| hd |

NRC Publications Archive
Archives des publications du CNRC

Fire separations in the National Building Code (1953)
Katnick, J. N.; Ferguson, R. S.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:

https://doi.org/10.4224/20338043

Report (National Research Council of Canada. Division of Building Research),
1957-12-01

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=ac5e142a-98f3-41a3-9311-6131cdfeed20
https://publications-cnrc.canada.ca/fra/voir/objet/?id=ac5e142a-98f3-41a3-9311-6131cdfeed20

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de
Council Canada recherches Canada Canada



NATIONAL RESEARCH COUNCIL OF CANADA

DIVISION OF BUILDING RESEARCH

FIRE SEPARATIONS
IN THE
NATIONAL BUILDING CODE (1953)

by
JeNe Katnick and R.Se. Forguson

Report No. 135
of the

Division of Building Research

Ottawa

December 1957



PREFACE

Vhen the National Building Code was revised in
1953 the regulations for the prevention of fire spread
were completely rewritten in a form and language more
sultable to the regulations of architecture and building
todaye. In accepting a new approach based on recent
theories in fire engineering, the Associate Commilttee
anticipated that a higher degree of safety would he possible
at less cost to the owner and with less restriction on
design expressions. It was realized, however, that a
compromise had to be made with the ideal approach in order
not to effect too gresat a departure from current practice.

Even the best regulations are of little value if
they are not clearly understoodes This report has been
prepared as an explanation of the regulations so that mig-
understandings arising from their use will be lessened.
J«N. Katnick, architectural student at the University of
British Columbla, prepared this report while on the staff of
the Division this past summer. R.S. Ferguson, Secretary of
the Associate Committee on the National Building Code, guided
his investigations.

This paper, while answering some questionsg, will
undoubtedly raise others. It is hoped that, through the
comments and suggestions of readers, which will be welcomed,
the fire regulations in the National Building Code can be
still further improvede

Ottawa R.F. Logget
December 1957 Director
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FIRE STPARATIONS

IN THE NATIOWAL BUILDING CODE, 1953

by

JeN. Fatnickx and Re.S., Ferguscn

Records show that a large proportion of Amsrican and
Canadian cities have been subjocted to a conflagration at some
time during their hilstory. Those conflagrations started un-
pretentiously as does almost evsry fire. Since there was usually
very little resistance given to the filre, howevesr, 1t spread
uncontrolled from building to bullding, laying waste largse areas,
sapplng the economy of the city, end causing & tragic loss of
lifes During the ecarly development of America, clties often grew
rapidly and with little control.

l. DEVELOPMENT OF THE SCIENCE OF FIRE PROTECTION

As a result of these early conflagrations, regulations to
limit the use of materials that presented a potential fire hazard
were developed and gradually the practice of requiring more solid
"fireproof" construction spread, particularly in the congested
districts which were usually the victims of such conflagrationse.
Despite attempts to combat them, conflagrations continued and so=-
called fireproof bulldings were gutted along with the rest,
Gradually fire departments became more efflclisnt, water supply was
improved, and more effective mothods of construction to prevent
fire spread were developed., In time knowledge of fire behavior and
fire defence becams more refined and the general problem of the
holocaust could be countered by specilallized precautions against
hetter-defined hazards, With the ald of laboratory research, ways
of measuring fire intensities and the effectiveness of protection
were devised. This field of knowledge 1s becoming known as fire
enginearing.

It is largely upon the new knowledge of fire engineering
that the fire requiremenis of the National Bullding Code are based,
The requlrements are a refinement over previous regulations and
make possible the design of buildings which have greater fire safety
provided at less cost than has previously besn possible. An
underatanding of the terms used and the functions that have been
developed as a result of rosearch is desirable if these regulations
are to be applied to best advantage. Th2 next few paragraphs
describe the fire research and fire engineering that apply. A full
discussion of the fire separation requirements of the National
Bullding Code follows,



a, Research Worlk

Among the earliest research work conducted was that of
the Fire Offices Coummittee formed in Britain in 1858, This
Commlttee becams the British Fire Prevention Commalttee in 1897 (1).
Its major task was to perform tests so that data concerning the
fire resistance of various materlals and systems of construction
used in bullding practice could bs compiled, and that particulars
concerning fire preventive, firse alarm, or fire extingulshing
appliances could be collected. By ths end of the century many
different materials had been subjscted to these tests, and tables
for assistance to bullders had been drawn up recording the fire
resistance of floors, cellings, doors, partitions and the like.

Earlier still in the Unlted States, due to the large number
of disastrous firss, the Underwriters! Laboratories Incorporated
was formed in 189 by a group of American insurance companles (2).
Its function was similar to the British Fire Preventlon Committese.
Various types of equipment, appliances and materials were tested to
meet safe standards of fire practice. This organization also
published lists of products that were tested and found acceptable.

Muc.. of the material gathered by these early associations
has been superseded by later developments; the principles formulated
prove valid today, however, and, in many cases, have formed a
valuable foundation for later rassarche

be Fire Resistance Tests

In the course of time, investigations into the fire
resistivity of materlals led to the development of standards
for comparing the results of tests of different kinds of components
carried out by different organizations in different placez, and
in both England and the United States permanent testing stations
were set up by the government. Standard furnaces and testing
procedurss were developsd so that materlials could be tested under
conditions closely approximating those of actual practice. The
standards for tests are reasonably comparabls between countries,
and willl become more so 88 this technique developse The extent to
which walls, coluwms, floors, and types of construction are able to
withstand fire 1s recorded by thess tests. The American Soclety
for Testing Materials has proscribed methods which measure and
specify according to a common standard, the fire resistive properties
of materials and assemblies. This standard is applicable to a wide
variety of materials, sitvatlons, and conditions of exposure (3)e.

It i3 interesting to note how a building component is
subjected to fire conditions in a fire resistance test. The
principal element that an assembly must rssist is heat; therefors,
furnaces are dosigned zo that the object tested forms a wall of
the fire box; and thus the heat is distributed over the surface of
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the assenbly. The dimensions of the cample tested compare with
building units such as wall or floor pansls and the sample can

be subjected to vhatever loads 1t would carry in s bullding.

The tenperature in the furnace is controlled to an agreed-~upon
rate of rise during tho period of the teste Thls relationship
between temperature rise and time 1s known as tho tins-temperature
curve, which is shown graphically in Fige. 1l This curvs represents
the conditlons which may occur in a severe fire, Any specimon,
therefore, wnich 1s subjected to the tezst and achleves a rating in
hours or minutes can, with reason, bs expected to last for the
same length of time under simllar fire conditions in a building,.

It 13 evident that an assembly of materials that can withe-
stand a standard firve-resisbtance test for a period of threoo hours
is subjected to more hsat than is an asscembly that can withstand a
test for ons hour, and to produce this heat more fuel iz consumad,
The Tuel used and hence ths heat produced in the iests can be
measured, The amount of fusl used when a sample fails glves some
idea of the amount of combustibles that couvld burn before that
assenbly will fail, if erscted in a bullding. The naxit sbtop was to
determine ths amount of combustibles in differsnt types of bulldingse
When this was known it was possible to recemmand the degres of fire
resistance raquired to withstand a burn-out of the contents of
different buildings.

Firs Load Concep®t: Doctor Ingberg of the National Bureau of
Standards in Washington was the piloneer vhose studies led to
measurable relationships between the fire resistance determined

in tests and the fire resistance necessary in buildings (). It

was found that the temperatures attained at certaln tilme intervals
and the amount of fusl burned in the sta2ndard fire resistance bests
were ralatad, TIrom repeated tests it was discovered that fuel
equivalent to 10, 20, 30 and 35 pounds per square foot of floor

area was burned during the standard fire test at the end of 1, 2,

3, and l} hours, rospectively. Thus the fuel used to raise the
temperature to 1700°F., at the end of one hour would be equlvalent

to a fire load of 10 pounds of combustibles pzsr square foot of

floor area, To attain a temperature of 1850°F, at the end of two
hours, fuel equivalent to 20 pounds per square foot would be needed.
By using 10 pounds per square foot as the value to produce a fire
intensity of 1700°F, a margin of safety is provided beczuse actuslly
an intenslty of 1700°F, is produced by burning combustibles equi=-
valent to 12 pounds per square footoe

It seems true, at least hypothetically, that if a bullding
containing & ten-pound fire load was built of elements having a
one-hour fire rating it could just stand a burn-out without collapsinge.
By the use of the relationship bstween the combustible contents of
a building and the fire resistance there iz reasonable assurance that
any assomoly of materlials receiving a l«; 2«, or 3=hour rating could
withstand complete comtent burn-cut of a building with a 10=, 20=,
or 30-pcund fire load rsspectively. This fire load concept permits
the application of adequate, but not excesgsive fire rcslsiance to a
bullding when the weight of its combustible contonlis are knowne



To obtecin dabta on < in buildings, surveys
of buvildings wero nade In s >enbus Sikble contents were
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welphied and recordod. This wvorl raz done largezly by the Burocau
of Standards in Vashingbom, DaCoe (5)e The weight of combustibles
1s moasured 1in pounds p2Iy scoudzl: 1oov just as iIs the live loads
In Tact the fire 1ood ig tha live lead but conly of the couwbustible

contentss It is not uwmnatural, therelore, that it should bs called
tho "fire load",

Wrhon it is sald that an ﬁssbmuly having a Cirs resistance
of ona hour withstands a2 bura-ocut of contents cqual to a 10-pound

fire load this relationship 1z 2 comwenisnt approximation and is
dequate for practical purposszose. It chould not be forgothten, how-

ever, that combustibles bura at difforont rates and some relsase

more heat than othsrz. For proctiecsl purposes all solids can be

regarded has having the sanz calorific value as paper or wood = 1.0,

7,000 = 8,000 Btuts per pouvad oif waterial. Roughly spealing all

liquids can be regarded as having 2 calorific value of doubls that
of wood, A five in a paint shop or havduvare store can ba expected
to be mors intenszse than in & u‘J goods ectablishment,. In the
National Building Code these differences are dealt with in the
occupancy classifications

ce Thermal Radlation from Burning Bulldinso

From the foregoing discussion the terms fire load and fire
resisbonce are established and the relationship betieen the two 1is
indicatcd. In addition %o those two elements it is necessary to
recognize the significance of spacs for a full appreciation of the
fire requilremsonts of the National Bullding Cedege, Extonslve studies
on thermal radiation froa burnlng vbuilldings were performced recently
in Grsat Britaln. From thils Paobpﬂch 1t was possible to soms extent,
to determine what distancs betuwcen bulldings would give sufficient
safeuy to ons bulldinz from Luarmnl rodlation from another, The
intensity of hoat w»adisted from a buening building to ~~nother bullding
depends on many factorc:

(1) ¥indow area on the elevatlion of a bullding;

(11) Tamporrature atbtained by the radiating surfacse (directly
related to the fire load of the UHlellS)”

(111i) Tiwo AQuring vhich bths temperature is mainbalned; and
(1v) The dilstance betwvesn thoe bulldings.

It nay be 9“:un~A, in zoneral, that the dogres of themml
radliation is inversoly proporiticnal to the sguareo of the distance
belwoen opposing racados fn Inberoesiing fach was that the tins

eloment wag of Tittl arbancs Lo “h@ spraad of firs dus to
radiation, vhen bhs 3] fncado of combustlble materials
Arother Inbterssting diJquurv ek THOO“ oz the safe valus
that a body of combustibla n ; wwaci without firo
occurring duc to radlatiosn, Toec was ol nonee
combustible materials, wnﬂ the onend clazad, thon tho
safe temperabturs thabt couvld L2 wroac
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For a detailed account of thermal radiation the reader
is reforred to "Investigations on Building Fives" (6)e. In this
same panphlet tables are publiched which indicate the relation-
ship of fire radiation to hoipght and length of buildings, their
window oponings, and the distonee botreen thomes By the uso of
theze tabloa approximate calecuvlations for distances botiicen
buildingo to overcoms radiation effacts can be made.

Sowvcral assunmptions affecting the reliability of these
tables had to be made when collecting the data., These follow:

(1) That the temporsture of the radiating fire is
1,000°Cs (variatiocng firom this temperature would
cause najor difforences bocause the intensity of
radiation is directly proportional to the fourth
powor of the absolute temporature of the radiating
surface); and

(11) That the cmicsivity of radlation is constant;

(11i) That heat is being radiated from all openings
simultaneously.

This last assumption is highly inprobable for a number of
roasonag, Firstly, the fire rosistance of the construction which
would enclose a fire within siall conpartments would hinder total
conflagratione Secondly, the combustlible contents of the buildings
are not the same throughout and its ignitability and rate of
burning would limit fire spread. Thirdly, fire fighting would have
a significant effect on both the severity of the fire and the rate
of its spread. ¥Vhen considaring these facts, it 1s apparont that
the tables in the publication vere ccumpiled from data ccllected
during extreme fire conditionass Conditlons probably would not
becorie so extreme in an actuwal fire and, therefase, the distances
required for safety would not be so greate

2, THE NATIONAL BUILDING CODE

The National Bullding Code was first published in 1941
under the auspices of the Deparinont of Finance and the Nationsl
Research Council. As bullding tochniques changed and new materials
were intrcduced this early edition of the Ccdo becams outmoded and
in many instances was umnecessarily rostrictive. The fire rogu-
lations, particularly, did not mecet tho problems presented in
contemporary bulldings nor did they incorpourate the advances made
in fire engincering. Whon revision of the Code commenced in 1948,
studies were made to male possiblo 1te dwmprovenmesnte It was
imperative that the revicgced codec should not restrict materials
and types of construction and that its form should permit subsequent
revisions,
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An entirely new arrangement for the Code was developed
treating general requirements first, followsd by more detailed
and specific clauses., These again were divided into the general
and specific wherever necessary. Commlttees and panels were
established to prepare drafts of the different parts and sections.
Under the Use and Occupancy Committee, four panels were set up
to consider requirements for fire, health, exit and live loads,

ae. Fire Regulations

The requirements of the fire regulations in the 1941 Code
were carefully considered by the Flre Panel and whenaver proved
inadequate or unnecessary by developments 1n fire engineering,
they were revised and improved. The fire load concept was studied
and finally accepted as the best method availsble for gauging the
relative severity of fire in dlifferent occupancies, sand as the
criterion for determining the fire resistance needed,

The consistency of fire regulations in the National Building
Code was achleved through the adoption of the fire load of buildings
as the criterion for determining fire safety requirements. The
survey of the National Bureau of Standards (5) made it possible for
the fire panel to classify occupancies of buildings into groups and
divisions according to simllarity of function and extent of hazard =
this classification is found 1n section 3.2 of the Use and Occupancy
Section = and then to tabulate these uses according to their appropriate
fire loads iIn table 3.ls This fire load classification forms the basis
for further regulations,

The primary functions of all fire regulations are twofold:
one, to save lives; and the other to prevent the spread of fire.
These are closely related and one 1s achieved only by adequate
coverage by the other. In order to save lives sufficient fire exlts
from a building must be supplieds To create a maximum of life safety
fires must be controlled, thelr spread retarded, and the transfer
of heat, gas and smoke nullifleds One method of controlling fires
1s by adequate fire separations which would confine fires within a
limited area setting up a barrier to the transfer of all hazards
caused by a fire.

be Fire Separations Defined

The National Bullding Code, Part 2, defines a separation
as follows:

"Separation means a barrler against the spread of fire
between bulldings or parts of bulldings in the form of fire=
resistive construction, or of clear unobstructed space as
measured by the distance across such space, or of a combination
of both construction and space."

This definition is ilmportants It establishes two kinds of separa=
tions = construction and spaces It should also be noted that these
are alternatives, since elther a construction or a space separation
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can be used between buildings. It 1s obvious that construction
separations only can be used when separating areas within a
buildinge. Another alternative which 1s allowed for separation
between buildings 1s a combination of a construction separation
with a space separatlion, so arranged that the sum of the protection
provided 1s equal to the grade of separation required in table

3.7 referred to in article 3.4).5.1 of the Code.

The acceptance of space as an equivalent to construction
1s a novelty of the new National Building Code. The assumption
made 1s that a specified distance separation measured in feet 1s
the equivalent of a construction barrier having a specified fire
resistance in hours (Fig. 2). Thus, according to the Code the same
safety will be provided behind (for example) a one-hour fire
resistive barrier adjacent to the fire as at a 30-foot distance
with no barriere.

ces Grading and Regulrements of Separations

As pointed out previously there is a relationship between
intensity of fire and fire reslistance and also between intensity
and its dissipation with distance. The committee was able to
obtain quite reliable data on which a practical decision could be
made and 1t was agrsed that the equivalent should be:

Dlstance Construction

30 feot equivalent O eeccececacseese 1 hour fire resistance
1o feet squivalent 0 seceecesececesse 2 hours fire resistance
50 feet equivalent O scecceceseseces 3 hours fire resistance
The values shown in the Code for separation by space are
half these distances because 1In the critical case, l.e., two adjacent
buildings with no exterior fire reslistive walls, the required
separation is obtained 1f one=~half the required distance 1s provided
by each bullding. Therefore space separations are classified into
three grades: :
Grade Distance
Grade 1 s 00 600000 0000 ls feet
Grade 2 ecccesececessess 20 foot

Grade 3 eececesnceccee 25 feet
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These distances are to be measured from the property line to the
wall of a building. Thus space separatlions, llke construction
separations, are Independent of the neighbouring building. The
use of space separations allows unprotsctad openings to be used
and the exterior wall nesd not be fire reslstive (it must be non-
combustible when non~combustible construction is used). By space,
a clear space 1is inferred, without sheds or rubbish which would
have a wicking action between buildings.

It must be emphasized that these values are a practical
compromises They do not provide a guarantee that in every case
fire spread will be stopped. The aim of the committee was to set
values that would greatly improve the hazardous conditions now
permitted by most bullding by-laws., Good design might dictate mors
fire resistance in some Iinstances. The code regquirement was
considered to be a suitable minlmun requlremente

The arrangement of section 3.&.5 of the Code deserves note.
There 18 3.1e5e1 which is the principle article and 3.i.5.2 to
31545 which deal with the protection of openings 1n construction
separations, These articles should all be read if separations are
to be fully understoodes The readerts attention is dravn especlally
to the second paragraph of 3.i.5.,2. Hers is the exceptional case
when a construction separation 1s permitted with unprotected
openings. The use of unprotected openings not exceeding 20 per
cent of the wall area 1s allowed only when the wall conforms to the
grade of construction separation reguired and when the wall 1s set
back a distance that 1s half the distance required for that grade
of space separation. Therefore, iIf a "Grade One" separation is
required, the wall must have a ons<hour fire resistance and must be
set back from the property line a distance of 7 1/2 feet. With
these qualifications the committee was willing to regard this
separation as squivalsnt to a regular construction separation. The
advantage of the compromise is that it represents a form of cons-
truction which is still very cormon.,.

It will be noticed 1In tabls 3.7 that a construction
separation means a compleste barrier between two spaces, including
closures and shafts, to protect all openings. It must be "fire=-
tight"™ as the hull of a ship is water-tight. It will be observed,
when studylng table 3.7, that the required ratings for separations,
door, and shafts, are not identical, For example:

Grade 1 ceeee 1 hOUT ceseee 3/’.]. hour eeeees 3/’.]. hour
Doors are less becauss it was assumed unlikely that furniture or

goods would be piled agalnst a door, hence, higher temperature on
the unexposed face of a door could be permitteds
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Shafts are required when openings are continuous fron
floor to floor one above the other (stair well, elevator shafts,
air ducts, ete.) (Fige. 3)e The fire requirements of shafts are
less than those of construction separations becauss a fire must
first break into the shaft and then bresk out to get to the next
floor. In essence, there are two barriers to resist the fire and
therefore, it was agresd that the sum of the fire resistance of
the barriers should equal the required grade of separation (Fig. ).
The openings of a staircase woculd be as in Diagram A, Fig. 3. The
fire resistance of ths floor construction would be of little value;
the stalrcase 1s enclosed within a shaft as in Diagram B, Fige. 3.
The fire resistance of the shaft can be fcund from tabls 3.7, column
li of the Code. The doors leading to the stalrcase must provide
Tire resistance equivalent to that required in column 3 of table 3.7
The separation of the shaft helps to isolate a fire on one floor,
Fire resistive closures keep the stalr shaft free from smoka, heat,
gas, and flame, thus providing safe egress past a burning section
of a bullding and also safe access for fire-fighting purposes.

Ducts: 1In some cases continuous openings are made in interior
construction separations to allow for the passage of ducts. It is
impractical in many instances for such ducts to be enclosed within
a fire resistive shaft, yet 1f they were allowed to pass through
the separation without any protection then the separation would be
incomplete. In order that the separation and openings in a bullding
perform efficlently when ths building is burning there must be an
automatic fire damper within the duct at the separation; thus, if

a fire should burn through a duct its spread from one separated
compartment to another would be hindered. Fire resistive closures
and the types which are allowed are indicated in article 3el1+5.5 of
the Code,

Spandrel and Apron Walls: Article 3.)i.5.)1 requires that openings
In exterior walls of any building with a fire load of over 20 pounds
per square foot and required separations betwsen floors, be
separated by an apron or spandrel wall not less than 3 fest in
height (Fige 5). This is an example of applying the principle of
preventing fire spread. When a fire separation between floors is
required it 1s advisable to consider additional protection at the
edges The fire could escape around the edge of the floors and

into the floor above., To overcome this danger the Code requires a
spandrel or apron wall,.

Such a precaution is not required in a building having a
fire load of less than 20 pounds because the lower intensity of a
possible fire would, iIn most cases, cause thlis hazard to be less
significant.

Having studied section 3..5 of the Code attention should
be next directed to section 3.h.6. It is lmportant to understand
the basic difference bstween these two sections,



Jie5. Section 3.J1e5 is definitive. It should be read in
conjunction with the definition in part 2 and the explanatory
notes on separationse. All these sections define what separations
are, and classify them according to grades,.

316 Section 3.6 is regulatory. This section establishes
where separations are requlired between bulldings and what grade
they must be. Sections 3.ie7 to 3.1.11 are similar to 3.l1.6
except that they deal with rooms and parts of buildings instead
of the whole builldinge.

It will be observed that throughout the requirements the
grade of separation required 1s dependent on the fire load. This
can be seen 1In the direct reference to the fire load 1in section
3Jiebe In the other sections the fire load is not mentioned, but
the relationship 1s quite evident,

d. Fire Separation Between Bulldings

In section 3.is6 a grade of separation relative to the fire
load is required as follows:

Separation
Fire Load : construction or space
10 lbs. Grade 1
20 1lbs. Grade 2
30 1bs. Grade 3

To determine the construction required to comply with these
fire separatlon requirements:

(1) tne fire load of the occupancy must be known
(table 3.1);

(11) from the table in 3.1e6 the required grade of
separation can be found; and

(111) the type of construction to comply with this
ade of separation can be determined from
table 3070

The followling examples 1llustrate how the separations can
be used:
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EXAMPLE I

CONSTRUCTION SEP.
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/‘———PROPERTY LINE

EXAMPLE IT
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/”eu)c A g e ’,/el.oe._g_
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P n
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’,/<~_.pnopsnrv LINE

1.
2.

3e

be

Se

1.
2.

3.

Buildings A and B are two
ad jacent buildings.,
Building A 1s bullt to the
property line; therefore a
construction separation
with no openings must be
used.

The grade of the con-
struction separation 1is
determined by the fire
load of building A.

Since a space separation
(n) is being used for
building B the wall facing
the property line may have
unlimited unprotected
openings, and the wall
finish need not be fire
resistive, provided, how-
ever, that a non~combustible
finish 1s used in a non-
combustible buildinge.

The space separation {(n) 1s
determined by the grade of
separation required by the
fire load of bullding B.

Both buildings A and B use
space separationse.

{(n) and (p) are determined
by the grade of separation
required by the flre loads
of the respective bulldings.
The same regulations apply
to bulldings A and B as to
building B in Example I,
The minimum distance which
{n + p) could equal is 30
feet =~ 1f both A and B have
10-1b fire loads then sach
is required to have an off-
set of 15 feet.

Suppose building A 1s an office with a 10-pound fire load
and building B is a store with a 20-pound fire load. In Example I
building A would need a l-hr fire wall and (n) for building B would

be 20 feot.
respectivelye

In Example II (p) and (n) would be 15 and 20 feot



- 12 =

1. Building A requlres
openings In the wall
which do not exceed 20%
of the wall aresa.

EXAMPLE II Assuming fire loads as
before, the separation
20% UNPROTECTED WINDOW requirements are as follows:
OPENINGS tN CONSTRUCTION
SEPARATION

CONSTRUCTION SEP
” 1 Building A
4 I

BExterior walls of 2 hours
fire resistance and a side
yard (p) of 7' 6" (1/2 of
a Grade 1 space separation)

Building B

The owner of building B
oelects to use a Grade 1
conatruction separatlon
plus a Grade 1 space
separation thus achieving
the required total Grade 2
separation.

PROPERTY LINE

e. Separation by Fire Walls

The next few paragraphs describe another use of separationse.
This 1s a separation down the middle of a building by a fire wall
(section lj¢1,5) (Fige 6). Here a new principle must be introduced.
This is the principle that certaln kinds of bulldings present too
great a risk if they are bullt of unlimited size, When a large
building 1s required, therefore, 1t 1s often possible to build it
only 1f 1t 1s divided by a fire wall glving the effect for fire purposes
of two separate bulldings with a construction separation betwsen. A
fire wall 1s, In fact, a constructlon separation but the requirements
for fire walls have been developed from experience, whlle the construc-
tion separations as defined in 3.)4.5 are the result of theoretical
studles, hence there are differences 1ln detall between them.

It is evident, therefore, that helght and area limltations
and fire walls are linked together., Heights and areas and types of
construction are also linked, The relationshlp betwsen these three
safety measures 1s as follows:

All bulldings must be classified according to the type of
construction, If the area or helght required 1s greater than that
allowed in table 3.6 then two cholces are open:
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(1) the ownzr wmay divide “he bwilding by fips
walls ag neeessary to west the area requiremaents;

or

(11) he may prefer to choose another type of
construction which permits greater helght or
are2 e

Section liel.5 deals with ths use of fire walls as fire
separations betwsen buildings or parts of bulldings. Any part
of a bullding separated by a filre wall may be conzaldered a
separate bullding, and the area so produced must meet all require=
ments of fire exits, separations, etce A fire wall is a party wall
for 1t 1s shared by two separate areas of the same building or two
different buildings. The grades of fire walls which must be used
are:

Grade of Separation
Fire Load for Fire Wall

1O 1S eescecscasecscsnctosccccons Grade 2
20 18 ssvececsecvesesecncsosccsns Grade 3
30 1DS eeeesscoscsossescsecssens GCrade L].

The grade of separation is determined by using the maximum value of
the fire loads of elther of the adjacent occupancles,.

It has been shown how construction and space separations can
be used; howsever, reference was made to the fact that fire walls (or
party walls) could be used to separate two buildings. The following
example deals with this problem:

l, If buildings A and B have
EXAMPLE IX 10-1b fire loads then the
fire wall must be a Grade

2 construction separation -
FIRE WALL ™, 1.0+ 2=-hour fire resistance

2, If the fire load of
oither A or B 1s 20 1bs
then the fire wall must
have a 3-hour ratinge.

3« If the fire load of elther
A or B 1s 30 1bs then the
fire wall must have a li=
hour ratinge
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1.

EXAMPLE ¥

CONSTRUCTION SEP. 2

|
|
| I

.B 3e

,/‘::-PROPERTY LINE

If each Individual area

A and B were to be built
with individual con-
struction separations at
the property line, (Example
V), the regulations per=-
taining to construction
separations would be wvalid,

If A and B wers both 10
lbs then the construction
separation for each would
be 1 hour adding to 2
hours together.,

If A had a 10-1lb fire load
and B had a 20=-1b fire
load then the total fire
separation = 3 hours.

If A had a 10=1b fire
load and B had a 30=1b
fire load then the sum
of the separation would
be li hours.

Se NoB. At this point the
parallel ends, because if A had a 20-1lb fire load and B had a 20-=1b
fire load then the construction separation would equal li hours. If
A had a 20-~1b fire load and B had a 30-«lb fire load then the construce-
tion separations would equal § hours. If both A and B had 30-1lb fire
loads then the construction separations would equal 6 hours. It is
evident that when individual fire separations are built by the
ad joining areas the fire protection 1s Increased considerably. This
may be Justified by the fact that the occupancy of the adjacent
building and the hazards it would present are not always known,

When fire walls are used, & number of conditions must be
met which are not required when using construction separatlions,
When two areas are being separated by a fire wall, a parapet (3 feet
in most cases, 6 inches between dwelling units) must be used so that
there will be a complets break In the roof constructione A construction
separation does not requlire a parapet. In both cases fire spread
through roof construction would be hindered, but with the fire wall

this effect would be more positivse,

In bulldings of combustlble construction a fire wall must be
supported on the foundation and contlnuocus from the foundation to the
parapet. When the construction of the bullding is of non-combustible
materials then the flre wall may be supported by thse structural frame
provided the fire resistance of the structural frame is as great as,
or greater than, that of the fire wall. As mentioned, the fire wall
must be continuous. Offsets at floor levels are permitted but the
construction of the offset floors and walls must have fire resistance

equal to that of the fire wall (Fige 7).
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Other requirements of fire walls are stated in articles
holoSoB and holosou of the NBC.

fe Fire Separatlion Withlin Bulldings

Although it is possible to use fire separations anywhere
inside buildings when, in the opinion of the owner or architect,
they appear to be useful, the National Building Code requires fire
separations in certain places as a basic minimum standard. The
greatest contribution to internal fire safety is the separation or
i1solation of one story from another to combat spread of fire
vertically, and the provision of safe means of escape by the
enclosure and separation of units. Fire separations are also used
to separate major occupancies and special hazards as indicated in
ths following paragraphs, explained in the order in which they appear
in the Code.

Ma jor Occupancies: When there are two or more ma jJor occupancies in
the same building they must be separated as stated 1In section 3.&.7
and table 3.8 (Fige 8)« If one of the major occupancies requires

a Grade Ons separation and the other requires a Grade Two separation,
the grade of separation must be the greater of the two, in this case
Grade Two, Thus, if a mercantile and a residential occupancy were

to be the major occupancles of a building the grade of separation
required according to section 3.1.7 and table 3.8 would be a Grade
Two separation,

Exits: The separation of exlts from the floor aregs of a bullding
is one of the most important 1life safety factors incorporated into
any building (section 3..8)e A numerous supply of exits is
commendable; however, if these are full of flames, snmoke and gases
during a fire they ars of no use to the occupants of the bullding.
Because of this, sach exit must be separated from the rest of the
bullding so that it 1s a continuous and independent vertical member,
and 1ts separation must be supporited from the ground so that thse
collapse of any floor willl not endanger an exlt nor the pecple using
it during a fire. The sepsration requirenents of exits according

to section 3.8 are:

Fire Load of Occupancy Grade of Separation

1O = 20 1bS eeesesvscscavvassscsccao Grade 1
greater than 30 1DS esescssssceseee Crade 2

The separation is required only between the "floor areas" of
the building and the exit (Fig. 9); therefore, if the exit should be
on an exterior wall facing a street, then the sides of the exit
facing the street are not required to be fire reslistant (as previously
stated, these walls must be non-~combustible in non-combustible
construction)e Fire separations are required for every exit. Number
of exits, size etc. are determined in Use and Occupancy Secticn 3.20.
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Special Occupancy: Many special purpose rooms, such as kitchens and
urnace rooms, present fire hazards to buildings. To overcome the
hazards which would arise from the occupancy of these rooms, special
regulations wers established which are effective regardless of the
use of the building and of any other fire protection requirementse

These regulationa are stated in gection 3.4..10 of the Code.

Attic, Crawl and Duct Spaces: When bulldings are separated by
construction separations, ail attic, crawl and duct spaces must
also be separated (Fig. 10). If this is not dons then the fire
could spread by way of the attic, crawl, or duct space from one
encloased area to anothere. Section ?.h.ll deals with these require=-
ments (refer directly to section 3.1.5e.3 in the case of ducts not
enclosed in fire resistive shafts).

3. CONCLUSION

In conclusion, and after the consideration of so many
details it 1s well to remember the general principle that
regulations are for the purrose of ensuring & minimum standard
of safetys This 1s not always too easy to define.

The minimum is always set by agreement based on expert
opinion on the degree of safety which the public will toleratee
From this point onward %technical information, resulting from
research or some form of methodical investigation can often show
how the desired safety measwres can be achieved with less interferences
or restriction on the actions of those who build, Such improved
regulations may result in building econcemies, or a more consistent
standard of safety, or bothe Whichever is the case it should be
welcomed because efficiency and safety go hand«in-hand.

The new regulations in the Nationel Building Code are based
on information gained from researche. Although not perfect they have
been acclaimed by many as a considcrable improvement over other
contemporary regulations. The lack of understanding which results
from their nevness is a limiting factor in their use. It 1s hoped that
this paper will help materially to correct this condition.

The authors of these regulations, while defending them are,
at the same time, their most sovere critics. Developrent of improved
regulations did not stop with the printing of the 1953 Nationsl
Building Code but has continued, and improvements will be announced
from time-to-time. Today, with new technology much of the old method
of control for safety no longser applies. Unless building regulations
advance with the times they will be put aside or overlcoked as a
measure for safety. It is to be hoped that if buillding regulations
are ever less used than they are today it will be because they are
less needed and no%t because they have becoms inadequate for their
taske.
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FIGURE 4

SHAFT ACTS AS TWO BARRIERS PERMITTING LOWER

FIKE RESISTANCE THAN THAT REQUIRED FOR FLOORS
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OFFSET FLOORS AND
WALL WITH FIRE
RESISTANCE EQUAL
TO THAT OF THE
FIRE WALL

FIGURE 7

SKETCH OF OFFSET FLOORS AND WALL

FIGURE 8

CONSTRUCTION SEPARATION OF TWO MAJOR OCCUPANCIES
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CONSTRUCTION SEPARATION OF EXIT

PARAPET
SPACE

FIGURE 10
SEPARATION OF ATTIC, CRAWL AND DUCT SPACES




