4A: 2 FRD
+Stop
R1
&
W318+WM1

Recommended protection
level
Score 215
Recommended protection
level 4C
Score is 197
Recommended Protection
Level of protection 3

Crossing blocks are uneven. Sand from 47Municipal Road
washing onto track and blocking the spacing in-between track.
This problem was escalated to Road authority on numerous
occasions. The Level Crossing was upgraded during Shutdown
2016 to improve the drainage and road surface
platform obstruction and limiting sighting distance due to poor
transition of road gradient
A points man is present at the crossing and stationed at
Klaarwater between 6am to 3pm daily.
Approach 2 does not have any advance warning signs as the
road is approximately 71m in length. The advance warning
(turning right turning left) is positioned on the main road as per
the guidelines set out on the SARTMS JUNE1999 FIG 7.13
This sign (GS901) has been erected on the main road Wiltshire
Rd and is placed approximately 136m - 165m away from the
level crossing
Ramathlabama, North This sign should be painted onto the road surface
West conducted on the
12th of February 2020
This sign is not in use should be erected on main road to indicate
that if you turn that there is a level crossing ahead.
Witbank, Mpumalanga Uneven surface on the actual level crossing. The level crossing
conducted on the 31st blocks are uneven
of July 2020
This sign should be used to improve the advance warning signs
Installation of GS902 on the other side
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Present Protection
Level: 4A: 2 FRD
+Stop
R1
&
W318+WM1
Present Protection
Level :3: Stop R1
& W318 & W302 &
GM9 assessed in
2018/03/08

Score is 253
Recommended
protection is 4C
Score 246

level

of

Recommended level of
protection 4C (assessment
conducted on the 8th of
March 2018)

This sign should be painted onto the road surface
Illumination is required at the level crossing
Mtubatuba,
KZN The level crossing blocks are in good conditions and the ballast Present Protection Score: 267
conducted on the 17th is not contaminated however the road markings next to the level Level:
of August 2017
crossing are not visible
3: Stop hR1 & Recommended
W318 & W302 & protection is 4C
Road markings on either side are not 100% visible
GM9

level

of

level

of

This sign should be painted onto the road surface
Dr Moroka, North West On approach 2 the stop sign should be lifted to 2 meters
Present Protection Score 306
conducted on the 3rd of
Level:
April 2014
Tree on municipality property partially obscuring view of sign 4A:2FRD+Stop
Recommended
100m from level crossing on approach 2
R1&W318+WM1
protection 4C
Stop sign (R1 + W404) erected by municipality on approach 2
needs to be corrected as it is implying there is multiple railway
lines instead of only one
Flashing red disc (FRD) signals are present, but not linked to
train detection, and it is permanently flashing
According to the South African Road Traffic Signs Manual
(SARTSM) clause 7.2.4 no.3: "Control by Flashing Red Disc
signals differs from that using STOP sign R1 in that driver may
not proceed until the signals cease to flash," (the new SANS
3000 level of protection does not make provision for FRDs and
the point of intersection.)
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FRD signals have been installed by the municipality as an extra
degree of safety, but it does not comply to either the SARTSM
or the SANS 3000
RusternburgAll road markings require urgent repainting
Present level of Score 306
Burgerreg
(Church
protection: 4D: 2
Street), North West
All road signs to be provided as in according to the SA Road FRD = Stop R1 & Recommended
Conducted on the 25th Sign Manual SARTSM
W318+WM1 &
protection: 5
of October 2014.
W301+GM7
&
Traffic Sign distances are limited on Approach 2
SS3

level

of

level

of

level

of

Additional warning measures are required in the form of booms
and warning bells
Traffic Volumes are more than 100 vph
Consideration to close this Level Crossing. Spacing between the
President Thabo
Mbeki and Church Street Level Crossing is less than 360m
Pendoring -Brits, North All road markings require urgent repainting
Present Protection Score 306
West conducted on the
Level: 4A: 2 FRD
14th of October 2014
All road signs to be provided as in according to the SA Road +Stop
R1
& Recommended
Sign Manual SARTSM
W318+WM1
protection: 4C
Vegetation within the Railway Reserve need to be removed
Turfgrond-Marikana,
All road markings require urgent repainting
North West conducted
on the 14th of October All road signs to be provided as in according to the SA Road
2014
Sign Manual SARTSM
Train shunting during daytime period. Flagman required to
control traffic vehicle
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Present Protection Score 306
Level: 4A: 2 FRD
+Stop
R1
& Recommended
W318+WM1
protection: 4D

movement
Pedestrians must be accommodated by providing a sidewalk
with sufficient width
Traffic volumes less than 100 vph during the daytime period
From a traffic point of view, it is recommended to relocate this
level crossing to
alternative point to cross single railway line
Table 8 indicates the relation between the score obtained through the physical assessment and risk assessment calculated
through the model and the protection levels as part of the recommendations on table 7.
Table 8: Level Crossing Protection Level Scoring Matrix
Score
Protection Level
1

From

To

0

9

2

10

15

2A

16

45

2B

46

45

2C

46

120

3

121

200

4A

201

200

4B

201

200

4C

201

320

4D

321

320

5

321

640

50

6A

641

640

6B

641

1000

3. A detailed description of the current types of level crossing protection technologies used by operators
when it employs the different levels of protections (Level 1 up to Level 6B) as prescribed by SANS 30002-2-1:2012.
TFR based their response on an approach that is limited to automated/electronic technology. Therefore, they didn’t
cover the full spectrum of the level crossing technologies that the question referred to, such as different types of
materials used for gates.

4. Level Crossing Protection Technologies that are currently being examined or tested by TFR on their Network
or with third parties.

UMK Level Crossing at Manganese Station was risk assessed over the last year or two, and the result of the risk
assessment was level of protection 5. In agreement with the consultants representing the UMK mine (R&H) and
TFR reached agreement that the current system with traffic lights and barriers be converted to red flashing disks
and barriers, as the high engineering performance requirements associated with the subsystems could not be
realised. The RSR submission for the concept was approved and is attached for reference. The design is currently
being reviewed by TFR and subject to TFR-approval it will be submitted to the RSR for RSR-approval.
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Boshoek Level Crossing is undergoing a risk assessment and its results will be available within the next
month. Based upon the results of the risk assessment, the proposed design to comply with the standard will
follow. The current technological system implemented at Boshoek is not appropriate for the railways as various
dangerous failures are possible, despite meeting the standard’s prescribed requirements. Considering potentially
dangerous failures, it is proposed that should the level of protection be below level 6 (6A and 6B), that the level
crossing technology and signage be converted to comply to the standard for that level of protection.

5. A detailed description of the types of level crossing protection technologies that Transnet plans to employ
in future to protect level crossings.

Transnet will be compliant to the latest standard (SANS 3000-2-2-1: 2021) that give guidance in terms of each level
of protection. The technologies that will be implemented will mitigate the risk of a motorist bypassing the protection
system by introducing full barriers. However, the limitation is that motorist may attempt to enter the level crossing
while that barrier is raised, a provision shall be in place for vehicles within the level crossing danger zone to exit the
level crossing while a train approaches by preventing the full barriers from closing while the vehicle is in the danger
zone.

TFR will implement systems that complies with Safety Integrity Level 4 (SIL 4) to ensure that the system is fail safe
as well as theft and vandal proof. Refer to discussion below:
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SIL 4 Performance: Obstacle detection shall be incorporated to detect a vehicle that has stalled on the level crossing.
The obstacle detection shall be of a SIL 4 performance level as a train is being authorised with signals over that level
crossing. Any lower level of safety integrity implies that the railway accepts legal liability for the system not detecting
a stalled vehicle.

Theft and vandal proof systems: due to theft and vandalism of the signalling equipment at the trackside experienced
across the TFR and PRASA’s networks. Active level crossings as they utilised the same systems will be prone to
theft and vandalism. The new level crossings protection level technologies shall be theft and vandal proof as there
is a high possible that like the signalling systems, they may be prone to theft and maybe operated in
fallback/abnormal/emergency operation for an extended period after a theft incident.
5.2.2

PRASA’s Response to the RFI

PRASA didn’t not respond to the RFI due to a lack of resources managing the level crossings. The non-response
concludes the following:
•

PRASA doesn’t comply to the Level Crossing standard that stipulates that physical assessments and
risk assessment shall be executed as per guide on SANS 3000-2-2-2:2012.

•

Lack of focused management of level crossings.

For the past 13 years PRASA has been reporting level crossing occurrences as per figure below this confirms
that there is a level of focus on level crossing although it is in strict accordance with the standard. However,
they have failed to submit a response to the request for information.
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TOTAL NUMBER OF FATALITIES AND
INJJURIES

PRASA LEVEL CROSSING OCCERRENCE 2008-2021
25
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15
13

14
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10
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10
5

2

2
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9
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10
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2

12

11

2

1

0

0

0 2

0
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Figure 3:PRASA Level Crossing Occurrences (2008-2021)
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5.3

Level Crossing Protection Technologies Tested in South Africa
5.3.1

Pilot Projects deployed in South Africa

In the past a number of pilot projects was submitted by Operators to the RSR for approval. Two
of these pilot projects namely the ones at Leeupan and Boshoek will be discussed. Both these
pilot projects had active Level Crossing Protection (LCP) installed in compliance to the level
crossing standard at level 6B.
Leeupan Level Crossing
The level crossing warning system at Leeuwpan consisted of the following equipment:
a. There are three lines crossing the level crossing with seven colour-light signals provide
access to the level crossing. The level crossing warning system was interlocked with
the signalling system and used the approach tracks of the seven colour-light signals to
activate the level crossing warning system. The system also used a short track
activating section over the level crossing, referred to as the "Island track section", to
activate the level crossing warning system when a train approached the level crossing
after having stopped short of the level crossing. The system could also be manually
activated by the train-control officer in control of the section.
b. If a signal was operated for any route over the level crossing, the level crossing warning
system would be activated when the approaching train occupied the activating track
circuit and once the level crossing warning system was fully activated, the colour-light
signal will display a proceed aspect.
c.

A white flashlight, erected on a post and facing approaching trains was installed short
of the level crossing on the outer side of main line and the branch line at each end of
the level crossing.

d. The white flashlights worked in conjunction with the level crossing warning system to
indicate to the driver of an approaching train whether or not the level crossing warning
system facing the road traffic was functioning properly by displaying the following:

▪

When the white flashlights flash when a train approaches the level crossing,
it would be an indication to the driver that the level crossing warning system
is functioning properly and that the level crossing is fully protected against
road traffic. The driver must observe the flashing white light and approach
the level crossing as prescribed.

▪

When the white flashlights displayed a steady or no light when a train
approached the level crossing, it will be an indication to the driver that the
level crossing warning system was functioning in fault mode or not at all. The
driver needs to observe the white flashlight displaying a steady white light or
no light at all and approach the level crossing as prescribed.

e. Four standard road traffic lights, two on each side of the level crossing in each direction,
thus eight traffic lights, were installed at the level crossing. The traffic lights were
preceded by the prescribed warning road signs and speed limit boards to warn the
drivers of road vehicles and other road users such as cyclists and pedestrians that they
are approaching the level crossing.
f. Booms at the entrance and exit ends, on both sides of the level crossing, to completely
cordon off the level crossing to prevent a road vehicle from entering the level crossing
by driving around a boom on the wrong side of the road.
g. Road blockers which formed a strong physical barrier against road vehicles entering
the level crossing unlawfully were installed inside the booms, at the entrance and exit
ends, on both sides of the level crossing.
h. Sensors in the road surface, working in conjunction with the booms and blockers on
the exit ends, to ensure that road vehicles were not trapped on the level crossing.
i.

An audible alarm that would sound to warn motorists, cyclists, and pedestrians of an
approaching train as soon as the level crossing warning system was activated. The
alarm would continue to sound until the train had passed over the level crossing and
the booms are fully raised.

j.

High/medium mast lighting to illuminate the level crossing by night.
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k. Four video cameras connected to a digital video recorder in the relay room of the level
crossing equipment which recorded road vehicle and train activities at the level
crossing. The footage was stored on a digital video recorder in the relay room and could
be downloaded by an authorised technician when required for the purposes of
monitoring compliance or as evidence following a collision between a train and a motor
vehicle.
l.

A front desk monitor, with which the train-control officer in control of the section could
monitor activities at the level crossing and check the status of the level crossing
warning system.

Leeupan Pilot Project Challenges
a) Excessive maintenance cost due to the system being installed on a gravel road
where the road vehicle detection system was continuously damaged. The boom
mechanism was also continuously damaged by the vehicles utilising the level
crossing.
b) TFR personnel were unable to adequately maintain the system due to a lack of
training (Failure to transfer the required maintenance skills from the contractor to
the operator).
c) The supply of the required spare parts also became problematic.
Boshoek level crossing
The railway lines over the level crossing consist of a double track converging over the
crossing. The Boshoek station is situated on the western side of the crossing. The station
consists of the main line and two loop lines. A Private siding takes off from the station
necessitating shunting of train loads at the station. The train crosses the level crossing
during the shunting movements. The line is electrified at 25kV. The line speed is 60 km/h,
and the operating system is the radio track warrant system with the control office at
Pyramid-South. This system of train operation does not require any line side signals. The
required whistle boards were in place from both directions next to the track.
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The road surface at this level crossing is tarred. The traffic light control system consisted
of traffic lights installed on both sides of the road in both directions. Four lights were visible
on approach to the level crossing from either direction. The crossing was further equipped
with booms across the full width of the road in both directions as well as road blockers that
prevented road vehicles from entering the crossing on the approach of a train. White
indication lights were installed next to the railway line in both directions to indicate to
oncoming trains that the system is functioning normally, or not functioning normally.
The system was activated by an approaching train when it reaches a predetermined point
on the line. The traffic lights normally displayed green lights to oncoming road traffic. As
soon as the system was activated, the lights turn to amber and thereafter to red. The
system checked that no road vehicles were on the track and then lowered the booms.
Once the booms were down, the steel blockers rose to physically block the road on both
sides of the track. Only after the full activation of the system, would the white indicator
lights indicate to the train driver that the system was functioning normally.
Boshoek pilot project challenges
a) The system initially encountered operational challenges since there was cases
where shunting movements were allowed to take place over the level crossing
when the protection system was not activated. The responsibility for protection of
the level crossing then reverted back to the flagmen at the crossing.
b) Trains also did not slow down when the indicator lights showed that the level
crossing equipment was not fully functional.
c) Excessive maintenance cost also became a problem.
d) Transnet personnel were also unable to adequately maintain the system due to a
lack of training (Failure to transfer the required maintenance skills from the
contractor to the operator).
e) The supply of the required spare parts also became problematic.
5.3.2

Level Crossing Protection used in other countries
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This section focuses on the advantages and disadvantages of different level crossing
protection technologies installed in active level crossing internationally.
5.3.3

Obstacle detection technology at level crossings

Based on the study conducted by the RSSB, Rail Safety and Standard Board the obstacle
detection technology is divided into two major categories convectional and newel:
Conventional obstacle detection system is used to prevent crashes between trains and
vehicle. Listed below are the different types of conventional obstacle detector:
a. Optical Beam system - the optical beams are placed on one part of the crossing.
When each beam has a defined field of emission. The photon detector having a
defined field of view intersects the field of emission of the emitter. If the beam is
interrupted, it means there is an object in the level crossing.

Advantages

Disadvantages

Easy to replace

Expensive
Need to have several detectors along the
level crossing
Unusable in the period of snow
Traffic needs to be stopped for installation

b. Sonic detector – it relies on the different ultrasonic reflection times for the detection.
Pulse of ultrasonic energy are emitted towards the level crossing if they reflected
quicker, it means there is a car passing.
Advantages

Disadvantages
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Can detect both moving and stationary Expensive to purchase and install
vehicles
Extremely sensitive to environmental
conditions. Its inaccurate in congested
areas.

c. Inductive loop- it’s the most common obstacle detector a wire is embedded under the
roadway. A magnetic reflux is generated around it. When a car passes it breaks the flux
causing an increase inductance therefore detecting the vehicle.
Advantages

Disadvantages

Easy to replace

Expensive to install and maintain because
several loops need to be installed for
efficiency.
Cannot detect pedestrians
Unusable in the period of snow
Obstacle detection system using newel
method

d. Radar Method- Microwaves are sent from the transmitter based on the side of the
roadway. The microwaves are reflected to the receiving antenna in a different
frequency. This change indicates that there is an obstacle.
Advantages

Disadvantages

Traffic is not disrupted during installation

Hard to maintain

Immune to electromagnetic interference
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e. Video Imaging -a camera is installed above the level crossing, capturing real time
conditions that are relayed to the cab driver to stop if there’s obstacle in the level
crossing.
Advantages

Disadvantages

Traffic is not disrupted during installation

Currently under testing

High Accuracy

Expensive

These systems were tested against these criteria: environmental conditions, cost of installation
and maintenance, time of installations, detection of vehicles and pedestrians, lifetime, and
accuracy. The technologies that are recommended are the radar and video imaging system
even though they are still expensive however the SELCAT framework shows that the radar
system is more robust and accurate in detecting obstacles.

6. CONCLUSION AND RECOMMENDATIONS
6.1 Introduction

In the previous paper “Analysis of South African Level Crossing Accidents and Possible
Solutions to Improve Safety” we concluded that the main contributing factor to level crossing
accidents were road users failing to obey the road signs at level crossings. The intention of
this study was to reduce the reliance on road users in ensuring safety at the level crossings.
Scrutinizing the technologies used in other countries has assisted with understanding the
advantages and disadvantages of those technologies as well as the possible financial
consideration in implementing the technologies.

In this paper it has been distinguished that the top 10 most high-risk level crossings only
employed road signs and no form of barrier to prohibit/prevent cars or road users from
crossing the level crossings when it is not safe to do so as the current protection level. This is
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an indicator that the current level of protection employed at these level crossings has a direct
impact on the number of level crossing incidents.

Through the delayed responses to the request for information it was deduced that Transnet
and PRASA’s:
•

Are not managing their level crossings and its associated risk proactively as required by
the SANS 3000:2-2-1:2012 standard.

•

There is a need for the RSR to ensure proper focus/priority is given to the management
of level crossings especially in the case of high-risk level crossings.

•

There is no pro-active plan in place to upgrade or eliminate high risk level crossings.

•

There is a need to coordinate the identification and implementation of new pilot projects
to test new level crossing technologies with the aim of rolling out these technologies on a
national level following successful completion of the testing.

It is noted that the SANS 3000-2-2-1:2012 made provision for a limited number of levels of
protection from level 4C when it came to the use of flashing discs as well as booms. The new
2021 standard makes provision for more protection levels from level 4C thus providing
operators with the opportunity to implement higher levels of protection at a lower cost when
compared to level 5 and level 6.

6.2 Recommendations
The recommendations are divided into three categories. The role of the RSR, the role of the
Operators and the role of the Road Authority in ensuring that level crossings are safer and
there is compliance to the standard and the requirements stipulated. The last section will
discuss the approach to be followed in piloting new protection level technologies.
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a) The role of the RSR
•

The RSR needs to urgently issue a letter to both TFR and PRASA indicating that
the submission of a detailed level crossing risk management strategy document will
form part of their next permit renewal cycle.

•

The level crossing standard requires that a level crossing physical assessment as
well as the level crossing risk assessments be done at least every five years. As
part of the permit renewal submission Operators shall be required to submit proof
that the physical assessments are being done in accordance with the standard. The
submission will also need to include a proper analysis of the risk and the appropriate
mitigation measures (corrective action plan).

•

The RSR shall ensure that through audits and inspections all operators have
conducted the mandatory 5-year physical assessment and risk assessments.

•

The RSR will encourage TFR and PRASA to expedite the implementation of already
identified level crossing pilot projects with the purpose of testing new level crossing
protection technologies. The identification of additional/new pilot projects in
consultation with the RSR will also be encouraged.

•

The RSR to resuscitate the previous Level Crossing Technical Committee and the
recent employment of a full time Level Crossing Specialist will expedite the
resuscitation process. This committee will comprise of all the relevant stakeholders
and will be chaired by the RSR. The focus of the committee will be the
implementation/rollout of new technologies at high risk level crossings.

•

The RSR will provide guidance on the implementation process of the updated level
crossing standard published in 2021, providing timelines for full compliance to the
standard by operators.

•

The RSR will update the physical assessment and risk assessment tool to comply
to the updated standard and to rectify all software related problems.
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b) The role of the Road Agency/ Authorities
•

Road agency in each province to develop and implement strategic plan to improve
maintenance or upgrade of road markings or signages outside operator’s servitude for
all district and regional road crossing railway.

•

Road agency in each province to form part of the level crossing physical assessment
and risk assessment team with operators at least every five years.

•

Road agency to use results from the latest risk assessment and physical assessment
to rehabilitate/maintain/upgrade/modify the road markings/signages outside the
operator’s servitude.

•

Road agency to comply to SANS 3000-2-2-1 minimum requirements for any new
roads crossing a railway line.

•

Should a level crossing have more than one critical occurrence (fatalities/injuries)
within a calendar year or financial year, road agency shall form part of the risk
assessment conducted by an operator to address any non-compliances and
deviations identified on their servitude.

•

Compulsory attendance to the Level Crossing Technical committee meeting that will
be chaired by RSR.

•

Road agency to develop, share and implement the annual level crossing improvement
plan for roads impacted by risk level crossings.

c) The role of the Operator
•

The results from the latest risk assessment and physical assessment to be utilized to
upgrade the level of protection that have been assessed to be inadequate.

•

Implementation of recommendations to improve level crossing protection levels within
12 months.

•

Compulsory attendance to the Level Crossing Technical committee meeting that will be
chaired by RSR.
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•

Develop a detailed level crossing risk management strategy document that will form
part of the permit renewal cycle.

•

Comply with the level crossing standard by conducting the physical assessment as well
as the risk assessments at least every five years.

•

Identification of level crossing pilot projects with the purpose of testing new level
crossing protection technologies.

d) Recommendation pilot technologies approach:
The basic criteria to be used when identifying new technologies for level crossing piloting.
•

The identified technology must subscribe to the principles of Reliability, Availability,
Affordability and Safety (RAAS).

•

The identified technology must comply with the minimum Safety Requirements as
determined by Standard, the RSR, Operators, Road Authorities and affected stakeholders,
example in the case of protection level 6 the level crossing system needs to comply to SIL
level 4.
e. The identified technology/equipment must be resistant to theft and vandalism.
f. The equipment must be able to function without power supplied via the national
electrical grid for an extended time (The system needs a backup power supply).
g. The maintainability of the equipment needs to be considered. (Example:
Availability of Spares and Training of maintenance personnel).
h. A technology cost benefit analysis needs to be done for each pilot project (The
benefit must outweigh the cost).

As a guide the identified level crossing pilot projects must focus on the deployment of new
technology as follows:
1.

Operators must focus on the improvement of the level of protection at level
crossing that currently have a protection level of 4 and higher.
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2.

The identified technology must be focused on warning the motor vehicle driver
of the potential dangers when using a level crossing (Improved advance
warning signs, flashing red disc’s etc.)

3.

Where possible the complete dependence on motor vehicle driver behavior
needs to be minimized (Through the use of booms and road barriers).

4.

The option of stopping the train for the motor vehicle to pass at specific level
crossings need to be investigated (This can be done in combination with an
appropriate vehicle detection system that is interlocked with the signalling
system).

5.

Improved vehicle detection technology that complies to SIL level 4 in
combination with full arm booms as well as road barriers must be tested
especially in the case of protection level 6. Similar technology can also be
tested for a protection level 5.

6.

In the case of protection level 4 and 5 the roll-out of booms in combination with
the various vehicle detection systems (for example: Optical Beam system,
Sonic detection, Inductive loop, Radar Detection and Video Imaging systems)
can also be piloted.

7.

The use of additional warning measures such as rumble strips and road
islands also need to be considered.
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