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When designing and constructing indoor environments, safety considerations,
especially related to fire performance, are paramount. Interior finish
systems—including wall coverings, ceilings, flooring, and decorative
panels—must meet stringent fire safety standards to protect occupants and
property. To ensure these systems perform effectively during a fire, industry
standards mandate specific testing protocols. Among the myriad tests
conducted, two stand out as particularly critical: the Surface Burning
Characteristics Test and the Cone Calorimeter Test. These tests evaluate
different aspects of fire behavior, providing essential data on how interior
finish systems contribute to fire safety.

Understanding the Importance of Fire Testing for Interior Finish Systems
Interior finish systems are often the first materials exposed during a fire.
Their combustion characteristics, heat release, smoke production, and
potential to spread flames directly impact the overall safety of a building.
Fire tests simulate real-world conditions, allowing manufacturers,
architects, and safety regulators to assess whether materials meet prescribed
safety criteria. Passing these tests ensures that the materials will not
significantly contribute to fire growth, smoke generation, or toxic gas
release, thus providing critical time for evacuation and firefighting
efforts.

Two Key Fire Tests Conducted on Interior Finish Systems

1. Surface Burning Characteristics Test
Overview
The Surface Burning Characteristics Test evaluates how a material behaves
when exposed to flame, focusing on flame spread, smoke development, and heat
release. The most common standard for this is the ASTM E84 (also known as the
"Steiner Tunnel Test") or UL 723 in the United States, and CAN/ULC S102 in
Canada. This test measures the material’s flame spread index, smoke developed
index, and other parameters essential for assessing fire safety.

Test Procedure
In this test, a sample of the interior finish material is mounted in a
tunnel-like apparatus. A small flame is applied at one end, and the
material's response is observed over a set period. The key measurements
include:
- Flame Spread Index (FSI): Indicates how quickly flames spread across the
material surface. A lower FSI suggests slower flame spread.
- Smoke Developed Index (SDI): Quantifies the amount of smoke produced during
combustion. Less smoke is preferable for visibility and toxicity



considerations.

Significance for Performance
Materials that pass the standards demonstrate limited flame spread and smoke
production, reducing the risk of fire escalation and facilitating occupant
evacuation. Building codes often specify maximum allowable FSI and SDI values
for interior finishes, especially in corridors, exits, and high-occupancy
areas.

2. Cone Calorimeter Test
Overview
The Cone Calorimeter Test, standardized under ASTM E1354 and ISO 5660,
provides a comprehensive analysis of a material's fire behavior by measuring
heat release rate, smoke production, and toxic gases under controlled heat
flux conditions. This test is crucial for understanding how interior finish
systems will perform during an actual fire scenario.

Test Procedure
A small specimen of the material is exposed to a specified radiant heat flux
(usually 25, 50, or 75 kW/m²). As the specimen heats, sensors measure:
- Heat Release Rate (HRR): The amount of heat generated as the material
burns. High HRR values indicate rapid fire growth potential.
- Total Heat Released (THR): The total energy emitted during combustion.
- Smoke Production and Toxic Gas Emission: Critical for assessing the impact
on visibility and occupant health.

Significance for Performance
The Cone Calorimeter provides detailed data, including ignition time, mass
loss rate, and the effectiveness of fire-retardant treatments. Materials with
low HRR and smoke output are preferred for interior finishes, especially in
areas with high occupancy or limited egress capacity.

Measures of Performance Derived from Fire Tests

Flame Spread and Smoke Development
- Flame Spread Index (FSI): A measure of how quickly flames propagate across
a surface. Materials with an FSI below 25 are generally considered to have
acceptable flame spread characteristics for interior finishes.
- Smoke Developed Index (SDI): Quantifies smoke density during combustion. An
SDI below 450 is often acceptable for interior applications, minimizing
visibility impairment and toxic exposure.

Heat Release Rate (HRR) and Total Heat Released (THR)
- Peak HRR: The maximum rate at which heat is released during combustion.
Lower peaks indicate less aggressive fire growth.
- THR: Total energy emitted; lower values suggest less contributing to fire
severity.

Ignition Time and Time to Flameout
- Ignition Time: The duration before the material ignites under specified
heat flux. Longer ignition times imply better fire resistance.



- Time to Flameout: How long the material continues to burn after the
ignition source is removed. Longer times can be detrimental, indicating
sustained combustion.

Toxic Gas and Smoke Emissions
- Carbon Monoxide (CO) and Hydrogen Cyanide (HCN): Toxic gases produced
during combustion can incapacitate or kill occupants. Fire-resistant interior
systems aim to minimize these emissions.
- Particulate Matter and Other Toxic Compounds: Their presence can complicate
evacuation and rescue efforts.

Additional Fire Performance Measures and Ratings

Fire-Resistant Ratings and Classifications
Materials are often rated based on standardized classifications derived from
fire testing:
- Class A (or Class 1): Materials with minimal flame spread and smoke
production.
- Class B and C: Slightly less fire-resistant but still meeting certain
safety standards.

Compliance with Building Codes and Standards
Building codes specify acceptable ratings for interior finishes based on
their intended use and occupancy type. For example, the International
Building Code (IBC) and NFPA standards provide guidance on permissible flame
spread and smoke development indices.

Conclusion: Ensuring Fire Safety Through Rigorous Testing
The safety of interior finish systems hinges on their fire performance, which
is rigorously evaluated through tests like the Surface Burning
Characteristics Test and the Cone Calorimeter Test. These assessments provide
vital data on flame spread, smoke production, heat release, and toxic
emissions—parameters that directly influence building safety, occupant
health, and code compliance. By understanding these tests and their measures
of performance, architects, engineers, and manufacturers can select materials
that not only meet regulatory standards but also contribute to safer indoor
environments. As fire safety continues to evolve with new materials and
technologies, ongoing testing and adherence to these critical standards
remain essential in protecting lives and property from the devastating
impacts of fire.

Frequently Asked Questions

What are the two important fire tests conducted on
interior finish systems?
The two key fire tests are the Steiner Tunnel Test (ASTM E84) and the Room
Corner Test (ASTM E2768), which evaluate the fire spread and flame



development of interior finishes.

Why is the Steiner Tunnel Test important for
interior finish systems?
It measures the surface burning characteristics, including flame spread and
smoke development, helping to assess the fire safety of interior surfaces.

What does the Room Corner Test evaluate in terms of
interior finish performance?
It assesses the fire growth, flame spread, and heat release when interior
finishes are exposed to a standardized fire in a corner setup, simulating
realistic room conditions.

What are the primary measures of performance
assessed in these fire tests?
Key measures include flame spread index, smoke development index, heat
release rate, and the extent of fire spread across the material surface.

How do these fire tests influence building safety
standards?
Results from these tests determine whether interior finish systems meet
safety codes and regulations, guiding their approval and installation in
buildings.

Can interior finish systems pass fire tests without
additional treatment?
Some finishes may require fire-retardant treatments or coatings to meet the
required performance criteria in these tests.

What role do fire tests play in selecting interior
finishes for high-risk areas?
They help ensure that materials used in high-risk areas like hospitals or
commercial kitchens have adequate fire resistance and safety performance.

Are these fire tests applicable to all types of
interior finish systems?
While primarily used for a wide range of finishes, the specific tests are
selected based on material type and intended application to ensure relevant
safety evaluation.



Additional Resources
Fire Tests on Interior Finish Systems: Ensuring Safety and Performance

The safety of building occupants and the integrity of structures heavily
depend on the fire performance of interior finish systems. As buildings
become more complex and code requirements more stringent, understanding the
key fire tests conducted on interior finishes becomes essential for
architects, engineers, contractors, and safety regulators. Among the myriad
of testing protocols, two stand out as especially critical in evaluating fire
safety: the Surface Burning Characteristics Test and the Room Fire Growth (or
Fire Resistance) Test. These tests not only assess how materials behave under
fire conditions but also provide measurable performance metrics that
influence building codes and material approvals.

In this article, we will explore these two pivotal fire tests in detail,
examining the procedures, the measures of performance they generate, and
their implications for interior finish systems.

---

Understanding the Significance of Fire Testing
for Interior Finish Systems

Interior finishes—such as wall paneling, ceiling tiles, coatings, and
trim—are integral to the aesthetic and functional aspects of a building.
However, their flammability and combustion characteristics significantly
influence fire spread, heat release, smoke production, and toxicity—all of
which impact occupant safety and evacuation times.

Fire testing serves multiple purposes:
- Safety assurance: Ensures materials won't contribute excessively to fire
growth.
- Code compliance: Meets local and international fire safety standards.
- Performance benchmarking: Provides data for selecting appropriate materials
for specific applications.
- Design optimization: Helps develop finishes that balance aesthetics with
safety.

The two primary tests discussed here are among the most recognized and widely
adopted in the industry for evaluating interior finish systems.

---



1. Surface Burning Characteristics Test

Overview and Purpose

The Surface Burning Characteristics Test—commonly referenced as the ASTM E84
(also known as the " Steiner Tunnel Test")—evaluates the combustibility of
interior finish materials when exposed to a standardized flame source. Its
primary purpose is to classify materials based on their propensity to
contribute to fire growth, melting, or producing excessive smoke and flaming
debris.

This test is fundamental for determining whether materials are suitable for
use in interior applications, particularly in corridors, ceilings, and wall
linings where fire spread can have severe consequences.

Test Procedure and Methodology

The ASTM E84 test involves placing a specimen of the material in a vertically
oriented tunnel and exposing it to a controlled flame. Key steps include:
- Specimen Preparation: Typically, samples are prepared in specified
dimensions (e.g., 24 inches wide, 12 inches high).
- Mounting: The specimen is mounted vertically in the tunnel, ensuring
consistent positioning.
- Ignition: An open flame is applied at the bottom of the specimen for a set
duration.
- Observation: The flame's progression, smoke development, and flaming debris
are observed and recorded.

Throughout the test, several parameters are monitored:
- Flame Spread: How far the flame travels along the specimen.
- Smoke Development: The amount and density of smoke produced.
- Flaming Debris: Presence of flaming particles falling from the specimen.
- Time to Flame Spread: Duration until the flame reaches predetermined
points.

At the conclusion, the specimen's performance is rated based on specific
criteria, primarily the class designation.

Performance Measures and Classifications

Materials are classified into classes based on their Flame Spread Index (FSI)
and Smoke Developed Index (SDI):

- Class A (Type I):



- Criteria: Flame spread index of 0-25; smoke developed index of 0-450.
- Implication: Very low flammability; suitable for most interior
applications, including those with high fire safety requirements.

- Class B (Type II):
- Criteria: Flame spread index of 26-75; smoke developed index of 0-450.
- Implication: Moderate flammability; acceptable for general interior use
with some restrictions.

- Class C (Type III):
- Criteria: Flame spread index of 76-200; smoke developed index of 0-450.
- Implication: Higher flammability; limited to less critical interior
applications.

Additional measures include:
- Smoke Developed Index (SDI): Quantifies the amount of smoke produced; lower
values are preferable.
- Flame Spread Index (FSI): Measures how quickly flames spread over the
surface.

Interpretation:
A low FSI and SDI indicate a material is less likely to contribute to fire
growth and smoke hazards, making it safer for interior use.

Implications for Interior Finish Material Selection

Materials with Class A ratings are typically required in public buildings,
healthcare facilities, schools, and areas with high occupancy. Conversely,
materials with higher flame spread classifications may only be permitted in
limited applications or require additional fire-retardant treatments.

---

2. Room Fire Growth (or Fire Resistance) Test

Overview and Purpose

While the Surface Burning Characteristics Test assesses how materials behave
when directly exposed to flame, the Room Fire Growth Test evaluates the
behavior of entire interior finish assemblies within a controlled room
environment. This test, often aligned with standards like ASTM E2573 or NFPA
251, examines how interior finish systems influence the overall fire
development within a room, including heat release, smoke production, and
flame spread on surfaces.



This comprehensive testing provides insight into how an interior finish
system contributes to fire growth in real-world scenarios, making it vital
for assessing the fire resistance of interior finishes in critical spaces
such as theaters, airports, and large commercial complexes.

Test Procedure and Methodology

The typical setup involves:
- Testing Room: A standardized room (usually 12 ft x 12 ft x 8 ft high)
fitted with interior finish systems—walls, ceilings, trims.
- Ignition Source: A controlled ignition source (like a gas burner) ignites a
specified load in the room.
- Monitoring Parameters:
- Heat Release Rate (HRR): How much heat is released over time.
- Smoke Production: Quantity and toxicity of smoke generated.
- Flame Propagation: How quickly flames spread over interior surfaces.
- Temperature Profiles: Temperatures at various points to evaluate fire
growth.

Data logging and video recording are often used to analyze fire development
stages.

This test simulates actual fire scenarios, providing a holistic view of how
interior finishes influence fire behavior in enclosed spaces.

Performance Measures and Key Metrics

Key measures derived from this test include:

- Time to Ignition: Duration before the interior surface ignites after the
fire source is introduced.
- Peak Heat Release Rate (HRR): Indicates the maximum energy output; lower
peaks suggest slower fire growth.
- Total Heat Release (THR): Overall energy released during the test period.
- Smoke Production Rate: Total amount of smoke generated, which impacts
visibility and toxicity.
- Fire Growth Rate: How quickly the fire escalates, often expressed as the
fire growth rate index.

Performance benchmarks:
- Slow Fire Growth: Indicates better fire performance, allowing more
evacuation time.
- Low HRR and Smoke Production: Reduce risks of smoke inhalation and
structural damage.
- Limited Surface Spread: Fire remains confined, preventing escalation.



Implications for Building Safety and Material
Selection

Interior finish systems that demonstrate slower fire growth, minimal smoke
output, and limited surface spread are preferred for high-risk or high-
occupancy spaces. They contribute to:
- Enhanced occupant safety: Providing additional evacuation time.
- Structural integrity: Limiting fire-induced damage.
- Compliance with fire-resistance ratings: Meeting specific building code
requirements.

Materials and assemblies that pass this test contribute to a fire-rated
interior system, often combined with other fire-resistive elements, for
comprehensive fire safety.

---

Comparing the Two Tests: An Integrated
Perspective

While both tests evaluate fire performance, they serve complementary roles:

| Aspect | Surface Burning Characteristics Test | Room Fire Growth Test |
|---------|-----------------------------------------|------------------------
|
| Focus | Material surface behavior under direct flame | Whole assembly
behavior in a room scenario |
| Scope | Single material specimen | Full interior finish assembly within a
room environment |
| Outcome | Flame spread classification, smoke index | Fire growth rate,
smoke production, ignition time |
| Use case | Material approval, classification | System-level safety, fire
safety design |

Combining results from both tests enables a comprehensive understanding of
how interior finish systems will perform during a fire, informing safer
design choices and ensuring compliance with fire safety standards.

---

Conclusion: The Critical Role of Fire Testing
in Interior Finish Systems

In the realm of interior construction, fire safety testing is a non-



negotiable component of material selection and design. The Surface Burning
Characteristics Test offers vital insight into how individual materials will
behave when directly exposed to fire, guiding classifications that influence
code compliance and installation decisions. Meanwhile, the Room Fire Growth
Test provides a broader perspective on how an entire interior finish assembly
influences fire development within a space, informing system-level safety
strategies.

Together, these tests establish performance metrics—such as flame spread
index, smoke developed index, heat release rate, and ignition time—that serve
as benchmarks for safety, durability, and compliance. Manufacturers and
designers must prioritize materials that excel in these assessments to ensure
occupant safety, reduce property damage, and meet regulatory standards.

By understanding the nuances of these tests and the performance measures they
generate,
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