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PREFACE
Fires in Vehicles, FIVE, is a new international conference covering many aspects of fire
safety in vehicles used for transportation of people and goods. This event was created by a
team at SP Technical Research Institute of Sweden, Department of Fire Technology in
response to a call for dialogue on this important from industry and other stakeholders.
FIVE 2010 is the inaugural conference, held in Gothenburg on the West Coast of Sweden
September 29-30, 2010. With over 200 delegates this event clearly proves the pressing need
for an international dialogue in this area. Speakers covered a wide variety of subjects and
represented many disciplines. This document contains the abstracts for the various
presentations. It is supplemented electronically with all the power point presentations given at
the conference.
Following the success of this conference, the Programme Committee have agreed to make
FIVE a bi-annual event. The next conference will take place in USA – FIVE 2012. For more
information concerning this and subsequent conferences please visit our website,
www.firesinvehicles.com.
Finally, I would like to thank the Programme Committee of FIVE, the Speakers and the
Session Chairmen who did an outstanding job organizing and contributing to this conference
and, last but not least – the participants!
Björn Sundström
SP-Fire Technology
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The Hanover Bus Fire and Activities on Improving Fire
Safety in Buses
Richard Damm
BMVBS
Federal Ministry of Transport
Building and Urban Development
Germany

ABSTRACT
Individual mobility plays a key role in a modern society. Buses and coaches can contribute to
this fact by providing mobility in rural, urban and in inter urban areas. It is not only a
responsibility of the manufacturing industry and the operators but of the lawmakers to ensure
a high safety level for this mode of transport. Especially as these means of transport are used
by many persons at one time, functional design in combination with a high safety level is of
high importance. The success of the past activities in this field is highlighted by accident
statistics confirming the high safety level of these means of transport: travelling in buses and
coaches is one of the safest mode of transport.
In parallel to crash safety of these vehicles, which is a basic prerequisite, fire safety is
absolutely necessary. Looking at fire incidents with buses and coaches that happened across
Europe in the past decades, it can be seen that a fire in a bus or coach can end in a catastrophe
for occupants. The tragic fire incident of the coach in Germany on a motorway near Hanover
on 04th November 2008 regrettably showed the risk of a fire in the interior of the coach for
the occupants – 20 of the 33 bus occupants lost their lives.
The Federal Ministry of Transport, Building and Urban Development in Germany (BMVBS)
started activities according to a strategy plan to improve fire safety in buses and coaches.
Main target of this effort is to avoid injury to persons in future. On a national level as well as
on an international level these activities were moved ahead by cooperation with partners and
initial success is noticeable.
Activities reach from a research project that has been started, to agreements with industry and
to changes of the current vehicle regulations. Especially the installation requirement of fire
and smoke detection systems is here of highest priority.
Information will be given on the bus fire incident that occurred near Hanover, while the main
focus will be on the activities that are going on to improve fire safety in buses and coaches.
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Fire Department’s Operations at Large Incidents
Involving Vehicles
Jens Stiegel
Frankfurt am Main Fire and Rescue Services
Germany

ABSTRACT

The Fire Department of the city of Frankfurt am Main
The municipal fire department consists of about 1650 members of operational staff. These are
divided in approximately 800 members of the professional fire department, 800 members of
the voluntary fire department and 50 inspectors of the department of fire prevention. In
addition to that, about 200 people work for the department as administrative staff and
technical employees.
The Department is led by the Chief of Department, Prof. Dipl.- Ing. Reinhard Ries.
Every day, there are 186 people on active duty, assigned on 13 engines, 7 ladders, 25
ambulances, 1 MIC- Unit, 1 EMS- helicopter and different types of special units and incident
command vehicles. These units are assigned to actually 10 fire stations. In the next years the
number of stations will increase to 12. The special units include two heavy rescue units, with
one of them specialized on accidents on railway- systems, a high- angle rope rescue unit, a
water- rescue unit, a HAZMAT- unit, a mass casualties unit, an AR unit, a rescue dog- unit
and an animal- rescue unit. Some of these units are permanently staffed like the heavy rescue
units, the hazmat unit, parts of the water rescue and the mass casualties unit, others are
operated by a corresponding engine or ladder unit. All engine and ladder units respond to
support the special units in operations.
The voluntary fire department runs 28 stations all over the city and completes the
professional fire department at more comprehensive incidents and at calls in their response
area at weekday’s nights and on the weekends.
The incident command system is based on four levels from A- D. Starting on the lowest with
level D, this is the commanding officer of an engine company or special unit. Level C
includes 4 battalion chiefs in a 24 hour tour, with 2 additional battalion chiefs weekdays on
the day tour. Level B includes 2 division chiefs, one responsible for the eastside and the other
one for the westside of the city. An additional division chief is on duty on the day tour of the
weekdays. The highest planned officer on duty is the commanding officer on level A, the
citywide tour commander. He is responsible for all actions according to the Fire Department
and the EMS in the whole city. Other functions like the Safety and HAZMAT- officer, the
EMS- chief, the Chief Emergency Doctor and the PR- officer complete the system. The
incident command system is designed in a way to meet all requirements of possible occurring
scenarios. The basic principles are similar on every scene, only small changes are made to
fulfil special needs at bigger incident scenes.
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The basic operational structure at an incident scene should ideally also be independent from
the scenario itself. Frankfurt Fire and Rescue Services use the following model on every
incident scene. Depending on the size and the complexity of the scenario, not all of the single
tasks need to be covered, although the possibility to extend operations is given at any time.
Every segment is monitored by a responsible officer. The rank of this officer depends on the
size and the number of rescue personnel working on each special task.
Incident
commander

Incident scene

Staging area

Logistics/ Safety

EMS

To guarantee an adequate response to large incidents, Frankfurt Fire and Rescue Services
uses different types of special equipment. This includes:
•
•
•
•
•

A mobile command centre,
The special units (as described before) and their equipment,
4 high capacity tank engines,
Container- based logistical and support system
Battery powered rescue tools

The mass casualties unit plays a key role at large incidents. Part of this unit is a container
system which carries tents and medical equipment like heart defibrillators, oxygen and huge
amounts of dressing material and pharmaceuticals. The mass casualties unit is able to treat up
to 500 victims. The main tactics in the operation have changed in the planning phase of the
FIFA world soccer championship in 2006. Before, it was common to build up a huge EMS
infrastructure and give a maximum of treatment on scene. Today, learned from other
countries that have lots of experiences with mass casualties scenarios, the main objective is to
give the patient only the required basic treatment to stabilize him for transport and then get
him as quick as possible to a near hospital for further treatment. The main objective is, to
have every patient in an emergency room maximum 60 minutes after the incident has
occurred. Several, most organisational measures, have been conducted to guarantee that.
Hospitals created their own emergency plans to deal with victims coming in relatively short
10
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after large incidents. Registration is now done with the help of an Internet database in the
hospital and not on scene. Many more aspects have been optimized so that the city of
Frankfurt today is confident that the designated objectives in the response to large incidents,
independently what caused it, will be adequately met.
List of references and further information
A list of references is available at the author. If you have any further questions please do not
hesitate to write me an e-mail at jens.stiegel.amt37@stadt-frankfurt.de
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European Railway Regulation and Fire Safety
Requirements in TSIs
Bas Leermakers
Project Officer TSI sector
European Railway Agency

ABSTRACT

The European Railway Agency
The European Railway Agency, is an Agency of the European Commission. The main task is
to prepare new and updated legislative acts for adoption by the Commission, after a positive
opinion from the Committee of Member States, and to give other technical support to the
Commission.
The Common European Railway Area
The European railway policy aims at integrating the rail sector into the internal market by
creating a genuine internal market in rail transport.
This is to be achieved by:
• Opening up the passenger and freight markets to competition by creating open access
in rail transport by the Access Directive 2001/14/EC
• Harmonising the technical requirements for the national networks by the
Interoperability Directive 2008/57/EC and the development of TSIs.
• Setting high safety standards and processes based on clear definition of the
responsibilities of each player involved by the Safety Directive - 2004/49/EC and the
secondary legislation stemming from it.
• Promotion of measures to safeguard the quality of rail services and users' rights by
setting rules on Passengers’ Rights and Obligations (Regulation 1371/2007)
• Develop the trans-European Network for rail
Technical Specifications for Interoperability (TSIs)
The TSIs give the necessary specifications by which each subsystem or part of it is covered in
order to meet the Essential Requirements as set out in the Interoperability Directive.
TSIs in general apply to new subsystems and are not retroactive towards existing subsystems.
The TSIs identify basic parameters as well as the interfaces with the other subsystems. The
TSI shall:
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•
•
•

Lay down essential requirements for its scope
Establish the functional and technical specifications to be met by the subsystem and
its interfaces vis-à-vis other subsystems
State which procedures are to be used for the conformity assessment

In order to receive an authorisation for placing into service of a subsystem, it needs to be
compliant with the applicable TSIs.
Fire safety and rolling stock
Requirements related to Fire Safety of Rolling Stock are specified in the SRT TSI and in the
HS RST TSIs (HS RST TSI) and will be specified in the forthcoming CR RST TSI. They
have been inspired by the work done in drafting out CEN/TS 45545 and establish a principle
of mutual recognition of the national rules of 5 Member States as a provisory reference until
the EN 45545 is definitely accepted and published.
For the purpose of these requirements, two categories of RST with respect to Fire Safety have
been created, according to the length of tunnels (or elevated sections) into which they are
intended to operate: Cat.A for less than 5km and Cat.B for all tunnels. While trains of Cat.A
are requested to provide a running capability to reach a place of safety of 4 minutes, Cat. B
trains are requested a running capability of 15 minutes. For both categories, requirements
related to material properties refer to national standards of France, Germany, Italy, Poland
and the United Kingdom, pending publication of EN 45545-2. Other relevant requirements
address fire detection, fire extinguishers, passenger alarm, and evacuation measures including
emergency lighting.
When EN 45545 is published, part 2 will become mandatory as quoted in the TSIs, while
other parts of the standard will provided presumption of conformity and technical solutions
which, when applied on a voluntary basis, will be accepted as such by the Notified Bodies of
any of the Member States in charge of delivering the certificate of verification of the RST.
ERA/IU/RST/BL/Fire safety
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Bus Fire Legislation in the European Union
Jean-Paul Delneufcourt
European Commission

ABSTRACT
1. Legislative aspects
EU legislation on fire protection in buses and coaches is contained essentially in two
Directives: Directive 2001/85/EC of 20 November 2001 on interior arrangement of vehicles
transporting more than eight persons and Directive 95/28/EC of 24 October 1995 on burning
behaviour of materials used in the passenger compartment of coaches having more than 22
seating positions.
The first Directive concerns primarily materials used for insulation purposes in the engine
compartment and it lays down general requirements on electrical equipment and wiring. The
second Directive is aimed more specifically at limiting the so-called burning rate of materials
likely to catch fire and at rejecting plastics with might ignite surrounding materials after
dripping. The test methods referred to in the second Directive are based on standards adopted
at international level.
Additional requirements are laid down in other specific pieces of legislation. Requirements
concerning the burning rate of safety glazing are included in Directive 92/22/EEC on safety
glazing. Directive 70/221/EEC on fuel tanks stipulates requirements on plastic fuel tank and
aspects regarding heating systems are regulated in Directive 2001/56/EC.
2. Implementing measures
As regards buses and coaches, the Directives of the European Union were, up to April 2009,
an opportunity for the Member States to transpose into national law pieces of legislation for
which a broad consensus exists between experts and manufacturers, without mandating their
application. However, manufacturers to which an EC type-approval was granted were
allowed to export their vehicles in the European Union without having to undergo any
additional approval procedure and hence to modify their products.
The adoption by the European Parliament and the Council of a new Framework Directive on
type-approval in 2007 has modified the legislative approach in the European Union. An
obligation is now put on the Member States of the European Union and also on countries of
the European Economic Area to amend their national legislation in order to keep only EU
harmonised legislation in the field of the construction of new buses and coaches or
components intended for such vehicles.
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As a consequence, since 29 April 2010, EU legislation applies in full to new vehicle types. It
will apply as from 29 October 2010 to all new vehicles put into service in the European
Union.
3. Future of European legislation
Regulation (EC) No 661/2009 of 13 July 2009 on General Safety foresees the replacement of
a number of Directives, in particular those listed in point 1, by corresponding Regulations
annexed to the (revised) Agreement of 1958 to which the European Union acceded a few
years ago. These regulations are, respectively, Regulations No 107, 118, 43, 34 and 122 of
the European Commission for Europe of the United Nations in Geneva (UNECE).
The procedure for making these UNECE Regulations obligatory in the European Union is in
progress. Once it is completed, type-approvals granted under UNECE Regulations will
replace EC type-approval granted under the Directives of the European Union.
In the meantime, type-approvals granted under the UNECE Regulations mentioned above
may replace EC type-approvals in application of Article 34 of Directive 2007/46/EC.
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Comparison of Product Evaluation Systems in Europe for
Road and Rail Vehicles
Björn Sundström
SP Technical Research Institute of Sweden

ABSTRACT
Fires in road vehicles pose a significant threat to life and property. A nightmare scenario is a
large vehicle fire in a tunnel. Relevant regulation concerning the fire performance of vehicles
is patchy at best. Some vehicle manufacturers create their own standards to increase safety
but the overall regulations concerning fire safety are scarce. The international regulations are
developed through the United Nations Economic Commission for Europe, UNECE. At
present ECE regulation 118 deals with fire, applicable to buses. SP participates as experts and
has, through the road administration authorities in Sweden and Norway, proposed significant
improvements which are currently being discussed in the working party for general safety
provisions (GRSG). The approach is comparable to fields where there has been significant
international progress in recent years (e.g. trains).
This paper aims to collate existing regulations concerning fire safety for the major modes of
mass transport and compare these to highlight the disparity in safety regulations for the
various transport modes.
Buses
Recently, fires in buses have been in focus due to catastrophic incidents with many casualties
for example in Germany. Statistics from Sweden and Norway indicate that 1–2 % of all buses
catch fire each year. At the same time, recent experience suggests that the installation of fire
suppression systems in engine compartments have drastically reduced the number of totally
burned buses. A project called “Bus Fire Safety”[ i] dealing with the Swedish and Norwegian
situation pinpoints these problems. Statistics and fire causes are investigated. Possible
performance tests and fire safety measures are discussed and proposed.
Trains
Train regulations are traditionally more developed than many other modes of transport as
authorities over many years have required certain fire performance of the constructions
materials and the interior fittings in trains. During recent years there has been a fast
development in Europe due to the need for harmonised requirements. Certain European
trains, for example high speed trains, travel between countries and it is self-evident that the
fire safety requirements cannot change from country to country. The European technical
specification prCEN 45545 “Railway applications — Fire protection on railway vehicles”
aims to harmonise the European requirements. It takes a broad view on the fire safety in a
document divided into 7 parts.
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Part 1: General
Part 2: Requirements for fire behaviour of materials and components
Part 3: Fire resistance requirements for fire barriers
Part 4: Fire safety requirements for railway rolling stock design
Part 5: Fire safety requirements for electrical equipment including that of trolley buses, track
guided buses and magnetic levitation vehicles
Part 6: Fire control and management systems
Part 7: Fire safety requirements for flammable liquid and flammable gas installations
Ships
An even more complete view of fire safety is taken in shipping through the work in IMO, the
International Maritime Organisation. The SOLAS convention and supporting documents for
example the Fire Test Procedures code (FTP) and the High Speed Craft code (HSC) form a
complete regulation covering fire safety aspects like product’s reaction to fire, fire resistance
of construction elements, active extinguishment systems, staff training and so on. The work
in IMO also includes elements of performance based fire safety engineering. Table 1 shows
roughly how the different regulations deal with fire safety.
Table 1. An overview of the fire safety strategies found in international regulations for buses,
trains and ships.
UNECE reg 118:
Burning
behaviour of
prCEN 45545 Railway
materials used in
applications — Fire
IMO, SOLAS
Regulation
the interior
protection on railway
convention
construction of
vehicles
certain categories
of motor vehicles
Reaction to fire
Reaction to fire
Fire resistance
Fire resistance
(compartmentation)
Materials and
(compartmentation)
Fire safety design
Extinguishment
products fire
Fire safety
Electrical equipment
properties;
systems
strategy
Flammable gas and
Reaction to fire
Detection and alarm
liquids
Means of escape
Control and management
Training of staff

Materials
and
products
fire
properties;
Reaction to
fire
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Flame spread;
small sample,
small flame.
Melting

Ignitability
Flame spread
Heat release rate
Combustibility
Smoke production
Toxic gas production
Package of tests and
requirements adapted to
products and fire
situation. Example
Vandalism/Arson.

Ignitability
Flame spread
Heat release rate
Combustibility
Smoke production
Toxic gas production
Package of tests and
requirements adapted
to products and fire
situation
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As seen in Table 1, formal regulations for buses are limited to materials and requirements
concerning their reaction to fire when exposed to a small, match type flame and their
tendency to melt. The test covering most cases is shown in Figure 1 below.

Figure 1. Test of horizontal flame spread according to ISO 3795/FMVSS 302
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Figure 2. Product classification according
to flame spread as measured in
ISO3795/FMVSS 302.

Critical heat flux for ext. (kW/m2)

The test ISO 3795/FMVSS 302 only considers horizontal flame propagation and contains
additional technical short-comings such as interrupted combustion when the test object burns
too fast and falls apart. The SP-project “Bus Fire Safety” included the testing of a number of
interior materials for buses according to ISO 3795/FMVSS 302 and comparison of the test
results for the same products with requirements based on the IMO/SOLAS regulations and
the upcoming train regulations in terms of limited flame spread. The results are shown in
figures 2 and 3.
35
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Y11
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Figure 3. Product classification for limited
flame spread according to IMO/SOLAS
and prCEN 45545.

It can be seen in Figure 2 and 3 that almost all products pass the FMVSS requirement while
almost all these products fail the requirements for IMO and prCEN 45545. The situation is
the same when considering another fire parameter, smoke production. In addition, an estimate
of the performance according to the European system for construction products, the
Euroclasses, reveals that only one product would pass the requirements for linings in an
escape route.
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Concluding remarks
1. Fire safety regulations according to ECE regulation 118, applicable for buses, focus
only on materials flame spread when exposed to small flames while other
international systems, i.e. for ships and for trains, take a much more holistic view of
fire safety.
2. The main test method used in ECE regulation 118, ISO 3795/FMVSS 302, allows for
very low fire performance. If more stringent requirements were to be implemented
then harmonisation with the requirements for trains and/or ships could prove to be
cost efficient as high performance products are already available for these
applications.
3. Fire extinguishing systems in the engine compartment can prove to be very efficient
in reducing the number of fire. However, an internationally accepted test standard for
such active fire protection systems in vehicles needs to be developed.

i

Hammarström R., Axelsson J., Försth M., Johansson P., Sundström B., ”Bus Fire Safety”, SP report 2008:41
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Bus Fire Safety and Statistics in Sweden
Jan Petzäll
Swedish Transport Agency

ABSTRACT
Travelling by buses and coaches is safe and convenient for the travellers. The vehicles are
environmentally friendly and attractive. The society’s goal is that bus and coach services
should encompass a larger share of the total travelling. It requires development efforts of both
the vehicles and the traffic systems to attract more people to travel by bus or coach. A part of
this work is to improve the fire properties of the vehicles.
Many people have great respect for fire. Although travelling by bus or coach is the safest
mode of travelling, there are people who are afraid that the vehicles could catch fire. It
sometimes happens that buses in service start to burn. Usually, the passengers can evacuate
the vehicle and the fire can be extinguished without anyone coming to harm. Some major fire
disasters of buses and coaches have happened in different parts of the world, where many
people got severely or fatally injured. Such events are highlighted in the media. For safety
and security reasons of the passengers there is a need to improve the fire properties of the
vehicles.
To get good grounds in the efforts to improve the fire properties of buses and coaches the
Swedish Road Administration and Norwegian Public Road Administration initiated a
research project on bus fire safety together with SP Technical Research Institute of Sweden.
The project has made a compilation of the number of bus fires, breakdown of vehicle type
and cause of fires, injuries related to fire, damage caused by fire, and the cost caused by fire
in Sweden and Norway during the last 10 years. The project has also made an investigation of
fire properties of interior materials for buses and coaches, evaluation and assessment of bus
designs and recommendations for fire engineering design of buses.
The development of safer fire properties of buses and coaches must have a holistic
perspective. Fire safe vehicles require fire and smoke detection systems, fire suppression
systems as well as use of fire safe materials in the passenger compartment. Sweden
introduced in 2004 a mandatory fire safety inspection of buses and coaches in connection
with the annual road worthiness inspection. The inspection comprises control of the engine,
fuel system, exhaust system, hydraulic and electrical systems. The verification includes
damage, leakage, wear, attachment of components and short-circuiting.
The presentation will provide statistics on bus and coach fires in Sweden and Norway and
present ongoing work on the development of technical requirements to improve fire safety of
buses and coaches.
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Highway Vehicle Fire Data Based on the Experiences of
U.S. Fire Departments
Marty Ahrens
NFPA
National Fire Protection Association
USA

ABSTRACT
Representative vehicle fire statistics provide a vital context to any discussions of the vehicle
fire problem. The National Fire Protection Association’s (NFPA’s) annual fire department
experience survey provides the initial estimates of the number of fires and associated losses
involving highway (cars, trucks, buses, recreational vehicles, motorcycles, etc.) and nonhighway (rail, water, air, construction, garden or farm, and material handling equipment)
vehicles in the United States. U.S. fire departments responded to 207,000 highway vehicle
fires in 2008. These fires caused 350 civilian (non-fire service) deaths, 850 reported civilian
injuries, and $1.2 billion (U.S.) in direct property damage. 1 In 2007 and 2008, highway
vehicle fires and associated deaths hit two consecutive lowest points since data collection
began. Only deaths caused by the fire itself are included in NFPA’s fire death statistics.
Deaths caused by a vehicle crash before a fire started are not included.
Circumstances of Highway Vehicle Fires
The U.S. Fire Administration’s (USFA’s) National Fire Incident Reporting System (NFIRS)
collects causal data from local fire departments on all types of fire incidents. National
estimates of specific fire causes and circumstances are calculated using Version 5.0 NFIRS
data combined with the results of the NFPA survey. The estimates that follow are based on
2003-2007 data.
Passenger road vehicles such as cars, recreational vehicles, buses, and motorcycles accounted
for 91% of the reported highway vehicle fire, 85% of the associated deaths, 87% of the
civilian injuries, and 76% of the direct property damage. The remainder of the fires and
losses resulted from fires involving trucks or freight road vehicles.
Two-thirds (68%) of the highway vehicle fires occurred on some type of highway, street or
parking area, including 33% on streets, roads or driveways, and 17% in parking lots or
parking areas. The 19% that occurred on highways or divided highways accounted for 48%
of the associated fire deaths, suggesting a possible association of fatal vehicle fire with higher
rates of vehicle speed.

1

Michael J. Karter. Fire Loss in the United States 2008, Quincy, MA: NFPA, 2009.
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Two-thirds (64%) of the highway vehicle fires began in the engine, running gear, or wheel
area. One-third (35%) of the civilian fire deaths, 46% of the civilian fire injuries, and 53% of
the direct property damage resulted from fires that originated in this type of area. Only 2% of
the highway vehicle fires started in the fuel tank or fuel line area, but these fires caused 18%
of the associated deaths.
The cause profile differs for fatal vs. non-fatal vehicle fires. Collisions or overturns were
factors contributing to the ignition in only 3% of the fires in this group, but these fires caused
an average of 255, or 58%, of these vehicle fire deaths per year. Two-thirds (69%) of the
collision or overturn fires started in the engine area, running gear, or wheel area. Forty-two
percent of the collision or overturn deaths resulted from fires originating in this area.
Twenty-three percent of the collision or overturn deaths resulted from the 9% of such fires
that originated in the fuel tank or fuel line area.
Mechanical or electrical failures caused 3/4 of highway vehicle fires. Some form of
mechanical failure or malfunction, such as leaks or breaks, backfires, or worn-out parts,
contributed to 49% of the highway vehicle fires but only 11% (49) of the associated deaths
reported per year. Leaks or breaks were factors in 11% of the fires and 8% of the associated
deaths. Eighty-three percent of fires resulting from mechanical failures or malfunctions
began in the engine area, running gear, or wheel area.
Electrical failures or malfunctions contributed to 23% of the highway vehicle fires but less
than 1% of the deaths reported during this time. Two-thirds (66%) of these fires began in the
engine area, running gear, or wheel area while 18% began in the operator or passenger area.
Eight percent of highway vehicle fires were intentionally set. More than half (54%) of the
intentional fires started in the operator or passenger area.
Electrical wire or cable insulation was the item first ignited in 28% of the highway vehicle
fires. These fires accounted for only 1% of the associated deaths and 14% of the associated
injuries. Twenty-nine percent of the highway vehicle fires began with the ignition of
flammable or combustible liquids or gases (including fuel and accelerants), piping, or filters.
These fires caused 68% of the highway vehicle fire civilian deaths and 56% of the injuries.
Victims of Highway Vehicle Fires
Seventy-eight percent of the people who died from highway vehicle fires and 79% of those
who were non-fatally injured were male. Youth and young adults in the 15-24 age group
were at the highest risk of death from fires resulting from collisions or overturns and from
vehicle fires of other causes. Children under five had a very low risk of fire death following
a collision or overturn but an elevated risk of death in vehicle fires in which collisions or
overturns were not factors. The percentage of older adult fire deaths was also a greater share
of the non-collision, non-overturn fire deaths than of fire deaths that followed a collision or
overturn.
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Bus Fires
In 2003-2007, U.S. fire departments responded to an average of 2,350 fires involving buses,
school buses, or trackless trolleys per year. These fires caused an average of seven civilian
deaths, 27 civilian injuries, and $26 million in direct property damage annually. Only 4% of
these fires were intentionally set. Some form of mechanical failure or malfunction was a
factor in 62% of these fires. Electrical failures or malfunctions played a role in 24% of these
fires. Seventy percent of these fires began in the engine area, running gear or wheel area and
12% began in the operator or passenger area. Twenty-nine percent of these fires began with
the ignition of electrical wire or cable insulation. Flammable or combustible liquids or gases
or associated parts were first ignited in 27%. An unclassified item was first ignited in 18%;
11% started with the ignition of a tire.
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New NFPA Guide on Fire Hazard in Road Vehicles
Marcelo M Hirschler
GBH International
USA

ABSTRACT
The National Fire Protection Association (NFPA) technical committee on hazard and risk of
contents and furnishings developed a document, NFPA 556, Guide on Methods for
Evaluating Fire Hazard to Occupants of Passenger Road Vehicles. The guide has been
formally approved by NFPA Standards Council and has become the first document released
by a North American consensus standards body that highlights the problems associated with
fires in road vehicles, especially automobiles. The committee is particularly concerned with
high vehicular fire losses (particularly fire fatalities) not associated with fuel tank fires.
The document structure is as follows:
Chapter 1: Scope, purpose, application, symbols
Chapter 2: Referenced publications
Chapter 3: Definitions
Chapter 4: Types of vehicles
Chapter 5: Passenger road vehicle fires, statistics and background
Chapter 6: Approach to evaluating vehicle fire hazard
Chapter 7: Objectives and design criteria
Chapter 8: Selecting candidate design
Chapter 9: Typical fire scenarios to be investigated
Chapter 10: Evaluation methods and tools
Chapter 11: Individual fire scenarios
Chapter 12: Further guidance
Annex A: Explanations of issues presented in Chapters 1 through12
Annex B: Fire retardants
Annexes C and D: Referenced publications and additional bibliography
The document identifies as fire scenarios those in which the fires start inside the passenger
compartment, in the engine compartment, in the trunk or load carrying area, from pool fires
resulting from fuel tank failure and burning under the vehicle or from other external heat
sources. In every case, the key issue is the penetration of the fire into the passenger
compartment.
The passenger road vehicle fire safety problem is magnified by the almost exclusive
regulatory reliance on a very small scale test (FMVSS 302 or ISO 3695, Fig. 1) designed to
protect against cigarette ignition of interior materials without consideration of heat or smoke
release and the lack of proper compartmentation to prevent fires from rapidly penetrating into
the passenger compartment. Even this mild test applies only to passenger compartment
materials.
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NFPA publishes statistics that show very high annual average US vehicular losses and that
vehicular fire losses (which are dominated by passenger road vehicles) are in the same range
as structure fire losses (Table 1). The heat release rate from burning cars is in the range of 1.5
to 8.0 MW, which is the same order as the heat release from fully involved rooms in homes.
The primary guide objective is to reduce the expected loss of life due to fire in passenger road
vehicles. This objective is translated into design criteria, which depend on the nature of the
vehicle design. If the design involves replacing a material or component in a vehicle that
meets the performance objectives, it is usually sufficient to demonstrate that the proposed
replacement does not adversely affect the fire hazard of the vehicle. This can be done on the
basis of small- or intermediate-scale tests that measure the ease of ignition, heat release rate,
and production rate of smoke and other combustion products under thermal conditions that
are representative of those in passenger road vehicle fires. A key set of design criteria for a
new vehicle would be the times to untenable conditions in the passenger compartment for the
relevant fire scenarios. Such times can be determined on the basis of tests or of mathematical
models of vehicle fire growth and spread.
Table 1 – Fire Losses in US 2002-2005 - Annual Average
Civilian Fire Civilian Fire Property Damage
Fires
Fatalities
Injuries
(millions $)
Structure Fires (NFPA) 518,880
3,142
15,512
8,725
Vehicles

306,810

522

1,644

1,342

Passenger road vehicles 287,750

408

1,256

787

Passenger cars

305

864

549

208,600

Figure 1: FMVSS 302/ISO 3795 test equipment
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Fires starting in the passenger compartment
are those most immediately dangerous to
the passengers, as time available for escape
is minimal especially if the fire
incapacitates occupants or decreases their
ability to escape. The fires studied in this
chapter start in the dashboard, seat, floor,
headliner, and compartment door. Once a
fire starts, fire spread depends on amount,
composition, orientation, configuration and
fire properties of compartment materials.
A key concern is fires following collisions.
Heat release test data is included in the
guide on fire properties of all these types of
materials, which tend to be poor fire
performers.
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Many more fires start in the engine compartment than in the passenger compartment, with
flame spread occurring through the engine cover, ductwork or windshield, although collision
damage can provide alternative paths for fire penetration into the passenger compartment.
The other fire scenarios, all of which are studied in detail, are of much lesser importance than
those starting in the engine or passenger compartment, due to their probability or severity.
The guide points out that the continued use of FMVSS 302/ISO 3795 as the sole fire safety
tool is inconsistent with any expectation of significant decreases in vehicle fire losses. Some
engineering design approaches can be used to mitigate the effects of fires on vehicle
occupants (such as using proper barriers to separate the engine compartment or to prevent
penetration from pool fires). However, the key means to decrease fire hazard is to use
materials and/or products with appropriately improved fire properties, especially lower heat
release.
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Experiments for Fire Hazard Assessment of Motor
Vehicles
Marc Janssens
Southwest Research Institute
San Antonio, TX, USA

ABSTRACT
A distinction can be made between two types of fire scenarios in which motor vehicles are
involved. The first type of scenario is that of fires in a vehicle on a roadway, typically
following a collision. In this case, the primary concern of a hazard assessment is the survival
of passengers and the safety of fire fighters and emergency personnel responding to the
incident. The second type of scenario is that of fires in a structure such as a parking garage.
Here, the fire hazard assessment focuses on the structure and its occupants, but the fire is
likely to have originated in a vehicle and vehicles typically constitute most of the fuel load.
Over the past 10 years Southwest Research Institute (SwRI) has conducted a number of
experimental studies to obtain data in support of hazard assessment for the two
aforementioned types of fire scenarios. This paper provides an overview of the nonproprietary studies that were performed.
Database of Full-Scale Calorimeter Tests on Motor Vehicles
In this study a database was developed of full-scale motor vehicle fire test results. The data
were obtained from a careful review of 20 publications comprised of 3 journal articles, 2
conference papers and 15 reports. To be included in the database, tests had to involve heat
release rate measurements. A total of 34 tests in 12 studies were found to meet this
requirement. The database consists of four interrelated tables that primarily contain scalar
data. The main table includes links to available time-dependent data, e.g., heat release rate,
mass loss, interior heat flux, interior temperature and interior CO concentration vs. time.
Fire Hazard Assessment Methodology for Automotive Materials
Between July 2002 and October 2003 SwRI conducted a research program for the National
Highway Traffic Safety Administration (NHTSA). Eighteen exterior automotive parts
(outside the passenger compartment) were selected from a passenger van and a sports coupe.
Three types of tests were performed:
1. Modulated DSC to determine thermo-physical properties of the materials.
2. ASTM E 1354 (Cone Calorimeter, with additional toxic gas analysis), FMVSS 302,
and Airbus and IMO smoke and toxicity tests (the latter on 3 of the 18 materials).
3. Intermediate-scale calorimeter (ASTM E 1623 or ICAL) tests on 6 of the 18
components.
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Peak heat release rates in the Cone Calorimeter and ICAL are consistent below 350 kW/m2.
At higher heat release rates, the ICAL values are significantly higher due to the contribution
of the pool fire of molten material below the specimen holder. A simple model was
developed to estimate fire growth in the engine compartment of a vehicle based on Cone
Calorimeter data.
Effect of Aging on the Fire Performance of Plastic Fuel Tanks
Fuel tanks from used 1998-2001 model vehicles and new OEM production fuel tanks were
evaluated according to ECE R34.01, Annex 5 (fire) and U.S. DOT 49 CFR 393.67, Section E
(drop test). The results suggest that the integrity of the aged fuel tank materials to resist fire
was maintained and not degraded. However, some aged tanks failed the drop test.
Flame Arrester Evaluation for E-Diesel Fuel Tanks
An evaluation of various flame arresters for use with E-Diesel fuel (15% ethanol-diesel
blend) was conducted on four typical fuel tank and fill neck designs. Multiple flame arresters
were tested on each fuel tank for a total of 13 combinations. It was determined that wire
mesh type flame arresters were unsatisfactory for all tank and fill neck designs. The coarser
meshes could not stop the propagation of flames, and the tighter meshes deteriorated after
only a few tests. Stamped steel flame arresters were found to be sufficient for all fuel tanks
with one exception. In addition, it was determined that none of the flame arresters would
prevent ignition from propagating from the fill port into the fuel while still allowing fuel flow
for the saddle tank.
Fire Performance of Compressed Hydrogen Cylinders
A 35-MPa Type-IV hydrogen cylinder was tested in general accordance with FMVSS 304
and DIS ISO 15869-1. Since the intent of the test was to examine catastrophic failure, the
pressure relief device was removed so that controlled venting of hydrogen from the cylinder
was prevented. An estimated 12.4 MJ in mechanical energy was released when the tank
burst, and up to 197 MJ in chemical energy was released when the hydrogen combusted. The
cylinder failed through the bottom, launching it to 82 m from the test location. The following
maximum blast wave pressures were recorded: 401 kPa at 1.9 m, 184 kPa at 4.2 m, and 142
kPa at 6.5 m.
A second test was performed with a 35-MPa Type-III hydrogen cylinder installed on a typical
SUV. Flames and hot gases entered the passenger compartment rendering it untenable after
approximately 4 min of exposure. The cylinder burst after being exposed to the propane
bonfire for 12 min 18 s. An estimated 12.8 MJ in mechanical energy was released when the
tank burst, and up to 220 MJ in chemical energy was released, based on the heat of
combustion of hydrogen. Based on shrapnel, the safe exclusion zone would be in excess of
110 m.
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Ignition of Hydrogen Releases from Automotive Fuel Line
A series of tests were performed under the body and in the engine compartment of an SUV to
investigate the hazards associated with ignited hydrogen releases from an automotive fuel
system. Either a known amount of hydrogen was released then ignited or a known flow rate
of hydrogen was released as a jet-fire for a specified duration. Damage to the vehicle was
minimal for the majority of tests and consisted mainly of burnt plastic components.
Overpressures were less than 1.7 kPa for the underbody releases and less than 0.7 kPa for the
24-g/min releases in the engine compartment. Pressures exceeded 20 kPa for the 48-g/min
releases in the engine compartment. This pressure, measured during ignition of the 64-s
duration release, caused significant physical damage to the hood of the vehicle. Even the
highest pressure obtained would be expected to dissipate to harmless levels at short distances
from the vehicle.
Abuse Testing of 36 V Batteries
Comparative abuse tests of 36-V and 12-V battery designs were performed in general
accordance with the SAE J 2464 standard. No significant difference in performance was
observed between the two types of batteries.
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Bus Fires – Presentation of a Large Nordic Research
Project
Michael Försth
SP Technical Research Institute of Sweden

ABSTRACT
In Sweden between 1-2% of all buses catch fire each year [1]. This poses a risk for
catastrophic fires such as those have already occurred in, for example, Poland in 2005 where
13 people died, and as recently as November 2008 when a bus caught fire in Germany and 20
people were killed. To put this in perspective, one can note that in percentage terms about
5-10 times as many buses and coaches catch fire as do heavy goods vehicles. The materials,
structures, and design of the buses/coaches, and the frequency of fire incidents, gave reason
for concern about whether the level of safety to fire is acceptable. Therefore the Norwegian
and the Swedish Road Administrations initiated a research project together with SP Technical
Research Institute of Sweden on bus fire safety [2] in 2005.
The main objective of the project was to decrease the number and consequences of bus fires.
The goal was to accomplish this through increased knowledge concerning the most common
causes of fires in buses and coaches and our understanding of fire development in buses.
Further, the long-term aim was to use the results to develop specific recommendations for test
methods and regulations to increase the fire safety of buses.
The project covered a wide range of fire safety issues in buses. Below is a short summary of
the activities in the project:
•
•

•

•
•

Statistical survey of bus fires in Norway and Sweden
A survey of the number of fires, including fire causes and consequences during the
last 10 years, was conducted in the first phase of the project.
Fire tests of interior materials and seats in buses
A test series was performed using a number of well established fire test methods and
comparisons were made with existing requirements for e.g. buildings, trains
and ships [3], to identify similarities or differences.
Fire risks of buses and coaches
Identification of fire risks using studies of bus construction/design, maintenance and
economic aspects was conducted to identify weaknesses and opportunities for
improvement.
Test method for fire partitions
A specific study of fire partitions was made and relevant test methods were proposed
to evaluate fire barriers between the engine compartment and passenger space.
Test method concept for engine compartment fire extinguishing systems
A repeatable test method for the evaluation of extinguishing systems in the engine
compartment was developed.
35

1st International Conference on FIVE – Fires In Vehicles, September 29-30, 2010, Gothenburg, Sweden

•
•

•

Fire simulations
Computer simulations of real-scale fires were conducted to illustrate fire development
and smoke spread in the bus. The results are, e.g., suitable for evacuation assessment.
Real-scale fire test of a coach
A complete coach was tested (ignited and allowed to burn) in real scale in the SP burn
hall. The test included, e.g., measurement of Heat Release Rate (HRR) and smoke
production during the fire.
Conclusions and proposals for improved fire safety
Finally all the actions for proposed new methods and requirements for improved fire
safety on buses were summarized and presented, including recommendations, in a
final report.

In this presentation we will focus on two high priority areas, namely fire performance
requirements for interior materials and seats, and fire performance requirements for engine
compartment fire extinguishment systems.
Fire performance requirements for interior materials
The test method ISO 3795 is prescribed for approval of interior materials in buses [4].
According to this method specimens are tested in a horizontal orientation and the burning rate
is measured and used as the parameter to assess compliance.
The test method, or the similar test method FMVSS 302, has received severe criticism,
especially during recent years [5, 6]. The main reason for the criticism concerns the fact that
it is a small scale method not suited for bus fires induced by, for example, a fire in the engine
compartment or a fire in a tyre. Furthermore, the horizontal orientation of the test specimen is
not seen to be realistic or linked to the real use of material and is considered unnecessarily
lenient in terms of performance requirements. Fire performance is expected to be worse for
products oriented vertically, such as seat backs or wall linings. As a consequence, alternative
or complementary test methods have been proposed, i.e. ISO 6941 and ISO 5658-2.
ISO 6941 is a method originally conceived for relatively thin textile fabrics such as curtains.
ISO 5658-2 is a method for assessing the fire performance of vertically oriented materials,
and is already used by the ship and train industries. In this presentation the results from tests
on 18 different products will be given: twelve textiles, four solids, and two types of
insulation. The three test methods ISO 3795, ISO 6941, and ISO 5658-2 were used and
compared. Given the existing criteria it was found that both ISO 6941 and ISO 5658-2 place
harder requirements on the materials than does ISO 3975.
Extinguishment systems for engine compartments
An effective method for reducing losses due to fires is to require the installation of
extinguishment systems in the bus engine compartments. This is clearly illustrated from the
following information from Swedish insurance companies:
Before 2004:
Approximately six to seven complete burnouts of buses each year in Sweden due to fires that
started in the engine compartment.
2004:
Swedish insurance companies requested that all buses should be equipped with an approved
fire suppression system in the engine compartment.
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After 2004:
No complete burnouts of buses due to such fires (information as of 2010-03-03).
This represents an important potential reduction in loss of lives. It also considerably reduces
cost.
This Swedish example shows exemplary results from relatively simple changes in standard
practice and is something that authorities and the insurance branch as a whole should
embrace. Further, in order to verify extinguishing systems in a comparable way, there is a
pressing need for a common international standard.
We have, therefore, initiated a project with the aim of developing an international test
standard for automatic fire suppression systems for engine compartments in buses and
coaches [7]. The project consists of the following work packages:
•
•
•
•
•

Literature study of previous work within this area
Design and construction of a full scale mock-up
Formulation of a test procedure
Validation of the procedure, that is, prove that results in the mock-up correlate with
results in real engine compartments.
Formulation of a test standard and requirements.

The test standard should combine the best parts of existing methods, and include new
thinking as well as input from authorities and industry.
The current status of the project will be presented at the FIVE conference.
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Large Scale Experiment of a Car Fire and Comparison
with Numerical Investigations
Anja Hofmann
Simone Krüger
BAM Federal Institute for Materials Research and Testing
Germany

ABSTRACT
Worldwide the fire safety standard for automotives is very similar; it goes back to the
American standard FMVSS 302, which was implemented in the 1960ties. The tests the
standard refers to are only testing the flammability of car interior materials with small
ignition sources, representing smoker’s equipment equivalents. However, the amount of
plastics in automotives was significantly increased since the introduction of the fire safety
standards.
To investigate when the tenability criteria are reached in a car fire a large scale test has been
performed. A five seat car (built in 1989) was ignited by a fuel pool fire under the engine to
simulate a fuel fire after a frontal crash.
In the passenger cabin were temperatures and gas concentrations measured, also a dummy
was implemented on the driver’s seat. The dummy was equipped with a removable gas probe
sensor and several thermocouples. Also the temperatures in the passenger cabin were
measured with 20 thermocouples. It was investigated how much time a passenger would have
had in this situation to escape and whether the smoke or the heat become hazardous first.
Figure 1 shows the car burning below the engine with the dummy placed on the driver’s seat
and the connections for the temperature and gas measurements. Figure 2 shows the fire 20
minutes after ignition.
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Figure 1: Large scale experiment, ignition with a fuel pool

Figure 2: 20 minutes after
ignition

The sampling gas was conveyed to a FTIR spectrometer through a 1 micron particulate filter,
directly behind the probe sensor. The FTIR spectra were measured online during the whole
period of the car fire, keeping a gas temperature of 50°C in the gas cell of the spectrometer
with a resolution of 8 cm-1. The spectrometer was calibrated for the relevant chemical
substances contained in smoke, allowing the quantitative evaluation of smoke gases
concentrations.
It turned out that the combustion of plastic car parts produced large volumes of toxic smoke
gas components. The investigation of the smoke gas components has to be done in the early
stage of the developing fire, because during this time, the smoke is the most hazardous
component of the fire for the passengers. At a later time the temperatures in the car will be
high enough to make it impossible to survive, i.e. the smoke is not longer the prevailing cause
of fatalities at a later stage of the fire.
Additionally numerical investigations were performed to calculate the temperature and smoke
development during the car fire. The Fire Dynamic Simulator (FDS), version 5 (developed by
NIST) has been used to perform the calculations. Several experiments with plastic car parts
had been made for the material input data for numerical calculations. The numerical and
experimental results showed good agreement. However, it could be shown that the
development of the fire depends strongly on the ventilation conditions, i.e. the time when the
car windows are breaking and the outside weather conditions; and the car materials. A
comparative numerical calculation assuming that train materials would be used in the car
predicted longer escape times and lower temperatures in the passenger cabin within the first
minutes of the fire.
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Fire Propagation in a Full-Scale Vehicle Burn Test
Jeff Colwell Ph.D., P.E.
Exponent
Chairman of the Fire Safety Committee of SAE

ABSTRACT
While numerous full-scale burn tests have been conducted to understand the mechanisms of
fire spread and growth in structures, the literature is relatively sparse concerning full-scale
vehicle burn tests. This is particularly true for severe vehicle fires in which the vehicle burns
to completion.
In the present study, a fire was initiated on the passenger side of the engine compartment of a
2000 passenger pickup and then allowed to spread to the remaining portions of the vehicle.
The test was conducted outside with a wind speed less than 6.4 kph (4 mph) while monitoring
40 thermocouples located within the engine and passenger compartments. Results of the
study illustrate that the growth stage of the fire in the engine compartment was relatively long
and that during this period, significant temperature gradients existed. Similar to structure
fires, the growth stage was followed by a relatively rapid period of flame spread leading to
full involvement of all combustibles in the engine compartment. Subsequent to this fully
involved phase of the engine compartment, the fire then spread into the passenger
compartment. As with the engine compartment, significant temperature gradients existed in
the passenger compartment during the growth stage. This stage was also followed by a
relatively rapid period of flame spread resulting in full involvement of the interior. The fire
then spread to the bed liner and finally the rear wheels and fuel tank.
The experiment documented that the peak temperature occurred in the engine compartment in
the area with the greatest fuel load and was not correlated with the area of origin.
Furthermore, melt damage to aluminum components also did not correlate with the area of
origin. The only aluminum wheel to melt during the test was the driver’s side rear wheel,
farthest of any of the wheels from the area of origin.
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Development of Transport Fire Safety Engineering
Methodology in European Union –
EU Project TRANSFEU
Alain Sainrat
LNE – Fire Behaviour Division
Laboratoiere National d’Essais
France
ABSTRACT
TRANSFEU is a Collaborative project (Medium-Scale focused Research Project) who
answer to the Call FP7-SUSTAINABLE SURFACE TRANSPORT (SST)- 2008-RTD-1,
principally to the thematic “AREA: 7.2.4.1 INTEGRATED SAFETY AND SECURITY FOR
SURFACE TRANSPORT SYSTEMS” and SST.2008.4.1.1 Safety and security by design.
It undertakes to deliver an holistic fire safety approach for all the surface transport (trains,
vessels etc..).
It will be based on an harmonized Fire Safety Engineering methodology which will link
passive fire security with active fire security mode.
This all embracing system is the key to attaining optimum design solutions to respect fire
safety objective as an alternative way to the prescriptive approach. It will help to the
development of innovative solutions (design and products used for the building of the surface
transport) which will respect better the environment.
In order to reach this objective new numerical fire simulation tools, fire test method and help
tool to optimize the design in accordance to the fire safety objective will be developed.
In order to optimize the realization of this study and the dissemination of the results this
project is supported by a Consortium which is composed of 21 major stakeholders: UNIFE
and European train builders; European operators, standardization bodies (CEN, IMO) and fire
laboratories.
The project cost is 5.6 million euro and the duration is 3.5 years.
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Predicting Fire Growth
and Heat Release Rate of Rail Vehicles
John Cutonilli & Craig Beyler
Hughes Associates, Inc
Baltimore, MD, USA

ABSTRACT
Fires in rail vehicles pose a significant threat to life and property. Knowledge of the fire
growth and heat/smoke release rate is important to the design of cars for passenger safety as
well as for the design of tunnel ventilation and other fire safety systems for rail tunnels and
stations. Determining fire growth and heat/smoke release rate involves the determination of
material fire properties of the railcar materials, predicting the fire growth based upon the size
of the initiating fire, and determining the heat and smoke generation rate history of the car.
This paper discusses a methodology that can be used to predict railcar heat release rates and
discusses the key concepts that impact the results.
The best method for determining the heat release rate history for a rail car is to physically test
the railcar itself using various fire scenarios in multiple full scale fire tests. This method has a
number of limitations. The primary limitation is in the cost. A new railcar is a multimillion
dollar piece of equipment. Even mock-ups would cost hundreds of thousands of dollars to
construct and instrument. Most situations will also require multiple tests that reflect different
situations, such as different ventilation conditions, different fire scenarios, or different
materials in the cars. The size and configuration of the railcar require unique fire test facilities
that can conduct such tests. Even if full scale testing is done, it needs to be guided by the best
available modelling methods to assure that the most important fire scenarios are tested.
Hughes has developed a modelling methodology to provide insights into rail vehicle fire
growth and heat release rate. The methodology involves a combination of computer fire
modelling and small-scale fire testing to determine the smoke and heat release rate histories.
The small scale testing is used to generate needed inputs to the computer fire models. Two
validated computer fire models (HAIFGMRail, and HAICFMRail) are used to predict the
heat and smoke generation during all stages of the fire, which may include the early stages of
a fire (pre-flashover), occurrence of flashover, fully-developed (post-flashover), decay, and
complete burnout. These computer models are used to evaluate the potential for fire spread
to adjacent railcars in the train. The models themselves have been published in the peer
reviewed fire science literature, have been validated by comparisons with available data, and
have been used for a number of rail systems in support of emergency ventilation design.
The computer fire models used to determine the smoke and heat release rate histories require
inputs that are best obtained from small scale testing such as the cone calorimeter test. The
cone calorimeter data is used to develop model input parameters for all car material
assemblies, including thermal properties, ignition temperature, pyrolysis and burning
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properties, heat release rate, and smoke and species yields. Cone calorimeter tests are
normally conducted in triplicate at three incident heat fluxes, in addition to the determination
of the critical heat flux for ignition. This small scale testing requirement can be quite
significant when as many as 10-12 material assemblies are most often found in a single rail
vehicle. Material assemblies, and not just component materials, need to be tested. It is not
sufficient to simply test interior finish materials without inclusion of the material assembly of
which they are a part.
The primary sources of heat and smoke in the railcar come from the interior finish materials.
Early stages of the fire require that the spread of fire across these materials be determined. A
pre-flashover flame spread model (HAIFGMRail) is used to determine this spread along
combustible surfaces within a compartment, in this case a rail vehicle. From this flame
spread, the model predicts the amount of heat and smoke generated during the early stages of
the fire (pre-flashover) up to the occurrence of flashover. The model incorporates heat
feedback from the compartment to predict the transition to flashover. It is also capable of
predicting burnout of the flames if the conditions in the compartment do not result in the
transition to flashover within the compartment (decay of the fire).
The pre-flashover model is used as a part of the risk assessment of the railcar. This analysis is
typically performed on a number of different types of fire scenarios including accidental and
intentional (arson) fire scenarios. Using the pre-flashover model, a determination of the fire
size and associated quantities of combustibles needed to flashover the railcar for the various
fire scenarios can be made. This information can then be used to determine the risk of the
fully involved railcar. i.e. small fires occur more frequently but to not cause the railcar to
flashover while larger fires are more rare, but may cause the railcar to flashover. This can be
a valuable aid in the design of material assemblies to be used inside the rail vehicle. While
there are many excellent materials being developed and used, there is a general trend toward
the use of more flammable materials within rail vehicles. Mere regulatory conformance is no
guarantee of performance under fire conditions.
A second computer fire model (HAICFMRail ) is used to determine the heat and smoke
release rate histories after flashover. It is capable of predicting the window failure during the
fire exposure and will modify the ventilation into the railcar based on the failure of windows.
Window failure model and failure criterion are based on experimental results. The change in
ventilation into the railcar has a significant impact on the heat release rate history. If
sufficient fuel is available, increasing the ventilation into the railcar would result in an
increase the heat release rate of the fire. Conversely, increasing ventilation into the railcar
could also cause the fire to transition into the decay stage if insufficient fuel is available to
support a fully-developed fire under the higher ventilation conditions.
Fire spread to adjacent cars can occur through hot gas/flame projections out of side or end
windows. Calculations based on these two models are conducted to evaluate the potential for
fire spread to adjacent railcars based on window failure times. If fire spread to an adjacent
car is predicted, then the heat and smoke release rate histories of the newly ignited railcar will
be predicted and added to the railcar already burning.
The methodology presented here provides a reasonable complement or alternative to full
scale railcar testing. The value of this modeling comes from the wide range of fire scenarios
and ventilation conditions that can be evaluated so that a suitably conservative design basis
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fire can be selected. This modeling also has the ability to assess the contribution of new
materials on car performance and to use the modeling in the material selection process.
The modeling indicates that fully-developed fires inside of railcars are dependent on the fire
properties of interior finish materials, the surface area and combustible mass of fuel inside of
the railcar, and the ventilation conditions into the railcar. Changes in ventilation, such as
window failure, can result in large increases in heat release rate.
Future large-scale test programs on rail vehicles need to report surface area of each interior
finish material, initial ventilation opening area, and occurrence of window fallout or other
ventilation path development. Cone calorimeter test data on interior finish materials should
also be reported. Prior to testing, simulations should also be conducted to determine the
conditions that will result in the worst-case fire growth and heat release rate for the railcar.
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Bombardier’s View of The Development of Fire Safe
Trains
Heinz Reimann
Bombardier Inc

ABSTRACT
Bombardier Transportation has a wide range of design concepts for fire safety measures in
new development of rolling stock for Railway application.
The fire safety measures are mainly used in accordance with the different operation
categories. The TSI’s for High speed operation; Conventional speed operation and the TSI for
Tunnel operation defines the Category A and B rolling stock, the prEN 45545-1 and the DIN
5510-1 are defining 4 Operation categories.
The European pre Standard prEN 45545-2 is defining the material properties according the
FIRST Rules.
That means test methods and classification of the material properties in accordance with F =
Flame spread; I = Ignitability; R = Rate of Heat release; S= Smoke density (optical) and T =
Toxicity.
The national standards from Great Britain; Germany, Italy, French and Poland have not the
identical test methods and not the completeness like the prEN 45545-2 but until the EN
45545-2 is not voted the national regulations are valid for fire safety homologations.
The TS CEN 45545-2 who is identical to the prEN 45545-2 can also be used for conventional
speed rolling stock.
The SRT TSI defines running capability requirements only in respect of fires within technical
areas/equipment only, the scope of a an assessment needs it’s extend to include fires within
passenger/staff areas, which may impact train systems adjacent to and/or passing through the
affected area.
It is this extension of the applicability, which requires the greatest application of the principle
of reasonable practicability due to the nature and extent of the systems, which are potentially
at risk.
The new developed standard prEN 50553 defines requirements based on a philosophy, which
recognizes that stopping a train is not in itself a life-threatening event. It is therefore not
required to have running capability for all fires; only those fires, which may cause serious
injury and/or develop to threaten life.
An important prerequisite for the prEN 50533 is that the train is compliant to requirements of
prEN 45545.
On a similar basis, if any fire is fully extinguished it is deemed that there is no longer a
Requirement for running capability and the train can be stopped.
(As if it was a non-safety threatening technical fault).
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From this it can be seen that an assurance of fully extinguishing the fire, with no re-ignition
during the relevant period of the incident, is always a route to compliance.
The new developed standard recognizes fire conditions for which it is not necessary to define
running capability requirements, as there is no potential for serious injury or threat to life.
At the End Bombardier Transportation is capable to simulate the evacuation of passenger out
of a passenger area to a place of relative safety.
With the FDS computer modeling is possible taken in account the installed material
properties simulating the Available Safe Escape Time [ASET].
The simulation of the heat- and smoke distribution is already state of the art and with the
Tranfeu project the distribution of toxic gas in the affected area is possible.
With the TRANSFEU project results, in which Bombardier transportation plays a supporting
role, is possible to validate, that the Available Safe Escape Time [ASET] is bigger than the
requested Safe Escape time.
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Special Fire Risks Associated with New Energy Carriers
Anders Lönnermark
SP Technical Research Institute of Sweden
Borås, Sweden

ABSTRACT
Environmental issues such as climate change and scarcity of resources have forced the
development of new energy carriers for vehicles. Some new energy carriers, e.g. biogas and
ethanol (E85), are already widely used while for others the technique is still under
development. This means that the number of vehicles using new and alternative energy
carriers is fast increasing and on the road there is a mixture of vehicles using different types
of energy carriers, both traditional and new.
New energy carriers do not necessarily mean higher risks, but they do represent a new
situation and imply new risks. These risks need to be evaluated and considered. The mixture
of different energy carriers (flammable liquids, gases lighter than air, gases denser than air,
batteries, etc.) can also constitute a risk itself, since there are situations where different safety
measures need to be taken depending on the energy carrier used and the scenario in question.
In this paper some selected new energy carriers are described, in terms of trends and
properties. Different safety issues, e.g. fire scenarios, and some test standards are presented
and discussed.
Due to the increased number of vehicles with new energy carriers, the number of these
vehicles found in tunnels and other confined spaces will also increase and is given some
special attention. Some countries have restrictions on the use of some energy carriers in
confined spaces. This is discussed together with experiences from real accidents. The issue of
representative fire scenarios is addressed. It is important that systems, not only components,
are tested to study different possible scenarios and to develop models for these scenarios.
This is needed to develop effective mitigation tactics.
KEYWORDS: vehicles, biofuels, energy carriers, standards, testing methods, tunnels,
underground garage
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Safety Issues of Hydrogen-Powered Vehicles
Vladimir Molkov
Hydrogen Safety Engineering and Research Centre (HySAFER)
University of Ulster, UK

ABSTRACT
The use of oil and gas for heating of buildings and driving vehicles will be gradually
substituted by alternative fuels in a time scale of the order of a century. While renewable
electricity will provide heat and light to homes there are concerns about energy carriers for
cars and buses. Hydrogen is one of alternative energy carriers with a market niche for
relatively long driving distance, compared to electrical batteries vehicles intended mainly for
urban use, and electrical grid balancing. Safety is the main “non-technical” barrier to the
hydrogen and fuel cell technologies.
Hydrogen-powered vehicles are not more dangerous and safer compared to vehicles utilising
other fuels if safety issues are properly addressed. They are different and require specific
knowledge of performance characteristics at outdoor or indoor incidents to control them by
passive protection systems and emergency services. The main safety asset of hydrogen is
highest known on the Earth buoyancy. For example, non-reacting release of hydrogen from
onboard storage in the open atmosphere is promptly dispersed to non-flammable level below
lower flammability limit. Amount of hydrogen inventory has no effect in this scenario.
However, there are concerns about safety of hydrogen vehicles in garages and car parks if
unscheduled release occurs.
The safety issues of hydrogen-powered vehicles include high pressure non-reacting leaks of
hydrogen, spontaneous ignition of sudden releases, jet fires, delayed ignition of hydrogen-air
mixtures and consequent pressure effects of deflagrations and DDT, presence of undetected
micro flames, electrical safety, etc. This work presents results obtained in the HySAFER
centre on understanding of physical phenomena underlying safety distance concept, and
calculation of flammable envelope size and jet flame length from pressure relief devices
(PRD).
The similarity law for decay of hydrogen concentration in the most relevant for onboard
storage momentum-controlled non-reacting jets is presented. The methodology is thoroughly
validated against numerous experimental data on hydrogen subsonic and sonic/supersonic
releases at pressures up to 400 bar from nozzles of different diameters from 0.25 mm to 25
mm. The new engineering technique is presented to determine hydrogen concentration in an
underexpanded jet at which the momentum-controlled regime is changed to the buoyancydriven flow.
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The pressure peaking effect during hydrogen release in vented enclosure is described. This
unique phenomenon leads to essentially higher pressure during unsteady initial stage of
hydrogen release. The phenomenon is relevant for hydrogen only and not for CNG or LPG
vehicles.
The engineering nomogram for calculation of jet fire length by only leak diameter and
storage pressure is presented. The nomogram is built on the universal correlation for
hydrogen jet fires which has been validated against a set of 95 experimental data at pressures
up to 900 bar and a range of diameters 0.4-10.0 mm. The length of jet fire, e.g. from an
onboard storage tank to the open atmosphere or from the vent in the garage, and thus hazards
to neighbouring objects can be easily estimated using the nomogram.
Developed engineering tools for calculation of flammable envelope size and jet flame length
are simple in use. They will be implemented into educational and training programmes, e.g.
for regulators, first responders, hydrogen safety engineers to manage hazards and risks from
releases and jet fires of hydrogen-powered vehicles.
The developed engineering methods applied to assess performance of currently available
PRD. It is shown that currently used safety strategies and PRD for hydrogen release need
rethinking. Indeed, a “typical” non-reacting release from currently used PRD could cause a
garage structure failure in seconds. An innovative PRD and its performance characteristics, in
particular reduced flame length at the same hydrogen inventory blowdown time, are briefly
described.
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Actions to Control Potential Risks with New Fuels in the
Automotive Industry
Patrik Klintbom
Senior Specialist
Energy Resources and Alternative Fuels, Volvo Group
Volvo Technology Corporation

ABSTRACT
The transport sector is to 97% dependent on fossil oil derived fuels which leads to significant
emissions of CO2 and insecurity of supply. In order to reduce this dependence and tackle the
environmental challenges renewable fuels are introduced as one important measure.
Development of alternative fuels for vehicles introduces new potential risks that need to be
handled.
The main new technologies that are under development and testing at Volvo are Biogas and
Dimethylether. On the standard diesel fuel side Biodiesel and other blend components are
introduced but from safety aspects these fuels are similar to conventional diesel.
This presentation will show some examples from the current work on developing
Dimethylether and Biogas (pressurised and liquefied) as fuels for commercial vehicles. The
work includes development of technical requirements, third party audits, bonfire tests, safety
case methodology, experimental tests, workshop manuals etc.
Many of the alternative fuels that are discussed have not been used for vehicles before and
therefore testing and development of regulations and standards are needed. In the case of
DME the ECE-R67 regulation have been applied since DME is similar to LPG. In the case of
biogas the ECE-R110 regulation is applied but there is no corresponding regulation for
liquefied biogas.
Volvo will be running field tests shortly with both technologies. Prior to this, development
has been ongoing with the target to make these products as safe as the traditional ones.
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Crash Safety of Lithium-ion Batteries in Hybrid Vehicles
Rainer Justen
Prof. Dr. Rodolfo Schöneburg
Dieter Scheunert
Dr. Arnold Lamm
Daimler AG, Mercedes-Benz Cars Development
Germany
ABSTRACT
In 2009, Daimler successfully introduced the worldwide first hybrid vehicle with a Lithiumion-battery, namely the Mercedes S 400 HYBRID. By using the Lithium-ion technology, as
much as 0.8 kWh along with a minimum capacity of 6.5 Ah have been implemented in the
volume of a standard 90 Ah starter battery, thus enabling a permanent power of 19 kW (End
of Life). The voltage of the system is 126 V @ 3,6 V.
As is usual at Mercedes-Benz, the development engineers gave safety aspects their very
special attention. The challenge lay in not only complying with all the worldwide and inhouse legal crash test requirements, but also in ensuring the greatest possible safety for the
electrical components. This safety system already applies in production, includes workshop
personnel during servicing and maintenance, and also takes the emergency services into
account when passengers need to be recovered following an accident. Accordingly the hybrid
technology of the S 400 HYBRID is equipped with an extensive 7-stage safety concept.
1. In the first stage all the wiring is colour-coded to eliminate confusion, and marked with
safety instructions. This prevents assembly errors in production, and makes the regular
quality checks easier to carry out.
2. The second stage comprises comprehensive contact protection for the entire system by
means of generous insulation and newly developed, dedicated connectors.
3. As part of the third stage, the world's first lithium-ion battery to be used in a seriesproduction model has been given a whole package of carefully coordinated safety measures.
This innovative battery is accommodated in a high-strength steel housing, and also secured in
place. Bedding the battery cells in a special gel effectively dampens any jolts and knocks.
There is also a blow-off vent with a rupture disc and a separate cooling circuit. An internal
electronic controller continuously monitors the safety requirements and immediately signals
any malfunctions.
4. The fourth stage of the safety concept includes separation of the battery terminals,
individual safety-wiring for all high-voltage components and continuous monitoring by
multiple interlock switches. This means that all high-voltage components are connected by an
electric loop. In the event of a malfunction the high-voltage system is automatically switched
off.
5. Active discharging of the high-voltage system as soon as the ignition is switched to "Off",
or in the event of a malfunction, is part of the fifth stage.
6. During an accident, the high-voltage system is completely switched off within fractions of
a second.
7. As the seventh and last stage, the system is continuously monitored for short circuits.
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One of the top priorities during the development was the safety performance of the Lithiumion-battery. Not only all worldwide standards for the chemical and electrical safety
performance of high voltage batteries had to be met, in particular the requirements regarding
environment, transportation, foolproofness and operation. The same is valid for the crash
safety standards and requirements in worldwide regulation and consumer ratings. Moreover,
an extensive test program was accomplished in order to protect the system against high
mechanical loadings in crashes with a severity above the standard crash tests. Although
Lithium-ion-batteries for automotive applications have already been designed particularly
safe, a specific focus of these tests was on the fire risk which is well known from Lithiumion-batteries used in other devices, such as laptops.
According to German insurance statistics [GDV, German Insurance Industry], approx. 40.000
vehicle fires (including an unknown high number of arson) have been registered in Germany
every year. Referring to vehicle fires without considering arson, 40% of these being caused
by leaking liquids. However, approximately 1 % of such vehicle fires occur in vehicle
crashes. In the US, 50 % of annually 300.000 vehicle fires are due to mechanical damages, 3
% of which in vehicle crashes [National Fire Protection Association 7/2008; www.nfpa.org].
As a result, the ultimate goal of the safety performance of high-voltage batteries is to prevent
any damages of the battery housing which may result in leaking electrolytes.
The base of a highest possible crash safety is the location of the Lithium-ion-battery in an
area which in real world crashes is damaged very rarely and only with minor deformation. As
a result, the Lithium-ion-battery of the Mercedes S 400 HYBRID is located in the space
originally used for the standard H8 starter battery on the right side of the engine compartment
directly before the fire wall, with the 12 V starter battery being moved into the trunk. The fire
wall has been designed deformable to allow some movement of the Lithium-ion-battery along
with a mechanical unloading to the battery housing in case of extremely high deformations.
In all tests conducted, including crash severities above and beyond standard requirements, a
very high protection against mechanical damages of the battery could be achieved.
Nevertheless, additional component tests with Lithium-ion-batteries were conducted with
loadings exceeding their mechanical stability. In several test sequences with different static
and dynamic loading scenarios, the fire risk of vehicles with Lithium-ion-batteries being
damaged in extremely severe crashes has been evaluated, including fire due to short circuits.
In particular, the electrical and chemical behavior of the battery was analyzed with respect to
any toxic emissions such as smoke gas.
Currently, relevant crush scenarios for Lithium-batteries have been defined based on the
mechanical abuse tests of Sandia National Laboratories (FreedomCAR). The battery being
loaded by a textured platen surface, must be crushed by 15 % of its original size (stage 1) or
50 % (stage 2) respectively, or with an ultimate load of 1000 times of the battery weight.
Furthermore, a nail with a diameter of 20 mm penetrates the battery by 100 mm or through
three battery cells. In order to implement more real world like loading scenarios, additional
impactor with very basic geometries have been tested which will enable a high repeatability
in a future test standard. Examples are a half cylinder with a diameter of 300 or 150 mm, a
hemisphere with a diameter of 150 mm, half angular -, point shaped – plane, and ultimately a
forked profile. These static tests were conducted up to an ultimate load of 250 kN, or stopped
after the battery breakdown. Similar tests were done with energy equivalent dynamical
loadings.
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As estimated from FEA crash simulations, battery loads of 100 kN will not be exceeded even
in most severe real world crashes with very high impact speeds. Although the special highquality steel battery housing of the Mercedes S 400 HYBRID will withstand much higher
loads without any leakage, additional tests with even higher loads were conducted in order to
enforce cracks in the housing. The resulting electrolyte leakages and fire induced by an
ignition spark were very moderate and expired after a few seconds. As a result, a thermal
runaway by pure mechanical loadings is not expected. Even in case of a mechanical short
circuit, only the direct neighbor cells will be damaged, the battery temperature remaining
below the critical limit.
As a summary, the tests conducted have been proving the extremely high safety level of the
Mercedes S 400 Hybrid. In particular, the Lithium-ion-battery does not add any additional
fire risk even in extremely severe crashes.
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Alternatively Fueled Vehicles: Research Needs in Support
of Safety Standards
Casey C. Grant
Fire Protection Research Foundation
Quincy, MA USA

ABSTRACT

The last several years has seen the United States making a substantial investment in
alternatively fueled vehicle technology. The U.S. federal government has been a key driver
supporting programs and removing barriers to promote these technologies. Accompanying
that investment is a need to develop and provide safety standards. Of particular interest are
safety standards needed for the design, implementation and use of vehicle technology for
built infrastructure concerns such as storage and refueling, and to address concerns of
emergency first responders for handling emergency events.
The National Fire Protection Association (NFPA) is in the process of evaluating and updating
their suite of consensus safety codes and standards to ensure that they are addressing these
issues. Standardized safety requirements are important to minimize the frequency and
severity of adverse events that could potentially set-back efforts to promote alternatively
fueled vehicles. In the process, gaps in information and research needs have been identified.
The Fire Protection Research Foundation (FPRF), an organization that works with NFPA as
its research arm, is working to address these gaps in information and research needs.
This presentation will focus on two independent studies undertaken by the FPRF to identify
needed research in support of fire and electrical safety standards provisions for two vehicular
alternative fuels: hydrogen and electric batteries.
Specifically, these two studies are
“Reaching the U.S. Fire Service with Hydrogen Safety Information” and “Fire Fighter Safety
and Emergency Response in Pre-Planning and Fireground Tactics for Alternative Energy
Technologies”.
The relationship of these studies on emergency responder and facility fire safety standards, as
well as the needs of built infrastructure support documents such as the National Electrical
Code, will be summarized. Additionally, a summary will be provided of on-going efforts to
clarify hydrogen-use research planning, along with a review of an electric vehicle safety
standard summit further clarifying the role of safety standards on this topic.
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Emergency Response to Incidents Involving Hybrids &
Electric Cars
David Dalrymple
RoadwayRescue LLC

ABSTRACT

Response to vehicle related incidents today can be
bewildering. From motive power concerns, vehicle
safety systems to the simple fact of the way the
vehicle is constructed and what it is constructed
from can pose many concerns and potential hazards
to the emergency responder. Vehicle related
incidents can range from a motor vehicle crash to a
vehicle fire to a simple medical emergency in
vehicle. All of these incidents involve the
interaction of emergency services and the need to
proactively to take charge and secure the vehicle in order to mitigate the incident. Alternative
fueled vehicles add to the existing complexity of the incident. While hybrids have been in
general production since the late 90’s there is a great deal of “mis or dis” information on
these vehicles. The latest evolution of hybrids, both plug-in hybrids and all electric vehicles
have added to this confusion. While these vehicles indeed have an advanced drive train and
other advanced components most of these vehicles if not nearly all can be managed in the
same way a “conventional” drive train vehicle is. All of these vehicles are equipped with
various supplemental safety systems (SRS), enhanced structural reinforcements and advances
in vehicle construction to crumple, absorb and re-direct the energy of the crash away from the
occupants as much as possible. The best weapon the emergency responder can wield today,
following good current information on vehicles is power isolation. This is a two step process,
first step being to shut the vehicle off and securing the ignition key and placing it in their
apparatus. The second step would be locating the primary 12v battery and disconnecting both
the positive and negative cables.
Now while the above is a start to manage a motor
vehicle crash or a medical emergency in a
vehicle, a fire in vehicle today is another story. In
ALL vehicles today, be it conventional or
alternative fueled drive train carries a significant
fire load. Plastics, combustible alloys and
components such as gas struts are present in
every vehicle however hybrids and all electric
vehicles carry even more combustible alloys,
composites and a very large high voltage battery
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pack consisting of Nickel metal Hydride, NiCad or even Lith-Ion battery cells. The
combination of ALL these components creates a difficult problem for the firefighter. These
changes involve not only tactical considerations on scene but even suppression agents to
effectively mitigate such an incident. As time progresses, vehicles will continue to change
thus emergency responders need to keep their collective fingers on the “pulse” of the
technology on the street.
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Investigation of Four Bus Fires in Western Sweden
Kjell Wahlbeck
Chief Fire Officer
Södra Älvsborgs Räddningstjänstförbund SÄRF
Sweden

ABSTRACT
Four major bus fires occurred independently of each other at short intervals in spring 2009 in
which we decided to further study the circumstances of the fires. The reason for the
emergency services investigate accidents is not intended to clarify the liability or fault, but to
clarify the circumstances in order to avoid repetition of the accidents, or to learn of the rescue
operations carried out.
The four studies will be presented during the conference.
Summary:
•
•
•
•
•

•
•
•

The fires have started in the engine compartment in two cases, in the frame at the rear
of the bus in one case and in the luggage compartment in one case
Fire sequences were in all cases very fast after the discovery
The fires spread quickly into the passenger compartment and the damage was
extensive
Where automatic extinguishing system has been installed firefighting capacity has
been insufficient
Evacuation of passengers was relatively easy due to two escape routes and a limited
number of passengers where no one was disabled or found it difficult to evacuate on
their own. In one case where the bus was full the evacuation was more dramatic
despite the fact that the passengers consisted of young athletes and their leaders
All buses in the study were of the larger type designed for 50-60 passengers
Bus drivers had not enough time nor capacity to extinguish the fires with bus´s own
portable fire extinguishers
Bus drivers reported they were surprised how quickly the fire developed and spread to
the entire bus

Proposals for safety improvements in summary:
•
•
•

Equip all buses intended to carry passengers with approved fire extinguishing systems
and appropriate warning systems
Authorities and manufacturers of fire extinguishing systems must ensure that the
capacity is sufficient to extinguish the resulting fire even in severe fire situations
Allow accredited providers inspect and approve fire fighting installations and warning
systems annually
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•
•
•
•
•
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Consider Installing warning and extinguishing system even in luggage compartments
Regular maintenance of buses is an important and necessary safety feature and should
not be underestimated
Clean the engine compartment on a regular basis
Train bus drivers to act properly in case of fire and implement evacuation drills for
example in school buses
Follow the IRU (International Road Transport Union) example of a checklist of
recommended regular checks and measures to prevent fires in vehicles
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Bus Fire Investigations – A Challenge for the Bus Industry
Jan-Olov Åkersten
Volvo Bus Corporation

ABSTRACT
Buses and bus travelling is safe. If we could adopt the habit to also use the seat belts when
we travel by bus could the lethal figures from bus accidents be reduced.
43% of the world’s transportation is done by public transport. Out of this is 58% done by
bus. As manufactures of buses we have a common responsibility to make these transports as
safe as possible.
Accident statistics from Europe shows that travelling by bus is the safest form of road
transportation. If you are travelling by car is the risk of being killed in an accident 10 times
higher than if you are travelling by bus.
From a safety perspective we must keep in mind that a vehicle fire as well as a traffic
accident, both contribute to the total picture regarding passenger safety when travelling by
bus. In the public eye might a bus fire be considered worse because it is often more
spectacular, dramatic and it always involves a risk of injury of even the death of passengers.
One of the challenges is to know the real number of accidents and fires occurring in buses.
The number of unreported minor accidents and vehicle fires with limited consequences
remains unknown.
Have the insurance companies a part to play in preventing fires? One of the driving forces
behind the search for reasons for bus fires was provided by the insurance companies. When
the number of fires in the engine compartments increased some ten years ago, the cost rose
and the insurance premiums rose which, in turn, resulted in fewer buses actually being
insured against fire. This brought the real reason of the fires more into focus, and thus also
the question of who was to pay.
Have the owner of the vehicles has a responsibility to prevent a fire? It is the owner that
must secure the training of his drivers, safeguard that the service and maintenance is done in
a correct way and make sure that he have a vehicle that is safe and sound.
What is the responsibility of the vehicle manufactures? The vehicle manufacture must of
cause deliver a vehicle that meet or exceeds all legal and technical requirements. The
manufacture must also have a true will to constantly improve his product and to search and
install new materials and new technical solutions that can improve the fire safety.
Safety is a core value for Volvo. This is why, back in the 1970s, Volvo Buses started to
investigate accidents and has continued ever since. Since the start, this function has been a
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central operation within Volvo Buses in Gothenburg, but the scoop has always been global.
Volvo Buses has its own team to investigate bus accidents and fires in the same way as Volvo
Trucks and Volvo Cars.
A bus fire is always connected to something negative but there is actually one positive side
of a fire that most people forget – if we can find the cause of the fire, we can prevent it from
happening again.
Why is it important to know the cause of a fire? With knowledge is it possible to prevent the
fire from happening again. A danger though could be an inadequate investigation performed
without sufficient knowledge. Such an investigation is often of more of a hindrance than a
help to understand the real cause. Volvo Buses chief fire investigator has worked for Volvo
Buses for over forty years with involvement in fire investigations since the start in 1973.
Investigations influence product development. One of the more important aspects of this
safety work is to constantly improve the fire safety of buses. Associated with the work of
Volvo Buses accident research team are our product safety committee which decides whether
a finding should be introduced into new vehicles or even to those already delivered.
Today, Volvo Buses operates a global incident reporting system. All incidents are reported
via a standard form in order to ensure the quality of the content of the report. Reports are sent
via e-mail to the accident research team in Gothenburg, and the company decides within three
days whether to participate in the investigation. Today we have some 200 incidents logged
with a higher level of content. All incident reports and investigation results are saved by the
accident investigation team and are available for the company’s project managers and product
developers in what is known as a knowledge bank.
What is Volvo Buses finings regarding preventive actions? One of the keys to limit the
number of incidents is the three C – Cleanliness, Carefulness and Control. Keep the engine
compartment clean, reinstall all fixations after repair and maintenance and control for
leakages, chafing of cables and hoses and repair broken fixations.
What else could be done? A real turning point in the trend towards an increasing number of
engine compartment fires came with the widespread use of fixed installed fire-extinguishing
systems in the engine compartment. Our experience is that such systems are the single most
effective measure that a bus-owner can apply.
Volvo Buses objective is too constantly improving fire safety. Our goal is to not only
improve our own product but also through information influence our partners i.e. independent
body builders to follow us in this objective. Cooperation with organisations like SP, other bus
manufacturers, insurance companies and legislators naturally also contribute to long-term and
common improvements for fire protection in all buses within the next decade.
Fire investigations –a challenge accepted by Volvo Buses .....

68

1st International Conference on FIVE – Fires In Vehicles, September 29-30, 2010, Gothenburg, Sweden

Principles of Fire Detection in Vehicles
Klas Nylander
Consilium Transport Safety
ABSTRACT
This presentation will explain possible and used detection principles on different types of
vehicles in different spaces and environments. It will also give an introduction to the system
considerations that apply when integrating a detection system with other systems on the
vehicle or to the total safety solution including road/track side systems. The presentation will
also give references to work of standardization and directives having direct or indirect
influence on the choice of detection solution.
In order to offer the highest level of safety when operating vehicles considering life safety for
personnel (drivers and other staff), passengers, bystanders, infrastructure, operation, vehicles,
goods and last but not the least the environment, an accurate detection method is essential.
One of the best investments in order to insure the society and operators against the possible
severe consequences of an incident is to have a reliable detection and suppression/
extinguishing solution.
There is no general solution pointing towards one single detection method when dealing with
fire detection on vehicles. The selection of detection method(s) is a result of a risk analysis
where type of transport, area of operation, environmental conditions, type of vehicle, type of
propulsion/fuel etc. always has to be considered thoroughly.
The fact that the subject for the conference is Fire in Vehicles indicates several differences
compared to the installation of similar equipment in fixed installations. The object to protect
is of course mobile having to deal with the total fire situation itself at an incident with the
possible difficulties for fire departments etc to reach the object in a short time. The power
provided by means of electrical power lines or fuel such as gas, diesel, petrol, hydrogen etc.
also creates other risk scenarios than in “normal” fixed installations etc.
If the detection system is to be integrated with other systems onboard or on road/track side,
this also influences the choice of detection method and the design of the system solution. The
vehicle might have other requirements of operation where the detection and suppression
system solution is a part or might have influence on the operation. In order to offer the
highest level of safety, speed in detection is of essence but from a risk and financial point of
view there is also a need to consider the risk of e.g. unwanted alarms disturbing the operation,
“invisible” degrading of the system during the operation of the system creating false feeling
of safety, frequent need of maintenance as a result of a detection method or equipment
technology that is not suitable for the application creating high cost during the life time of the
vehicle.
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Fire Safety in Large Construction Equipment
Per Björnberg
Volvo Construction Equipment
ABSTRACT
•

Sound demands/regulations affecting engine compartment design :

•

Change of engine compartment designs affecting fire safety :
Component positions changed, hot surfaces insulated…

•

Higher number of machines in fire sensitive applications :
Higher demand of cleaning instructions / customer responsibility…

•

Development of Volvo Fire Suppression System :
Increasing customer & insurance company demands…

•

”Smart Fire Detection” activities :
Spin off from development of Volvo Fire Suppression System

•

Tier 4 emission demands – a big challenge :
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Auto Fire Research Including Suppression
R. Rhoads Stephenson
Motor Vehicle Fire Research Institute

ABSTRACT
The Motor Vehicle Fire Research Institute (MVFRI) received about $4.1 M (USD) from GM
to conduct research on crash-induced automobile fires. This effort was essentially a followon to an earlier $10 M of fire research conducted by GM and its subcontractors under a
settlement with the U. S. Department of Transportation. Our work started in late 2001 and
was completed in late 2009 with a presentation and written recommendations to the National
Highway Transportation Safety Administration.
Part one of this presentation summarizes the research work of MVFRI. It includes the
background of the organization. There are 27 research contractor reports on the following
subjects: Resources (6 reports); Data Analysis (7 reports); Testing and Experimental Studies
(9 reports); and Future Technologies (Hydrogen and Electric Vehicles) (5 reports). All of
these are available on our website. In addition there are many SAE and ESV papers written
by the MVFRI principles (Kennerly Digges and the author) as well as by the GM and MVFRI
subcontractors. The author also formed the SAE Fire Safety Committee and organized many
Fire Safety sessions at the SAE annual congresses.
This is followed by a summary of the fire safety recommendations which were formally
transmitted to the National Highway Traffic Safety Administration. These recommendations
are categorized under: Potential rulemaking changes (15 recommendations); New Car
Assessment Program (NCAP) (4 recommendations); State Programs (one recommendation);
National Center for Statistics and Analysis (7 recommendations); and Research and
Development recommendations for both conventionally-fuel vehicles (7 recommendations)
and Hydrogen or Natural Gas fueled vehicles (6 recommendations).
Part two summarizes our work on underhood fire suppression with emphasis on the nitrogen
foam generation system developed by the University of Maryland. It uses a ChemGuard
foaming agent and a foam generating nozzle with a 220 to one expansion ratio. The foam
expansion ratio was optimized. Foam stability was demonstrated at the bench scale. The
resulting foam is stable for over 10 minutes. Five full scale vehicle fire tests were performed.
A video shows a vehicle burn and the ability to put out a standard underhood fire. A
prototype design shows a system volume of about 5 liters and a mass of 7 Kg. An estimated
production cost is about $100. This cost may be justified just on the basis of reduced
property damage in non-crash vehicle fires. Occupant protection in crash-induced fires may
then be a useful by-product of this suppression system installation.
In summary, about $14 M worth of fire research has been conducted in the U.S. over the last
14 years. All of the GM/DOT and MVFRI work is available at www.mvfri.org Now is an
opportune time for major improvements in the fire safety of automobiles.
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The Principle of Fire Suppression in Vehicles
Ben Hughes
Firetrace International

ABSTRACT
Increased awareness of the threat of vehicle fires, and particularly fires in buses, coaches and
trains, has led to a reassessment of how best these can be efficiently detected and effectively
suppressed.
For example, a recently completed three-year study by the Norwegian Public Road
Administration and the Swedish Road Administration concluded that as many as one in every
hundred buses is involved in a fire incident each year. This is supported by testimony given
to the United States’ National Transportation Safety Board, which revealed that as many as
2,600 fires break out every year on buses in the USA alone, and that a great many more bus
fires go unreported.
Engine and generator compartments, running gear, wheel areas and electrical enclosures are
where almost 60 percent of vehicle fires occur. Rechargeable energy storage systems of
regenerative braking systems on hybrid diesel-electric vehicles are another potential fire risk.
If these fires are allowed to spread to the passenger area, they are likely to engulf the entire
vehicle, threatening passengers’ lives. The conclusion is, therefore, that these are the areas
most in need of detection and suppression and where investment in fire safety measures are
likely to have the greatest payback. However, the real nature of the fire hazard has to be
taken into account if the detection and suppression solution is to offer the maximum
protection.
There are numerous causes, although according to the findings of the USA’s National Fire
Incident Reporting System / National Fire Protection Association, mechanical and electrical
failures or malfunctions account for the majority of fires. In addition to fuel and the risk of
fuel line ruptures, there are any number of flammable liquids present throughout the engine
compartment, including hydraulic, brake, automatic transmission and power steering fluids,
plus combustible accumulated grease on the engine block, for which frayed or damaged
electrical wiring can easily provide the ignition source.
Certainly, these risks can be lessened by regular and diligent maintenance, but fire will
remain a constant threat and dedicated fire detection and suppression is the only dependable
means of ensuring that a minor fire does not escalate quickly into a major vehicle-engulfing
blaze.
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Dynamics of the airflow in and around an engine compartment when a vehicle is in motion
can seriously impair the performance and reliability of traditional detection and suppression
systems when heat and flame – that typically rise from the source of a fire – may be propelled
elsewhere. The inevitable build-up of dirt in and around engines, intense temperature
variations and vibration are also factors that are known to cause traditional detection and
suppression systems to fail to provide the essential fast and accurate fire detection and
suppression. These systems often involve complicated electronics and virtually all require
electrical power.
Effective vehicle fire suppression therefore needs to resolve these challenges in both new and
existing vehicles, whether front and rear-engined. The solution needs to be automatic and
self-contained, ideally requiring no power source. It should be immune to vibration, shocks
and temperature extremes, and sufficiently robust to perform in harsh, dust or dirt-laden
environments. The maintenance regime needs to be minimal and straightforward.
To suppress a vehicle fire, there should be no delay between detection and releasing of the
suppression agent. If the fire is to be extinguished while it is small and containable and
before it can take hold, it is also vital that the chosen solution is capable of detecting precisely
where the fire has broken out, that the suppression agent is directed at the incipient fire, and
that its performance is not inhibited by the moving vehicle’s airflow.
Significantly though, not all fires occur while the vehicle is in motion, or even in service. So,
it is crucial that the selected detection and suppression system remains fully operational
around the clock.
Choosing the correct suppression agent is of critical important. While the vehicle’s fuel is a
Class B fire risk, any carbonaceous debris that may accumulate around the engine, such as
leaves, straw, or even crop residue, is a Class A hazard. Additionally, there is the potential for
European Class C fire risks involving flammable gases to be present (in the USA, Europe’s
Classes B and C are combined into a single Class B category). While clean agents such as
DuPont™ FM200® gaseous suppression agent or 3M™ Novec™ 1230 Fire Suppression
Fluid have the essential firefighting characteristics that the hazards demand, ABC dry
chemical suppressant is by far the most common choice for these applications, as it is ideal
for all three classes of fire.
It perhaps should go without stating that any vehicle fire detection and suppression system
should comply with the highest standard set by such internationally renowned accreditation
organisations as Underwriters Laboratories and Factory Mutual and be CE [Conformité
Européene or European Conformity] marked.
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