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Significance of Fire Ratings for

Building Construction
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Tha use of lire-resstive floos, roof, walls, baams, and calumns
will tend 1o minimize the osses due 1o file damage

Introduction

Destruction resulting from uncontrolled fires was
the primary reason for adopting the first building
codes. Because building fires are a major hazarao
to lfe and property, building codas require that re-
sistance 1o fire be considered in building design
Codes provide the means by which structural fire
resistance is integrated into the design and can-
struction of buildings

Il is generally presumed that building compo-
nants will perform satislactorily for as long as their
designated fire ratings indicale under actual fire
conditions. However, this 1s not necassarily true

How are fire ratings determined? Standard lab.
oratary tests have been developed to provide a
means for evaluating the performance of building
materials and structural assemblies under fire ex-
posure. Based on the findings from these tests, the
fire endurance ol the various structural compo-
nents that make up & building are determined
Beams, columns, floors, roof decks, and wall sys-
tems are classified as having fire endurance of
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one, iwo, three, or four hours, or fractions thereot
This provides a comparison between different
constructions, bul does nol necessarily maan thal
they will periorm the same in an actual fire.

Building codes employ this system of hourly fire
ratings to specity the minimum requirements for
the numerous elements of building construction
The required ratings are dependent upon the in-
tended occupancy, type of construction elemeant,
and building size that combine to pravide safety
factors against potantial fire hazards

Fire-test standards thus form the basis for lest-
ing bullding materials and assemblies in order 10
determine if they conform to the structural protec-
tion requiremeants for safeguarding lives and prop-
erty from fire. In order 1o understand and evaluale
the present North American fire-test methods and
test resulls, some important factors should be
considered This publication will review these fac-
tors and sugges! some of the additional informa-
tian that is needed for a more complete evaluation




Standard Tests

The lire-resistive property ol an assembly of
building components is determined incompllance
with the test methods of the American Society for
Testing and Malerials known as ASTM E118,
Standard Methods of Fire Tests of Building Con-
struction and Materials. Other slandards, essan-
tially alike, include the MNational Fire Pratection
Association, Standard Method No. 251, Under-
wrilers Laboratories, UL 263; American Nalional
Standards Institute, No. AZ2-1;, and Underwriters
Laboratories of Canada, ULC—5101,

ASTM E119

ASTM E118 s a standard lar firetesting such con-
struclion assemblies as walls, floors, roofs, beams,
and columns. The standard provides a commaon
and unitorm test method for the comparison of
performance of assemblies for specific construc-
lion uses

The standard fire test Is based on exposing the
test specimen to a lire having a standard relation-
ship between duration and lemperature. This rela-
tionship |5 known as the lime-lemperalure curve,
The concept was first introduced in the 1918 edi-
tion of ASTM Methods of Tests of Material and
Canstruction. At that time 12 curves wera plotted
indicating all the known temperature schedules in
use, The present lime-lemperalure curve was
developed from those curves. No major change
has taken place in the curve since Ils adaption in
1918,

The standard lime-lemperalure fire curve rep-
resents combustion ol aboul 10 [b of wood (with a
heal patential of 8,000 Blu per pound) per square
fool of exposure area per hour of test. The actual
amaount of fuel consumed during a fire lest is also

ASTM E119 standard tima-temperaturg curg undar which
lests are conducled. The curve provides for Bn exposing lra of
controlied extent and severity (0 be applied (o the fest specs-
man
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dependent on the furnace design and on the heal

capacity of the test assembly.

A standard fire test is conducted by placing the
assembly in a test lurnace. Floor and roof speci-
mens are exposed 1o fire from beneath, beams
fram the bottom and sides, walls from one side,
and columns from all sides. The temperature is
raised in the lurnace over a given period of time in
accordance with the ASTM E118 curve shown,

This specified time-temperature relationship
provides for a furnace temperature of 1,000°F at
live minutes of the test, 1,200°F at 10 minutes,
1.700°F at ane hour, and 2,000°F at Taur hours,

The end point of the test is reached and the fire
endurance of the spacimen |s established when
any ane of the following pocurs:

1. The test assembly structurally lails to sustain
the applied loads and physically collapses.

2. Cotton waste placed on the unexposed side ol a
Hoor ar roof system s ignited through cracks or
fissuras in the specimen,

3, The temperature ol the unexposed surface rises
an average of 250°F above its initial lempera-
ture or 325°F at any location, In addition, walls
must sustain a hose stream fest.

In 1970, additional criteria on steel tempera-
tures were added,

Though the completa requirements of E119 and
the conditions of acceplance are much loo de-
talled for incluslon in this publicallon, acceplance
criteria for various assemblies are summarized
graphically in Table 1

Design professionals, builders, and bullding and
fire officials recognize the fire-resistance ratings
glven to building assemblies based on these fire-
lest criteria,

Although two different assemblies may have the
same fire ratings, \heir performance in a real fire
siluation can be different. The following consider-
ations will help to explain why this s so.

Separating End-Point Criteria
Some fire-lest standards, lor example |ntarna-
tional Standard 834 of the International Organl-
zation for Standardization, permil separation of
end-point criteria based on three principal condi-
lions of accaplance,

1, Flame or gas passage

2. Heal lransmission

3. Load-carrying capacity

Each of lhese criteria is given equal weight in
Marth America. The first end point reached termi-
nates the lest The fire endurance of the assembly
iz established Irom this single result regardless of
how long it would {ake to reach the other end
points. The first two criteria refate to the function of




Table 1. Acceptance Criteria

Aeinforcing
sloel

Sustained Flame Heat

load passage

Floors and Roofs
a. Restrained
b, Unrestrained

Walls

6. Bearing

6. Restrained
b, Unrestrained

*Beams spaced mare than 4 fl on cantors.

A test can be regarded a8 suocessiul if the sondilions shawn above ore met. See ASTM
E118 for detalls

NORMAL

Heal Transmission versus
Load-Carrying Capacity

WaVYaVaN » AN

ASIRLE
N, 7
W

Tha collapse of & bulkding o mare sarious than Head ransmis-
slon through walls o roofs and the two should be considerad
separalaly

providing a barrier against spread of fire or lrans-
mission of excessive heat through the assembly
while the third criterion relates to the structural
integrity of the assembly to resisi lire exposure.

lemparalura

transmission

This hiotel being constructed of concrate will provida firessalaty
for guests. The load-cartymg capacity of floors and walls is
much more than fire rating indicates. Tesls of concrala o ma-
sonry walls and lloors usually terminate because of heat irans

misgran, From liresalely standpoin i 18 unreasonabla (o apply
same rating o two assemblies when one has collapsad and the
other has anly fatled the haat-transmission critetion

Fallure to meel the heal (ransmission criterion
means {hal the average temperatura on the unex-
posed side of the assembly has risen anly 250°F,
a lower heat than is often used lor cocking food.
Mast building construction materials and building
cortents will not burm at this temperature

Fire ralings achieved by concrele and masanry
assemblies are praclically always based on {he
heat-transmission end point. This means thal the
structural integrity of the building Is maintained
during the test well bayand the time indicated by
the tire raling. In an actual fire, maintenance of
structural integrity affords safely and protection 1o
lire-fighting personnel and equipmeant. Frequently
the concrete and masonry suffer little more than
superficial damage in a fire and can readily be
restored 10 use.

Reporting the time reguired to reach thelemper-
ature end poinl and continuing the test beyond



Masonry walls are [deal for aparimant conalruchion. Thay pro-
vide a barrler agalinzl the spread of lire whilg maintalnng sirec-
lural integrily

that point would make possibla the establishmeant
of different, more realistic code requirements
based on the need for structural integrily or the
control of the spread of a fire.

Codes could maintain high ratings for structural
integrity while meditying or waiving the heat-
ransmission end-point requiremeant. The 1976
Wisconsin Administrative Code modifies the cri-
terion In Ind 52.042 with the tollowing general re-
guirements,

(5) The heat transmission reguirements of

ASTM E118 (25b), with the exception af high

hazard areas, penal and health care facilities,

and warehouses for combustible materials, may
be reduced to one-hall of the haurly rating re-
quired by this code, but not less than one hour

{a) The fire-resistive raling for structural intag-
rity required by this code shall be malntained
where the heat transmission crileria has been
reducead.

Effect ol Pressure in Fire Test Furnace

The E118 standard does nol specity negative or
positive furnace pressures, bul almost all tests in
Noerth America are conducled with negative pres-
sures. One obvious reasaon lor this s to preventthe
flow of hazardous fumes and smoke into the lab-
oratary by farcing such emissions out the exhausl
fiue. Im Europe the furnaces are required 10 opar-
gte with positive pressures and adequate salety
devices. In actual bullding fires, positive pras-
sures are developed by gas movements and heat
Positive pressures in the order of D.5 pst have
bean observed. Considering all conditions of fire
propagaltion, pressures (n @ building or compart-
menl can be guite varlable, but will be positive in
the immediate vicinity of the fire.

An important factar in the use of negative fur-
nace pressure during a fire test is the tendency for
cool air from the laboratory 1o leakinlothe furnace
through cracks or other openings in the lurnace or
Specimen
# Floar-ceiling assemblies are examples of types
of canstruction whose ratings could be affected by
leakage during furnace tests. |f cool air is drawn
through the spacimen it will result in lower plenum
temperatures and higher fire-resistance ralings
than would occur withoul leakage
s Also, materials that shrink in fires provide open-
Ings for air lo cool framing materials duringthetest,
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Paositive Furnace Pressures

Magative flurnace prassure allows codl air from the leboratory
1o be drawn ot (he lurnace, This will resull in lower spacimean
temperalures 1han lemperatures 1hal occur under realisic
positive prassuro.




» Drop-in ceilings are held in place duringfire tesls
by negative pressure, thus giving extra proteclion
thal would not exisl in an actual fire.

» Sjudies indicate Ihat the tire-resistance raling
oblained by tests conducied with negative furnace
pressures may be a poor measure of actual per-
formance in a building. Positive pressure is a more
accurate duplication of real fire conditions

Maorth American fire experts support the main-
tenance of positive pressure n fire lesting as is
done in Europe. The International Organization for
Standardization reguires positive pressure in 1est
furnaces,

When astablishing required fire-resistance rat-
ings for building assemblies, code officials should
recognize the elfect of negalive lest pressures on
the results indicated by the standard North Ameri-
can lire tesl

Fuel Consumed

The furnace lemperature is controlled by the
standard time-temperature curve, As a resull, the
amount of fuel required by the exposing fire may
depend on the properties of the test specimen. |f
the specimen itself burns, it contributes to the fur-
nace temperature and reduces the amount of fuel
needed to hold the desired lime-temperature
curye. In a real lire siluation, a combustible as-
sambly adds lo the tuel load and, therefore, o the
intensity of the fire

Il the specimen absorbs heal Irom the lurnace
fire as is the case with concrete and masanry, a
more intense exposing fire is neaded 1o maintain
the required furnace lemperature in contrasi with
a combustible specimen thal contributes luel to
the furnace fire

The amount of fuel consumed during a fire tes!
is a good measure of the actual fire endurance of
an assembly. An exposed concrete floor speci-

Anillysiration of the amouen! of fusl consumed during a firg 1es!
The mora luel i 1akes, the more severa the hré esposurs and
ihe mora fite endurance a structural assembly has

Concrete or Masonry Specimen

men is likely to use 10% to 20% more fuel than that
used during a test of the same floor with an insu-
lated celling protection membrane and consider-
ably more fuel than that used for testing a com-
bustible assembly. This fact is nol recognized
when assigning or specifying fire-resistance rat-
ings. It should be. The more fuel input il lakes 1o
complete a fire lesl, the more fire endurance a
siructural assembly has. Since different assem-
hlies require different amounts of fuel to maintain
the required time-temperature relationship, stand-
ard fire 1esls expose different specimens 10 vary-
ing energy inpuls, Thus, when comparing diflerent
assemblies, it would be informative to consider the
amount of fuel used in each test and that data
should be reported.

Rational Design

Throughout the history of fire testing, tests on
walls, floors, columns, and roofs have demon-
strated that concrete and masonry are highly fire-
resistant materials. Much information has been
developed from these lesls about the factors that
determine the fire resistance of concrete and ma-
sanry assemblies,

In addition, a great deal of research has been
conducted on the behavior of concrete struclures
during fire exposure. Due lo the research informa-
tion and the analytical procedures available, It is
now possible to calculale with reasonable accu-
racy the structural fire endurance of concrete
components of a building without labaratory fire-
testing, The procedure, known as the rational dea-
sign or analysis method, eliminates or reduces the
need for coslly fire lests. and considers the effects
on fire endurance of a large number of variables.

The rational design method is becoming an ac-
cepled means ol designing for fire protection

Combusiible Materials Specimen
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Conclusions
When evaluating the significance of fire ratings it
is important to consider how a specific building
assembly might behave if an actual fire were to
occur. Users of fire-test reports and fire ratings
should be aware that limitations in testing proce-
dures affect their applicability.
Fire ratings do not tell the whole story. Building
designers and building officials should—
Take into account any data gathered beyond
the initial end point and evaluate whether, from
a firesafety standpoint, it is logical to apply the
same rating to two assemblies, one of which has
collapsed while the other failed only the heat-
transmission criterioninthe same period oftime.

Make allowances for the fact that standard
fire tests conducted under negative pressure
result in higher fire ratings for some assemblies
than would be achieved under positive pres-
sure. Consider this when comparing the fire rat-
ings of various assembilies.

Consider the amount of fuel used in the test
and make this a factor in evaluating fire resist-
ance and endurance of various assemblies.

Use rational analytical procedures in deter-
mining fire endurance of concrete and masonry
components, particularly when precise listings
of ratings are not readily available. This elimi-
natesthe needfor firetesting those components.
Rational design is a major step forward in de-
signing for fire protection.
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