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EXECUTIVE SUMMARY
Current building and life safety codes stipulate that interior finish materials must be
characterized by a room corner fire test before being adopted for use in buildings. The
codes allow for two different standardized test methods, depending on the application:
NFPA 286 and UL 1715. Several differences exist between the two methods, and the
results are not directly comparable for some materials. The purpose of this report is to
provide a detailed comparison and evaluation of the two tests methods.
Both of the fire tests involve an apparatus consisting of an enclosed room with a single
door, and within which the walls and/or ceiling are lined with the interior finish material to
be tested. Although the rooms are the same size, the door size and coverage area (amount
of interior surface area covered by the sample) differ between the two tests, which
ultimately will influence the fire dynamics. The procedures for mounting of materials are
comparable between the two tests, although the UL 1715 stipulations are more guidelines
rather than strict requirements as is the case in NFPA 286.
An important distinction between the tests is the ignition source that is used. The UL 1715
test uses a 30 lb wood crib measuring 15 in. by 15 in., and 15 in. tall, and ignited using 1
lb of shredded excelsior. In contrast, the NFPA 286 test uses a propane gas burner with a
nominal 12 in. by 12 in. surface which outputs a two-stage heat release rate: 40 kW for 5
min, followed by 160 kW for 10 min. Based on evaluation of fire test data, the total heat
released by the burner was found to be 15-30% greater than that of the wood crib over the
15 minute test duration when no combustible sample is involved. The exposure to the wall
imparted by the ignition source has been characterized for the gas burner, but not for the
wood crib. Additionally, the heat release rate of the crib may depend on the involvement of
the surrounding sample, due to a radiative feedback effect. Further study of the interaction
between the crib and the wall is needed to make an effective assessment of this ignition
source.
Another distinction between the two tests is the instrumentation used in the apparatus, and
the pass/fail criteria derived from these measurements. UL 1715 places a number of
thermocouples throughout the room, but these are for information only and are not used
for any quantitative evaluation of flame spread test results. The UL 1715 requires visual
observation of smoke generation. In contrast to the UL test, NFPA 286 requires that
temperatures be measured along the ceiling (used to calculate the average upper layer
gas temperature), heat flux to the floor be measured via a Schmidt-Boelter water cooled
heat flux gauge and by the ignition of two paper targets, and heat release rate and total
smoke production to be measured via the collection of exhaust gases in a duct. These
measurements are all used for assessment of the pass/fail result of the NFPA 286 test.
Additionally, both tests prescribe a failure to the observation of flames exiting the doorway.
Testing in conformity with NFPA 286 further requires that the burner flame must not reach
the ceiling in the first 5 minutes. In both test, flames must not spread to the outer extremities
of the sample (which extend 8 ft (2.44 m) from the back of the room). In the UL 1715 test,
post-test inspection must find that the char in the remains of the sample diminishes with
increasing distance from the fire source. Finally, testing in conformance with UL 1715
involves a subjective assessment of the requirements for smoke production; the ICC-ES
describes that failure corresponds to a smoke level that is "obviously high".
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When considering the impact of lining materials, it is found that samples that burn with a
high rate of heat release per unit area will release more heat when more of the surface
area of the sample is burning at a given time; thus, the area of burning sample required to
cause flashover will be low. For these types of materials, it is less likely that the additional
material present in the NFPA 286 test will become involved before pass/fail criteria are
met.
On the other hand, samples that burn with a low rate of heat release per unit area need a
large area to be simultaneously burning for flashover to occur. In this case it is possible
that the flame spread criterion is reached before sufficient material becomes involved to
lead to flashover (by NFPA 286 metrics). Ultimately it will depend on the flammability
properties of the sample. If the sample has a high propensity for flame spread with low heat
release rate, then flame spread will be the primary pass/fail criteria.
Finally, although a comparison of the total smoke release criterion is challenging due to
the subjective nature of the UL 1715 requirement, it is clear that the approach of NFPA 286
(a quantified failure criterion) is preferable for any standard test.
The pass/fail criteria for the NFPA 286 is provided in Chapter 8 of the ICC International
Building Code (IBC) while the pass/fail criteria for the UL 1715 is provided Sections 3.2
and 3.2 of UL 1715.
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INTRODUCTION

Current building and life safety code requirements for interior finish materials require room corner fire
testing to characterize the contributions of these materials to fire growth and flame spread. There are
allowances for conduct of different test methods, including NFPA 286, Standard Methods of Fire Tests for
Evaluating Contribution of Wall and Ceiling Interior Finish to Room Fire Growth [1], and UL 1715,
Standard for Safety: Fire Test of Interior Finish Materials [2]. Despite acceptance of both test methods,
differences in the test configuration, fire source, data collection, and evaluation can result in different fire
performance for the same materials. This report provides a detailed technical evaluation of the test
methods in order to identify which of the two methods is better suited for assessment of flame and fire
growth of materials within a compartment. Real fire test data were compared, and tests were modeled to
evaluate the impacts of the various test requirements. Discussion is provided about the implications of
test variations and the resulting fire performance of the tested materials.
2.

BACKGROUND

The room corner fire test methods have been developed after years of building fire experience. The
purpose of the room corner fire tests is to provide real-fire performance data beyond the flame spread
index and smoke developed index provided by Steiner Tunnel testing to ASTM E84, Standard Test
method for Surface Burning Characteristics [3], or ANSI/UL 723, Standard for Test for Surface Burning
Characteristics of Building Materials [4]. Room corner fire tests for interior finishes are applicable to a
range of materials, including foamed plastic, cementitious mixtures, and panels, boards, and sheets.
Room corner fire tests are also used to evaluate the use of foam plastics and/or exterior wall coverings
not separated from the interior of the building by thermal barriers.
2.1.

Application and Reference Codes

NFPA 286 and UL 1715 room corner tests are referenced by various life safety and building codes. The
International Building Code (IBC) details provisions for approval of interior finish and trim when subjected
to room corner testing in Chapter 8. Special approvals are also provided for exposed foam plastic
insulation and reflective plastic core insulation when subjected to room corner tests. The International
Residential Code (IRC) also provides special approval for foam plastics tested in select room corner tests
in Section R316. Requirements for room corner tests are also present in the IBC for exterior wall
coverings used without thermal barriers separating from the interior for Metal Composite Materials (MCM)
and High-Pressure Decorative Exterior-Grade Compact Laminates (HPL).
The IBC provides minimum performance requirements for the NFPA 286 test but not the UL 1715 in
Section 803, allowing the use of NFPA 286 to replace the flame index and smoke developed index testing
of ASTM E84 or UL 723. Performance requirements are not prescribed in NFPA 286, but are stipulated in
referencing codes and standards: IBC Section 803.1.1 [5], IRC Section R302.9.4 [6], NFPA 101 Section
10.2.3.2 [7], NFPA 275 Section 5.2.2 [8], and NFPA 5000 Section 10.2.3.2 [9]. These requirements are
discussed in Section 3 of this report.
The flame spread requirements for the UL 1715 are provided in the test standard, but acceptable smoke
generation or smoke levels are not addressed in the standard.
With respect to foamed plastic materials, they are not allowed as interior finish materials without thermal
barriers unless subjected to a fire test that demonstrates combustion and smoke release properties are
adequate for the application. Special approval for foam plastic is allowed by NFPA 101 Section
10.2.4.3.3.1 [7], IBC Section 2603.9 [5], and IRC Section R316.6 [6]. In all three codes, the special
approval is granted pending testing to NFPA 286 or UL 1715. Other allowable tests include FM 4880,
American National Standard for Evaluating the Fire Performance of Insulated Building Panel Assemblies
and Interior Finish Materials [10], or UL 1040, Standard for Fire Test of Insulated Wall Construction [11].
Tests are to be selected based on end use application. A room corner fire test included in FM 4880 is
nearly equivalent in setup, conduct, and evaluation to UL 1715 and is based on the legacy Uniform
Building Code (UBC) Test 26-3. Other FM 4880 corner fire tests are for large scale application. The
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corner fire test in UL 1040 is comparable to the large scale FM 4880 corner tests. The FM 4880 and UL
1040 tests are not discussed further in this report.
The use of combustible insulation or exterior wall panels requires separation from the occupied spaces by
use of a thermal barrier. This includes foam plastic insulation. Approved thermal barriers include ½ inch
gypsum wallboard or 23/32 inch wood structural panel (IRC Section R316.4), or heavy timber (IBC 2603.4).
IBC 2603.4 allows other materials to qualify as thermal barriers provided they have demonstrated
performance via testing of NFPA 275, Standard Method of Fire Tests for the Evaluation of Thermal
Barriers [8]. This requires a demonstration of 15-minute temperature transmission test per ASTM E119,
Standard Test Methods for Fire Tests of Building Construction and Materials [12] and an integrity fire test.
The allowable methods for the integrity fire tests for thermal barriers include the 15-minute room corner
fire tests of NFPA 286, UL 1715, FM 4880, and UL 1040.
Thermal barriers are not required in attics or crawlspaces for foamed plastic if the attic or crawlspace is
used only for repairs or maintenance (IRC Section R316.5.3) or and the plastic is protected by an ignition
barrier (e.g., mineral wool, 3/8 inch gypsum, etc.). Special approval for removal of the ignition barrier is
allowed if tested to any one of the four room corner tests, including NFPA 286, UL 1715, FM 4880, or UL
1040. Test requirements for spray applied polyurethane foam plastic used as ignition barriers has been
provided by the ICC in AC 377, Acceptance Criteria for Spray Applied Foam Plastic Insulation, Appendix
X [13]. This test is based on the NFPA 286 but with modifications for these applications...
This report is exclusively focused on comparison of the test configurations and evaluation of NFPA 286
and UL 1715 room corner fire tests. These tests have been widely accepted as interchangeable for
demonstrating the performance of interior finish materials, thermal barriers, and for the removal of ignition
barriers in attics and crawlspaces. Despite this application, there are fundamental differences between
the room corner test methods and performance criteria. These differences may impact real-world fire
protection performance of materials tested to the different standards.
The history and development of these two room corner tests methods are discussed in Section 2.2. The
test requirements and methods are discussed and compared in detail in Section 3.
2.2.

History and Development

Development of a room corner test method began at Underwriters’ Laboratories in the late 1970s
following litigation related to fires involving foam plastic materials. A room corner fire test was developed
and identified as PICC 401. Interior finish materials were required to prevent flame spread from reaching
the edges of the interior sample. Initial testing confirmed that ½ inch gypsum wall board was sufficient for
this test and for the 15-minute ASTM E119 test, resulting in the 15 minute test requirement.
The PICC 401 test was first adopted by the International Conference of Building Officials (ICBO) and
included in the Uniform Building Code (UBC) as a standard test method UBC 17-3. The test was later
moved to Chapter 26, and referenced as UBC 26-3. The International Code Council (ICC-ES) adopted
the test method but included their own evaluation criteria, including producing no more than ¼ inch of
char layer at the 8 ft edges of the material. Eventually this test standard was adopted as UL 1715 in
October of 1989 with the requirements that no flames reach the edges of the lining material, with no
included requirements for smoke production.
In the late 1990s, an ASTM working group was assembled to put together a room corner test utilizing
additional instrumentation, including oxygen consumption calorimetry. Alongside this effort, the NFPA
Committee on Fire Tests reached consensus on a room corner fire test method and developed the
method for NFPA 286 in 2000 based on the requirements for foam plastics and interior finishes in NFPA
101 [7] and the IBC. The primary change included in this method compared to the previous UL 1715
method was the change in ignition source from a wood crib to a controlled propane burner with two fixed
burn rates and the use of an oxygen consumption calorimeter and smoke obscuration meter to measure

JENSEN HUGHES

Room Corner Fire Test Comparison

PAGE 3

heat and smoke production. The specific details comparing the test configuration, ignition sources,
instrumentation, and evaluation criteria are discussed in Section 3.
3.

TEST METHODS AND REQUIREMENTS

Both NFPA 286 and UL 1715 methods are designed to evaluate the flame spread and fire contribution of
interior finish materials in a real-fire environment. Both tests utilize an initiating fire source placed in the
corner of a room lined with the material under test. There are key differences between the two methods
that may impact the resulting pass/fail results for various materials subjected to both test methods.
3.1.

Test Configuration

Both NFPA 286 and UL 1715 room corner tests are conducted in enclosed rooms that are 8 x 12 x 8 ft
(2.44 x 3.66 x 2.44 m) in size with an open door along one of the 8 ft (2.44 m) walls and a fire placed in
the back corner of the room opposite the doorway. The NFPA 286 room allows variation in interior room
dimensions of ± 2 inch (5 cm) while the UL 1715 procedures only allows variation of ± 1 inch (25 mm) for
the walls and 0.5 inch (13 mm) for the ceiling height. These differences in allowable variation are not
expected to impact the test results.
The primary difference in the room geometry is in the size of the doorway opening. Both tests require
natural ventilation through an open doorway opposite the fire corner. NFPA 286 requires a doorway that
is 30.75 ± 0.75 x 79.5 ± 0.75 inches (0.78 ± 0.02 x 2.02 ± 0.02 m). The doorway for UL 1715 is 2.5 x 7 ft
(0.76 x 2.13 m). The UL doorway is slightly more narrow than the NFPA doorway, and 4.5 inch (0.11 m)
taller. The UL doorway has an area of 2520 in² (1.62 m²) while the NFPA doorway has an area of 2444 in²
(1.58 m²). The ventilation factor, Vf, can be calculated for both rooms using Eq. (1),
Vf = AwHw1/2

Eq. (1)

where Aw is the area of the opening and Hw is the height of the opening. Vf is proportional to the mass
flow rate of air out of the test room during the fire, and the heat release rate (HRR) needed to induce
flashover, QFO. Vf for the UL room is 2.37 compared to 2.24 for the NFPA 286 test room door. A lower Vf
will result in higher gas temperatures within the compartment, which can consequently accelerate flame
spread and lead to flashover conditions sooner. Therefore, based on compartment geometry alone (not
considering ignition source or material configuration), the NFPA 286 test incorporates a somewhat more
severe thermal environment than the UL 1715 test.
3.2.

Mounting of Materials

There is a distinct difference in the quantity and coverage of the interior finish being tested between the
two room test methods. NFPA 286 requires complete coverage of the back and side walls and ceiling,
when testing materials that can be used for both applications. There are also provisions for testing only
walls or ceilings, depending on the intended application of the material. UL 1715 requires coverage of
only of an 8 x 8 ft (2.44 x 2.44 m) area of the ceiling and the same area on the back wall and one side
wall adjacent to the fire source corner. An analysis of the impacts of different coverage areas is provided
in Section 4.2.
In both tests, the uncovered portions of the walls or ceiling are covered by the same calcium silicate
board or 5/8 inch gypsum Type X wallboard. Both tests require the materials to be mounted and supported
in the manner appropriate for their application, including insulation, backing materials, or air gaps. NFPA
286 includes a thorough list of requirements for mounting materials using adhesives, substrates, flexible
and stretched materials, and various other types of finish materials. Similar guidance is provided in UL
1715 Appendix A, but this is intended only for guidance and is not intended to be a requirement for
conduct of a test. Overall, comparable methods for mounting and securing the materials exist between
both standards with the primary difference being the mandate of methods in NFPA 286.
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Strict requirements for mounting and installation are important when considering the interaction of the
burner and the wall lining. For example, spray applied foam plastics on the walls near the ignition sources
should make direct contact with the NFPA 286 burner and remain 1 inch (2.5 cm) from the wood crib in
the UL 1715. Spray applied materials that may be applied or result in a concave manner between studs
(as may be typical for attic or crawl space installations) will increase the distances from the ignition
sources, reducing heat flux exposures and reducing the intended severity of the test exposure.
Installation and mounting of the materials are critical for proper conduct and analysis of all room corner
tests.
The mounting of the test materials can influence the outcome of either of the two tests. As an example,
when spray polyurethane foam is installed between studs for attic and crawl space applications, the
concavity of the materials and the distance (i.e., depth) between the room-side face of the foam and the
room-side face of the studs will affect fire performance. This depth can act as a fire break along the length
of the walls and thus can retard the flame spread along the walls. When the foam plastic is installed
between roof joists, the same issue regarding retarding flame spread can occur. Additionally, the
orientation of the roof joists (front to back versus side to side) can change potential flame spread along
the ceiling area.
When testing is being conducted per AC 377, Appendix X, (i.e., elimination of ignition barrier in attics and
crawlspaces) then the allowed concavity of the foam plastic insulation between studs and roof joists is
acceptable. This allowed concavity was developed based on testing that was performed to develop the
AC 377 Appendix X test method.
Although not required in either standard, a best practice approach should be adopted for the application
of foam plastic between the studs. For example, those specified in Appendix X of AC 377:


Configuration A:
- The room is lined with 5/8 in. type X gypsum wallboard (walls and ceiling).
- Spray foam is applied directly to the wallboard (the three test walls and the ceiling) at the
maximum thickness and density intended for use.
- Any covering is applied to the walls and ceiling at the same coverage rate intended for use.



Configuration B:
- The three test walls and ceiling are constructed with wood studs that are the same depth as the
test specimen, with the exterior side covered in 5/8 in. type X gypsum wallboard.
- Spray foam is applied to fill each cavity continuously across studs (walls) and joists (ceiling).
- Any covering is applied to the walls and ceiling at the same coverage rate intended for use.

When the UL 1715 or the NFPA 286 is being used to justify the elimination a thermal barrier over foam
plastic and if wood studs and/or roof joists are incorporated into the test assembly, then specific attention
must be paid to the concavity of the foam plastic in the cavities. In this case, the foam plastic must be
flush with the interior face of the studs and/or joists so as to assure the test material receives the
appropriate fire exposure for the entire test time. The use of concave foam insulation between studs and
especially between roof joists parallel to the back wall, can provide erroneous test results due to the
interruption of the flame spread over the surface of the test sample. The elimination of a thermal barrier is
a significant fire hazard and thus the testing for this elimination must be as rigorous as possible.
Other mounting methods based on different material installations can be considered when testing for the
elimination of the thermal barrier however, attention to the material surface distance from the exposing
fire source must be considered as well as maintaining a “worst case” for flame spread over the material
configuration.
3.3.

Instrumentation

NFPA 286 requires significantly more instrumentation to quantify and characterize the contributions of the
tested materials compared to UL 1715. UL 1715 includes four 14 AWG Type K thermocouples at various
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heights to measure the temperature of the plume above the wood crib fire ignition source. Five additional
thermocouples are present in various locations below the ceiling and in the door. The thermocouple
locations from UL 1715 are shown in Figure 1, below.
Although these nine thermocouples are required for UL 1715 tests, there are no requirements regarding
the use of their measurements to verify the wood crib fire source or evaluate the contribution of the
interior finish. Data acquisition at a rate no less than one sample per 30 seconds is specified.
A total of seven thermocouples are required in NFPA 286, for measurement gas temperatures above the
fire, at the center of the room, and at the center of each ceiling quadrant (4 in. below the ceiling in each
case), and 4 in. below the door opening. The thermocouple locations are shown in Figure 2, below. Data
acquisition at a rate no less than one sample per 6 seconds is required.

Figure 1 – Location of thermocouples required for UL 1715 (reproduced from Figure 9.1) [2]
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Figure 2 – Location of thermocouples required for NFPA 286 (reproduced from Figure 7.1.1) [1]

Other than thermocouples, the only other instrumentation required by UL 1715 is photographic and video
recording evidence of the flame propagation and smoke development. The cameras are located 10 ft
(3.04 m) outside the door with 15 seconds intervals for 5 minutes and 30 second intervals for the last 10
minutes of the test. These photographs are used to evaluate if the flames have spread to the edge of the
material or outside the door, visible observations and photographs are then used to evaluate the pattern
of char produced.
Evaluation of the performance of UL 1715 is based entirely on the visual observations made during the
test. Further evaluations are dependent on the person reviewing the test observations and video/photo
evidence. As per UL1715 Sections 3.2 and 3.3, the flames must not spread to the extremity of the wall or
ceiling linings located 8 ft (2.44 m) along the 12 ft (3.66 m) length of the room nor have flames come out
of the door. The char pattern must also visibly diminish with increasing distance from the fire source [2].
There is no limiting smoke concentration measurement or requirements in UL 1715. The ICC-ES has
implemented some requirements for observed smoke development when considering UL 1715 tests for
acceptance in AC377, Appendix C [13]. This document applies some additional requirements for the
video camera and lighting conditions and describes that tests where the smoke level is “obviously high”
will be deemed unacceptable. In contrast, while NFPA 286 also requires photographic and video
recordings, these are not utilized for evaluation of smoke level. Instead, quantitative measurements of
smoke obscuration are made during the test.
NFPA 286 tests utilize a much wider array of additional instrumentation and criteria to evaluate the flame
and smoke contributions of the materials being tested. Heat flux to the floor is measured by a SchmidtBoelter type water cooled heat flux gauge with 50 kW/m² range located in the center of the floor, and also
identified by the ignition of two pieces of crumpled newsprint paper placed on the floor.
In addition, NFPA 286 requires effluent from the test room doorway to be collected by a fully instrumented
oxygen consumption calorimeter exhaust hood. The hood must include a gas temperature thermocouple
and bi-directional gas velocity probe to measure volumetric flow rate, gas sampling probe to measure
oxygen consumption as well as carbon monoxide and carbon dioxide production, and a light attenuation
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smoke meter to measure optical density of smoke production. This instrumentation allows for the
measurement of the combined heat release rate of the material and the burner, as well as the amount of
smoke produced, during the test.
Criteria used for the evaluation of the NFPA 286 test results include a determination of flashover
conditions, defined by NFPA 286 as reaching any two of the following conditions [1]:






HRR > 1 MW
Heat flux at the floor > 20 kW/m²
Average upper layer temperature > 600°C (1112°F)
Flames exit doorway
Ignition of a paper target

The pass/fail requirements for NFPA 286 are defined in the referencing codes and standards, including
IBC Section 803.1.1 [5], IRC Section R302.9.4 [6], NFPA 101 Section 10.2.3.2 [7], NFPA 275 Section
5.2.2 [8], and NFPA 5000 Section 10.2.3.2 [9]. These requirements, in all references, include:






No flames reach the ceiling during 40 kW exposure (See Section 3.4 for ignition source details)
The flame does not spread to the outer extremities of the sample on any wall or ceiling
Flashover, as defined in NFPA 286 above
The peak HRR does not exceed 800 kW
The total smoke released does not exceed 1000 m²

The inclusion of additional instrumentation in NFPA 286 allows for a quantifiable metrics to be used for
test evaluation. The evaluation of the UL 1715 test data is more subjective and subject to interpretation,
particularly regarding the evaluation of smoke production.
3.4.

Ignition Sources

The differences in ignition sources represent the most significant source of variation between the NFPA
286 and UL 1715 test procedures. The UL 1715 test utilizes a 30 lb (13.6 kg) wood crib constructed of ten
layers of 15 inch (381 mm) sticks of 2 inch dimensional (1.5 inch nominal (38 mm)) spruce, pine, or fir.
The wood crib is cured at fixed temperature and humidity conditions until its weight is stabilized. The
weight is then adjusted to 30 ± 1 lb (13.61 ±0.45 kg) by adding conditioned wood strips. During testing,
the crib is placed in the corner of the fire test room such that it is offset from the two walls by 1 inch (2.5
cm). The crib is placed on bricks to increase airflow and ignited simultaneously in several locations using
1 lb (0.45 kg) of shredded excelsior and 4 oz (118 mL) of ethanol.
Although the wood crib is constructed and conditioned to specific requirements, there is inherent
variability in the ignition and burning rate of the wooden crib. Burning rate can be affected by moisture
content and defects in the wood, changes in radiation feedback and airflow surrounding the crib, and due
to random variation in samples. Numerous experiments have been conducted to quantify the burning
rates of cribs and all indicate significant levels of uncertainty in the predictions [14] [15] [16] [17] [18].
Numerical predictions of crib burning have been developed through these tests that account for crib size,
porosity, air flow, and ignition source, but all have inherent uncertainty in their own predictions and are not
consistent between the various test data sources.
The NFPA 286 ignition source is a controlled propane fuel burner with fixed fuel delivery rate. The test
requires C.P. grade (99 % purity) propane gas metered throughout the test with an accuracy of greater
than ±3% with the heat output controlled within 5% of prescribed values. The NFPA 286 gas burner is
controlled at a fire HRR of 40 kW for 5 minutes, then increased by a step to 160 kW for an additional 10
minutes. The 160 kW is comparable to the peak HRR produced by the UL 1715 wood crib. An evaluation
has been conducted to describe the total heat output and resulting thermal environments from the UL
1715 wood crib fires and NFPA 286 gas burner based on test data and modeling. This analysis is
provided in Section 4.1.4.
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A gas burner source allows for more repeatable and reproducible test results compared to the wood crib
sources. In addition, the burning rate of the gas is not subject to altered burning resulting from feedback
from ignition of the adjacent wall surface.
The propane is flowed through a sand burner to mix and distribute the gas and create uniform burning.
The burner is placed directly in the corner of the test room in direct contact with the walls. This contact
reduces air entrainment and causes the flame height to increase up the corner of the wall compared to
the same fire HRR offset from the walls.
When a fire source is placed in direct contact with the walls, it has been shown in testing by Williamson
and Mowrer that the heat flux to the walls is the most severe and uniform over the vertical height [19]. As
the fire is moved away, the lower area is cooled by the entrained air in the gap and the upper heat flux is
also reduced near the top of the flame. The burner placed directly adjacent to the walls creates the most
thermal heat flux to the wall surface.
Tran and Janssens [20] conducted experiments in which heat flux from a natural gas burner (located in
the corner of the room) to a wall was measured at two heat release rate levels (40 kW and 160 kW). Nondegrading calcium silicate board walls were used, and heat flux was measured at six locations, spaced
0.305 m (12 in.) apart vertically, and located 0.15 m (6 in.) from the corner. Results are shown in Figure 3,
below. It is apparent that heat flux from the burner is greatest in the lower portion of the room near the
burner. However, at the 160 kW setting, heat flux near the top of the compartment exceeds 25 kW/m 2.
Comparable data for a UL 1715 wood crib fire was not available.
2.0
40 kW Burner

Height Above Floor (m)

160 kW Burner

1.6

1.2

0.8

0.4

0.0
0

10

20
30
40
2
Heat Flux (kW/m )

50

60

Figure 3 – Measured heat flux from the NFPA 286 gas burner along the height of the room corner [20].

3.5.

Procedures

Both NFPA 286 and UL 1715 room corner fires tests are similar in conduct and preparation. In both tests
the samples are pre-conditioned to fixed temperature and humidity environments and are installed in
accordance with their application. At the time the test is conducted, both tests initiate data collection
devices to record temperatures and other instruments, and then ignite the fire source. Both tests are
conducted for 15 minutes and observations recorded regarding the growth and spread of the fire and
development of the smoke are required. At the conclusion, both tests require documentation of the extent
of fire damage and the condition of the tested material. The tests are very similar in procedure, with a few
notable differences in requirements.
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The conditioning of the samples for UL 1715 is required at ambient conditions of 73 ± 4°F (22.9 ± 2.2°C)
and 50 ± 5% relative humidity conditioning until weight of sample is constant. Conditioning for NFPA 286
is required at 70 ± 5°F (21 ± 3°C) and 50 ± 5 % relative humidity. A definition is also provided in NFPA
286 for determination of constant weight such that the sample mass does not change by the greater of
0.1% or 0.1 g (0.0035 oz) over 24 hours. No such clear definition is provided in UL 1715.
At the start of the tests, UL 1715 requires that the ambient conditions in the center of the test room are no
less than 60°F (15.6°C) and no more than 70% relative humidity. The ambient conditions required in the
test room for NFPA 286 are more restrictive, requiring test conditions of 64–75°F (18–24°C) and 50 ± 5%
relative humidity. More restrictive ambient conditions result in more consistent combustion and smoke
production during testing.
3.6.

Reporting

Both test methods require detailed documentation of the test setup and results. The test setup, including
material tested and installation, and the test results including descriptions of the flame spread and smoke
development, and post-test damage assessment are required in both test protocols. These events are to
be documented by visual observation, photographic or video evidence. The NFPA 286 method includes
more instrumentation, and therefore requires reporting in detail on these measurements.
NFPA 286 provides some additional guidance on documenting the tested material, requiring reporting of
the thickness, density and identifying characteristics and requiring justification for the mounting methods
and variations from end use. While the details are more specific in NFPA 286, it is the intent of UL 1715
that the specific material tested and installation details are well documented. NFPA 286 does require
documentation of the time between the material conditioning and the conduct of the test; however, this
time is not required to be documented per UL 1715.
NFPA 286 also includes similar explicit guidance on how to record fire test events. Key events identified
include flame spread to the ceiling, presence of burning droplets on the floor, melting and dripping of
materials. Again, it is the intent of UL 1715 that all relevant fire events are reported, but the language in
NFPA 286 is more explicit about the events that are to be reported.
Both tests require the report to include the gas temperature measurements during the testing. The NFPA
286 test has additional reporting requirements, including: heat flux at the floor (including the peak value
and time to peak value), heat release rate (including the peak value, time to peak value, and average
value over the test duration), total heat released, smoke release rate (including the peak value and time
to peak value), and total smoke released. The occurrence and timing of any of the flashover indicators
(e.g., gas temperature, ignition of paper targets, heat flux, etc.) are also required in the report.
4.

ANALYSIS

As outlined in the previous section, the UL 1715 and NFPA 286 fire tests both involve a compartment with
a single horizontal opening, with some portion of the walls and/or ceiling lined with a test sample, and an
ignition source (fire) located in one of the corners of the room (opposite the opening). The difference, if
any, in the fire performance of a sample between the two tests will be attributed in part to differences in
fire dynamics: development of a hot gas layer, flame spread over the sample, burning and heat release,
and the occurrence of flashover. Such differences may be assessed holistically or on a case-by-case
basis. Aside from the fire dynamics, any comparison of “fire performance” between the two tests must
necessarily consider the context of the reported results. The outcome of these tests is often reduced to a
simple “Pass/Fail” evaluation, but the specifics must be assessed to produce any meaningful comparison.
In this section, fire dynamics are considered first for the case of a bare room (i.e. a standard-sized test
compartment lined with gypsum wallboard) to assess differences in fire dynamics independent of those
involving interactions between the ignition source and a decomposing sample. From these results,
inferences are made pertaining to potential differences in severity of the thermal environment that
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develops during a test. Subsequently, the interactions between the ignition sources and the test samples
are examined. Finally, the significance of the reported results between the two tests is compared, with
reference to real-life test data.
4.1.

Compartment Fire Dynamics

The fire environment that becomes established from the presence of the ignition source within the
compartment is expected to differ between the two tests, independent of the interaction between the
ignition source and the test samples. Therefore, it is a useful exercise to assess the potential severity of
the fire environment in the case of a non-decomposing sample.
In NFPA 286, the fire test room is stipulated to be lined with either calcium silicate board or fire-rated
(Type X) gypsum wallboard of at least ½ in. thickness [1]. Similarly, UL 1715 specifies that the room be
lined with either calcium silicate board, or “equivalent non-combustible board material and ½ in. nominal
thickness” [2]. Although the latter case is more open to interpretation, clearly both tests describe a
“baseline” configuration involving a compartment lined only with noncombustible board. Conventionally,
due to the prohibitive cost of calcium silicate board, fire-rated gypsum wallboard is selected as the room
lining material and/or substrate1.
It is a useful exercise, therefore, to compare the results of these baseline configurations of both tests. To
facilitate this, JENSEN HUGHES has reviewed proprietary data from compartment fire tests of rooms
lined with gypsum wallboard and corner ignition sources. Data has been reviewed from two distinct test
sets. The first was a test conducted in accordance with ISO 9705 [21]. This test includes a propane fire
source in the corner of a room with the same internal dimensions as NFPA 286 and UL 1715. The ISO
9705 test only utilizes a different burner configuration and heat release rate than NFPA 286. In this test,
measurements of heat release rate, ceiling temperature, and heat flux to the floor were taken in locations
consistent with those of NFPA 286. Additional temperature instrumentation was also present. The second
reviewed test series was of three repeat tests of wood cribs in a compartment. The construction and
ignition of these cribs was consistent with that of UL 1715. Temperature instrumentation was not included
in these tests, but the heat release rate was measured.
These data were used to assemble input fire data and to validate a model of the baseline compartment
fire configurations of NFPA 286 and UL 1715. Due to the simplistic nature of the fire environment
expected to develop in both cases, a zone model was used (CFAST 7.3.0), to predict gas temperatures
that would evolve in the upper region of the compartments. The following section outlines the
configuration of the model, and validation for the case of the ISO 9705 fire test.
4.1.1.

Zone Model Configuration and Validation

The data and analysis presented in this section is intended to validate the use of the CFAST zone model
for subsequent evaluation of the NFPA 286 and UL 1715 fire test conditions. The data used from this
evaluation was obtained testing to the ISO 9705 room corner test method. This method uses the same
size test room as the NFPA 286 and UL 1715 protocols with a larger ignition source input.
The ignition sources used in the ISO 9705 fire test is a burner that is regulated to output 100 kW of
thermal energy for 10 minutes, followed by 300 kW for another 10 min. In the test conducted by JENSEN
HUGHES, heat release rate was measured to be 8.3% greater on average than the ideal burner curve.
This can be partly attributed to burner regulation, but burning of the paper covering on the gypsum
wallboard also contributed to the overall heat release rate. The ideal and measured heat release rates are
shown in Figure 4, below; results from a similar test by Dillon [22] are also provided, for comparison. It is

1

Despite its classification as a noncombustible board, the paper facing layer of gypsum wallboard will burn and
consequently release heat into the compartment over and above that produced by the ignition source.
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apparent that the most significant “overshoot” in heat release rate occurred at the start of the test, and
subsequently after the ramp from 100 kW to 300 kW.
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Figure 4: Heat release rate in ISO 9705 fire tests involving a room lined with gypsum wallboard (no combustible test
sample).

The JENSEN HUGHES heat release data, denoted “JH HRR”, was used as input to a zone fire model for
predicting the fire dynamics within the compartment. The burner was modelled as a propane (C 3H8) fire
with heat of combustion of 46.5 kJ/g and radiative fraction of 0.35, and heat release rate as detailed in
Figure 4. The compartment measured 8 x 12 x 8 ft (2.4 x 3.6 x 2.4 m), with a door measuring 2.6 ft (0.8
m) wide and 6.6 ft (2.0 m) tall on the “front” 8 ft (2.4 m) wall. The ignition source was a sand box propane
burner with an area of 6.7 x 6.7 inch (0.17 m by 0.17 m), with the top of the burner being 5.7 inch (0.145
m) above the compartment floor. Ambient conditions in the lab space on the test day were 15°C (59°F),
101.25 kPa , and 50% relative humidity. The walls and ceiling of the compartment were 5/8 inch gypsum
wallboard and the floor was concrete; these were represented in in the zone model as materials with
constant thermophysical properties with values per CFAST defaults.
Figure 5 shows the interface height (distance from the floor to the bottom of the hot gas layer) as
predicted by the zone model. The ceiling height and mid-height (distance from the floor to the center of
the hot gas layer) are also indicated. Figure 6 shows the gas temperatures measured in the ISO 9705 fire
test at a tree located in the center of the room, at eight heights (as indicated in the figure). It is clear that
there was a defined thermal gradient from top-to-bottom in the compartment, with most of the hot gases
accumulating above 6.6 ft (2.0 m) in the first 10 min, and dropping to around 5.6 ft (1.7 m) in the latter
stage of the test.

JENSEN HUGHES

Room Corner Fire Test Comparison

PAGE 12

2.5

600
2.30
2.10

500

2.0

1.72

Temperature (°C)

Height (m)

1.57
1.5

1.0

400

1.42
1.27
0.97

300

0.67
200

Ceiling Height
0.5

Interface Height

100

Zone Mid-Height
0.0

0
0

5

10
Time (min)

15

20

0

Figure 5: Height of the interface between upper (hot)
and lower (cool) gas layers predicted by the zone
model.
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Figure 6: Temperatures measured in the fire test
(legend depicts thermocouple positions as height above
the floor in meters).

The zone model is only capable of predicting the average gas temperature in the upper layer and an
appropriate value must be derived from measured data to form a basis for comparison. The average zone
mid-height temperature was computed by linearly interpolating the measured gas temperatures to the
zone mid-height predicted in the model. The interpolated results are presented in Figure 7, along with the
zone model predictions of upper layer temperature for two cases: using the ideal gas burner heat release
rate, and using the heat release rate measured in the JENSEN HUGHES ISO 9705 fire test. Good
agreement is found in comparing the model predictions to the interpolated measurements.
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Figure 7: Zone model upper layer temperature predictions compared to temperatures measured in the ISO 9705 fire
test, interpolated to the zone mid-height predicted in the model.

As shown in Figure 4, the initial increase in burner heat release rate was delayed in the test data
compared to the ideal burner, not reaching the 100 kW setpoint until approximately 1 minute following
ignition. This behavior is reflected in the zone model prediction of upper layer temperature, where upper
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layer gas temperature does not reach an inflection until approximately 1 minute and is also consistent
with gas temperature measurements. As expected, predicted upper layer temperatures are slightly
greater when the JH HRR data is used as the fire input, compared to the ideal burner. This speaks to the
contribution of the gypsum wallboard paper covering, which is apparently not negligible. This fact should
be considered when selecting this material as the lining or substrate in the room corner test.
The results presented demonstrate that the zone model is suitable for making predictions of the average
upper layer temperature in the ISO 9705 compartment with the burner HRR detailed above. Given the
similarity in configuration and fire between ISO 9705, NFPA 286, and UL 1715, the model was used to
evaluate conditions in the NFPA 286 and UL 1715 tests, as detailed in the following sections.
4.1.2.

Simulation of a NFPA 286 Fire Test with Gypsum Wallboard Lining

The burner used in NFPA 286 is quite similar to that used in ISO 9705, measuring 1 x 1 ft (0.305 m by
0.305 m), with the top of the burner being 0.5 ft (0.152 m) above the compartment floor. The target heat
release rate differs — NFPA 286 prescribes a burn consisting of 5 minutes at 40 kW followed by 10
minutes at 160 kW. A similar response is expected to the ISO 9705 test, where burning of the gypsum
wallboard paper covering will cause the total heat release to be slightly greater than that of the burner.
With this in mind, a representative heat release rate profile for the NFPA 286 burner was created based
on the existing “JH HRR” curve presented above (Figure 4). The curve was developed by linearly scaling
the HRR in the first 10 minutes of the ISO 9705 test by 40% (to reduce from 100 kW to 40 kW), and in the
subsequent 10 minutes by 53% (to reduce from 300 kW to 160 kW). Next, 5 minutes of test data (from t =
250 to t = 550) was removed to reduce the initial “40 kW” duration from 10 minutes to 5 minutes. The
resulting curve is shown in Figure 8.
This HRR curve was used as an input to the CFAST zone model (also accounting for compartment size
and configuration which differ slightly from ISO 9705) to predict the fire dynamics that would arise in such
a test. Two parameters are used to quantify the results of the model: the average upper layer gas
temperature, and the heat flux incident to a target at the geometric center of the floor. Results are
presented in Section 4.1.4.
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Figure 8: Heat release rate in an NFPA 286 fire test involving a room lined with gypsum wallboard (no combustible
test sample), based on scaled test data from an ISO 9705 test from JENSEN HUGHES (Figure 4).
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Simulation of a UL 1715 Fire Test with Gypsum Wallboard Lining

JENSEN HUGHES reviewed existing heat release rate data from the burning of wood cribs (consistent
with those used in UL 1715) in a gypsum wallboard-lined compartment. Three tests were conducted, and
the results are shown in Figure 9 below. Also indicated are the minimum and maximum from these data,
over time; these two curves represent the range of heat release rates measured in these tests and were
used as two separate inputs to the CFAST zone model. Compartment size and configuration (which differ
slightly from ISO 9705) were modeled consistent with the UL 1715 test, and the same parameters were
used to quantify the results from the NFPA 286 model. These results are compared in Section 4.1.4.
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Figure 9: Heat release rate of wood cribs in a UL 1715 fire test involving a room lined with gypsum wallboard (no
combustible test sample), based on test data from JENSEN HUGHES.

It should be considered that these crib heat release rate curves do not represent the full spectrum of
variability that may be expected from such crib fires. Furthermore, it must be stressed that heat release
rate of the cribs is not expected to be the same for all scenarios, as it is dependent on the mass burning
rate, which may be influenced by interaction between the fire and the compartment linings. This issue is
discussed in Section 4.5. With respect to evaluating the fire dynamics in this section, the crib ignition
source is evaluated from the perspective of being isolated from the sample.
4.1.4.

Simulation Results: NFPA 286 vs. UL 1715

The modeled thermal environments have been compared using the HRR inputs for the NFPA 286 burner
and the UL 1715 wood cribs described in Sections 4.1.2 and 4.1.3, respectively. The HRR from the two
ignition sources (including gypsum wall board contributions) have been compared. As shown in Figure
10, the total heat released in the 15 minute NFPA 286 test (based on data from JENSEN HIGHES scaled
from an ISO 9705 test) was 118 MJ (108 MJ for the ideal burner). In comparison, the total heat released
in the UL 1715 test ranged from 90 to 103 MJ, based on the “maximum” and “minimum” crib fire data.
Moreover, the total heat released over time was greater in the NFPA 286 test for the entire test duration.
From this, it is expected that a greater amount of thermal energy was released from the NFPA 286
burner, and consequently that this will be reflected in the thermal environment that develops.
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Figure 10: Total heat released in the NFPA 286 and UL 1715 tests.

Heat flux to a target in the center of the floor (as predicted by the zone model) is shown in Figure 11. The
magnitude of the heat flux is similar in both tests approaching the ends of the 40 kW (5 minute) and 160
kW (15 minute) burn regimes. However, as the burner HRR increases sharply after 5 minutes, the
corresponding spike in heat flux for the NFPA 286 test results in a value much greater than that of the UL
1715 test at that time. The end of test peak heat flux for both scenarios approached 1.5 kW/m² in these
tests, which is consistent for a gypsum wallboard lined room with no combustible sample (one would not
expect flashover in such a case).
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Figure 11: Heat flux incident to the center of the floor in the NFPA 286 and UL 1715 tests (zone model predictions).

The average upper layer temperature predicted by the zone model in the NFPA 286 and UL 1715 tests is
compared in Figure 12, below. Changes in gas temperature are consistent with changes in the heat
release rate. The thermal environment responds drastically to the sharp increase in heat release rate
from the burner in the NFPA 286 test. In contrast, the gas temperature in the UL 1715 test increased
gradually in response to the slow growing wood crib fire. Gas temperatures are similar after 5 min, before
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the transition to 160 kW, but following the increase in burner heat release rate (NFPA 286) the gas
temperature increases to over 200°C (392°F) by 7.5 minutes, compared to 130°C (266°F) in the UL 1715
test in that same time. Gas temperatures in the UL 1715 test remained lower through the test duration.
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Figure 12: Average upper gas layer temperature in the NFPA 286 and UL 1715 tests (zone model predictions).

In summary, this modelling exercise has identified that the total heat released and gas temperatures
reached are greater in the NFPA 286 test compared with the UL 1715 test, for the case of a room lined
only with gypsum wallboard (no combustible sample). These ignition sources may cause tested interior
linings to ignite and contribute differently depending on the material properties. However, independent of
the contributions of the test materials, the NFPA 286 burner creates a more severe thermal input than the
UL 1715 wood cribs.
4.2.

Impacts of Material Coverage

The requirements for coverage of the tested interior finish differ between NFPA 286 and UL 1715. Both
tests may be configured for walls, ceilings, or both. In the NFPA test, three walls are covered entirely in
the sample, as well as the ceiling (optionally, if the material is intended to be used on a ceiling). The
fourth wall (with the door) is lined with non-combustible board. In the UL test, the back wall (8 x 8 ft (2.44
m x 2.44 m)), part of one side wall (8 x 8 ft (2.44 m x 2.44 m)), and part of the ceiling (8 x 8 ft (2.44 m by
2.44 m, optionally)) are covered in the sample, with the remainder of the surfaces covered in noncombustible board. The coverage areas in both tests are summarized in Table 1.
Table 1: Material coverage areas and percentage of total surface areas in NFPA 286 and UL 1715 fire tests.

Scenario
Walls only

Ceiling only

Walls and ceiling

NFPA 286
256 ft²
23.8 m²
96 ft²

(51.7%)

(19.4%)

8.9 m²
352 ft²
²

32.7 m

(71.1%)

UL 1715
128 ft²
11.9 m²
64 ft²
6.0 m²
192 ft²
17.9 m²

(25.6%)

(12.9%)

(38.8%)
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The increase in coverage area may impact the thermal insulation and thermal inertia of the test
environment. This is most relevant for thermally conductive materials (i.e. those for which heat is
conducting through the compartment boundaries to ambient). For insulative materials, including those
mounted on a noncombustible substrate, the thermal insulation during the 15 min test is likely to be
sufficient to assume that heat losses are minor.
The second consideration is the difference in (potentially) combustible content between the two tests.
Given that there is more combustible content in the NFPA test, the potential heat release rate may be
greater. Therefore, the NFPA test could lead to a larger fire and ultimately a more difficult test to pass.
However, material involvement must also be considered – whether the material is ignited and how far
flames spread during the test. To assess the impact of material coverage, if any, on the results of these
tests, the heat release and flame spread failure criteria may be considered:





The critical value of the combined heat release rate of the burning specimen and the burner
(NFPA 286) or wood crib (UL 1715) is that corresponding to the occurrence of flashover. This
heat release rate is denoted 𝑄̇ 𝐹𝑂 , and may differ between the two tests depending on the type of
material being tested, due to differences in coverage area and compartment dimensions.
The critical value of flame spread in the NFPA 286 test is 12 ft (3.66 m) along the side wall or the
ceiling, or 8 ft (2.44 m) along the back wall.
The critical value of flame spread in the UL 1715 test is 8 ft (2.44 m) along any wall or the ceiling.

The predominant factor which influences 𝑄̇ 𝐹𝑂 in a compartment of this size is the ventilation factor,
𝑉𝑓 = 𝐴 𝐻𝑤 1/2 . In a general sense, 𝑄̇ 𝐹𝑂 has been found to correlate reasonably well to 𝑉𝑓 by a factor of
𝑤
600 [23]:
𝑄̇ 𝐹𝑂,1 = 600𝑉𝑓

(Eq. 2)

A more detailed formulation that incorporates heat losses to the compartment boundaries was developed
by McCaffrey et al. [24]:
1/2
𝑄̇𝐹𝑂,2 = 740(ℎ𝑘 𝐴 𝑇 𝑉𝑓 )

(Eq. 3)

where ℎ𝑘 is a lumped heat transfer coefficient that accounts for losses at compartment boundaries (each
of which is considered either thermally thick or thin depending on the degree of thermal penetration in the
characteristic time, 15 min in this case), 𝐴𝑇 is the total internal surface are of the compartment, and 740 is
a coefficient that depends on the temperature of the upper layer fire gases at flashover (assumed to be
600°C) and ambient (assumed to be 25°C).
Consider a scenario where the compartments are lined with gypsum wallboard and a 0.5 in. thick Douglas
fir sample (in the standard locations for each test — wall and ceiling). The floor is assumed to be
thermally thick (concrete). The heat release rate required for flashover in this scenario, using the method
of McCaffrey et al. [24], is approximately 1.1 MW for both the NFPA 286 and UL 1715 configurations.
Next, consider how much of the sample must be burning to achieve this heat release rate (in combination
with the heat released from the burner). The heat released per unit area of burning sample depends on
many factors, including the heat exposure to the sample and the transient decomposition. For example,
the area-normalized heat release rate of Douglas fir exposed to a constant heat flux of 25 kW/m2 was
measured by Parker [25] to range from around 60 kW/m2 to 170 kW/m2 as it decomposed over time, as
shown in Figure 13.
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Figure 13 – Heat release rate per unit area of Douglas Fir measured via cone calorimeter [25].

Furthermore, it is assumed that the heat release rate of the burner or crib is 160 kW in both tests (nearing
the end of the test in the case of UL 1715). Then, the total area of burning wood required for flashover,
𝐴𝐹𝑂 , may be calculated. A simplified representation of the burning wood area is adopted in the present
analysis. Consider that the pattern of burning wood forms a triangle in the corner of ignition, from the floor
to the ceiling, with a quarter-circle on the ceiling. This shape is defined solely by the radius of the circle,
𝑅, provided that the height of the compartment is a constant (it is the same in both tests). The assumed
burning pattern is shown in Figure 14.

Figure 14 – Estimated burn pattern used to calculate radius of burning region, R
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The radius of this burning region that corresponds to flashover (when 𝑄̇ = 𝑄̇𝐹𝑂,2 ) is 𝑅𝐹𝑂 . This value has
been calculated for a range of possible heat release rates per unit area of the specimen, as shown in
Figure 15. The red line in the figure shows the radius of the burning region for 𝑄̇ = 𝑄̇𝐹𝑂,2 ; the blue line is
discussed below. The critical value of flame spread (𝑅 = 8 ft (2.44 m), to the sample extremities) is also
shown in the figure.
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Figure 15 – Predictions of the size of the burned region at flashover (1.1 MW, per McCaffrey method) and at the
prescribed NFPA 286 failure criterion (0.8 MW) for a compartment lined in 0.5 in. Douglas fir burning at various rates
of heat release per unit area.

For this scenario, the results indicate that the sample must burn at an average rate of approximately 90
kW/m2 to cause the flames to spread to the extremities of the sample (𝑅 = 2.44 m) along the back wall
and toward the front of the room when the heat release rate flashover condition (𝑄̇ = 𝑄̇𝐹𝑂,2 ) is met. If the
specimen burns at an average heat release rate greater than this value, then the heat release rate failure
criterion (corresponding to flashover) will be met before the flame spread criterion. On the other hand, if
the average heat release rate of the sample is less than this value, then the flame spread criterion will be
met first. However, since heat release rate is measured only in the NFPA 286 test, then the former case
(high heat release rate) presents a condition where failure would occur in the NFPA test, but not the UL
1715 test (of course neglecting any complex interactions between the ignition source and the sample).
In summary, for samples that burn with a high rate of heat release per unit area, the area required to
cause to flashover will be low, and it is more likely that the heat release rate failure criterion (NFPA 286) is
realized before the additional material in the test becomes involved, and before flames have spread to the
8 ft (2.44 m) mark on the walls or ceiling. Conversely, for samples that burn with a low rate of heat release
per unit area, the area required to cause flashover will be high, and the flame spread failure criterion of
UL 1715 and NFPA 286 will be met before sufficient material becomes involved to lead to a flashover.
Furthermore, it must be considered that in either case, the rate of flame spread must be sufficient to lead
to one of these criteria with the 15 min duration of the test.
4.3.

Material-specific Considerations

Differences in the ignition source intensity, growth rates, position, and character may impact the
involvement of unique materials differently. For example, materials that may melt and drip, delaminate,
slough, intumesce, or char with distinct characteristics may contribute to fire growth differently or interact
with the ignition sources. Generalization of interaction of ignition sources and all potential materials is
outside of the scope of this effort.
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Characterization and Evaluation of the Test Results

4.4.

The total HRR of the ignition source and interior lining is measured in NFPA 286 and must not exceed
800 kW. In contrast, UL 1715 does not require measurement of heat release rate. The only comparable
measurement that can be made in this context, then, is the UL 1715 and the NFPA 286 criterion that
flames must not spread to the extremities of the specimen. As was detailed in Section 4.2, the heat
release rate required for flashover in both tests was approximately 1.1 MW (depending on how the
compartment is lined); however, NFPA 286 defines flashover at 1.0 MW, and the references codes and
standard require less than 0.8 MW as failure criterion. Assuming that the occurrence of flashover
corresponds not only to 𝑄̇𝐹𝑂 , but also to a consistent visual observation, it is clear that the NFPA 286
criterion is more strict. However, as discussed in the preceding analysis, material coverage and flame
spread must be considered in comparing the efficacy of the failure criteria between the two test methods.
Considering the requirement that 𝑄̇𝑚𝑎𝑥 < 800 kW, a reduced burning area will result in failure due to flame
spread to the extremities at a lower rate of heat release per unit area (of the sample) than that calculated
in Section 4.2 for 𝑄̇ = 𝑄̇𝐹𝑂 . Referring to the blue line in Figure 15, the sample must burn at an average
rate of approximately 60 kW/m2 to cause the flames to spread to the extremities of the sample (𝑅 = 2.44
m) along the back wall and toward the front of the room when this lower heat release rate condition (𝑄̇ =
𝑄̇𝑚𝑎𝑥 ) is met. For samples that burn with a heat release rate per unit area greater than 60 kW/m2, the 800
kW threshold will be exceeded before flames spread to the 8 ft (2.44 m) extremity, resulting in failure per
NFPA 286 but not UL 1715. Considering Figure 13, which shows that the heat release rate per unit area
of Douglas fir exposed to 25 kW/m2 heat flux was greater than 60 kW/m2 for the entire 15 min burning
duration, it is concluded that the sample will fail per the NFPA 286 criterion before the UL 1715 and NFPA
286 flame spread criterion according to this model.
Aside from heat release rate, NFPA 286 prescribes limitations on several other measured parameters that
are commonly associated with flashover. These criteria are based on compartment flashover research
originating from the late 1960’s:





heat flux measured at the floor must be less than 20 kW/m2 [26];
neither of two paper targets on the floor should ignite [27];
the average upper layer gas temperature shall not be greater than 600°C (1112°F) [28] [29]; and
the occurrence of flames emerging from the door [29].

While all of these criteria are consistent with the flashover phenomenon, it is impossible to state which is
most appropriate to use in the evaluation of the pass/fail of a sample in the NFPA 286 test. However, as
is the case with heat release rate, these measurements cannot be directly compared with the flame
spread criterion of UL 1715 in a global sense. It is, however, possible to make a general comparison of
the temperature criterion relative to the heat flux. Figure 16 shows the upper layer gas temperature
predictions of a CFAST zone model (NFPA 286 compartment lined in 5/8 in. fire-rated gypsum wallboard)
with two different fire sources: 1.1 MW (representing 𝑄̇𝐹𝑂,2 ) and 0.8 MW (representing the failure criterion
for NFPA 286). In both cases, the fire was positioned in the center of the compartment with the base on
the floor and the area adjusted to cause the flame height (calculated according to the method of
Heskestad [30]) to be equal to the compartment height. It is clear that the 600°C (1112°F) gas
temperature is consistent with the predicted flashover heat release rate of 1.1 MW, whereas the gas
temperature was predicted to be less than 500°C (932°F) in the case of the 800 kW fire, providing further
evidence of the conservative nature of this criterion.
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Figure 16: Upper layer temperature for constant heat release rate fires (zone model prediction, NFPA 286
compartment).

Another failure criterion that is identical in the two standards is the requirement that flames do not exit the
doorway. This is self-explanatory, as a clear visual indication of flashover or flashover-like conditions. In
both tests the criterion is evaluated visually, and no difference should be expected.
An additional requirement of NFPA 286 is that flames do not reach the ceiling of the compartment during
the first 5 minutes of the test (i.e., the 40 kW regime). This criterion will eliminate materials with an initially
high propensity for flame attachment and rate of flame spread (e.g. thin materials or rigid foamed plastic)
that may potentially otherwise pass the test based on heat release or other criteria (e.g. fire-retardant
additives that activate at elevated temperature once the sample sufficiently decomposes, slowing overall
flame spread and heat release rate, but are too slow to activate in the initial flame application).
UL 1715 has an additional requirement that the char pattern must visibly diminish with increasing distance
from the fire source. This indicates that the combustible materials was not fully consumed during testing
and that uniform involvement did not occur. This determination is a subjective assessment of the test
reviewer. An issue with this criteria was noted when thermoplastic materials are tested in the UL 1715. In
many of these cases, the material melts from the upper portion of the walls and also falls from the ceiling.
Typically, this behavior is not judged to be “char” but no clear definition is provided for the UL 1715.
Finally, there is an ICC-ES criterion for smoke developed in the UL 1715 test, where a qualitative
assessment is made based on visual observation as to whether the smoke level is “obviously high” [13].
In contrast, in NFPA 286 the requirement is that the total smoke developed does not exceed 1000 m 2
(based on optical obscuration measurements). Certainly this provides a quantifiable metric of the smoke
performance independent of operator bias (which also presumably carries a greater degree of uncertainty
than that of the experimental measurement). All the same, there is no research to date that has studied
the differences in these specific measurements in-depth. Therefore, it is not possible to evaluate the
relative “difficulty” of this criterion in a quantifiable manner.
In summary, it is found that a comparison of the relative difficulty in passing the tests depends on the
flammability properties of the sample. Ultimately, it is understood that many materials intended to be used
in the built environment are designed with resistance to flame spread in mind (e.g. ASTM E84 flame
spread requirements are common for many types of materials and/or uses), despite being inherently
combustible and prone to releasing heat in a given fire scenario. When these materials burn with
sufficient heat release per unit area and when a sufficient amount of the material is involved (often much
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less than the difference in coverage between NFPA 286 and UL 1715), it is expected that failure due to
flashover (NFPA 286) will occur, prior to failure due to flame spread (UL 1715 and NFPA 286). Therefore,
it is reasoned that the NFPA 286 test is a more conservative test with respect to these failure criteria.
Certainly the requirement for no flames being present on the ceiling during the first 5 min is a difficulty
that is not present in the UL 1715 test. Finally, although a comparison of the total smoke release criterion
is challenging, a quantified measurement (NFPA 286) is preferable to a subjective observation (UL 1715).
Case Study: Foam Insulation Board

4.5.

The previous sections have compared the ignition sources, response of the samples, and failure criteria
of the NFPA 286 and UL 1715 fire tests. In this section results of both tests are compared for an identical
product in the context of the previous discussion. Furthermore, for the UL 1715 test, the provisions of
Appendix B: Guide for Supplemental Instrumentation was applied. This includes measurements of heat
release, temperatures, heat flux, and smoke, as well as placement of paper targets on the floor. Although
these measurements are not pertinent to the evaluation of the test material, they are valuable for
assessing differences in burning behavior of the sample between the two tests.
The product of interest is a foam insulation board consisting of a 4.25 inch (10.8 cm) thick 2.2 pcf
polyisocyanurate rigid foam board with foil facing on both sides. For both tests the room was constructed
using 2x4 dimensional lumber spaced 24 inches (61 cm) on center and lined with a single layer of 0.5
inch (1.3 cm) gypsum wallboard. The samples were then installed over a 0.25 in. thick cement board
substrate in the standard locations:



For the UL 1715 test, the sample and cement board substrate were mounted to the back wall, an
8 ft by 8 ft section of the side wall, and an 8 ft by 8 ft section of the ceiling.
For the NFPA 286 test, the sample and cement board substrate were mounted to the back wall,
both side walls, and the ceiling.

Both tests concluded in a “fail” result. In the NFPA 286 test, heat flux and upper layer temperature failure
criteria were both met, and the paper targets were found to have ignited. In the UL 1715 test, burning to
the outer extremities occurred, both on the ceiling and wall.
Heat release rate and total heat release in the two tests are shown in Figure 17 and Figure 18,
respectively. In the first 5 minutes, heat release rate in the NFPA 286 test did not increase much beyond
the burner value of 40 kW, the decomposing foam contributing only a small amount to the overall heat
release rate. However, heat release in the UL 1715 test actually reached its peak value of 470 kW after
only 3.1 min. In contrast, for the case of the wood crib burning in isolation, heat release rates of 15 kW
and 75 kW were expected after 2.5 and 5.0 min, respectively. This would indicate that a significant portion
of the foam sample was burning at this time, which is consistent with observations. Flame spread to the
edge of the sample on the ceiling occurred after only 3.5 min.
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286 and UL 1715 tests for foam insulation board.
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Figure 18: Total heat release measured in the NFPA
286 and UL 1715 tests for foam insulation board

Interestingly, the foil facing was observed to begin bubbling after 40 seconds in both tests. However, in
the UL 1715 test the bubbles began to melt igniting the underlying foam only 30 s later; this did not occur
in the NFPA 286 test. Once the underlying foam became involved, the fire rapidly grew, which explains
the deviation between the results in the first 5 min. Two explanations are proposed: first, that the heat
exposure caused by the crib fire was greater than that of the gas burner, sufficiently so to melt the foil
facing early in the test; and second, that the heat release rate of the crib was greater than baseline tests
with gypsum wallboard alone, perhaps attributed to a feedback loop between the burning sample and the
burning crib. In the first case, both proximity of the crib to the wall and radiative flame intensity would play
a role. The second case highlights an important fact of the wood crib ignition source: that it’s burning
behavior and heat release rate are not consistent test-to-test, and in fact may be influenced by
involvement with the sample.
In neither case was the HRR flashover condition met in this initial 5 minutes, yet failure in the UL 1715
test occurred after 3.5 min. This speaks to the nature of the material, which may be qualitatively assessed
as having the propensity for a high rate of flame spread yet a relatively low propensity for heat release.
Even though the flame spread criterion was met in the UL 1715 test after only 3.5 min, it should be
clarified that the flame front regressed shortly after this (coinciding with the reduction in heat release rate
apparent in Figure 17).
Upon increasing the burner heat release rate to 160 kW after 5 min (in the NFPA 286 test), the total heat
release rate reached 565 kW after only 1 minute. This rapid increase in heat release rate was
accompanied by ignition of both paper targets at 5:45 and flames along the entire back and side walls at
the ceiling. In comparison, paper targets never ignited in the UL 1715 test. Despite this spike in HRR, the
NFPA 286 failure criterion of 800 kW was not reached. The same was not true for temperature and heat
flux, which both reached their respective failure criteria at 5:45.
Gas temperatures and heat flux from both tests are shown in Figure 19 and Figure 20, respectively. In the
UL 1715 test, temperatures peaked at 600°C (1112°F) and heat flux at 13 kW/m2 after 3 minutes. In the
NFPA 286 test, temperatures peaked at 705°C (1301°F) and heat flux at 22 kW/m2 after 5:45. These
results are in agreement with visual observation of a dense hot layer radiating to the floor (also apparent
from the measured total smoke release, shown in Figure 22). Again, the NFPA 286 temperatures and
heat flux surpassed those of UL 1715 as the gas burner transitioned to the 160 kW regime.
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Figure 19: Average upper layer gas temperature
measured in the NFPA 286 and UL 1715 tests for foam
insulation board.
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Figure 20: Incident heat flux to the geometric center of
the floor measured in the NFPA 286 and UL 1715 tests
for foam insulation board

Figure 21 shows the rate of smoke release measured in both tests, and Figure 22 shows the cumulative
(total) smoke released. Smoke production was consistent with heat release, temperature, and heat flux.
Initially smoke release rate in the UL 1715 test was greater as the fire reached its peak size at 3.0 min.
Smoke continued to be released as the fire size became smaller, reaching a total value of 760 m 2. In the
NFPA 286 test, the smoke release rate peaked at 5:45 as with the other measured results, and ultimately
the total smoke released was 1760 m2 (recalling that the failure criterion per IBC 803.2 is 1000 m2). A
visual observation of “smoke failure” was not made in the UL 1715 test; however, test observations note
“dark grey smoke” beginning at 2:45 and ending at approximately 4:00. On the other hand, in the NFPA
286 test, “thick black smoke” was observed to have occurred starting at 5:45 and ending at 9:15.

Figure 21: Rate of smoke release measured in the
NFPA 286 and UL 1715 tests for foam insulation board.

Figure 22: Total smoke release measured in the NFPA
286 and UL 1715 tests for foam insulation board

These results demonstrate that the interaction between the wood crib ignition source and the sample is
much different when there is a combustible sample present compared to the “baseline” scenario of a
noncombustible gypsum wallboard sample. While the burner heat release rate in the NFPA 286 test is
consistent and measurable, the heat release rate of the crib cannot be decoupled from the total heat
release in the UL 1715 test. Therefore, a general assessment of the severity of the ignition source cannot
be made without context. Regardless, the tests can be compared from the perspective of their pass/fail
criteria, where these results demonstrate that the NFPA test was in fact more difficult to pass. Although
the UL 1715 test did result in an earlier failure, the flame spread criterion was just barely reached,
whereas four of the NFPA 286 criteria were met (temperature, heat flux, paper targets, and smoke).

JENSEN HUGHES

Room Corner Fire Test Comparison

5.

PAGE 25

CONCLUSION

This report is exclusively focused on comparison of the NFPA 286 and UL 1715 room corner fire tests.
These tests have been widely accepted as interchangeable for demonstrating the performance of interior
finish materials, thermal barriers, and for the removal of ignition barriers in attics and crawlspaces. There
are fundamental differences between the room corner test methods and performance criteria. These
differences may impact real-world fire protection performance of materials tested to the different
standards.
Based on the discussions above, the following is a summary of our findings:
1. While the compartment size is the same in both tests, the door geometry differs. As a result of
this difference, a somewhat more severe thermal environment is expected in the NFPA 286 test
than the UL 1715 test, which may consequently accelerate flame spread and lead to flashover
conditions sooner. This difference may change when material coverage is accounted for. For a
room lined in 5/8 in. fire-rated gypsum wallboard and for a specimen of 1/2 in. Douglas fir, the
theoretical heat release rate required for flashover is approximately the same for the two tests
(about 1.1 MW). However, NFPA 286 (the referencing codes) stipulate a maximum heat release
rate criterion of 800 kW. Since heat release rates are not measured in the UL 1715 test, flashover
would be identified as the point at which flames begin to extend out the door. Assuming that this
coincides with the theoretical value of 1.1 MW, the 800 kW criterion of the NFPA 286 test is the
stricter requirement.
2. The ignition sources used in the two tests have been characterized in some regards, but there
remains a lack of knowledge of the detailed interactions between the burning crib and the
specimen in the UL 1715 test. Analysis of heat release rates found that the total heat delivered by
the burner is 15-30% greater than that of the wood crib over the 15 minute test duration, when no
combustible sample is involved. Consequently, the contribution of thermal energy to the room
from the ignition source (specifically, heat to the upper gas layer) is potentially greater in the
NFPA 286 fire test, which may consequently accelerate flame spread and lead to flashover
conditions sooner than the UL 1715 wood crib.
3. The wood crib ignition source inherently has variability regarding its burning behavior and heat
release rate. These are not constant from test-test and personal experience has shown that “hot”
or “cold” cribs can occur. Additionally, the fire growth of the wood crib may be influenced by its
involvement with the sample.
4. NFPA 286 requires complete coverage of the back and side walls and ceiling, when testing
materials that can be used for both applications. There are also provisions for testing only walls or
ceilings, depending on the intended application of the material. UL 1715 requires coverage of
only of an 8 x 8 ft (2.44 x 2.44 m) area of the ceiling and the same area on the back wall and one
side wall adjacent to the fire source corner. The additional material present in the NFPA 286 test
is not expected to become involved directly in the fire prior to the occurrence of one of the failure
criteria in most cases; however, this additional material will better insulate the compartment, and
consequently may result in increased gas temperatures leading to flashover conditions (or flame
spread to the extents of the sample) occurring sooner than in the UL 1715 test.
5. Spray applied foam plastic foam on the walls near the ignition sources should make direct contact
with the NFPA 286 burner and remain 1 inch (2.5 cm) from the wood crib. Spray applied materials
that may be applied in a concave manner between studs (as may be typical for real installations)
will increase the distances from the ignition sources, reducing heat flux exposures and reducing
the intended severity of the test exposure. Installation and mounting of the materials are critical
for proper analysis of all room corner tests.
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6. When testing for the elimination of the ignition barrier, the application of foam plastic between the
studs and roof joists should be in accordance with the mounting requirements of AC 377,
Appendix X.
7. When the UL 1715 or the NFPA 286 is being used to justify the elimination a thermal barrier over
foam plastic and if wood studs and/or roof joists are incorporated into the test assembly, then
specific attention must be paid to the concavity of the foam plastic in the cavities. In this case, the
foam plastic must be flush with the interior face of the studs and/or joists so as to assure the test
material receives the appropriate fire exposure for the entire test time.
8. When a fire source is placed in direct contact with the walls as in the NFPA 286 test, the heat flux
to the walls is the most severe and uniform over the vertical height. In the UL1715 test, the wood
crib is spaced 1 inch from the adjacent walls, which may result in a reduced severity of exposure.
Additional study of this topic is needed.
9. NFPA 286 requires significantly more instrumentation to quantify and characterize the
contributions of the tested materials compared to UL 1715. The inclusion of additional
instrumentation in NFPA 286 allows for a quantifiable metrics to be used for test evaluation. The
evaluation of the UL 1715 test data is more subjective and subject to interpretation, particularly
regarding the evaluation of smoke production. Although, nine thermocouples are required for UL
1715 tests, there are no requirements regarding the use of their measurements to verify the wood
crib fire source, or evaluate the contribution of the interior finish.
10. There is no smoke concentration measurement nor limiting requirements in UL 1715. In the UL
1715 test, smoke generation is measured based on observations from video tape and/or
photographs. When UL 1715 tests are reviewed to determine if there are “High Levels” of smoke,
the review is based on the reviewer’s judgment. This then leaves the determination open to
significant subjectivity. Thus the smoke concentration cannot be effectively compared from one
test to another based on the lack of quantitative data and the subjective nature of the UL 1715
assessment. It is clear that quantified smoke measurements as in NFPA 286 and its criterion in
the referencing codes and standards are preferable for any standard fire performance test.
11. In comparing the pass/fail requirements of the two tests (specifically those stipulated in the
referencing codes and standards that are relevant in the context of this report), it is concluded
that the NFPA 286 test is more strict with respect to thermal and flame spread criteria than UL
1715. Ultimately the flammability properties of the sample dictate which of the criteria is most
pertinent, since NFPA 286 evaluates from the perspective of traditional flashover parameters, and
UL 1715 from the perspective of flame spread toward the door. Otherwise, the requirement of no
flame being present on ceiling during the first 5 min of a NFPA 286 test is a difficulty that is not
present in the UL 1715 test as well as the measurement of smoke.
In summary, the NFPA 286 provides a significantly better fire test than the UL 1715 for the determination
of flame and fire growth of materials within a compartment. The ignition source, compartment geometry,
and sample configuration of the NFPA 286 test facilitate a more severe thermal environment than that of
the UL 1715 test. Furthermore, the NFPA 286 test provides significantly better quantitative measurements
for heat release, flashover and smoke generation. These measurements provide the quantitative basis for
the pass/fail criteria required in the codes and standards. The UL 1715 provides information based solely
on observations made during the test and/or from photographic data. These observations can be highly
subjective and may not be consistent from test to test.
It is recommended that the NFPA 286 fire test be used to determine the flame and fire growth of materials
within a compartment. This test method provides a more data-based approach to determining fire
performance and thus, results in a more robust test on which to regulate combustible materials in the
codes and standards.
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