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Fire Safety: A Non-Negotiable Imperative

Every year, fires claim thousands of lives globally and cause billions of dollars in property and economic
damage. Behind nearly every fire tragedy lies a preventable failure - a product that was never properly
tested, a material that was not certified, or a compliance process that was bypassed. Fire testing exists to

prevent precisely these outcomes.

""Fire testing is not a bureaucratic checkbox - it is the last line of defence

between a product and a catastrophe."

This editorial explores in depth why fire testing 1s critical for product safety across industries ranging
from construction and transportation to electronics and consumer goods. It examines the science of fire
behaviour, the framework of global and Indian standards, real-world consequences of non-compliance,
and the role of accredited laboratories - like Prospec Test Hub Pvt. Ltd. in enabling manufacturers,

regulators, and procurers to make informed, life-saving decisions.

About This Publication
This editorial 1s produced by Prospec Test Hub Pvt. Ltd. - India's NABL-
accredited, RDSO-approved, and Certifer France-recognised fire testing

laboratory. All data, standards references, and technical insights are grounded in

active laboratory practice and regulatory engagement.
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CHAPTER 1

The Science of Fire: Understanding What We
Are Testing Against

Before we can appreciate the value of fire testing, we must understand fire itself. Fire is a rapid chemical
reaction - combustion - that occurs when a fuel source reacts with oxygen in the presence of sufficient
heat. This is the classic 'fire triangle', and removing any one element extinguishes the fire. Products

interact with each vertex of this triangle in ways that testing helps quantify.

1.1 The Four Key Stages of Fire Development

Fire in a building or vehicle environment typically progresses through four stages:

Ignition - A fuel source meets an ignition temperature. Products with low ignition points are

disproportionately dangerous.

Growth - Heat release increases. The rate of heat release (HRR, measured in kW/m?) determines how

quickly a fire spreads. This 1s the primary metric measured by the cone calorimeter (ISO 5660-1).
Flashover - The point at which all combustible materials in a compartment simultaneously ignite,
often between 500—600°C. This 1s frequently the lethal threshold for occupants.

Decay - The fire consumes available fuel and begins to extinguish, but structural damage may already

be catastrophic.
1.2 What Fire Testing Measures
Modern fire testing does not simply ask 'does this material burn?' It quantifies a material's behaviour

across multiple parameters.

1.3 The Hidden Killer: Smoke Toxicity

Statistical analysis of fire fatalities consistently shows that 70-80% of fire deaths are caused not by
flames, but by smoke inhalation and toxic gas poisoning. Carbon monoxide (CO), hydrogen cyanide
(HCN), and halogen acids attack the respiratory and central nervous systems within minutes. This is why
standards such as EN 45545-2 (railway rolling stock) and NF X70-100 place heavy emphasis on smoke

toxicity classification.

""80% of fire deaths are caused by smoke - not flames. Toxicity testing is the most

life-critical dimension of fire performance."”



CHAPTER 2 | Improper Storage Conditions Prior to Submission

The Global and Indian Standards Landscape

Fire testing does not operate in a vacuum - it is governed by a comprehensive, interconnected web of
national and international standards. Understanding this landscape is essential for any manufacturer,

architect, or procurement authority navigating compliance.

2.1 European Standards: The Global Benchmark

European standards, developed by CEN (European Committee for Standardisation) and maintained by
bodies such as AFNOR 1n France, have become the de facto global reference for fire performance. Two
standards dominate:

EN 13501-1: Fire Classification of Construction Products

This standard classifies building materials into Euroclasses A1 through F (Al being non-combustible; F

being unclassified/failed). It evaluates reaction-to-fire - how a material behaves when it acts as the fuel
source. The classification 1s derived from test results from EN ISO 1716, EN ISO 1182, EN 13823 (SBI
test), and EN ISO 11925-2.

EN 45545-2: Railway Rolling Stock Fire Performance

This 1s the most demanding railway fire standard in the world, covering interior materials and components

for all railway vehicles including high-speed trains, metros, light rail, and suburban systems. It defines
three Hazard Levels (HL1, HL2, HL3 - HL3 being most stringent), cross-referencing 14 test methods

including cone calorimeter, smoke density, and toxicity indices (CITG and CIT).

2.2 Indian Standards and Regulatory Framework
India 1s undergoing rapid harmonisation of its fire safety standards with international frameworks, driven

by the modernisation of railways, infrastructure, and building codes

Standard / Specification Scope Authority

RDSO/2005/EL/SPEC/O040  Electrical fittings & cables for railway rolling  Indian Railways /
stock RDSO

IS 1866:2000 Electrical insulation — fire performance BIS

IS 3808 Method of test for combustibility of building BIS
materials

NBC 2016 (Fire Chapter) Mational Building Code fire safety BIS / MoHA
provisions

EN 45545-2 (adopted) Railway interior materials — adopted for Indian Railways
RDSO compliance

IEC 60332 Series Cables under fire conditions International / Indian

Railways

IS0 5660-1 Cone calorimeter — heat release rate International / BIS
mirror



CHAPTER 3

Sector-by-Sector: Why Fire Testing Matters

Across Industries

Fire testing requirements and their consequences vary significantly across sectors. The following deep-

dives cover the industries where fire performance is most critical.

3.1 Railways: Zero Tolerance for Failure

A fire mside a moving train i1s among the most catastrophic scenarios imaginable - passengers cannot
escape, speeds limit evacuation, and tunnels create lethal smoke traps. The 2002 Godhra train fire and
several international rail disasters have made railway fire safety a global legislative priority.

Indian Railways operates the world's fourth-largest rail network, serving over 23 million passengers daily.
The introduction of LHB (Linke-Hofmann-Busch) coaches, Vande Bharat Express trainsets, and metro
systems across 20+ Indian cities has driven adoption of EN 45545-2 as the operative standard for interior
materials.

Every component inside a railway vehicle - seat upholstery, wall panels, flooring, window glazing, cable
conduits, insulation blankets - must demonstrate fire performance under EN 45545-2. This involves testing
across multiple parameters including MARHE (Maximum Average Rate of Heat Emission), VOF4 (smoke
opacity), and CITG/CIT toxicity indices.

3.2 Building & Construction: Where People Live and Work

Construction materials represent the single largest application of fire testing globally. Facades, insulation,
flooring, ceiling tiles, wall panels, acoustic treatments, and sealants all have the potential to dramatically
influence a building fire's trajectory. The Grenfell Tower fire of 2017 (UK), which claimed 72 lives, was
catastrophically accelerated by untested aluminium composite cladding - and changed global building
codes permanently.

In India, the National Building Code 2016 mandates fire-rated materials in high-rise buildings (above 15
m). This drives demand for EN 13501-1 Euroclass certification, particularly for materials used in

commercial complexes, hospitals, airports, and data centres.

3.3 Electrical & Electronics: The Ignition Source

Electrical faults are the leading cause of building fires in India, accounting for an estimated 40—45% of all
urban fire incidents. Cables, switchgear, wiring harnesses, and electronic enclosures are all potential
ignition sources. Standards such as IEC 60332-1 (single cable flame propagation), IEC 60332-3 (cable
bundles), IEC 60695 (electronic equipment), and UL 94 (plastics flammability) govern fire performance in

this domain.
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For railway and metro applications, cable compliance with EN 50264 and IEC 60332 1s mandatory under
RDSO specifications - and Prospec 1s equipped to perform both.

3.4 Aerospace & Defence: Extreme Environments

Aircraft and defence vehicle interiors face unique fire challenges: high altitude oxygen concentration
changes, confined spaces, and rapid decompression events. FAA standards (FAR 25.853 for cabin
materials), MIL-SPEC requirements, and DO-160 series govern aerospace fire performance. Defence
procurement i1n India increasingly requires domestic testing facilities capable of meeting these

international benchmarks.

3.5 Furniture, Textiles & Consumer Products

Upholstered furniture 1s among the highest-risk consumer products for fire propagation. UK BS 7176, US
CPSC regulations, and European EN 1021 series govern furniture fire performance. For mattresses - a
product responsible for numerous domestic fire fatalities - ISO 12952 and EN 597 series apply. As India's
consumer protection framework evolves, domestic testing of furniture and textiles for fire performance i1s

becoming increasingly mandated.



CHAPTER 5

Inside the Laboratory: How Fire Testing Actually
Works

Understanding the actual mechanics of fire testing demystifies the process and helps manufacturers and
specifiers engage more effectively with testing laboratories. This chapter walks through the primary test

methods performed at Prospec Test Hub Pvt. Ltd.

5.1 The Cone Calorimeter: The Master Instrument of Fire Science

The cone calorimeter (ISO 5660-1) 1s the most widely referenced fire testing instrument in the world. At
its core, 1t subjects a 100mm * 100mm specimen to radiant heat from a truncated conical heater element at
irradiances between 10 and 75 kW/m? - simulating real fire heat flux conditions.

The instrument simultaneously measures: time to ignition (TTI), heat release rate (HRR, expressed in
kW/m?), total heat release (THR), effective heat of combustion (EHC), mass loss rate (MLR), and smoke
production rate (SPR). These parameters collectively paint a comprehensive picture of a material's fire

behaviour.

5.2 Smoke Density Chamber: Optical Toxicity

The smoke density chamber (ISO 5659-2, ASTM E662) measures the optical obscuration caused by
smoke from a burning specimen. In a standard 3-foot cube chamber, a 75Smm % 75mm specimen burns
under 25 kW/m? radiant heat. A photometric system measures light attenuation across the chamber,
generating the Specific Optical Density (Ds) parameter. For railway compliance, the VOF4 (integral of

optical density over 4 minutes) and Ds max values are critical EN 45545-2 inputs.

5.3 Smoke Toxicity Analysis: NF X70-100

The NF X70-100 protocol - a French standard now incorporated into EN 45545-2 - 1s the definitive
method for measuring toxic gas emissions from burning materials. The specimen burns in a furnace at
either 400°C (smouldering/non-flaming) or 600°C (flaming combustion), and combustion gases are
collected and analysed using FTIR spectroscopy, electrochemical sensors, and wet chemical methods.
Gases quantified include: CO (carbon monoxide), HCN (hydrogen cyanide), HCl (hydrogen chloride),
HBr (hydrogen bromide), HF (hydrogen fluoride), SO, (sulphur dioxide), NOyx (nitrogen oxides), and
HCHO (formaldehyde). These values feed into the CITG (Conventional Index of Toxicity for gases)

calculation - the single most discriminating parameter in EN 45545-2 classification.
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Accreditation: Why It Matters More Than the
Test Itself

A fire test result 1s only as credible as the laboratory that produced it. This 1s not merely a regulatory
statement - it is a reflection of the entire quality ecosystem surrounding the measurement. Accreditation is

the mechanism by which that credibility 1s established, validated, and maintained.

6.1 What NABL Accreditation Means

The National Accreditation Board for Testing and Calibration Laboratories (NABL) 1s India's apex body
for laboratory accreditation, operating under the Department for Promotion of Industry and Internal Trade
(DPIIT). NABL i1s a signatory member of the ILAC (International Laboratory Accreditation Cooperation)
MRA - meaning NABL-accredited reports are internationally recognised in over 100 countries.

NABL accreditation under ISO/IEC 17025:2017 requires a laboratory to demonstrate: documented quality
management system, calibrated and traceable measurement equipment, competent and trained technical
staff, validated test methods, participation in proficiency testing and inter-laboratory comparisons, and

regular third-party audits.

""An NABL-accredited fire test report from Prospec carries the same
international recognition as a report from a European test house - at a

fraction of the cost and turnaround time."

6.2 RDSO Approval: The Railway Gateway
The Research Designs and Standards Organisation (RDSO), headquartered in Lucknow, is the technical
authority for Indian Railways procurement. RDSO approval for a testing laboratory 1s a prerequisite for
fire test reports to be accepted in RDSO vendor qualification processes. Without RDSO-approved test

reports, no material supplier can qualify for use in Indian Railways rolling stock.

Prospec Test Hub Pvt. Ltd. holds RDSO approval, making it one of a very small number of Indian
laboratories authorised to i1ssue fire test reports accepted by Indian Railways for vendor qualification

under LHB, EMU, MEMU, and Vande Bharat specifications.



CHAPTER 7

A Manufacturer's Fire Compliance Roadmap

For manufacturers navigating fire testing for the first time - or expanding into new markets - the process

can appear daunting. This chapter provides a practical, step-by-step roadmap.

7.1 Step 1 - Identify Applicable Standards

The starting point 1s always the applicable standard for your product and target market. This 1s determined
by: the product category (cable, panel, textile, polymer compound), the intended application (railway,
construction, electronics, furniture), and the target market (India-domestic, Indian Railways, EU, GCC,
etc.). Prospec's technical team provides pre-testing consultation to help manufacturers identify the correct

test matrix before committing to testing.

7.2 Step 2 - Sample Preparation and Submission

Proper sample preparation is critical - and 1s one of the most common sources of test failure or report
rejection. Samples must be representative of the final production formulation and geometry. Any change
in raw material supplier, formulation, or processing parameters requires re-testing. Prospec's 'Top 5
Mistakes Before Sample Submission' guide covers common pitfalls including incorrect labelling,

insufficient specimen volume, improper storage, and chain-of-custody documentation.

7.3 Step 3 - Testing and Data Generation

Once samples are received, testing follows a defined protocol with calibrated equipment under ISO/IEC
17025 quality controls. Raw data 1s processed, and test reports are issued with full measurement
uncertainty declarations, traceability statements, and accreditation scope references. Standard turnaround

at Prospec ranges from 7 to 21 working days depending on the test matrix.

7.4 Step 4 - Classification and Certification

Test results are interpreted against the applicable standard's classification criteria. For EN 45545-2, this
means mapping MARHE, VOF4, and CITG values against the R-to-Req table to determine the Hazard
Level (HL1/2/3) achieved for each requirement. For EN 13501-1, this means Euroclass classification

based on SBI, small flame, and calorimeter data.

7.5 Step S - Maintenance and Re-testing

Fire compliance is not a one-time event. RDSO vendor qualifications require periodic re-testing at defined
intervals. EN 45545-2 certification must be maintained through surveillance testing when production
changes occur. NABL-accredited laboratories maintain records of test history and can flag when re-testing

1s due.



Conclusion

Fire Testing Is an Investment in Trust

The case for fire testing 1s ultimately not made in laboratories - it 1s made in the corridors of hospitals
treating burn victims, in the ruins of buildings destroyed by uncontrolled fires, in railway cars where a
compliant material bought occupants the minutes they needed to escape. Fire testing converts technical
performance into demonstrable, certifiable, legally defensible safety.

For manufacturers, it unlocks markets and validates quality. For procurers and specifiers, it provides the
assurance needed to make responsible decisions. For regulators, it provides the evidence base for effective
policy. And for the public, it 1s the invisible guarantee behind every safe building, every safe vehicle, and

every safe product.

"Every fire test report is a promise to the people who will live, travel, and work with the product

tested."”

PROSPEC LABS

India's Only Dedicated EN 45545-2 Fire Testing Laboratory
RDSO Approved | Certifer France Recognised | Built for Rail & Defence

prospeclabs.in
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