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RAIL SAFETY STANDARDS ‘- FIRE PROTECTION - ROLLING STOCK COMPLIANCE

REGULATORY FOCUS

EN 45545 Explained : The European Standard for Railway

Fire Protection

What is EN 45545 ?

EN 45545 is the harmonised European standard governing fire protection
on railway vehicles. Published in six parts, it superseded a patchwork of
national standards — including the German DIN 5510 and the British BS
6853 — creating a single, consistent framework applicable across all EU
member states and many non-EU markets. The standard covers
everything from the reaction-to-fire properties of

materials and products, to fire detection and suppression systems, and the
fire control measures required for the vehicle as a whole. Its scope
extends

to metros, trams, high-speed trains, regional coaches, and freight
locomotives.

The Six Parts at a Glance

Part 1 sets out general requirements. Part 2 - arguably the most
referenced - defines the requirements for fire behaviour of materials and
components, including the test methods and performance criteria linked
to each Hazard Level. Part 3 covers fire resistance requirements, while
Parts

4—6 address power supply cables, fire detection & fighting equipment,
and fire control and management systems respectively.

Hazard Levels : HL1, HL2, and HL3

The concept of Hazard Levels (HL) is central to EN 45545. Each HL
reflects the severity of the fire risk scenario the vehicle will encounter in
service. HL1 applies to vehicles operating in open-air environments with
good evacuation access. HL2 covers standard passenger operations
including underground sections. HL3 — the most demanding — applies
to trains operating in long tunnels or enclosed infrastructure where
evacuation

1s significantly delayed. A higher HL demands stricter performance
criteria for every material on

board: lower smoke density, reduced toxicity indices, and better flame-
spread ratings. Manufacturers must test materials and assemblies

against the relevant HL before they can be incorporated into a compliant
vehicle

KEY FACTS

Standard: EN 45545-1 to -6

Replaces: DIN 5510, BS 6853, NFF 16-101
& others

Scope: All new railway rolling stock placed
on the European market

Hazard Levels: HL1 - HL2 - HL3
CRITICAL TEST PROPERTIES

- Oxygen Index (OI)

- Smoke Density (Ds)

- Toxicity Index (CITG)

- Flame Spread (MAHRE)

- Heat Release (MARHE)

COMPLIANCE NOTE

EN 45545 compliance is mandatory under the
TSI LOC&PAS; regulation for vehicles
authorised for operation on the

Trans-European Rail Network.

Achieving EN 45545 compliance requires close collaboration between rolling-stock manufacturers, material suppliers,

and independent test laboratories accredited under ISO 17025. Early-stage material qualification — rather thanlate-

design retrofits — remains the most cost-effective path to certification. As procurement cycles shorten and network

operators demand evidence of compliance at tender stage, a thorough understanding of EN 45545 has become

indispensable for every stakeholder in the rail supply chain.



ENGINEERING FIRE SAFETY THROUGH SCIENTIFIC TESTING
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FIRE TESTING METHODS

Modern rail fire safety engineering is built on one fundamental principle: materials must prove performance under
controlled fire exposure conditions before they are approved for passenger service. Fire testing is therefore not
merely a regulatory formality — it is the scientific foundation that determines whether a rail vehicle can protect life
during a real emergency.

Across metro systems, high-speed rail corridors, and underground transport networks, fire testing provides measurable
insight into how materials 1gnite, spread flame, generate smoke, release heat, and emit toxic gases. The objective 1s
simple yet critical: to ensure passengers retain enough survivability time for safe evacuation.
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Fig. 1: Cone Calorimeter Testing System Fig. 2 : Smoke Density Test Chamber

Unlike conventional building fire standards, railway fire testing must account for:
e Confined passenger environments
Limited evacuation routes

Tunnel operations

High passenger density

Electrical equipment concentration

e Rapid smoke propagation through carriage interiors
This is why international rail standards rely on a combination of laboratory-scale testing, assembly testing, and full-
system validation.

Requirement Test method Parameter Maximumor | HL1 | HLZ HL3
sat raference and unit Minimum
(relevant
; product no.)
R1 P
—_— w TO2 CFE Minirnurm 20 20 20
(INFET B, | IS0 5658-2 Kime = . &
IN1D; IN1E:
M4, T03.01 MARHE Maxinium L a0 &0
INS: INBA. |50 5660-1: 50 kWm-2 | kWm-2
INT: IMB:
INaB:
IN11; INT2AC 15795 61 1,(4) Maximum | 600 | 300 | 150
IN12B] | en 150 5659.21 dimensionless
NI 50 KWm-2
F5)
T10.02 Ve Maximurm 1200( 600 100
EM 150 5653-2; min
50 KWm2
T11.01 Ol Maximurm 1.2 0.9 0,75
EN |50 5859-2; dimensionless
50 kKWm-2

Table 1 : EN 45545 Requirement Classification Matrix
Illustrates the relationship between requirement sets, test standards, hazard levels, and material

performance criteria defined under EN 45545.
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Cone Calorimeter Testing (ISO 5660)

The cone calorimeter is widely regarded as the most important fire performance test within EN 45545 compliance
programmes. The test exposes a material specimen to a controlled radiant heat source while monitoring oxygen
consumption during combustion.

The test measures:
e Heat Release Rate (HRR)

Total Heat Release (THR)
Smoke Production Rate

Time to Ignition
Mass Loss Rate

Cone Calorimeter Apparatus
Measures heat release rate, smoke generation, ignition behaviour, and

combustion characteristics of railway materials under controlled radiant heat

Fig 3 - Cone Calorimeter Testing Equipment

exposure.

Heat Release Rate is especially significant because it directly influences fire growth speed within a rail compartment.
A material with high HRR can rapidly escalate a local ignition event into a full carriage fire.

For underground metro applications operating at Hazard Level 3 (HL3), peak HRR limits are intentionally stringent to
minimise flashover risk inside enclosed tunnels.

Editorial Insight

Many low-cost polymer materials initially appear compliant during visual flame testing but fail cone calorimeter
analysis due to excessive heat release behaviour. This is one of the primary reasons why early-stage supplier
validation is essential in rolling-stock programmes.

Understanding How the Cone Calorimeter Works
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Fig 4 - Cone Calorimeter Testing Equipment

Materials with low ignition resistance may accelerate compartment flashover, significantly reducing passenger
evacuation time in enclosed rail environments.
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Smoke Density & Toxicity Testing

In most rail fire incidents, smoke — not direct flame exposure — becomes the leading cause of passenger
incapacitation. “Smoke density and toxicity analysis therefore play a critical role in modern railway fire safety
engineering.”

Standards Referenced
e ISO 5659-2
e EN 45545-2
e NF X70-100

Fig 5 - ISO 5659 Smoke Density Test Setup

Used to evaluate smoke generation, optical density, and toxic gas emission characteristics of railway interior materials
during controlled combustion testing.
Smoke density testing evaluates:

» Optical smoke obscuration

e Smoke accumulation rate

e Visibility reduction

e Toxic combustion gas generation
Toxicity analysis further measures combustion by-products such as:

e Carbon Monoxide (CO)

e Hydrogen Cyanide (HCN)

e Hydrogen Chloride (HCI)

e Nitrogen Oxides (NOX)
These gases become particularly dangerous in underground evacuation scenarios where smoke ventilation may be
delayed.
Engineering Reality
A material that resists ignition but emits highly toxic smoke may still be considered unsuitable for rail interiors. This is
why modern fire engineering increasingly prioritises low-smoke, low-toxicity material systems over simply flame-

retardant solutions.
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Lateral Flame Spread Testing

Flame spread testing determines how rapidly fire travels across a material surface after ignition exposure.
This test is especially critical for:
o Wall panels
e Seat fabrics
e Ceiling laminates
e Flooring systems
e Decorative interior surfaces
Materials with poor flame spread resistance can accelerate compartment fire growth even if their ignition resistance is
acceptable.
Flame Spread Behaviour Testing (fig. 6)
Evaluates how rapidly flames propagate across railway interior materials following ignition exposure under controlled

laboratory conditions.
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Fig 6 - Railway Seat Assembly Under Flame Spread Testing Fig 7 - Lateral Flame Spread Test Configuration & Specimen Orientation

Lateral Flame Spread Test Method (fig. 7)
[llustrates specimen orientation and burner configuration used for evaluating flame propagation characteristics of rail
materials.
Rail authorities therefore assess both:
1. Ease of ignition
2.Fire propagation behaviour
as independent fire safety risks during material qualification.

TESTING INSIGHT
Materials with low flame spread resistance can significantly accelerate flashover conditions inside enclosed
rail compartments.
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GLOBALFIRE SAFETY STANDARDS

Although EN 45545 has become the dominant international benchmark, rail fire safety regulation remains
fragmented across global markets. Operators and OEMs frequently encounter overlapping national requirements,
regional adaptations, and project-specific procurement standards.

Fig 7 - Railway Infrastructure Safety & Compliance Inspection

For multinational rail manufacturers, compliance is no longer limited to a single jurisdiction. A modern rolling-stock
programme may require simultaneous alignment with:
e EN 45545 (Europe)
NFPA 130 (United States)
BS 6853 legacy requirements (United Kingdom)
GOST R standards (Russia)
JIS E standards (Japan)
AS 7662 (Australia)

Regional Adoption & Industry Alignment

Modern railway procurement increasingly favours internationally recognised fire safety standards, particularly for
metro, high-speed rail, and cross-border transportation projects. While regional frameworks continue to exist, EN
45545 has emerged as the most widely referenced benchmark for material fire performance and passenger
survivability assessment.

Transit authorities across Europe, the Middle East, and parts of Asia now routinely specify EN 45545 HL2 or HL3
compliance within rolling-stock tender documentation. This shift reflects the growing demand for harmonised safety
expectations across multinational rail programmes.

GLOBAL PROCUREMENT INSIGHT
Rail operators increasingly prioritise internationally validated fire testing documentation during supplier
qualification and rolling-stock procurement evaluation.
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EN 45545 — EUROPE’S GLOBAL FIRE SAFETY
BENCHMARK

EN 45545 1s currently the most globally recognised railway fire safety framework. Developed by the European
Commuittee for Standardization (CEN), the standard establishes a harmonised methodology for:

e Material classification

e Fire testing

e Hazard level assignment

e Vehicle fire protection strategy

Fig 8 - Global Railway Fire Safety & Certification Bodies

Its structured Hazard Level system (HL1, HL2, HL3) allows requirements to scale according to operational risk and
evacuation complexity.
Today, EN 45545 influences procurement decisions far beyond Europe, particularly in:

e Middle Eastern metro projects

e Asian urban rail systems

 International high-speed rail tenders

e Cross-border transit infrastructure
As international rail networks continue expanding, EN 45545 increasingly serves as the reference framework for
material qualification, rolling-stock procurement, and cross-border infrastructure projects. Its harmonised
methodology enables operators and manufacturers to align safety expectations across multiple jurisdictions while

maintaining consistent passenger protection standards.

COMPLIANCE INSIGHT
EN 45545 has evolved beyond a European regulatory standard and is now widely recognised as the international
benchmark for railway fire safety engineering.
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NFPA 130 - THE UNITED STATES FIRE SAFETY

FRAMEWORK

The United States primarily follows NFPA 130, developed by the National Fire Protection Association. Unlike EN

45545.
NFPA 130 adopts a systems-based approach covering:
e Tunnel ventilation
e Emergency evacuation
e Passenger movement analysis
e Infrastructure fire protection

NFPA 130 places strong emphasis on:
e Emergency egress timing
e Smoke management
e Operational procedures

Standard for Fixed

Guideway Transit and
Passenger Rail Systems
plipk

e Infrastructure integration

As aresult, EN 45545 compliance alone may not guarantee NFPA 130 acceptance.
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Fig 9 - NFPA 130 Tunnel Ventilation & Smoke Management Strategies
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ASIA - PACIFIC FIRE SAFETY STANDARDS

TAsian rail networks increasingly combine local standards with EN 45545-inspired procurement requirements.
Japan’s JIS E standards focus heavily on:

e Detection systems

e Reliability engineering

e Operational resilience

e Integrated suppression systems
Middle Eastern transit authorities now routinely specify EN 45545 HL2 or HL3 compliance for major metro

developments.

Fig 10 - Modern Metro Infrastructure & International Rail Operations

Fig 11 - Large-Scale Rail Infrastructure Development Project

Market Trend

Global procurement is steadily moving toward harmonised compliance expectations. Manufacturers capable of
maintaining internationally recognised fire testing documentation gain a significant competitive advantage in
multinational rail tenders.



SHAPING THE FUTURE OF FIRE SAFETY ENGINEERING

TECHNICAL FOCUS

PROSPEC’S VISION FOR GLOBAL FIRE SAFETY

Fire safety compliance is no longer a regional engineering requirement — it 1s now a global commercial necessity.
Rail operators, OEMs, and infrastructure authorities increasingly expect suppliers to demonstrate not only regulatory
compliance, but also deep technical understanding of fire survivability engineering.
The future of rail fire safety will likely move toward:

e Integrated system-level validation

e Digital fire simulation modelling

e Sustainable low-toxicity materials

o Al-assisted risk prediction

e Performance-based international harmonisation
For organisations operating in modern transit environments, proactive fire engineering is rapidly becoming a

defining factor in safety leadership, procurement success, and long-term operational resilience.

Modern infrastructure demands more than compliance alone — it demands confidence in material behaviour, system
survivability, and long-term passenger safety. As transportation systems evolve toward higher speeds, greater
passenger density, and increasingly complex environments, fire safety engineering will remain one of the defining
pillars of resilient infrastructure development.

At Prospec Labs, we believe that effective fire testing is not simply about passing standards — it is about preventing

failures before they occur, protecting human life, and enabling industries to build with greater confidence.

WHY INDUSTRY LEADERS CHOOSE PROSPEC
e NABL & RDSO Certified Fire Testing Laboratory
Advanced EN 45545 Testing Capabilities

State-of-the-Art Fire Testing Infrastructure

Rapid Turnaround & Technical Consultation

Expertise Across Railways, Infrastructure, Automotive & Defence

Trusted by Public & Private Sector Organisations

CONTACT PROSPEC LABS
? Faridabad, Haryana, India

E care(@prospectestinglab.in

&) Prospec Labs

“ Because fire safety is not tested after failure - it is engineered before it.”


https://prospectestinglab.in/?utm_source=chatgpt.com
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