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Jeffrey Harper holds a degree in Fire Protection Engineering
from the University of Maryland. He has been a licensed
professional engineer for 25 years, and has worked with
Jensen Hughes, Inc. for 27 years as a Vice President and Senior
Consultant in Chicago. Prior to his time at Jensen Hughes,
Harper worked as a firefighter and paramedic for 10 years. He
has been involved with many projects, developing fire and life
safety programs, evaluating code compliance, and creating
equivalent approaches. Harper also assisted in developing the
SFPE Guide to Fire Protection in Very Tall Buildings.
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Abstract | {HE

Several recent noteworthy fires in high-rise buildings have drawn international media attention
and highlighted a perceived weakness in tall building design. These fires appear to have involved
building facades as the principal combustible material contributing to the observed rapid fire
growth and development. Because of the orientation and arrangements of building fagades,
once started, fires involving these assemblies can grow at a significant rate. The typical fire
suppression systems in such structures is not designed to mitigate these types of fires. Building
designers need to understand the importance of facade material selections and how those
selections may contribute to higher risks of fires. This paper will provide information on recent
building fires involving the exterior facades, the history of passive requirements outlined in the
major building codes that address fagade materials, the often confusing world of fire tests, and

more.
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Introduction

To densify our cities and ultimately achieve
tomorrow’s megacities, architects and
engineers must be able to design and specify
exterior walls that provide superior climate
control performance. At the same time, those
very same building skins must also perform
acceptably when subjected to a diverse array
of fire insults. Several recent noteworthy fires
have brought the fire hazards of building
exterior walls to the forefront, exhibiting

an unacceptable level of fire performance
when subjected to a competent ignition
source. While the frequency of fires involving
fagades may be relatively low, the potential for
catastrophic results, which often include the
displacement of large numbers of people, can
be significant (White and Delichatsios, 2014).

In review of the papers published by CTBUH
in the Global Interchange Conference
Proceedings (2015 New York) on the subject
of facades, those papers identified many
different and very important performance
criteria to which building facades are to be
designed — except none of those papers
addressed fire performance criteria. Building
codes throughout the world regulate the
fire performance of building materials

and assemblies by imposing minimum
performance criteria when subjected to
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Figure 1. The Address Hotel Fire, Dubai, UAE (Source: copyright)

B #bEERENR CRIR: copyright)

specified fire tests. In areas of the world where
there may not be a building code, it is left to
the knowledge and experience of the design
professionals to establish and enforce fire
performance parameters.

These recent fires demonstrate that exterior
cladding materials selection is important

to maintain the objective of minimizing fire
spread from one building to another, as our
various cultures and societies move towards
creating megacities (Figures 1 & 2).

Review of a variety of exterior cladding
manufacturers’ product literature shows that it
can be easily misinterpreted. Caveat emptor!

Engineers and architects not educated

and experienced in fire phenomenon
complexities and limitations associated with
the wide variety of fire tests used in the

built environment are at risk of approving a
material for an inappropriate use on orin a
building. While this brief paper cannot provide
comprehensive instruction on fire testing,

it will provide the reader information to
facilitate a better understanding of the issues
associated with fire tests and the problem
involving facades.

Basics of Fire Spread

Fire is a complex, thermochemical chain
reaction process, and we are early in
developing our own understanding of its
behavior and how best to control it. Many
factors influence the growth and spread

of fire. Those that are germane to the issue
of fagade fires primarily include weather
conditions, as well as the arrangement and
orientation of combustibles.

In your mind, envision a single sheet of
paper oriented horizontally. How would it
burn? The part ignited would show a flame
of an inch or more, and would slowly spread
across the sheet of paper. The flame height
remains relatively constant as it spreads
across the paper. Ignition in the corner of the
paper would yield flame spread only slightly
different when compared to being ignited in
the center or the paper. The horizontal flame
spread occurs because the flame is preheating
the unburned part of the paper to the point
that combustible vapors are present, which
ignite from interaction with the flame.

Now, contrast that to what happens when
the paper is turned vertically and is ignited
near the bottom or at some point before the
top. Briefly, at the time of ignition, the flame
height may be similar to what was observed
when the positioning of the ignited paper
was horizontal; however, rather quickly, the
flame height grows and rapidly spreads up
the surface of the vertical paper, ultimately
consuming it with fire. The flame spread
mechanisms are similar: pre-heating a
combustible by the flame. The difference in
the rate of flame spread relates directly to
the amount of the paper that is preheated
to the point of issuing combustible vapors
due to its vertical orientation. Also, in this
case, the location of ignition will have a rather
significant impact upon the flame spread.
Igniting the paper near the top will have a
completely different outcome than if ignited
near the bottom.

This example colorfully describes how the
vertical orientation of facades contributes
greatly to the spread of fire on the outside of a
building. By their very nature, tall buildings are
prone to vertical exterior fire spread,
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Figure 2. The Address Hotel fire damage (Source:
copyright)
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especially if the building is clad in a material
that will contribute to the fire load on the
building exterior.

As our knowledge and understanding of

fire behaviors, especially the spread of fire,
continues to develop, we come to understand
that some of the fire tests used for decades by
building codes to characterize fire properties
associated with various materials used in
specific arrangements are not the appropriate
fire tests to be used to understand the

fire hazards associated with facades. The
exterior skin is the critical barrier that permits
engineers and architects to create an interior
climate that is comfortable for the building
occupants, and it is also a critical element that
controls the spread of fire, both within and

on the outside of a building, and from one
building to another.

Code History

Throughout history, people have been
witness to large portions of their cities being
consumed by major conflagrations (Baltimore,
Boston, Cairo, Chicago, London, Moscow,

and Rome to name a few), many of which
have resulted in significant life and property
loss (Boring et al,, 1981). These fires drove

the development of building regulations

that identified construction types and
established height and area size guidelines
for both combustible and noncombustible
construction types. Other regulations were
developed to control the density of and
location of different buildings within an urban
area. Buildings in urban areas were required
to be constructed of noncombustible

Figure 3. Vertical tube furnace apparatus (Source:
copyright)
E3 EEBIEE KR copyright)

materials. Early building codes incorporated
requirements for exterior walls and roofs on
urban buildings to be of noncombustible
materials, so that they would be able to
withstand exposure fires, thus minimizing the
spread of fire from one building to another.

Today, our tall buildings are required

by building codes worldwide to be of
noncombustible construction. Such a
requirement exists because we recognize that:

- The materials used to construct the
building should not contribute to the fire
load in a building fire scenario;

+ The occupants of that building must rely
upon the building to stand tall during a
fire to effect egress;

- Firefighters need to be protected to be
able to fight a fire from within
the building.

Material or assembly noncombustibility can
be determined using ASTM E-136, BS 476 Part
2,0r1SO 1182 fire tests. These tests evaluate
material performance under laboratory
conditions when the material is exposed to

a test apparatus furnace temperature of 750
degrees celcius or more. The test apparatus
is often referred to as a vertical tube furnace
(Figure 3).Test samples are placed into a pre-
heated furnace environment and evaluated
for mass loss, sample material temperature
rise, and flame extent.

The vertical furnace test to determine material
combustibility is, by its very nature and

intent, a severe fire insult. Because of the use
of plastics and other combustible materials,
exterior cladding products cannot pass such

a test, and therefore cannot be considered
noncombustible.

However, the increasing importance of energy
efficiency in tall buildings has rendered the
days of masonry exterior walls obsolete.
Building envelope technologies evolved with
the inclusion of plastic materials and resulted
in significant performance improvements

in climate control and weather protection.
These improvements in building cladding
technology have also had a deleterious effect
on the fire performance properties of the
cladding materials.

Many of the exterior cladding products
commonly designed and specified for use on
the exterior facades of tall buildings today are
relatively light weight, and they have superior
weather resistance and energy efficiency
performance. The myriad finishes and custom
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Figure 4. Design flexibility with MCM panels (Source: copyright)
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forms make them extremely appealing to the
building designer and owner (Figure 4).

Driven by the need to improve energy
efficiency, modifications of building

code requirements permitting the use

of combustible materials in traditionally
noncombustible construction began to occur
in the 1980s. The list of “exceptions” built into
modern building codes to permit the use of
combustible exterior cladding materials is
bewildering.

Here is a summary of some of the currently
permitted exceptions for the use of
combustible materials in the exterior wall of a
“noncombustible” building:

- Plastic insulation (not including foam
plastics) having a flame spread rating of
25 orless;

- Plastic insulation having a flame spread
rating of 100 or less and sandwiched
between layers of noncombustible
materials without an airspace;

- Combustible exterior wall cladding
materials are permitted on
noncombustible buildings subject to area
of coverage and height of installation
limitations (which usually are limited to
the reach of the local fire department),
with additional limitations on ignitability
(the amount of energy required to result
in material ignition) for very short fire
separation distances (such as distances to
the next adjacent structure);

- Foam plastics used as thermal insulation
when having a limited potential heat
density (heat energy per unit area)
and separated from interior spaces by
thermal barriers;

« Plastic veneers are permitted up to
specified heights above grade, in limited
areas of application, with separation
requirements between panels of veneers.

These stop-gap building code exceptions
have been introduced into the codes
principally by manufacturers who have a keen
economic interest in the widespread use of a
specific product. This summary of exceptions
does not include the number and extent of
details to be followed in constructing these
various assemblies. The extent of details and
requirements to be achieved for some of
these exceptions leaves much room for error
during design, construction, and oversight of
the installation.

Consequently, fire tests used to evaluate the
fire performance of exterior cladding have
evolved as well.

Fire Testing 101

Fire tests are designed to evaluate specific
fire performance attributes of a material or an
assembly of materials. A materials’ reaction to
fire will be different if it is tested individually
than if it is tested as part of an assembly of
components. The tested assembly will also
behave differently in a building fire than it
did in the laboratory test fire. Laboratory fire
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Figure 5. Steiner tunnel fire test apparatus (Source: copyright)
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tests are conducted within carefully controlled
conditions. This permits results of the test

to be repeatable, and thus comparisons of
material performance can be made across a
variety of materials.

Fire test results are not precise indicators

of how a material will perform in actual fire
conditions encountered in real buildings
because the tested material or assembly will
interact with other building components
and furnishings, which ultimately impacts
the fire chemistry and physics. However,
when materials and assemblies are tested

in the manner in which they are expected
to be used within a building, the results of
those tests can provide insight into how that
material may (or may not) contribute to the
growth and spread of fire within a building
that may involve that material.

Understanding the fire test apparatus, test
sample attributes and test procedures used to
determine a materials'fire performance rating
is critical to understanding if the performance
rating given will provide any predictive
insight. The two primary tests used in building
codes to establish fire performance criteria

for exterior walls containing combustible
materials are tests to determine flame

spread rating and full scale exterior wall
assembly fire tests.

Flame Spread Tests

Common tests used to determine flame
spread are ASTM E-84, used by the
International Building Code (IBC), and BS

476 Part 7, used predominantly in British

and European codes. The ASTM E-84 test
apparatus (Steiner Tunnel) used to determine
flame spread ratings is depicted in Figure 5
(Figure 5).

The objective of the flame spread tests is to
determine how quickly a flame moves across
a test specimen. In the ASTM E-84 apparatus,
the test specimen is oriented in an upside
down, horizontal manner, and the fire source
is then introduced to one end of the test
specimen in a wind aided test chamber. The
fire test operator starts the ignition source
and then tracks the time at which the

flame front on the test specimen reaches
predetermined distances.

This ultimately results in a flame spread rate
determination. The ratings are calculated and
indexed compared to that of red oak flooring
(flame spread index of 100 on a scale of 0 to
200). Flame spread indexes lower than 100 are
indicative of materials exhibiting flame fronts
that do not move as quickly as the flame front
on red oak flooring.

Many plastic materials (whether or not
impregnated with fire retardant chemicals)
melt when subjected to the fire source, and
molten plastic drips to the bottom of the test
chamber. As the plastic material melts, the
edge nearest the fire source retracts from the
fire until it no longer melts. Flaming is likely to
occur in the melted pools of liquid plastic on
the bottom of the test chamber. There is often
very little flame front movement down the
plastic test specimen. Consequently, plastics
are able to achieve relatively low flame spread
indexes, which are usually considered a
favorable fire performance rating.

However, plastics used on exterior walls

are typically not installed in a horizontal
orientation; therefore, using a flame spread
rating of 25 determined by the ASTM E-84
apparatus is not an adequate fire performance
parameter for a plastic material or assembly to
be used in an exterior wall configuration.

AMUEIEE RGN USSR
BEMHNHENEEN I ZEBRIEEA
B, MXEAFFANEEEEMNERL
S, Mgt EIAETWIER N TR
REVPEEE=E.

Eit, AEHSINT EBEM AN

M A 101

M ARG A T IR — M el 2 A
REESRIA KB, —FE R RN AT
MR, SEBEXIMMRIBVEFRAENHA
MREBAAE. FONHABFERRANK
MR AR TR ARG, X305
IR UETEEHIT, MIMAEDS
Xt B BRI RER .

NIRAIFF A RETT TN — MM EHE RS
BRANRPRE[MEL, FEFANK
B, NI RSB = SR T
NERFR R EREIER, FHMEZIARE
TFENIR. (B2, UMEEERE
BARIRANRIE A TR B T,
FIDUETA VRZZEAR S B T2 3 Y
SAMIRMGN RIE KA E AL

FEM RIS AARPRINIDARE . MR E
MEURNEIAZ, W TRZIRRRM A ARPR
REXEEZM,. ATHEEAMMIHIZE
FATHITESME AT RLBMT A M BERT
By, —MEWENESERER, —MEH
AR RSRS,

NIABFENH

NGB E R EIEE RN AT KA
FIASTM E-84A N EFIRNIEEE
KAHIBS 476 FE7E35. ASTM E-84rh
BTFHENEGETREHANNHEES (HTK
wEE) LES (B5) .

NG & F BT MGG E T
MEREFE, EASTM E-84RES, fF

DHREIENNFRE, £ DX
WAASINNR, LT —im, At
ERBES SRR, FCRINGEEIR R
PIRERA—TEIEBRNIE. SELREBH
ENEEILEE. SERBIITE,
SRR BT BIAE (N
YA EIEFSEU O0FMRAY0 — 200) » NIEE
FEFSEVRT 100, REAMRLANERDA ST

BB LIGAHAR R,

FEBE FAINEHR CRINsAR IR
M) EERRANERME, ERERLEERE
IUREERD. FEEBAIIRL, RFITA
NBRAREERYE, ERIEN BRI,
PRk P] BE A I AN AR RSB REZE R

998 Facade Performance | 17 &4 E



“Full Scale” Fire Testing

In regards to facades with combustible
components, fire testing has evolved to
undergo “full scale” tests when evaluating

the performance of an assembly as it is to

be installed. These full scale fire tests use test
specimens that will span two or three stories
of a standardized building having a floor-to-
floor height that is more reflective of what
may be constructed in real buildings (three to
four meters in story height).

A number of full scale test apparatuses

have been developed for the purpose

of testing exterior wall assemblies that
incorporate combustible elements (White and
Delichatsios, pp 44 - 61). One example of a
full scale fire test standard, first published by
the National Fire Protection Association (NFPA)
nearly 20 years ago, is NFPA 285, currently in
its third edition (2012). Figure 6 is the NFPA
285 test apparatus (Figure 6).

In these full scale fire tests, the fire insult is
typically introduced to a full-sized installation
of the exterior wall assembly as a fire coming
through a window opening, lapping up

the side of the building. Measured fire
performance varies from one test to another,
but the various full scale tests are used to
evaluate the following:

- Limitations on temperature rise in the
wall assembly at measured points above
the fire;

- Limited vertical flame spread above the
window from which the test flame arises;

- Limited horizontal flame spread on the
exterior of the wall;

- Limited horizontal and vertical flame
spread within the wall assembly;

+No flaming in the room located above the
test room;

- Limited temperatures in the room located
above the test room.

These full scale fire tests have been expressly
developed to evaluate the impact of
combustible materials used in non-load
bearing fagades. Unfortunately, conducting
full scale fire tests is costly, and not all of the
manufacturers have published data showing
they are able to pass these tests. Assemblies
that are not capable of passing a full scale
exterior wall fire test should not be employed
on a tall building.

Figure 6. NFPA 285 test apparatus (Source: copyright)
6. NFPA 285Ma{ (SRR copyright)
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Figure 7. City density of Hong Kong, China (Source: copyright)

B7 WmEE - &8 CKE: copyright)

Going Forward

Statistically, fires involving exterior wall
cladding occur infrequently; however,
because of the presence of combustible
materials within the exterior wall assemblies
(to improve energy performance), when fires
do occur, they are catastrophic. Business
interruption is usually significant.

Architects and engineers designing exterior
walls for new construction should be
specifying materials and assemblies that meet
one of the contemporary full scale exterior
wall fire performance tests, even if these

tests are not required by locally applicable
building codes. Facades that pass full scale
fire tests for exterior wall assemblies are more
expensive and therefore often value engineer
an assembly that does not meet such criteria
to reduce construction costs. Buildings codes
must be changed to remove fire performance
criteria that is not germane to the manner in
which the materials are used.

Figure 8. City density of Kuala Lumpur, Malaysia (Source: copyright)
B8 WmEE - HEE CRE: copyright)

More importantly, what if anything should be
done with buildings constructed in the last 25
years that have combustible materials in the
exterior wall assemblies that have not passed
NFPA 285, or an equivalent? The growth and
spread of a fire is impacted by a myriad of
factors and there is no singular answer. A
thorough fire hazard risk analysis will identify
key weaknesses, which should be able to
inform mitigation options.

We (owners, developers, architects, engineers,
and contractors) all have responsibilities to
ensure that a simple fire incident will not
result in a conflagration such as those that dot
the history of many large cities in existence
today. As our megacities continue to grow
and expand, adjacencies and proximities
between buildings will be reduced

(Figures 7 & 8). Designers must be cautious
and aware when selecting and approving the
exterior fagades of tall buildings, so that they
will have acceptable fire performances as well
as the desired energy efficiency.
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