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1.0 EXECUTIVE SUMMARY

The use of wood is limited in larger and taller buildings by the National Building Code of Canada (NBCC)
based on concern of increased fire risk. The current requirements were developed long ago, under much
different conditions than today. Since then the industry’s knowledge of fire science has evolved
considerably, fire service equipment and capabilities have improved, detection and suppression systems
have advanced, construction materials and techniques have changed significantly, and public awareness
and education regarding fire safety has increased.

Having an understanding of the knowledge, capability, materials and methods used to develop the height
and area limits and the risks they were intended to mitigate, sets the basis for re-examination of those
limits in a current context. This can be achieved through a historical examination of the development of
the limits and their bearing on the use of combustible construction in buildings.

Historical records indicate that there was a need to regulate building construction in the City of Rome as
a result of several conflagrations. Augustus in 18 B.C. limited building height to 70 feet. The Annals of
Tacitus note that the Great Fire of Rome occurred on July 9 in 64 AD and burned for 5 days, destroying
10 of fourteen districts. In order to limit the occurrence of future conflagrations, regulations limiting
combustible construction, building height and separation were enacted. Over a millennium later, as the
city of London expanded, several “Great Fires” occurred. One of the earliest in 1087 destroyed most of
London including St. Paul’s Cathedral. Another occurred in 1135 and again resulted in the destruction of
most of the city. As a result of these large conflagrations, an ordinance termed the “Assize of Buildings”
was issued, regulating combustible construction and use of an early version of today’s firewall concept.

The Great Fire of London in 1666 burned for 4 days and destroyed a large part of London. In response, an
act was passed in 1667 for rebuilding the city, regulating the construction of exterior walls and roofs,
basic occupancy differentiation, building height, types of construction and party walls.

As a result of the proliferation of warehouse fires, the City of London building regulations were revised in
the late 1700’s to include area limits as a function of building construction. These regulations were further
altered in the early 1800’s as a result of fires rapidly growing beyond the capability of the local fire
brigade, putting the community at risk of conflagration. As a result, the building act of London revised the
area limits into cubic capacity limits to control the volume of these structures. These volume limits were
further altered in the mid 1800’s to cover a broader group of structures and a slightly greater volume of
216,000 cubic feet, which is the cube of 60 feet, a hazard considered to be within the capabilities of a
properly equipped fire brigade at that time.

A proposal in the early 1870’s to increase the maximum undivided building capacity to 300,000 cubic feet
was considered in London, and permitted on a case-by-case basis for industrial facilities requiring greater
space. At the same time, the Great Fires of Chicago and Boston occurred within a year of each other,
resulting in significant losses for many insurance companies and bankruptcy in some cases. Following
these conflagrations, the fire insurance industry banded together to establish a schedule of (premium)
rates associated with an acceptable level of risk inherent to certain building characteristics, including
height and area. The schedule of rates was intended to address the London-based insurers’ concerns of
building construction practices in the US. This schedule resulted in the definition of a “standard building”,
to which basic rates were set. Any deviation from the standard was considered to increase the fire hazard
of the building, resulting in higher rates. The height and area limits associated with a “standard Building”
were 60 feet and 5,000 square feet respectively, which coincided with the capacity of 300,000 cubic feet
being considered in London at that time.
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Over the 20-30 year period following the establishment of the definition of a standard building, height
and area limits and other standard building features were gradually incorporated into city building
ordinances. However, these limits were inconsistent, causing hardship for the construction industry, who
pressed for uniform building regulations. A meeting of the Combined Committee on Building Ordinances
was convened in New York on April 2 and 3, 1891 to discuss the framing and adoption of a model building
law. The Committee was composed of seven delegates representing the American Institute of Architects,
National Association of Builders, National Board of Underwriters, National Association of Building
Inspectors and National Association of Fire Engineers. The meeting resulted in a draft of suggested
ordinances combined from ordinances in force in various large cities, such as New York and Chicago, at
the time.

A more successful attempt at drafting a model code occurred several years later (1893) by the National
Board of Fire Underwriters, who had several decades of experience in drafting building ordinances for
insurance purposes. This eventually became the National Board of Fire Underwriters (NBFU) Model Code
published between 1893 and 1965. The 1905 NBFU Model Code was the first to include substantial height
and area limits and variations of those limits as a function of occupancy type, construction type, streets
facing and whether sprinklers were provided.

A report prepared in 1913 by Ira H. Woolson, Consulting Engineer for the National Board of Fire
Underwriters, summarized the results of a study of allowable heights and areas for factory buildings in
the United States. The study was based on a survey of fire marshals and fire chiefs in the United States
representing cities of over 20,000 population. The results were consistent with those of the 1905 NBFU
Model Code and the New York and Chicago City Ordinances.

Height and area limits were further developed by the National Fire Protection Association (NFPA)
Committee on Fire Resistive Construction between 1913 and 1927. The committee was initially chaired
by Woolson, and incorporated many of the same limitations established by NBFU and the survey
conducted by Woolson in 1913.

Two groups continued development of height and area limits beyond 1927 including the Uniform Building
Code (UBC) prepared by the International Conference of Building Officials, and the Recommended
Minimum Requirements for Fire Resistance in Buildings (1930 NBSFR) prepared under the technical
direction of the National Bureau of Standards by the Department of Commerce Building Code Committee.
The 1930 NBSFR was originally chaired by Woolson until his death in 1927. The UBC and 1930 NBSFR had
height and area limits consistent with those of the NBFU Code, NFPA limits and Large City ordinance limits
and were a function of occupancy type, construction type, streets facing and sprinklering. The 1930
NBSFR limits were used as the basis for the limits contained in the first Canadian Model Code published
in 1941.

The first National Building Code of Canada was published in 1941 and contained height and area limits
based on model building regulations developed by the Department of Commerce in the United States as
part of their “Elimination of Waste” Series. These limits were considered arbitrary in origin and assumed
that a process of “juggling” was used to broaden these limits within the context of different occupancies
and construction types.

In the 1953 NBCC, the 1941 NBCC height and area limit tables were revised using a combination of risk
balancing and arbitrary alterations. The risk balancing was based on a method outlined in a book by B.L.
Wood, considering conflagration and life safety as the primary risks.

In the 1960 NBCC, the 1953 NBCC height and area table was revised into a “spelled-out” format, intended
to move in the direction of performance-based design and allow for more design flexibility. Short- and
long-term approaches were developed to address further changes to the height and area limits. The
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short-term approach involved basic changes to the limits within their existing framework. The long-term
approach proposed consideration of changes to both the height and area limit framework and the specific
limits.

In the 1960 NBCC, a number of the short-term changes were implemented. The long-term approach was
suspended at approximately the same time austerity measures were implemented by the NRC.

In the 1965 NBCC, the height and area limits remained primarily unchanged. The significant change that
occurred during this cycle was the simplification of the definition of “noncombustible” and move to
describe two primary types of construction, ‘combustible’ and ‘noncombustible’, upon which the height
and area limits were based. Provisions for ‘heavy timber construction’ were also detailed at this time, but
this type of construction was a subset of the type ‘combustible’.

IM

In the 1970 NBCC, small revisions of height and area limits and a new “covered mall” concept were
introduced. The covered mall concept was based on the consideration that building portions on opposite
sides of a covered pedestrian mall were essentially two separate buildings connected by a covered area
considered as an open space, based on the provision of protective features.

In the 1975, 1977 and 1980 editions of the NBCC, the basic height and area limits changed little. However,
significant changes included consideration of a parking garage as a separate building and waiving of any
roof rating where a building is sprinklered or where a fire retardant treated wood is provided.

In the 1985 NBCC, the covered mall provisions that allowed designers to consider a mall structure to be
made up of separate buildings were deleted, except that the Code changed to permit heavy timber roof
construction for any 1- or 2-storey structure of unlimited area, provided the building was sprinklered.
Changes in the 1985 NBCC also introduced a special approach for determining the height of low-rise
residential buildings constructed on sloped sites. This change provided a basis for later changes that
permitted fully sprinklered Group C, D and E buildings 4 storeys in building height to be constructed of
combustible construction.

In both the 1990 and 1995 NBCC, the allowable height for residential, business (office), and mercantile
(retail) buildings of combustible construction was increased from 3 storeys to 4 storeys in height, provided
the buildings are sprinklered throughout and designed to provide 1-hour fire rated elements. Prior to this
time, 4-storey combustible construction had only been permitted for unsprinklered medium (Group F,
Div.2) and light hazard (Group F, Div. 3) industrial occupancies of %-hour rated construction. In addition,
in the 1990 NBCC, increased areas were provided for 1-storey residential buildings and also for 1- to 3-
storey unsprinklered residential buildings with increased (1-hour) fire resistance for the structure.

In the 1995 NBCC, significant changes introduced relative to height and area provisions related to
considerations for mandatory sprinklering including:

o Mandatory sprinkler protection for all tall (noncombustible) buildings.
o Mandatory sprinklers for all combustible buildings greater than 3 storeys in building height.

e Increasesin the permitted area limits of any sprinklered building by 50%, with such buildings only
required to face a single street, removing any impact (credit) of multiple streets faced in
sprinklered buildings.

o Reduction of minimum fire resistance, for Group E and Group F-Divisions 1 and 2, from 3-hours
to 2-hours, resulting in major increases in permitted areas for sprinklered noncombustible
buildings of 2-h rated construction.
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In both the 2005 and 2010 NBCC, the basic height and area limits changed little, with the exception of the
limits associated with Group B, Division 3 occupancies added to the 2010 NBCC.

The risk associated with building size has historically been the spread of fire to involve more than one
building (conflagration). Risk perceptions evolved over the historic development of the codes to include
limiting full building involvement and collapse of high buildings. For lower buildings of combustible
construction, where the assumption has been that smaller buildings may become fully involved and
spread fire to adjacent buildings, the association of risk has remained largely unchanged since the limits
were conceptualized.

The base height and area limits have remained relatively constant for nearly 160 years, with some
variation in concept recognizing containment of fire to a single storey under certain conditions and
greater area in sprinklered buildings, and only required to face one street. Therefore, the height and area
limitations evolved as reflected in the fire department’s ability to limit conflagrations given the fire service
capabilities in London and New York dating back the origin of the requirements in the late nineteenth and
early twentieth centuries.

Over the period of time that the building size limits have been established:
« firefighting techniques, equipment, response and overall capability has advanced significantly;
« construction methods and materials have advanced; and,
o analysis techniques have evolved significantly.

Knowledge of the risk basis of the building size limits allows for reconsideration of those limits in light of
industry understanding and advancements, and facilitates the development of alternative solutions and
changes to the NBCC to limit risk consistent with that intended by the prescriptive building size limits.
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2.0 INTRODUCTION

Recent initiatives by industry to facilitate greater use of wood in construction have considered a growing
societal recognition of the importance of sustainable development, building affordability and aesthetics.
These initiatives are supported by the advancement of wood-based products having unique properties
and construction techniques that differ from conventional stick framing or heavy timber. However, the
use of wood is limited in larger/taller buildings by the National Building Code of Canada (NBCC) based on
concern of increased fire risk. This has led to a reconsideration of these limitations in light of current
capabilities, materials and analytical methods; however, the re-assessment is complicated by a lack of
information linking the actual risk attributed to building size to the existing requirements and limits.

The development of building code requirements to limit building size and type of construction have
evolved following incidents of significant scale or impact, which due to the catastrophic circumstances,
drew attention to specific building design issues. Investigation and analysis following the incidents
identified specific conditions that led to the “unacceptable” occurrences, and new requirements were
developed to limit future similar losses. This cycle of code change would continue following the next
incident or other impetus for change, incrementally advancing the code without a reconsideration of the
cumulative risk basis. Over time, the changes have become entrenched as accepted practice and
recollection of the incidents and the specific risk context around the incidents have diminished. This cycle
of change was described by the Head of the Building Standards Section of the National Research Council
of Canada in the 1960’s [1, 2]:

In the broadest sense, building regulations develop from contingency to contingency. Each
one represents an emergency measure taken with very little or no study. As the emergency
recedes, the regulation tends to form part of traditional practice. It is added to the pile,
which grows and grows.

Progress towards better regulations in this country will be speeded when we have an
understanding of the history of the regulations which are now enforced.

R.S. Ferguson, Head of Building Standards Section (1960’s), NRC

The history of the NBCC has been one defined by a subtle balance between facilitation of innovation in
building design, while keeping safety to life and property protection paramount. Building codes are
intended to regulate the built environment and limit risks that may occur. They have existed for hundreds
of years in various forms and have evolved to what they are today very much through the process
characterized above by Ferguson.

Requirements and limits are formulated based on knowledge, capability, materials and methods available
at the time of their development and represent a solution, which was deemed necessary and socially
acceptable at the time, to achieving an objective. Quantification of the objective in terms of expected
performance may have been known at the time a requirement or limit was developed, but can become
lost over time where it is developed as a prescriptive solution and without a quantifiable link to the
original objective. Establishing the knowledge, capability, materials and methods upon which a
requirement or limit was formulated allows for quantification of the connection between the prescribed
solution and the intended reduction in risk.

The primary properties of a building that define the allowable type(s) of construction within the NBCC are
the building’s occupancy, height and area, street access and provision of automatic sprinklers. The
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building height and area limits are considered the most defining of these factors, and knowledge of their
origin allows industry to establish whether their application is appropriate in addressing the risk(s)
associated with combustible construction today.

The development of the current height and area limits spans centuries and they are implicitly connected
with foundational fire and life safety provisions in the NBCC. Over the past several centuries, the
industry’s knowledge of fire science has evolved considerably, fire service equipment and capabilities
have improved, detection and suppression systems have advanced, construction materials and
techniques have changed significantly, and public awareness and education regarding fire safety has
improved.

In order to facilitate an assessment of the merits of larger and/or higher buildings of combustible
construction, it is necessary to verify the root foundation of the height and area limits, and provide the
framework to reconsider those limits and their bearing on the use of combustible construction in
buildings.

This report details research into the historical development of the building height and area limits in the
NBCC, and covers the following:

e Ancient Rome between 390 B.C. and 491 A.D.

o Early London in 1087 to Victorian London in 1874.

e The United States between 1871 and 1940.

o Early Canadian considerations between 1905 and 1920.
e The development of the NBCC from 1937 to the present.

The development of the height and area limits in the NBCC are founded on measures established to limit
significant risks of the above geographic locations in the specified eras. While these individual locations
have their own history of development of height and area limits, the focus of this report is the
development of those limits as they relate to the NBCC.

The height and area limits have also developed in conjunction with and integral to other foundational
concepts of the NBCC, such as fire-resistance ratings and compartmentation. The evolution of each of
these concepts is a topic in itself, and for purposes of brevity are examined in this report as they relate to
the development of the height and area limits.

In summary, the history of development of the height and area limits is lengthy and complex. In order to
address the complexity, this report is limited to a chronological presentation of factual information. The
intent is to use the information in this report as a basis for defining the risk, in a current context,
associated with building size and to develop recommendations for reconsideration of the parts of the
NBCC that regulate building size.

Sereca Consulting Inc. 912046 Building Size Limits | March 19, 2015



Page 7 of 202

3.0 EARLY TIMES

In early times, the risk of conflagration was mitigated by regulating construction type, building separation,
and height. These regulations preceded the development of building area limitations; however, area was
implicitly regulated through limitations on property size and separation requirements. Early separation
regulations evolved into what is currently the firewall concept.

The following sections summarize the development of regulations related to building height and area
limitations from 390 B.C. through to the mid 1800’s.

31 RowmE, 390 B.C. T0 18 B.C.

Records indicate that after the Gauls burned Rome around 390 B.C., Roman citizens returned and rebuilt
the city around 387 B.C. Houses were built close together and using combustible materials. Conflagrations
occurred in 213 B.C,, 211 B.C., 192 B.C. and 50 B.C. Reconstruction following the fire in 50 B.C. had not
yet been completed at the time of accession of Augustus in 27 B.C. A building regulation “Lex lulia de
modo aedificiorum”, accredited to Augustus in about 18 B.C., limited building height to seventy feet and
required minimum wall thicknesses [3].

To guard against these dangers, in the reign
of Augustus the height of new houses in streets
was limited to seventy feet, by a * Metropolitan
Building Act,” as it would now be called
(Strab. v. p. 235). Augustus recommended a
work on this subject by Rutilius, entitled
“De Modo Aedificiorum” (Suet. Awug. 89)
Vitruvius (ii. 8, 17) gives some of the provisions
of this Act, e.g. that houses, if several stories
high, were to be built pilis lapideis, structuris
testaceis, parietibus caementitiis ; that is, on stooe
piers, with walls of concrete and burnt brick,—
not of sun-dried clay, as had been the usual
custom.

The mention of “dangers” is in reference to collapse resulting from flooding due to the Tiber River, and
fire.

3.2 GREAT FIRE OF ROME, 64 A.D.

The Annals of Tacitus [4] note that the Great Fire of Rome occurred on July 9 in 64 A.D. and burned for 5
days, destroying 10 of fourteen districts [Figure 1]. To limit the occurrence of future conflagrations, the
following regulations, attributed to Nero, were enforced following the conflagration [4]:

The buildings themselves, to a
certain height, were to be solidly constructed, without wooden
beams, of stone from Gabii or Alba, that material being imper-
vious to fire, And to provide that the water which individual
license had illegally appropriated, might flow in greater abun-
dance in several places for the public use, officers were appointed.
and everyone was to have in the open court the means of
stopping a fire. Every building, too, was to be enclosed by its
own proper wall, not by one common to others.
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Figure 1: An illustration depicting the “Great Fire of Rome” [5].

33 RoOME, 98 A.D. T0 491 A.D.

Nero did not specify a height limit for buildings, but referred to “a certain height”. The height limit
previously specified by Augustus was further limited to 60 feet by Trajan during his reign between 98 A.D.
and 117 A.D. [6]:
(a) Strabo says, that by an ordinance of Augustus,

no new-built house was to be more than seventy feet high.

Trajan afterwards, according to Aurelius Victor, fixed

the clevation at sixty feet.
Emperor Zeno, who reigned from 476 A.D. to 491 A.D., enacted legislation relative to the height and

separation of houses. The height limit was governed by obstruction of sea views rather than for purposes
of limiting fire spread or facilitating firefighting activity. These regulations are included below [7]:
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— Sect. II. On the Height to whick it is permitted to raise a House.—Moreover,
since our constitution directs that an interval of twelve feet must be left by him
who is about to build, between his own and his neighbour’s house, and that he
may add to it more or less,—(as this gives great security to those who build), and
as no doubtful or ambiguous words ought to be admitted,—we ordain, in the most
clear and explicit terms, that an interval of twelve feet must be left between each
house, beginning from the part immediately above the foundations, the same ad-
measurement being preserved to the very summit of the building. He who shall
accordingly in future observe this ordinance, will be allowed to raise his house
as high as he pleases, and may construct windows, as well those which we call
prospective,® as those which are only luminiferous,t according to the said divine
constitution, whether he is desirous of erecting a new house, or of reinstating an
old one, or of re-constructing one which has been destroyed by fire. He shall,
however, be in nowise permitted to encroach upon the prescribed interval, so as
to deprive his neighbour of a direct and uninterrupted prospect towards the sea,
from any or cvery side of his house—a prospect which he may enjoy at home
either standing or sitting; nor can he be allowed in any such manner to affect this
prospect, so that his neighbour should have only an oblique view of the sea. In
respect to gardens and trees, the former constitutions contain no regulations re-
garding them, nor will any be given on this occasion—they are not required.

3.4 1189 AssIZE OF BUILDINGS, LONDON

One of the earliest “Great Fires” of London occurred in 1087 and destroyed most of London including St.
Paul’s Cathedral. Another occurred in 1135 and resulted in the destruction of most of the city. At that
time, the structures in the greater part of London were constructed of wood, roofed with straw or similar
material [8].

As a result of these large conflagrations, an ordinance was issued by the then Mayor of London, Henry
Fitz-Aylewin, in 1189. An excerpt of a translated version of the “Assize of Buildings” is included below [8]:

It should be remarked, that in ancient times the greater part of the
City was built of wood, and the houses were covered with straw, stubble,
and the like.

Hence it happened, that when a single house had caught fire, the
greater part of the City was destroyed through such conflagration

After this, many of the citizens, to the best of their ability to avoid
such a peril, built stone houses upon their foundations, covered with thick
tiles, and [so] protected against the fury of the flames; whence it has
often been the case that, when a fire has broken out in the City, and has
destroyed many buildings, upon reaching such houses, it has been unable
to do further mischief, and has been there extinguished ; so that, through
such a house as this the houses of the neighbours have been saved from
being burnt.
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Hence it is, that in the aforesaid Ordinance, called the ¢ Assize,” it
was provided and ordained, in order that the citizens might be encouraged
to build with stone, that every one who should have a stone-wall upon his
own land sixteen feet in height, might possess the same as freely and
meritoriously as in manner already stated

' And this, to the end that
lsuch house may remain secure and protected against the violence of fire
when it comes, and so, through it, many a house may be saved and pre-
served unharmed by the violence of the flames.

In addition to requiring houses be built of stone with tile roofs, the Assize of Buildings contained one of
the earliest regulations forming the basis for what would eventually become party-wall (firewall)
requirements [8]:

Of Buildings erected between Neighbours.

‘When it happens that two neighbours wish to build between themselves
a stone-wall, each of them ought to give one foot and a half of his land;
and so at their joint cost they shall build a stone-wall between them, three
feet in thickness and sixteen feet in height.

These requirements were intended to limit fire spread from house-to-house and subsequently limit the
risk of conflagration. However, the changes intended by the regulations did not have an immediate effect
and another significant fire occurred in 1212, destroying London Bridge and a large number of houses [9].
As a result, the “Assize of Buildings” was amended and included the following related to type of
construction [10]:

“ Whosoever wishes to build, let him take care, as he
loveth himself and his goods, that he roof not with reed,
nor rush, nor with any manner of litter, but with tile only,
or shingle, or boards, or, if it may be, with lead, within the
city and Portsoken. Also all houses which till now are
covered with reed or rush, which can be plastered, let
them be plastered within eight days, and let those which
shall not be so plastered within the term be demolished
by the alderman and lawful men of the venue.

“ All wooden-houses which are ncarest to the stone-
houses in Cheap, whereby the stone-houses or Cheap may
be in peril, shall be securely amended by view of the mayor
and sheriffs, and good men of the city, or, without any
exception, to whomsoever they may belong, pulled down.

3.5 HEIGHT LIMITS IN THE LAWS OF EDINBURGH IN THE 1600’s TO 1800’s

Several large fires occurred in Edinburgh in the 1600’s as a result of house construction (wood with
thatched roofs [11] and unrestricted height [12]). Building height was attributed to “the high price of
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building ground and the habit which the inhabitants of Edinburgh had acquired of living above each other
in separate floors of the same house, it had been necessary to raise the buildings to a very dangerous
height” [12], and was up to 12 storeys in some cases. To address these fires, the Scottish Parliament in
1698 enacted a law limiting the height of buildings to no more than 5 storeys [13]:

ACT Regulating the Manner of Buildings
within the Town of Edinburgh.

e Auguft 30. 1698.

UR Soveraien Lorp Confidering, That the New Buildings
within the City of Edinburgh, having been Built without any
fettled Rule, or particulag Over-fight, feverals of the Houfes

are Built to exceflive, incommzﬁious and dangerous Height, and all
of them very Slight and Unfufficient, whereby not only the Policy
and good Neighbouthoed of the Town is prejudged, but alfo, in
cafe of Fire happening, all Accefs for ftaying or extinguifhing the
“fame is fo difficult, that it may prove dangerous to the whole Town:
ForRemeed whereof, and far the better Ordering and Regularing
«of all New Buildings within the City of Edinbargh, in all time
coming, His Majefty, with Advice and Confcnt of the Eftates of
Partiament, Starstes and Ordains, That, in the Building of any
New Houfes, or Land within the City and Suburbs, thefe Rules be
Obferved, viz.

And Statntes and Ordains, That all New Houfes be built no higher
than. five $tories above the Calfay ;

Additional noteworthy conflagrations occurred in 1700 and 1824. The more significant of these was the
great fire of November 1824, which started in the High Street and spread through the whole city [11].
Edinburgh’s first chief of the fire brigade distinguished himself in leading the suppression of this fire. He
eventually became the first fire chief of the London Fire Brigade, which is detailed in the clip below, and
is discussed in more detail in Section 4.1 of this report:

The municipal fire service was inaugurated in
Edinburgh in 1824 by Mr James Braidwood, who was the
first municipal fire chief in the world as far as can be traced.
and he remained here until 1833, when he went to London
a8 London’s first chief. His work in Edinburgh was the

model upon which the different cities in the kingdom
founded their fire establishments, and the principles laid
down by Braidwood in Edinburgh in 1824 are being followed
to this day in almost every city in the country.
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James Braidwood was the son of a respectable upholsterer whose premises was destroyed by fire in 1807
when James was age 7 [11]:

1807.—On the morning of Nov. 10, be-
tween three and four o'clock, the work-shop
of Mr. Francis Braidwood, upholsterer in the
Pleasance, was discovered to be on fire; and
before assistance could be procured, the pre«
mises were entirely consumed.

3.6 LIMITS IN THE BUILDING ACTS OF LONDON, 1666 TO EARLY 1800’s

Following the great fire of London in 1666, the city of London enacted building legislation including
requirements to separate buildings and regulate construction as a function of height and area. The
following sections of this report detail these regulations from 1667 to the early 1800’s.

3.6.1 THE GREAT FIRE OF LONDON

The Great Fire of London occurred on September 2, 1666 and burned for 4 days destroying 13,200 houses,
87 parish churches, St. Paul’s Cathedral and most of the buildings of the City authorities [14] [Figure 2].
This fire resulted in the development of detailed building regulations and the origin of the fire insurance
industry [15].

Figure 2: A painting of the “Great Fire of London” as seen from a boat in vicinity of Tower Wharf [14].

3.6.2 ACTSOF1667 7101774

In 1667 an Act was passed titled, “An Act for rebuilding the City of London”, to regulate the re-building
following the great fire. This act included provisions for the construction of exterior walls and roofs, basic
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occupancy differentiation, building height, types of construction and party walls [16]. The Act required
the following for construction of exterior walls and roofs [16] (Note that the wall thicknesses in this act
are identified by brick lengths?):

VIL. Aud in regard the building with brickis not only more come- g w00 o
Iy and durable, but alfo more fafe againf? future perils of fire : (2) be brick, ftone,
it further enacted by and with the authority aforefaid, That all cak.
the outfides of all buildings in and about the faid city be hence-
forth made of brick or ftone, or of brick and ftone together, ex-
cept door-cafes and window-frames, the breaft fummers, and
other parts of the firft ftory to the front, between the piers,
which are to be left to the difcretion of the builder, to ufe fub-
ftantial oaken timber inftead of brick or ftone, for conveniency
of fhops; and that the faid doors breaft fummers and window-
frames be fufficiently difcharged of the burthen of the fabrick
by arch-work of brick or ftone, either ftraight or circular.

An early consideration of occupancy differentiation as a function of hazard classification, the Act
regulated trades considered perilous to be kept from principle streets [16]:

Noifome XXI. And be it further enadted, That it fhall and may be
trades pro-  Jawful to and for the lord mayor, aldermen and common coun-
bibited in the o] of the faid city from time to time, to prohibit fuch trades
high freets. 214 occupations as they fhall judge noifom or perilous in refpe&

of fire, tobe ufed or e.xerciﬁ:cjl in the high or principal ftreets of

the faid city.

House height and the requirement for party wall construction was regulated based on four types (“sorts”)
of construction [16]:

There thall V. And to the end that all builders may the better know

be four forts how to provide and fit their materials for their feveral build-

of buildings ings; (2) be it enadted, That there thall be only four forts of

ouly. buildings, and no more ; and that all manner of houfes o to be
erefed, (hall be of one of thefe four forts of buildings, and no
other; (that is to fay) the firft and leaft fort of houles fronting
by-lanes; the fecond fort of houfes fronting ftreets and lanes
of note ; the third fort of houles fronting high and principal
ftreets ; the fourth and largeft fort, of manfion-houfes, for citi-
tizens, or other perfons of extraordinary quality, not fronting
either of the three former ways: and the roofs of each of the
faid firflt three forts of houfes refpectively, fhall be uniform,

The height, construction, wall thicknesses and separation of the four sorts of house are summarized in
the following [16]:

@ An Act was passed in 1725 to “prevent abuses in making of bricks and tiles, and to ascertain the dimensions thereof”, which
defined the dimensions of a standard brick.
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Houfles of the
firit and leait
fort of build-
ing.

" IX. And be it further enacted, That the faid houfes of the
firft and leaft fort of building, fronting by-ftreets or lanes as
aforefaid, thall be of two (tories high, befides cellars and gar-
rets ; that the cellars thereot be fix toat and a half high, if the
fprings of water hinder not; that the firft ftory be nine foot
high from the floor to the cieling, and the fecond ftory nine
foot high from the floor to the cicling; that 2ll walls in front
and rear, as high as the firlt ftory, be of the full thicknefs of the

length of two bricks, and thence upwaids to the garrets, of the.

thicknefs of one brick and an half; and that the thicknefs of
the garret-walls on the back part be left to the difcretion of the
builder, fo that the fame be not le(s than the length of one
brick ; and alfo that the thicknefs of the party-walls between
thefe houfes of this tirt and lefler fort of building, be one brick
and an half, as high as the faid garrets ; and that the thicknefs
of the party-walls in the garrets be of the thicknefs of one brick

. in length at the leaft; and that the fcantlings of timber and

Hou'es of the
fecond fort of
building.

flone to be ufed about the building thereof, be as in the faid
table are fet down and prefcribed. ' '

X. And be it furthey enadted, That the faid houfes of the
fecond fort of building, fronting ftreets and lanes of note, and
the river of Thames, thall confitt of three ftorics high, beiides

cellars and garrets, as aforefaid ; that the cellars thereof be fix
foot and an half high gf the fprings of water hinder not;) that
the firft ftory contain full ten foot in height from the floor to the
cieling , the fecond, full ten foot : the third, nine foot: (2)
That all the faid walls in front and rear, as high as the firft
ftory, be of the full thicknefs of the length of two bricks and
an half, and from thence upwards to the garret-floor of the
thicknefs of one brick and an half; and that the thicknels of
the garret-walls on the back part be left to the difcretion of the
builder, fo that the fame be not lefs than the length of one
brick ; (3) and alfo that the thicknefs of the party-walls be-
tween every houfe of this fecond and larger fort of building,
be two bricks in length as high as the firft ftory, and thence
upwards to the garrets of the thicknefs of one brick and an
half: the fcantlings of timber and ftone to be as in the faid
table are prefcribed.
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XI. Alfo that the houfes of the third fort of building, front= Houfes of the
ing the high and principal fireets, {hall confift of four ftories third fort ot
high, befides cellars and garrets, as aforefaid ; that the firft ftory building.

contain full ten foot in height from the floor to the cieling ; the
fecond, ten foot and an half; the third, nine foot; the fourth,
eight foot and an half: (2) that all the faid walls in front and
rear, as high as the firt ftory, be of the full thicknels of the.
length of two bricks and an half, and from thence upwards to
the garret-floor of the thicknels of one brick and half ; that the
thicknefs of the garret-walls on the back part be left to the dif-
cretion of the builder, fo as the fame be not lefs than the length
of one brick ; (3) and alfo that the thicknefs of the party-walls
between every houfe of this third and larger fort of building,
be two bricks lengths as high as the firft ftory, and thence up-
wards to the garrets, of the thicknefls of one brick and an half :
the fcantlings of timber and ftone to be as in the faid table are
prefcribed.
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XII. And be it further enaéted, That all houfes of the fourth Hou‘s of the
fort of building, being manfion-houles, and of the greateft big- fourth fort of
nefs, not fronting upon any of the ftreets or lanes as aforefaid, Puiing.
fhall bear the fame fcantlings as in the table are fet down for
the fame; and that the number of ftories, and the height there-
of, be left to the difcretion of the builder, fo as he exceed not
four ftories,

The heights of the four sorts of houses, ignoring cellars and garrets, was limited to 18 feet for the first
sort, 29 feet for the second sort, 38 feet for the third sort, and no more than four stories® for the fourth
sort. The actual physical height of the four sorts of houses could be greater depending on the protrusion

of a cellar above ground level and the height of a garret. This Act recognized increased height with thicker
front and back walls and party walls.

The heights on a storey-by-storey basis and wall thicknesses of the four sorts of houses are summarized

in the table below [16]

XLII1. A jcheme of proportions and Jeantlings for Jlorias, walls and timbers for the
ilding of leffer and larger boufes within the city of Londen.

Brick.

Firft fort,
bcing the
leait hou-
fes front-
ing, by-
fireets,
lanes, &c.

- 2 Second
fort, hou-
{es, front-
ing all
ftreets,
lanes of
note, and
river of

«Thames.

1 Third
{ort, hou-
{es front-
ing all
high
fireets
and lancs
of note.

Divifion
of ftory

Cellars
1 ftory
2 ftory
garrets

Cellars
1 flory
z ftory

|
3 ftory

garrets

1 flory
2 ftary
3 ftory
t ftory

garrets

Where the
{prings pre-
vent not,

Not lefsin
height clear
than

Height
offtory.
Foot.
6%
9
9

10

10

Tl

mo 0 O
Ll

i

Thicknels
of walls .
Bricks. Bricks.
To the
firft floor.] =2 13
2d 1f 13
3d 1t 1z
1 1
Thick-] To the 'Th_ick-‘
nefs of| firlt floor 2L [mefs of|] 2
walls zd z |walls 1%
in front be-
and 3d 2 tween 1%
rere houfe
from 4th 11 |and 11
the * |houfe. ¥
foun- 1 1
dation.
it 23 2
2d 1 ; 1 3
3d 15 1%
4th 15 13
1 I

bin many early documents and regulations, the word was spelled ‘story’ and ‘stories’; in later documents, including today in the
National Building Code in Canada, it is spelled ‘storey’ and ‘storeys’
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This Act recognized the importance of providing a barrier to fire spread (and conflagration) in requiring
buildings within the City to have exterior walls and roof coverings of honcombustible material, and
reducing the risk of fire initiation by prohibiting high hazard occupancies from the built-up streets of the
City. At this point, building areas were not limited.

Act’s passed in 1670, 1707 and 1708 expanded the provisions for party-walls. The Act of 1707, “An Act
for Better Preventing Mischiefs that happen by Fire” noted the following relative to party-walls [17]:

have party walls between houfe and houfe, wholly of brick or
ftone, and of two bricks thick at the leaft in the cellar and ground
fories, and thirteen inches thick upwards from the foundation
quite through all the ftories of each houfe, and eighteen inches
above the roof ; and that no mundillion or cornifh of timber
or wood under the eaves fhall hereafter be made or fuffered in
any fuch new houfe or houfes, but that all front and rear-
walls of every houfe and houfes fhall be built of brick or ftone, to
be carried two foot and an half high above the garret floor, and
coped with ftone or brick ;

As a result of questions of enforcement and legal issues regarding compensation, the party-wall
requirements were further developed in Acts in 1724, 1759, 1763, 1722 and 1774. These changes largely
related to joint ownership and responsibility of party-walls by neighbours. Due to complexities evolving
out of law, the resulting statutes were so complex, they became difficult to apply and enforce. The
following illustrates the complexity of its use [18]:

The Judges seem never to have missed an opportunity of
censuring its provisions, they even advised parties to
avoid so intricate an act; and had parties rightly un-
derstood their own interests, it is probable that many
harassing lawsuits would have been saved.

3.6.3 AcTOF1774

In addition to the revisions to the party-wall requirements, building classification as a function of
construction characteristics further developed from the four “sorts” of house in the 1667 Act to seven
“rates” of building in the 1774 Act, entitled “An act for the further and better Regulation of Buildings, and
Party-walls; and for the more effectually preventing Mischiefs by Fire”. The purpose was to expand the
application of the Act to a broader group of buildings and provide more options relative to construction.
Each rate of building was not occupancy specific, but covered a group of occupancies depending on the
rate.

The first four rates of building each covered groups of occupancy, as noted above, including dwelling-
houses. Each rate of building was limited in height for all of the occupancy groups, but only limited area
for dwelling-houses. An excerpt for the fourth rate of building is included below [19]:

XI. And be it further cnacted, That every Warehoufe, Stable, and other Building, not being a Dwell-
ing-houfe, exceépt fuch Buildings as are herein particularly declared to be of the E‘irﬂ, Fifth, Sixth, or
Seventh Rate or Clafs of Building, now built, or hereafter to be built, which does not ar fhall not exceed
one clear Story above Ground, exclufive of the Rooms (if any) in the Roof thereof, or which is not or
fhall not be of the Height of more than thirteen Feet from the Surface of the Pavement, Ground, or Way,
above the Arca before either of the Fronts thereof, to the Top of the Blocking-courfe or Coping on the
Parapet thereof; and every Dwelling-houfe now i:uilt, or hereafter to be built, which, with the Offices
thereto belonging and adjoining, or connefed otherwife than by a Fence or Fence-wall, or covered
Paflage open on one or both Sides, when finithed, does not or fhall not exceed the Value of one hun-
dred and Ee&y Pounds; and alfo every Dwelling-houfe which does not or fhall not exceed three Squares
%nc!! dap Half of Building on the Ground Plan thereof, fhall be deemed to be of the Fourth Rate or Claff of
uilding, o
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Construction type for exterior walls and party-walls was limited to brick and wall thicknesses were
specified as a function of building rate and height. The height and area limits for the first four rates of
building are included in Table 1. Building area was measured in “squares” at the level of the floor at the
principal entrance to the dwelling. One “square” is equal to 100 square feet [19].

Table 1: Height and area limits for first four rates of building [19].

Building Rate | Height Area
First > 3 storeys (31 feet) > 9 squares
Second < 3 storeys (31 feet) <9 squares

> 2 storeys (22 feet) > 5 squares
Third < 2 storeys (22 feet) < 5squares

> 1 storey (13 feet) > 3.5 squares
Fourth < 1 storey (13 feet) < 3.5 squares

Similar to the first four rates of building, the fifth and sixth rate of building covered groups of occupancy
including dwellings. These rates of building were not limited in height and area, but by a separation
distance from public streets or other buildings. The separation distances, construction materials and
dimensions for the fifth and sixth rates of building are included in Table 2, which shows building height
and area (dimensions) are not limited, and with increased distance, construction material is not limited.

Table 2: Height and area limits for first four rates of building [19].

Building Rate  Distance from a Distance from Construction Dimensions
Public Road, Street | any Other Materials
or Causeway Building

Fifth > 4 feet > 16 feet Limited Unlimited
< 8 feet < 30 feet

Sixth 8 feet > 30 feet Any Unlimited

The seventh rate of building covered specific occupancy types and locations (outside the cities of London
and Westminster) and were not limited in dimension. An excerpt of the requirements relative to the
seventh rate of building are included below [19]:

XX. And be it further enafled, That every Cranehoufe, now built, or hercafter to be built, on an
Wharf or Quay, and every Shamble, Windmill or Watermill, and allo every Building which is or ﬂnﬁ
be fituated without the Cities_of London and Feftminfier, and the Liberties thereof, ufed for Workfhops or
Drying-places for Tanners, Fell-mongers, Glue-makers, Size-makers, Callico-printers, Whitfters, it
ing-makers, Curriers, Leather-dreflers, Buckram- ftiffners, Oil-cloth Painters, Wool-ftaplers, Throwfters,
Parchment-makers, and Paper-makers, {o long and at fuch T'imes as the;r are or fhall be ufed for fome or one
of thofe Purpoles, and no longer, thall be deemed the Seventh Rate or Clals of Building, and may be buile
of anv Dimeniions whatever.

In addition to dwelling houses, the 1774 Act was the first to limit the area of warehouses and stables to
35 and 25 squares respectively [19]:

Sereca Consulting Inc. 912046 Building Size Limits | March 19, 2015



Page 18 of 202

LIII. And be it further enadted by the Authority aforefaid, That no Stack of Warehoufes to be erected
after the faid twenty-fourth Day of Fune, fhall contain more than thirty-five Squares of Building on the
Ground Plan thereof, including all the external and internal Walls, and fo much of the Party-walls, if any,
as belong to fuch Stack of Warehoufes ; and no Enlargement fhall be at any Time thereafter made to any
Stack of Warehoufes already built or begun, fo as to increafe the fame beyond the faid thirty-five Squares on.
the Ground Plan, including fuch Walls as aforefaid, except fuch Stack of Warchoufes be feparated and
divided by one or more Partyswall or Party-walls, built, in every Refped, according to the Dire&ions
herein- contained concerning Party-walls, into Divilions of not more than thirty-five Squares each,
including fuch Walls as aforefaid, on the Ground Plan of fuch Warehoufes ; and that no Stack of Ware-
boufes fhall communicate with any other Warehoufe or Building through a Party-wall, unlefs the Door-
cale and Sill of every fuch Communication be of Stone, and unlels there be to every fuch Communication a
Door of wrought Iron, of the Thicknefs of a Quarter of an Inch at leaflt in the Pannels thereof; and no-
‘Timber, , or Lintel, fhall be laid into the Brick-work of any Wall in‘any fuch Stack of Warehoufes-
nearer than eighteen nches to the Opening of fuch Communication.

- LIV. And be it further enatted by the Authority aforefaid, That no Building for Stables, to be ereSted
after the faid twenty-fourth Day of Funme, fhall contain more than twenty-five Squares of Building on the
Ground Plan thereof, including all the external and internal Walls, and fo much of the Party-walls (if
any) as belong to fuch Building for Stables; and no Enlargement fball be at any Time thereafter made
thercto, or to any Building for Stables already built, or begun to be built, fo as to increafe the fame beyond
the {aid twenty-five Squares on the Ground Plan, including fuch Walls as aforefaid, except {uch Building
for Stables be feparated and divided by one or more Party-wall or Party-walls, built in every Refpeét
according to the Direflions herein-before contained concerning Party-walls into Divifions of not more
than twenty-fivé Squares each, includ]n% fuch Walls as aforefaid, on the Ground Plan of fuch Stables:
And that ‘no fuch Building for Stzbles fhall communicate through a Party-wall with any other
Stables or Building, unlefs the Door-cafe and Sill of every fuch Communicdtion be of Stone, and unlefs
there be to every fuch Communication a Door of wrought Iron, of the Thicknefsof a Quarter pfan Inch
in the Pannels thereof; and no Timber, Bond, or Lintel, fhall be laid into the Brick-work of any Wall
in any fuch Building for Stables nearer than eighteen Inches to the Opening of fuch Communication.

3.6.4 BILLOF 1830

A Bill enacted in 1830 titled [20] “A Bill For the regulation of Buildings and Party Walls, and for the more
effectually preventing Mischiefs by Fire,” further progressed the requirements relative to building
construction including general application of the rates to all occupancies rather than specific ones. An
eighth rate was added and changes were made to the height and area limits for all rates. The Bill also
clarified application of the first four rates of building as follows [20]:

And be it further Enacted, That all Buildings, if attached or in-
tended to be attached to one another, also if the same, whether
attached or not, shall be within four feet of any public or private
way, or any intended public or private way, exclusive of the sunk
area (if any) lying between the same, shall be held to be either of the
first, second, third or fourth rate of building.

As shown in Table 3, the area limits changed slightly, but the heights increased significantly and limits
were added for roofs.

Table 3: Height and area limits for first four rates of building [20].

Building Rate  Height Area

First < 60 feet < 35 squares
> 50 feet > 9 squares
Roof £ 75 feet

Second <50 feet <9 squares
> 45 feet > 6 squares
Roof < 60 feet
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Building Rate  Height Area

Third <45 feet < 6 squares
> 30 feet > 4 squares
Roof < 50 feet

Fourth <30 feet < 4 squares
Roof < 35 feet

The limits associated with the fifth, sixth and seventh rates only moderately changed from the 1774 Act.
The eighth rate of building permitted a greater area than first rate buildings, but were not permitted to
be private dwellings. The specific limits associated with eighth rate are as follows [20]:

And beit further Enacted, That every Building hereafter to be built,
which having no internal walls or divisions of brick or stone above
the level of the ground floor, shall in its dimensions, measuring
horizontally either on the basement floor or on the ground
floor, exceed thirty-five squares of Building, or which having such
divisions shall exceed forty-five such squares, or which having
no floors or horizontal divisions extending from one opposite wall to
another, shall exceed in height to the top of any of the external
walls of such building sixty feet, or to the top of the roof of such
building seventy-five feet, or which shall, having such floors or hori-
zontal divisions, exceed in height from the basement thereof to the
top of any of the external walls of such building seventy-five feet or
to the top of the roof thereof ninety feet, whether the same shall be
attached to or detached from any other building, or whether the same
shall abut upon or be distant from any public way, shall be of the
Eighth Rate of building, and be built as is hereinafier particularly
directed.

The primary difference between the eighth rate and the first four rates, was greater height and area,
reference to internal walls or divisions of brick or stone and the requirement of a more rigorous approval
process.

3.6.5 AcTOF1844

The next significant change to the height and area limits occurred in the 1844 Act, which defined three
building classes (occupancy types) and rates of building (construction specifications). The rates of building
were similar to previous Acts. The classes included groups of occupancy and were defined as follows [21]:

First Class,

If a Building be built originelly as a Dwelling House, or be occupied or intended to
be occupied as such, then it is to be deemed to belong to the First or Dwelling House
Class. '
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Second Class.

If a Building be built originally as a Warehouse, Storehouse, Granary, Brewery, Distillery,
Manufactory, Workshop, or Stable, or be occupied or intended to be occupied as such,
or for a similar Purpose, then it is to be deemed to belong to the Second or Warehouse
Class.

Third Class.

If a Building be built originally as a Church, Chapel, or other Place of Public Worship,
College, Hall, Hospital, tre, public Concert y public Ball Room, public Leeture
Room, public Exhibition Room, or occupied or inten to be occupied as such, or for
a similar Purpose, or otherwise used or intended to be used, either temporarily or perma-
nently, for the Assemblage of Persons in large Numbers, whether for Pub{ic “};sh'
Business, Instruetion, Debate, Diversion, or Resort, then it is to be deemed to belong to the
Third or public Building Class.

The height and area limits for the first four rates of building of the First Class (Dwelling House) are included
in Table 4.

Table 4: Height and area limits for First Class of building [21].

Building Rate  Height Area

Extra First > 7 storeys (85 feet) > 14 squares

First < 7 storeys (85 feet) < 14 squares
> 7 storeys (70 feet) > 10 squares

Second < 6 storeys (70 feet) <10 squares
> 5 storeys (52 feet) > 6 squares

Third < 5 storeys (52 feet) < 6 squares
> 4 storeys (38 feet) > 4 squares

Fourth < 4 storeys (38 feet) < 4 squares

The Second Class of buildings were limited in height as a function of Building Rate. However, they were
not limited on a specific area basis. The height limits for the first four rates of building of the Second Class
(Warehouses) are included in Table 5.

Table 5: Height limits for Second Class of building [21].

Building Rate  Height

First > 66 feet
Second < 66 feet
> 44 feet
Third < 44 feet
> 22 feet
Fourth <22 feet

The area of the Second (Warehouse) Class of Building was limited indirectly by specifying overall cubical
contents (volume) of this class of building. Cubical limits are discussed in more detail in the following
section of this report.

The 1844 Act did not specifically limit the height and area of Third Class of Buildings (i.e., assembly type
occupancies).
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4.0 THE CUBIC CAPACITY CONCEPT

Until the late 1700’s, with the exception of certain assembly-type structures, the majority of buildings
were limited in size and height due to increased costs associated with the construction and maintenance
of larger buildings and utility of such buildings. This changed with the proliferation of bulk goods
warehouses in England, which by their nature were required to be of large unbroken area in order to
house machinery, assembly lines and large quantities of mass produced goods. Fires occurring in these
buildings would rapidly grow beyond the capabilities of the local fire brigade, putting the community at
risk of conflagration. This was addressed through the development of requirements to limit the size of
these fires.

4.1 AcT OF 1844

The increase in large fires in warehouses particularly in the 1830’s and early 1840’s was addressed by the
passage of “The Metropolitan Act” in 1844 [21]. This act was intended to regulate the construction and
use of buildings in the Metropolis (London) and its neighbourhood and specifically addressed the
potential for large warehouse facilities (Second Class buildings) by limiting the volume between party-
walls [21]:

Warehouses, &e.

With regard to any Building of the Second Class hereafter built or
rebuilt, in reference to the Capacity or Contents thereof within the
same inclosing Walls,—

If such Building contain more than 200,000 Cubic Feet,—then such
Building must be divided by Party-Walls, so as that there be not in
any one Part of such Building more than 200,000 Cubic Feet without

Party-Walls,

The specific origin of the 200,000 cubic foot limit could not be established from the documentation
reviewed. However, the 1774 Act permitted buildings of the first rate to be up to 60 feet in height and 35
squares, which equates to 210,000 cubical feet. This limit likely relates, through experience of the fire
brigade, to the total quantity of combustibles and subsequent fire expected within an unbroken space.
This theory of ‘cubic content’” was mentioned in an 1844 paper by James Braidwood, first Chief of the
London Fire Brigade, relative to water supply for fires [22]:

If water can be obtained at an elevation, pipes with plugs or fire-
cocks on them, are preferable to any other mode at present in use.
The size of the pipes will depend on the distance and elevation of the
head, and also on the size of the buildings to be protected. It may be
assumed as a general rule, that the intensity of a fire depends, in a
great measure, on the cubic content of the buildings ; distinction
being made as to the nature and contents of such buildings. If no
natural elevation of water can be made available, and the premises are
of much value, it may be found advisable to erect elevated tanks ;
where this is done, the quantity of water to be kept ready and the
rate at which it is delivered, must depend on the means possessed of
making use of the water.
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4.2 AcCT OF 1855

Based on his knowledge and experience, Braidwood was consulted in the reframing of the Metropolitan
Building Act and in doing so, endeavored to prevent the proliferation of “monster” warehouses, not
governed by the 1844 Act due to a discrepancy in interpretation of what constituted a warehouse.

4.2.1 216,000 CuBIC FEET

The Metropolitan Building Act was revised in 1855, based on passage of a Bill from 1851 [23], to broaden
the scope of the size limitation to warehouses and buildings used wholly for purpose of trade or
manufacture [24]:

used either wholly or in part for the
trade or manufacture, containing more than two hundred gixteen
thousand cubic feet, shall be divided by party walls in such manner that tha
contents of each division thereof shall not exceed the above-mentioned number

The resulting limit was expressed, similar to the Act of 1844, in terms of cubical content, but increased
from 200,000 to 216,000 cubic feet. In addition, clarification relative to the uniting of two buildings and
openings between them was added to limit ultimate building size. Specifically [24]:

Walls of a Bnilding of the Dimensions of such Two Buildiogs taken together as Oune
Building, or if any Two Buildings when united would exceed Thirty-six Squares in Ares,
or 216,000 Cubic Feet in Capacity, being Buildings which in such Case are by this Act
required to be divided, then no Opening in any Wall or other Structure separating the
same may be made wider than Seven Feet or higher than Eight Feet; and each Opening
must have the Floor, Jambs, and Head thereof formed of Brick, Stone, or Iron Work, and
must have Two strong Wronght-iron Doors One Fourth of an Inch thick in the Panels
thereof, distant from each other the full Thickness of the Wall, fitted m&hungmrabmd
Frames without Woodwork of any Kind, unless by special Certificate in that Behalf an
Official Referee shall certify that any Openings may be otherwise made with a due Regard
to the Purposes of this Act.

And no Opening may be made in any Wall or other Structure dividing any Building
which by this Aet is required to be divided into Parts not exceeding Thirty-six Squares in
Area, or 216,000 Cubic Feet in Capacity, except in accordance with euch and the eame
Conditions as are set forth in the foregoing Rule.

And every Wall which has been hmltﬁoruruaedunPartyWaﬂ is to be and to con-
tinue to be subject to the Rules and Directions of this Act in respect of Party Walls,
whether the Buildings parted thereby continue in different Occupations or not.

And whenever any Buildings shall cease to be in the same Ooccupation, every Opening in
any Wall or other Structure separating the same must be stopped up with Brickwork
of the full Thickness of such Wall or Structure, and properly bonded therewith.

Even though the maximum permitted cubic capacity was increased, the increase was minimal and the
change broadened the scope of the cubic limitation in the Metropolitan Act to a larger group of buildings.
In support of this change, it was Braidwood’s assertion that a properly equipped fire brigade should be
reasonably capable of suppressing a fire in a building having a volume that is the cube of 60 feet, or
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216,000 cubic feet. This assertion was noted in a book written in the 1870’s by the then Chief of the
London Fire Brigade, E.R. Shaw [25]:

With a well organized and properly equipped fire
hehioe  brigade it is found that sixty feet is the greatest
building

quickly pro- Deight at which a building can be quickly protected,
tected. and that the cube of 60, or 216,000 cubic feet, is the

Greatest

cubical capa- Jargest cubical capacity which can be protected with
city quickly

protected. yeasonable hope of success after a fire has once come

to a head.

A committee discussion several decades following the passage of the 1855 Metropolitan Building Act,
affirmed the origin of the 216,000 cubic limitation [26]:

It is only a fire question. It all arose out of Mr. Braidweood
giving evidence upon the Committee of 1855, The Committee said, W hat
sized building can you minage ! and he gave:-the size of the building, and that
has been put into the Act of Parliament ;

Are you aware that there was a limit so long ago as 1774 ;—That was
a Jifferent limit. The Committee extended limit, in 1856.

So it was Mr. Bruidwood's evidence which led to a relaxation of the
limit r—It was his evidence that gave the size, and he gave it thinking that he
could manage a building within that size.

As noted above, the increase in cubic capacity between the 1844 and 1855 Acts was perceived, in
isolation, as a “relaxation”. However, considering the small increase in cubic capacity and the scope of
the requirement applying to a broader group of buildings, the change was more characteristic of a
limitation than a relaxation. Regardless, these regulations were often evaded for purposes of private
profit. Braidwood continued his campaign to prevent endangering of whole neighbourhoods through the
construction of these large structures by writing letters to politicians as noted below [27]:

In a letter to Bir W. Molesworth, First Com-
misgioner of Public Works, dated 10th February, 1854, on
the subject of a proposed warehouse in Tooley-street, he
wrote ‘ The whole building, if once fairly on fire in one
floor, will become such a mass of fire that there is now no
power in London capable of extinguishing it, or even of
restraining its ravages on every side, and on three sides it
will be surrounded by property of immense value.’

Mr. Braidwood would eventually lose his life to such a fire that occurred at Tooley-Street on June 22,
1861. The fire spread through several warehouses by way of iron doors in the division walls (party walls)
that had been propped open. The fire also spread to nearby wharves considered to be the best built in
London. The fire department had limited water supply and the fire burned for a fortnight (14 days). Mr.
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Braidwood was crushed early in the fire by the collapse of a wall as he was standing by to encourage his
firefighters in their efforts to suppress the fire.

4.2.2 300,000 CuBIC FEET

As a result of the damage caused by the Tooley Street fire, insurance premiums for mercantile risks
increased and a “panic rates” schedule was developed. The rate schedule included limits associated with
building volume [15]:

Requirements of the Fire Offices for the improvement of risks and reduction of prems.

t. That no warehouse or shed hereafter built shall contain more than 216,000 cubic feet, and shall
be built according to the regulations of the Metropolitan Buildings Act.

2. As respects existing buildings, the cubical contents of which exceed 300,000 feet, the dimensicas
allowed in connexion with the reduction of prem. shall be subject to special arrangement with the
Committee of Offices, who under the advice of their surveyor will take into consideration any special
circumstances.

The rate schedule suggested an increase in insurance rate for buildings exceeding 300,000 cubic feet.
However, did not identify increased rates for existing buildings 300,000 cubic feet or less. As noted above,
new warehouses and sheds were required to comply with the Metropolitan Buildings Act with a maximum

cubic capacity of 216,000 feet.

The 216,000 cubic foot capacity limit remained in the Metropolitan Building Act until second reading of a
Bill submitted to parliament in the 1870’s. This Bill suggested that the limit of 216,000 cubic feet be
increased to 300,000 cubic feet as a compromise to a misinterpretation of the Act by magistrates in
several instances, permitting buildings of greater cubical extent to accommodate operations of a greater
industrial scale. The increased cubical extent resulted from interpretation that a party-wall could be
horizontal, allowing storeys each having 216,000 cubic feet. Specifically [28]:

By the Act of 1855 the

limitation of the cubic contents of a

building was fixed at 216,000 feet; but

the magistrates had decided that that

amount of cubical space might be con-

tained on each separate floor. The Bill

roposed that the 216,000 feet should

o extended to 300,000 feet, but that the

300,000 feet should comprise the whole

building.

As noted above, the misinterpretation by magistrates on specific cases related to the application of the
party-wall concept in a horizontal configuration, thus permitting buildings to have unlimited cubical
content. This was considered contrary to the intent of the party-wall requirements as noted by Mr. Walter

Newall, the Principal Clerk in the Department of the Superintending Architect of the Metropolitan Board
of Works, who was involved with the development of the 1844 and 1855 Acts [26]:
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70. Sir J. Lawrence.] With reference to your remark as to the want of a
definite interpretation of the Act, is not it really the fuct that the magistrates,
before whom the causes were heard, felt thut the requirements of the trade of
London were quite beyond the cubical contents defined in the Act, and therefore
they did not interpret that clause of the Act with that rigidity which you think
desirable 2—-1 do nut knew that I can go so far as that, but we do not accept the
decisious, we want to npply the law.

71. Mr. Bazalgeite.] 1 think I may take it from what you have said, that it is
your opinion that it was the intention of the Act, that the divisions limiting this
cubic capacity of 218,000 feet should be vertical divisions?—Yes, that the
separation should be vertical. A partv-wull is a vertical structure, and a party
structure means a fire-proof flour. ' .

72. The magistrates Liave interpreted the clause su as to enable those divisions
to be made horizontally, have they not *—In some instances they have,

94. I believe it is provided by the present Bill, that the cubical contents shall
be increased to 300,000 feet, but at the same time, to make it clear, that the divi-
sions shall be vertical, by means of party-walls *—Yes; that is the scope of the
cluuse.

732. You have told us that the law has been construed by magistratés to
enable a man, by putting a horizontal division instead of a vertical one, to
increase the size of his dwelling-house, and to count each floor only as being
represented by the limit of 216,000 feet *—Yes, a warchouse.

The concern of interpreting the horizontal application of party-walls for purposes of increasing cubical
content was also expressed by Mr. George Frederick Deacon, a member of the Institute of Civil Engineers
for the borough of Liverpool. Mr. Deacon identified the risk of such an interpretation on the basis of floor-
to-floor fire spread and collapse [26]:

032. There is much greater danger of fire from floor to floor than there is
from buiiding to building, when there is a party wall intervening r—Much
more ; the flame impinges against the floor with much more effect.

033- To case of a fire burning out in one floor, is it a common occurrence for
the upper floor to fall on to it —Very common.

Captain Eyre Massey Shaw, Chief Officer of the London Metropolitan Fire Brigade, identified cubical
extent, height of building and floor construction as key risk factors associated with interpretation of the
party-wall requirement. These were considered within the context of the capabilities of the London Fire
Brigade.

Cubic Extent

The risk associated with cubical extent was primarily related to combustible content, which for purposes
of the Act had been associated with volume of a structure (cubical content). A fire involving a building
with cubical extent greater than 216,000 cubic feet was considered by the London Fire Brigade to be
beyond their capability to control, and could result in spread of fire to adjacent structures [26]:
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1054. With regard to division of houses, and fires spreading from building to
building, does the size of the buildings at all affect the danger *—Very much.

1055. In what respect ?—Fires in very large buildinge attain such a magnitude
that they spread to the adjoining buildings,

1056. From the amount of combustion?—Yes; from the amount of com-
bustible matter contained in themn.

1057. Of course when a fire is limited within certain divisione or walls, the
incandescent mass is so much more restricted and under management 2—Much
more restricted.

1071. What, according to your experience, is the maximum size which a
building should have so as to be fairly dealt with within the scope of your
appliances in case of fire 7—I should say about 60 feet cubic is a very sale size
for us to deal with ; we could always make sure of a building of about 60 feet
cubic, if properly constructed, which would easily be separated from others in
case of fire; the Fire Brigade, in fact, would be able to prevent the fire

spreading.

Specific to the interpretation of party-wall in a horizontal configuration, Captain Shaw indicated it would
result in a dangerous condition [26]:

1058. Supposing that the maximum size of houses were indefinitely ex-
tended horizontally, so that the largest buildings that the law would allow were
to exist on one floor without vertical divisions, would, in your judgment, that be
so safe as if vertical divisions severed the building 7—Certainly not.

1059. Supposing that the whole area now of 216,000 cubic feet were upon
one floor, and likewise 216,000 cubic feet over it on the next floor, and also the
same area on the third floor, would that, in your judgment, be a dangerous
building ?—Exceedingly dangerous.

1060. Would you be able to cope with it 7—I think, certainly not.

1061. Are there many such in London, do you know ?—No, I donot know of
many in London; I am afraid there are some approaching to it, but not many.

Height

The risk associated with height related to the ability of the London Fire Brigade to access the upper part
of a high building from the outside for purposes of suppression and facilitating escape of occupants [26]:

1048. First of all, with regard to the question of the height of buildings, is
that a matter which you find practically connected with the safety of life and
property 7—Yes. _

1049. In what respect :—The difficulty of protecting a high building is very
greatly increased by the height of the building. A building which = less than,
say, 50 feet high, can be very quickly reached in every part, but a building
which is over 50 feet high is very difficult to reach; and if it comes to 70 or 80
feet high, as it occasionally does in the -metropolis, it is absolutely impossible,
with the present arrangements, to get at it, except under very favourable cir-
cumstances.

1050. What is practically the highest maximum to which water can be thrown
with effect by a steam engine r— is a question which very seldom arises
with us, but it can be thrown to 80 or 90 feet, although not with good
effect.

1051. What is the extreme height to which fire escapes and ladders can be
amnbly carried for the protection of life and the saving of life t—About 50
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1120. What limit, according to you, would be a fair and safe limit to impose ?
—1I should say that the limit applied in Liverpool is about the best for this
country ; 60 to 65 feet.

The excerpt above was clarified by Captain Shaw relative to the initial strategy of the London Fire Brigade,
prior to an exterior attack, in accessing a building for purposes of controlling the fire [26]:

1479. And 1 also gather from the general answers that you have given, that
you have great difficulty in dealing with fires when the houses are more than 65
feet high, by reason of the incapacity of the engines to cope with them #—Not of
the engines, but of the want of the means of access to these high buildings. As
a rule we do not throw water from the ground level into buildings at all ; as a
rule we c¢o not throw water from the outside ; we do not extinguish fires, as a
rule, in-London, by pouring water from the outside of buildings into the inside,
but by going into the inside.

1480." But still, you have led me to suppose that you have a great difficulty
in getting vour engines to force the water up above a certain height;; whereas.
yon can deal with 30 or 40 feet easily, you cannot with 70 feet t—No, that was
not my meaning: I said that our ladders do not enable us in those cases to get
access from the outside, when there is no means of access from the inside, because
there is no such thing as a high ladder that will enable us to get into a high
building quickly.

Floor Assembly

The risk associated with a horizontal party-wall was primarily related to the instability of certain
construction materials exposed to heat from a fire. At this point in time, the concept of fire-resistance
rating had not yet been introduced, but certain assemblies of materials were considered to have inherent
resistance to fire varying as a function of type and configuration of material. Captain Shaw noted the
following relative to a floor providing resistance to fire spread [26]:

1062. In vour judgment, is it possible or reasonably practicable to make a
floor fire-resisting so as to prevent the spread of fire from one to the others 7—I
have never seen a floor of that kind which I would trust.

Captain Shaw noted the following form floor assemblies supported and constructed primarily of wood,
steel, and brick [26]:

1063. You know the construction of so-called fire-proof floors ; what is the
safest floor according to your view ?—I should say a floor made on the French
prineiple, with good strong joists, and boards and plaster.

1004. The effect of the plaster with the wood prevents the combustion of the
wood very materially, does it not?—As far as the combustion of the wood gues,
very much indeed.

1065. Is that, in your judgment, and according to your experience, a safer
floor than a stone floor supported upon iron columns ? —Certainly it is.

1066. Less liable to fall 7—Much less liable to fall down.

1067. Mr. Goldsmid.] The floor that you describe has mo iren in it 7—No
iron at all, except some small pieces of hoop iron, which are imbedded so as to
hold up the plaster when it is soft.
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1075. With regard to the way in which the floors are supported, in your
judgment, where a floor takes the bearing on irvn supports, is that the safest
or the best mode of construction in case of fire :-—Certainly not.

1070. Will you be kind enough to explain to the Committee what happens
when the floor or weight is borne on iron pillars in case of fire ?—I have seen
iron columns soften with the heat, and fall down; I have also seen them crack
u]ilon the application of water, and fall down, and I have seen them trickle and
fall.

1077. They are practically safer with the wooden posts that you get in some
cases — Yes, if they are sufficiently massive.

1372. Mr. Cauwlev.] I presume you have many warehouses in London
with wooden floors, supported in the interior with cast-iron columns -~
Yer.

?73. You have others with wrought or cast-iron girders and brick arches ?
~—Yes.

1374. Do you consider that there is any difference in the safety of a building
in the two cases *—Yes.

1375. Which do you consider the best 7—I consider that the floors laid on
wood are very much safer than a brick-arched floor, unless the arches are
supported by very much stronger buttresses and tie-rods than I have ever seen.

i370. [ am putting the case where they are both supported by cast-iron
columns *—In that case the wooden floor is decidedly safer, from my point of
view, than the brick-arched floor.

Following the Select Committee report and associated deliberations, the Bill proposing the 300,000 cubic
capacity limit was defeated by the opposition and not adopted into the Metropolitan Building Act.
However, following the Tooley Street Fire, this capacity was considered appropriate from an insurance
perspective for existing warehouses and sheds. This is important to changes occurring in the insurance
industry in the United States at the same time (1870’s) as a result of the large number of conflagrations
occurring there, which is discussed in more detail in the following section of this report.
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5.0 INSURANCE RATING SYSTEM AND THE “STANDARD BUILDING”

The concept of a “standard building” was developed in the United States following the devastation
resulting from several significant city conflagrations and UK-based insurers’ concerns of the substandard
construction of buildings in the US. Two of the most significant conflagrations occurred in Chicago on
October 10, 1871 and in Boston on November 9, 1872 [Figure 3]. There had been many large
conflagrations in the United States prior to these two; however, their occurrence just over a year apart
and resulting impact on the insurance industry attracted much attention from insurers relative to the
substandard conditions of construction in cities across the United States.

Figure 3: A mosaic photograph showing the destruction in Boston following the fire.

5.1 INSURANCE INTERESTS

Following the Boston Conflagration, a report by a Commission appointed to investigate the cause and
management of the fire noted the following [29]:

This danger had been foreseen, and our calamity had been fore-
told both here and abroad. There is sad interest in the statements
of our State Insurance Commissioner, who tells us that just before
the fire, English underwriters spoke to him, at Liverpool and Lon-
don, of the probable fate of Franklin Street, Winthrop Square,
and their surroundings, and proposed to cancel their policies, and
to cease insuring in our city. While some of us were justly
priding ourselves on the elegant architecture of this district, and
boasting that it was practically fire-proof, English insurers were
dreading a conflagration on this very spot, and preparing to with-
draw their agencies from our city.

The proximity in time of these conflagrations and extent of loss resulted in the demise of all but the most
prudent insurance companies, who remained solvent solely as a result of their cautious assessment of
fire risk. Following these conflagrations, the US fire insurance industry banded together to establish a
universal schedule of rates associated with an acceptable level of risk inherent to certain building
characteristics. This resulted in the definition of a “standard building”, to which basic rates were set. Any
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deviation from the standard was considered to increase the fire hazard of the building, resulting in higher
rates.

5.2 STANDARD BUILDING

Some of the key characteristics of a “standard building” included occupancy, type of construction,
building area, building height and sprinklers. These building characteristics were identified following the
Chicago and Boston conflagrations as significantly contributing to, or limiting in the case of sprinklers, the
spread of fire. Regulating these characteristics through increased insurance rates was intended to limit
the potential for a building to become involved during a conflagration, or contribute to the growth and
spread of a conflagration.

One of the earliest definitions of a “standard building” was by the New York Board of Fire Underwriters
in their “Standard Rates Schedule” issued in January of 1873 [30], just two months after the Boston
Conflagration. This schedule was specific to Standard Private Warehouses and Storage Stores and
included rate variations for certain building height and area limits; wall, roof, cornice/gutter, parapet wall
and floor construction; provision of iron shutters; openings in floors; and width of street. The specific area
and height limits were as follows [30]:

3. ArrA.—There shall not be more than
5,000 square feet of ground covered
by the building, unless it be sub-
divided by one or more fire or party
walls extending from the foundation
to and through the roof and coped.

" 1'_"3‘1‘ to bhe not over 0 feot.
- um—-l'ho l.“}.:h‘kt I‘{j]"l 0of the f]‘l'al’]l
i from the top of the gutter to the
ievel of the ridewnlk in all cager
%0 be taken, and when fronting on
tWo streets, the lowest front to be
ueaAsured,

The basis of the height and area limits for a standard building were not explicitly stated in any of the
reviewed documentation. The development of these limits was likely influenced by those existing in
London at the time, given the interest from London-based insurance companies. Several factors
associated with the development of these limits in a US context, including building volume and lot size,
are outlined in the following sections of this report.

5.2.1 BUILDING VOLUME

As outlined in Section 4.0 of this report, the greatest height and area to which a building could be quickly
protected by the London Fire Brigade was the cube of 60 feet, or 216,000 cubic feet. This cubic capacity
was reconsidered in deliberations of a Bill proposing changes to the London Metropolitan Building Act in
1874 with a suggested increase to 300,000 cubic feet. This cubic capacity was suggested for existing
buildings in an insurance rating system developed following the Tooley Street Fire.

It is reasonable to assume that the capability of fire service in the large cities of the US in the 1870’s was
comparable to that of London. A “standard building” height of 60 feet into 300,000 cubic feet results in
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an area of 5,000 square feet, which is the “standard building” area noted previously. In addition, the 60
foot limit for a “standard building” is consistent with the height considered manageable by the London
Fire Brigade as outlined previously.

A report on Insurance published in the American Exchange and Review Journal discussed the destruction
and financial aftermath of the Chicago and Boston conflagrations and relative to building design noted
that [31] “[a]s the cubical capacity of our buildings augments, their fire destructive capacity increases”.
The reference to “cubical capacity” suggests a possible link to building size concepts in London at that
same time.

The similarities of the limits of a “standard building” with those of the London Metropolitan Buildings Act
is supported by a report in the Insurance Times in 1880 relative to the height of buildings. The report
makes reference to the 5,000 square foot building area and equates it to the London Fire Brigade’s
capability [32]:

Anarchitect in this city said to me not long ago, speakin
of large buildings—I think it was apropes of one o%
these large buildings that burned here: “ A building
that is more than 50 by 100 feet, or 5,000 square feet
on the surface, is a dangerous building to insure.”
That is to say, it is dangerous, for it cannot he reached,
and will be a total loss. Te quoted the authority of the
Chief of Brigade in London, for this very statement
that 50 by 100 feet was aslarge a building as he wanted
to cope with.

Similar to the cubic capacity within the capability of the London Fire Brigade, the New York Fire
Department suggested 5,000 square feet as the maximum area that could be efficiently handled by a city
fire department [33]:

3. It has been pointed out that the volume and intensity of
fire, and the rapidity with which it will gain headway, are all
vastly greater in large areas than in small ones. It is also a
much more difficult matter for a fire department effectively to
surround and fight a fire of large area. Much valuable time is
lost in running long lines of hose, in addition to which, smoke
conditions are often so bad that the actual location of the fire
cannot either be found, or reached if found. There is a limit
to the ability of firemen to inhale smoke or withstand heat, and
once this limit is reached, the offensive operations of extinction
cease, the firemen are put on the defensive, and the fire is master
of the situation. These considerations would point to the de-
girability of fixing what might be termed the maximum area
which can be efficiently handled by a city fire department. ‘“As
a working unit, 5000 square feet has been suggested, with a limit
of 100 feet in any direction (or a rectangle 50 by 100), which is
as large an undivided area as the experience of the New York
Fire Department indicates to be within the capacities of effec-
tive fire department operations.”’*
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5.2.2 Lot Size

A city plan drawn up in 1811 in the City of New York imposed a uniform lot size of 25 feet by 100 feet
north of 14 Street [34]. See Figure 4 below for a representative map. In some districts of the City, such
as the Warehouse District, buildings were permitted to occupy 100 percent of a lot [35]. Where not
restricted by light and ventilation requirements, buildings such as department stores located outside the
Warehouse District were also permitted to occupy 100 percent of a lot.
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Figure 4: Representative map of the lot layout in the City of New York.

Buildings could occupy single or multiple lots, resulting in areas that were multiples of 2,500 square feet,
and warehouses/factories occupied an area greater than a single lot, consistent with that of a “standard
building”, as noted by H.F.J. Porter below [36]:

Some of these factories oc-
cupy one or more floors in so-called
loft buildings of the standard type,
100 feet square, from ten to twelve
stories high, of which there are hun-
dreds in the city.

In addition, as noted in the last excerpt of the previous section of this report, “5000 square feet has been
suggested, with a limit of 100 feet in any direction (or a rectangle 50 by 100)”, which is equivalent to two
lots as outlined above.
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5.2.3 AREABAsIS

The relationship between the London cubic limit and units of lot size in the City of New York, in addition
to the other links previously noted, is supportive of the origins of the “standard building” area limit being
the London cubic limit applied to standard lot sizes.

5.3 INSURANCE RATING SYSTEM

As noted previously, the universal rating system was developed following the Chicago and Boston
conflagrations with the definition of a “standard building” by which base rates were set. Additions to or
subtractions from the base rate were considered as a function of factors that were considered to either
increase or decrease the risk of fire respectively [37]:

A schedule may be defined as a method of assessing the insurance
tax by computing this tax by means of a series of charges, which
charges shall have the effect of penalizing those factors in a property
which are known to cause or increase the fire loss, and crediting
those factors in a risk which are known to be helpful in preventing
or retarding fire loss.

The origins of systems of insurance rating correspond with the origin of the fire insurance industry in the
late 1600’s where it was recognized that buildings have different inherent fire risk depending on
construction. The identification of differences was likely a result of observation from actual fires such as
the Great Fire of London, which was one of the primary motivators in the establishment of the fire
insurance industry [37]:

THE MAKING OF A SCHEDULB

While considered of comparatively modern origin, schedule
rating as a matter of fact really began with the business of fire insur-
ance. The mere fact that the first underwriters made two sets of
rates, one for wood and another for other kinds of buildings showed
a discrimination between the only things then considered in the rate
of insurance, namely, the construction of the property. The whole
process from that time forward down to the present day, and it
is still going on, has been simply a refining of what the early under-
writers started.

Once faced with the occurrence of real fires, insurance offices recognized that in addition to building
construction, activities occurring within buildings also varied in risk, and were classified accordingly [37]:

when the insurance offices began to experience real fires, atten-
tion would be drawn to the fact that property occupied by certain
businesses had more fires than that occupied by others. Insurance
could not long have continued without acting upon this informa-
tion. If the existing offices had not taken note of it, new ones would
certainly be established that would. It seems to be fairly well es-
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tablished, however, that the Union Fire Office, founded in 1714,
was the first to introduce the distinction of hazardous and doubly
hazardous risks. They really had three classes, the first being called
common, the second hazardous, and the third doubly hazardous

Between the 1870’s and early 1900’s the rating system evolved to cover a broader range of building types
and associated design features. A rating system developed by several large underwriters’ associations in
the United States in 1892 [38] covered building construction types from frame to fully “fireproof”. In
addition to heights and areas, the rating system considered features such as occupancy, type of
construction, access and sprinklers. These are discussed in the following sections of this report.

5.3.1 OccuPANCY

A large list and ranking of occupancies was provided in most schedules of rates based on the risk of fire
initiation and combustibility associated with that type of occupancy [37]:

The schedule furnishes a list
of occupancies beginning with the number 400 and ending with 1,687,
thus listing 1,287 different businesses. There are actually more than
this since there are some, as department stores, coffee dealers, and
groceries, that are divided into several sub-classes. The division of
the charge for occupancy into two parts, a first column and a second
column, is made for gnibility and susceptibility, respectively.

An example of the occupancy list is included below with rate for base building in the first column on the
right, and rate for building contents on the second column on the right [39]:

1191] Matting (foor) Manuf'y.........covvsiiiininnanes 5| 100
1192 Mattreaa Making, Hair on]y, no Pn:ker ........ 50 | 100
1193 “ other than hair, no Pickar ........ 100 | 100
1194 “ b o “ ¢ with ** ........| 200 | 100
Medicines, Patent, Btocks of (see Patent M. No. 1 50 | 100
“ i Manuf'y (see 1284, 1285) ... ..... 75 | 100
1193] Merchn.ndise (neeDryGomﬂ Remarks, U. M. 8. p. 85
in Warehouses (see Warehouses).......
Merchant Taflors (see Tailor, No. 1628). ........... ).ttt 50
Merry-go-rounds (see Carousels, No., 680).......... 100 | 100

5.3.2 TyPE OF CONSTRUCTION

As noted previously, type of construction was recognized early in the development of a rating system
based on observation of real fires. Rating associated with type of fire evolved primarily into two types of
construction: fireproof and non-fireproof [37]:
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Early Rates for Fireproofing. The fireproof building while
old in a certain sense, since early examples were erected one hundred
years ago along somewhat modern lines, is nevertheless quite new
from the standpoint of insurance rating. In the very beginning
the tendency was to over-estimate this form of construction and it
took many years before there was evolved a treatment of that type
of construction which was at all satisfactory. The earliest attempts
used the rate of a non-fireproof building and from that made a cer-
tain percentage deduction if the structure was fireproof. In certain
cases that treatment is still followed and there -are rules in force
today which simply make this distinction between the fireproof
and non-fireproof, namely: The property is rated as though it was
of non-fireproof construction and then a deduction of a fixed per-
centage is made. It may be forty per cent for the contents and sixty
per cent for the building.

Rates associated with other factors such as height and area were determined as a function of type of
construction, which is discussed in more detail in the next sections of this report.

5.3.3  ACCESSIBILITY (STREETS FACING)

Accessibility was identified as a key factor in reducing the consequences of fire and having an associated
rate reduction on the basis that access to more than one side of a building enhanced the fire departments’
ability to reach and control the fire [37]:

Accessibility. A building may be situated on the corner and
thus present two sides from which fire may be fought. It may even
stand on the corner and have a street in the rear and thus present
three sides. Some buildings, as department stores, occupy whole
blocks; hence, a fire may be fought from all four sides. This acces-
sibility, as it is termed, to the fire department is deemed of large
value and of increasing value accordingly as more than two sides
are accessible; hence, the allowance is made for each side accessible
in addition to the front, which, of course, is not given an allowance.
It will be noticed that accessibility is something which the building
enjoys solely from its location.

The reduction in rate was three percent for each accessible side of the building [39]:

165. Accessibility to Fire Department.—
If building is on a corner or extends
through to rear street or wide alley, afford-
ing access to fire department for fire ex-
tinction or removal of goods, deduct for
each side or rear so accessible (none for
front)...cocvn civinernsnnsnsnnsneees 3%
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The fire risk associated with the area of a non-fireproof building was considered to be twice that of a
fireproof building. Accordingly, a non-fireproof building of 5,000 square feet in area was considered
equivalent from a “risk” and rate perspective to a fireproof building of 10,000 square feet in area [37]:

Area. Twice as many square feet are permitted in this type
of structure as in the non-fireproof before charges are imposed,

The phrase “this type of structure” in the excerpt above is in reference to fireproof construction. The

following shows the rate schedule and associated area limits in a non-fireproof building [39]:

58. Area.

59-

6o.

61.

62.

The following shows the rate schedule and associated area limits of a fireproof building [39]:

293.

204.

If ground-floor area in excess of
2,500 square feet and not exceeding 5,000
square feet, add for each 1,000 square
feet in excess of 2,500 square feet...... 1 cts,

“ If ground floor exceeds §,000 square
feet, add for each 1,000 In excess of
2,500 UP 0 10,000, 0t vucrrssennnens .

In buildings not over 3 stories high.... 2
“ “  over 3 storiesand not over 6, 3

“ If ground-floor exceeds 10,000 square
feet, add for each 1,000 or fraction there-
of in excess of 2,500, ....000iunnnnnnn
In buildings not over 3 stories high.... 2314 “

“ % % over 3stories and not over 6, 5

(Not exceeding a total of 200 cents.)

If building exceeds 6 stories,in height
and 10,000 square feet of ground floor
area, double the area charge...........

113
11

e

Area,—If ground-floor area exceeds 5,000 square
feet, up to 10,000, charge for each 1000 or
fraction thereof in excess of 5,000........% of 1 *
(If building occupied above grade floor for
offices or dwellings, no charge for area )

* If ground floor area exceeds 10,000 square feet,
charge for each 1,000 or fraction thereof in
excess of 10,000 (not exceeding a total of 40
COMIS). s v envsnsnnsssnnsasnnssasanssananssnns & °F

Risk was considered to increase gradually as a function of building area. The rate schedule provided a
base area and associated rate. Additional charges were added to the rate for each incremental fraction
of area added onto the base area. However, there was a value beyond which the rate was not permitted
to increase, limiting the total corresponding area. Meaning that, in the judgment of some underwriters,
there were areas (and heights) at which the risk was too great to insure [37]:
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In connection with the item of area and the item of height,
unless the risk be a sprinkled one, it should be pointed out that the
judgment of the underwriters, and experience bears this out, is that
the charges can hardly be made too high for those points in the
schedule.

5.3.5 HEIGHT

As outlined above for area, height was rated as a function of type of construction, but not in the same
gradual manner as area. The risk of height was considered to increase significantly where it exceeded the
capability of the responding fire service. The rating schedule considered heights above the seventh floor
as beyond the reach of responding fire service and assumed that any contents above the seventh floor
would perish in a fire [37]:

Height. Under item 297a there will be noted that a certain
charge is made if merchandise is stored above the seventh floor.
This is quite a heavy charge and is founded on a desire to keep
stocks below the eighth floor and also the belief that presence of
stocks on the upper floors would tend to wreck the building during
a fire. The first reason, when the property is unsprinklered, is
certainly excellent, since the difficulty of fighting a fire in such a
building beyond the height noted is enormous. In fact, there is
no way for the firemen to get hold, but it must burn itself out,
which was what happened when the Parker Building fire occurred
in New York City. This was a twelve-story building unsprinklered,
with poor floor openings, stocks on every floor. The fire took
possession, so to speak, of the property and burned until it ex-
hausted itself. The firemen were not able to do more than protect,
to a certain extent, surrounding property.

Iltem 297a noted in the excerpt above is shown below for fireproof buildings. Note that for both non-
fireproof and fireproof buildings, the rate for contents increased significantly on the seventh floor and
higher [39]:

Non-fireproof Height Increments

63. Height.

For fifth story, add............ § cts.

64. For sixth story, add.......... 10

65. For seventh story, add........ 25 “

66. For each story in excess of
seven, add................... g0
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Fireproof Height Increments

205. Helght.—For each story in excess of eight, up to
“twelve, charge. .........ciiiiiiiini e 1
Office buildings may be ten stories without
charge of 293 or 204.
296, ** For 12th and each story over 12 up to 15, charge 3
297. ** For 15th and each story over 15, charge........ o **
If merchandise be stored above 7th floor
charge 15 cts. and add 2 cts, more for each floor
~ over 7th up to roth, and 5 cts. more for roth and
each floor above 10th, For example : an eleven-
story building would have 29 cents added.

5.3.6  SPRINKLERS
The use/installation of automatic fire sprinkler systems was (and still is) considered to be one of the key
factors in reducing the risk and consequence of fire [37]:

SPRINKLERS

The sprinkler device is recognized as the most efficient factor
in the fighting of fire. Like most other things which enter into the
fire prevention and fire insurance problem it has required years to
educate the insured and insurer to the proper appreciation of this
valuable device.
The efficiency of sprinklers took several decades to become fully appreciated by underwriters. Reductions

in rates were initially small, but increased within a short period of time following the development of the
first sprinkler standard (NFPA 13) in 1896. Design of systems in conformance with this standard increased

reliability and permitted a 30 percent reduction in rates [37]:

In the beginning the allowance was rather small, seven and one-
half per cent and under a slightly different condition ten per cent.
The growth of the sprinkler equipments was very slow. In the first
two or three years after 1884 probably not fifteen buildings were
equipped in the larger cities. From that time on the growth has been
quite rapid. After a while the allowance was advanced to twenty
per cent and continued at that point until 1896 when experience led
to the drafting of new rules, the adoption of new standards and an
inducement made to secure two sources of water supply for the
equipment. When the equipments were installed under the new
rules in 1896, with two sources of supply, an allowance of thirty
per cent was made in the rate of insurance. It was thus possible
for the property to receive an allowance of twenty or thirty per
cent depending wholly upon the standard of equipment put into
the building.
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Note that in some versions of the universal rating schedule the percentage sprinkler reduction was listed
as 33% percent. Until 1905 the rate reduction had beenincreased up to fifty percent for standard sprinkler
equipment and up to sixty percent for a supervised system [37]:

Restricted Sprinkler Schedule. Until 1905, the only effect
in the rate of insurance by sprinkler installation (and it will be
appreciated that effect may be a very large one, since it means a
reduction if the equipment is standard of fifty per cent, and with
the supervisory system a possible sixty per cent), had proceeded
along the lines followed when the allowance was first made for
the device, that is, it had only affected the rate by making a per-
centage reduction.

The gradual increase in the sprinkler rate reduction was a function of the increase in reliability of sprinkler
systems, recognized through provision of design standards, improvements in operation and means of
supervision, and experience.

5.3.7 RATING SYSTEM SIGNIFICANCE

The rate schedule was not intended as a universal regulation (i.e., having force in law) to limit the ultimate
height or area of a building, but to deter heights and areas beyond those considered of a “standard
building” by increasing rates. This was the primary purpose of a rating schedule: not to define
fundamental hazards, but relative hazard as noted below by Dean [40]:

You doubtless realize that as a system schedule rating consists
of the establishing of relations in hazard; that it deals with a com-
plex problem of relativity.

The impact of increasing rates to deter substandard construction was highlighted in a report of the
Committee on Building Laws of the Fire Underwriters Association of the Northwest from their Sixth
Annual Meeting [41] in 1875. This report noted that at that time there were very few buildings that met
the requirements of a “standard building” as defined by the insurance industry. As a result of the losses
in the United States over the preceding four years, including the Chicago and Boston conflagrations,
reform was essential and the motivation to encourage reform was best initiated through reduced rates
and reduced risk. A prominent underwriter noted that [41]:

It is entirely useless to appeal to an individual’s love of his city, and of the public weal, to
cause him to substantially improve his buildings, for protection against fire, from causes
not entirely plain to him; this is true of the majority:—it is equally true of the entirety that
if you can show them where to save money while benefiting themselves, they will do it;
we all go for the great American dollar; and the key to many a man’s attention is found in
his pocket.

The insurance industry concept of a “standard building”, associated rating system and desire to influence
change resulted in revisions to local building laws to eventually include height and area limits. These limits
were largely based on the rating system of the insurance industry, which already provided a balance of
risks based on expert judgment and experience. The development of height and area limits in local
building laws is discussed in more detail in the following section of this report.
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6.0 HEIGHT AND AREA LIMITS IN EARLY US CITY BUILDING ORDINANCES

Height and area limits were gradually incorporated into city level building ordinances as a result of
building densification and the increased potential for conflagrations. The following sections of this report
summarize the height and area limits from a few select US city ordinances. The cities examined include
Washington D.C., Chicago, New York and St. Paul.

6.1 WASHINGTON D.C.

One of the earliest regulations to limit building height and area in the United States was in the Laws of
the Corporation of the City of Washington in 1791. The limits are summarized below [42]:

REGULATION NO. J.
By the President of the United States:

Whereas, by the first article of the terms and conditions de-
<lared by the president of the United States, on the seventeedth
day of October, seventeen hundred and ninety-one, for regulat-
ing the materials and manner of buildings and improvements on
the lots in the city of Washinton, it 18 provided, “that the
outer and party walls of all the houses in the said city, shall be
built of brick or stone;” and, by the third article of the same
terms and conditions, it is declared, * that the wall of no house
shall be higher than forty feet to the roof, in any partof the city,
nor shall any be lower than thirty-five feet on any of the ave-
nues.” And whereas the above recited articles have been found,
by experience, to impede the settlement, in the city, of mecha-
nics, and others, whose circumstances do not admit of erecting
houses of the description authorized by the said regulations—
it is, therefore, declared, that the operation of the said first and
third articles above recited, shall be, and the same is hereby,
suspended until the first Monday of December, in the year one
thousand eight hundred, and that all the houses which shall be
erected in the said city of Washington, prior to the first Mon-
d:hy in December, one thousand eight hundred, conformable, in
other respects, to the regulations aforesaid, shall be considered
as lawfully erected; except that no wooden house, covering more
than three hundred and twenty square feet, or higher than twelve
feet from the sill to the eave, shall be erected, nor shall any such
house be ?lac.ed within twenty-four feet of a brick or stone
house. Given under my hand, the 25th da_:,r of June, in the year
one thousand seven hundred and ninety-six.

(Signed : GEORGE WASHINGTON.

N. B. The forgeing suspension and modification, was re-
newed and continued by the president of the United States, from
time to time, from the first Monday of December, 1800, to
the first day of January, 1818.
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The requirements in Washington were similar to those of the 1774 Metropolitan Building Act of London.
Washington limited wooden houses to 12 feet in height and 320 ft? in area. London limited fourth rate
(dwelling) buildings to 13 feet in height and 350 ft? in area.

6.2 CHICAGO, ILLINOIS

Within a few years following the Chicago Conflagration in 1871, the Fire Ordinance of Chicago was revised
and adopted in November 26, 1875 [43] to include height and area limits and noncombustible exterior
wall construction within the city limits. These requirements are summarized as follows [43]:

Section 9. All buildings henceforth to be erected withia the corpo-
rate limits of the city of Chicago shall have their walls constructed
wholly of incombustible materials, and with foundations of masonry.
If timber is employed underneath these foundations, the same shall
be kept below the bottom line of sewer pipes.

Sills and lintels for doors and window openings, and posts for store
fronts, may be of oak timber or plank, for buildings which are less
than twenty-seven feet high. lgor higher buildings such posts, sills,
and lintels shall be of incombustible material.

Sec. 14. All business buildings being more than 56 feet high, cover-
ing an area exceeding 5,000 superficial feet, also all buildings exceed-
ing 80 feet in height, shall have a 2¢ inch (or larger) metallic stand-
pipe within or near the front wall, extendin aq:ove the roof, and
arranged so that engine hose can be attached from the street. All
hose couplings shall conform to the sizse and pattern adopted by the
ilire department of the city of Chicago for its engines and hose ooup-‘

ngs. .

Sec. 15. All buildings having an area exceeding 1,000 superficial
feet, and more than forty feet high, also all buildings having an area
exceeding 6,000 superficial feet, and being more thaa 50 feet high,
shall have all their floors deadened with mortar, or its equivalent,
spread at least two inches thick. .

Bec. 16. All business signs extending above and beyond a height of
40 feet shall be made of incombustible material.

Bec, 28. Btairways shall not be inclosed with partitions made of
plank, boards, flooring, or bare scantling, unless plastered on both
sides. In all factories, mills, or warehouses more than three stories
high, and covering an area of more than 8,000 superficial feet, all
stairway partitions sball be constructed of incombustible inaterials.

The City of Chicago is possibly one of the first Cities to incorporate these limitations into its building
ordinance, likely as a result of the extended destruction resulting from the 1871 conflagration and the
associated concerns. The height and area limitations remained unchanged in the revised Municipal Code
of Chicago adopted in 1881 [44].

The Chicago Fire Ordinance did not specifically limit height and area, but required certain protective
features based on height and area limits. These limits were consistent with those of a “standard building”
with the exception of the 6,000 superficial feet limit for provision of mortar covered floors. The standard
lot size in Chicago is understood to be 24 feet by 125 feet [45], having an area of 3,000 square feet. Similar
to New York, assuming a warehouse building is likely to cover 2 or more lots, this corresponded with
6,000 square feet.

An ultimate height limit was not included in the Chicago Building Code until 1893 [46]. A maximum height
of 130 feet was established. This is one of the first instances in the United States of an ultimate height
limit.
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In 1905, the 1881 Municipal Code of Chicago was revised to include building classifications based on use,
construction types and height and area limits as a function of construction type. The building
classifications were as follows [47]:

Class I:

Class II:
Class llI:
Class IV:
Class V:
Class VI:
Class ViI:

Class VIII:
The three construction types defined in the 1905 Code were as follows [47]:

Ordinary Construction:

Mill Construction:

Fireproof Construction:

Sale, storage or manufacture of merchandise other than department stores, stables greater

than five hundred square feet.

Office building, hospital, hotel, boarding house, lodging house.
Family residence, stables less than five hundred square feet.
Assembly hall.

Public theatre.

Tenements, apartment houses.

Department stores.

School.

the ordinary system of construction in which timber and iron

structural parts are not protected with fire resisting coverings.

the girders and joists supporting floors and roof have a

sectional area of not less than seventy-two square inches and
above the joists of which there is laid timber floor not less than
three and three-fourths inches thick. Wooden posts used in
buildings of this type shall not be of smaller sectional area than

one hundred square Inches.

all parts that carry weights or resist strains, and also all

exterior walls and all interior walls and all interior partitions
and all stairways and all elevator enclosures are made entirely
of incombustible material, and in which all metallic structural
members are protected against the effects of fire by coverings
of a material which shall be entirely incombustible, and a slow
heat conductor, and hereinafter termed "fire-proof material."
Reinforced concrete as defined in this ordinance shall be

considered fireproof construction.

The height and area limits in the 1905 Code were as follows [47]:

Ordinary Construction:
Mill Construction:

Fireproof Construction:

up to 60 feet (approx. 5 storeys) in height and 9,000 square feet in area.
up to 100 feet (approx. 8 storeys) in height and 12,000 square feet in area.

up to approximately 12 storeys in height and 25,000 square feet in area.

By classifying buildings, the Code recognized varying hazard levels as a function of building use. By
classifying building construction, the Code recognized advantages associated with certain assemblies of
materials in limiting the hazard related to building use. Height and area limits were then allotted on a
balance of risks and safeguards.
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6.3 NEW YORK, NEW YORK

The City of New York experienced two significant conflagrations in 1776 and 1835, primarily as a result of
building densification. This history led to reforms to building ordinances that set the pace for other cities
within the Unites States (and Canada to some extent).

Height limits in the City of New York were originally limited as a result of sanitary conditions in tenement
houses in the first half of the 19" century. The height limits were imposed to address light and ventilation
conditions, as noted during senate hearings of the “Select Committee appointed to investigate the Health
Department of the City of New York”. Specific testimony indicated the following [48]:

Two years ago I attended with the commities of the Assembly,
which was appointed to examine iato the condition of the temement houses.
The evils complained of as existing in them were, a want of veniilation,
a want of proper space, and the too great height of the buildings. 1
speak of oarrying the buildings too high, more particularly as a nuisance,
dangerous to the public life (by accident,) than to the public health.

Now, in my estimation, it would be very impor-
tant to provide, as one remedy for this evil, that the streets of the city of
New York should be wider, or, in other words, that the height of buildings
should be regulated according to the width of the streets.

The following diagram illustrates the relationship between street width and building height as a ratio of
the street width [49]:

Angles of Light and of Light Obstruction at Ground Floor on Street Front

ATImbs
. STREIT wIaTh
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Building height was not limited by law in the City of New York until 1885 with the passage of the Building
Law of New York, which limited the height of dwelling houses to 80 feet. This law specifically noted that

there [50]:

cannot be a hotel or residence building hereafter
built within the limits of the city of New York
more than seventy and eighty feet in height,
however fire-proof it may be, or however thor-
oughly built in compliance with the Building
Laws, until the law limiting the heights of such

buildings is wiped from the statute books.

The height of other classes of buildings was not limited, provided they were of fireproof construction,
until zoning laws were enacted in 1916 [51]. At that time, building heights were limited as a ratio of street
width, as shown in the previous “angles of light” diagram.

The Building Code of the City of New York, adopted on October 24, 1899 did not limit the area of fireproof
buildings, but limited the area of stores, warehouses and factories of non-fireproof construction [52]:

NON-FIREPROOF BUILDINGS,

When girders In all stores, warehouses, or factories, in case iron, steel,
atead o brick  OF wood girders, supported by iron, steel or wood columns,
walls. or piers of masonry, are used in place of brick partition
walls—
R rom The building may be seventy-five feet wide and two hun-
street to dred and ten feet deep, when extending from street to street,
Fronting on Or when otherwise located may cover an area of not more
one street . .
ooly, inside than eight thousand superficial feet.
ota. . . .
Fronting oo When a building fronts on three streets it may be a hun-
Houtis corser. dred and five feet wide and two hundred and ten feet deep,
STREET

W 7

2 g ol =

s AREA AREA . H =

- ILsco 8000 ~

R, FECT SURIEET
75 103 |
STREET

Or if a corner building fronting on two streets it may

On two streats,
single corner.

cover an area of not more than twelve thousand five hun-
dred superficial feet; ,

As shown in the diagram above, the area was limited as a function of lot size and location relative to a
street or streets. This is consistent with the area of a “standard building” as outlined in Section 5.0 of this
report, based on lot size. Note that the configuration of area shown in the diagram above results in almost
all portions of the floor areas being within approximately 100 feet of a street, which is referenced in
Section 7.2.7 of this report relative to fire department hose stream reach within a building. The area
limitations remained unchanged in the Building Code of the City of New York, adopted on November 8,

1906 [53].
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The height and area limits were updated in the Building Code of the City of New York in a Building Code
adopted on June 20, 1916. The following buildings were required to be of fireproof construction [51]:

a)
b)

c)

d)

f)

g)
h)

j)
k)

Every public care and detention occupancy over 20 feet in height.
Every other public building over 40 feet in height or exceeding 5,000 square feet in area.

Every residence building (except tenements) over 40 feet in height and having more than 15
sleeping rooms.

Every tenement house exceeding six stories.

Every residence building having more than 15 sleeping rooms, and exceeding 2,500 square feet
in area, unless divided by interior partition walls of approved masonry or reinforced concrete into
sections less than 2,500 square feet in area.

Every other residence building over 75 feet in height.
Every garage within the suburban limits exceeding 600 square feet in area or 15 feet in height.
Every building over four stories in height used as a factory.

Every building or structure within the fire limits® or the suburban limits used as a grain elevator
or a coal pocket.

Every business building over 75 feet in height.

Every business building within the fire limits or the suburban limits which exceeds an area of
7,500 square feet when located on an interior lot or when facing on only one street, or 12,000
square feet when facing on two streets, or 15,000 square feet when facing on three or more
streets, provided that when any such building is equipped throughout with an approved system
of automatic sprinklers, fireproof construction shall be required only when the areas exceed
double those herein specified for the respective conditions, and provided also that when any such
building is divided by approved interior fire walls, fireproof construction shall be required only
when any undivided area exceeds 7,500 square feet.

Frame buildings were not permitted to exceed 40 feet in height and be greater than 5,000 square feet in

area.

6.4

ST. PAUL, MINNESOTA

Early building ordinances of the State of Minnesota did not specifically limit the height and area of
buildings, but required “deadened mortar” under the same height and area conditions as required for
Chicago. In addition, the building ordinances required standpipes of a certain size as a function of building
area. Specifically, in 1883 [54]:

€ Fire limits were boundaries defined within a city to address the risk of fire spread by regulating type of construction and building
separation.
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Buildings under classification eight (8) of section two (2)
of this act, for each two thousand five hundred (2,500) super-
ficial feet of area covered by said building, shall be provided
with an inside stand pipe of not less than one and one half
(1%) inches diameter, and sufficient hose connected there-
with of not less than one and one-quarter (11) inches inside
diameter, on each floor, and furnished with a constant water
pressure by water works or hy steam or other pump which
can be put in motion at a moment’s notice; or for each five
thousand (5,000) superficial feet of area covered by said
building, there shall be one (1) two and one-half (2%) inch
or larger metallic stand pipe, with metallic ladder attached
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7.0 US MODEL BUILDING CODE DEVELOPMENT

US model building regulations were initially contemplated in the late 1880’s to early 1890’s. The purpose
of developing a model code was to realize efficiencies resulting from consistency in construction,
materials and regulation throughout the country. The following sections of this report summarize the
model building code development in the United States, which the Canadian Model Code would eventually
follow.

7.1 GENERAL

A meeting of the Combined Committee on Building Ordinances was convened in New York on April 2 and
3, 1891 to discuss the framing and adoption of a model building law. The Committee was composed of
seven delegates representing the American Institute of Architects, National Association of Builders,
National Board of Underwriters, National Association of Building Inspectors and National Association of
Fire Engineers.

The meeting resulted in a draft of suggested ordinances acknowledging that it would not be practical to
apply them to all cities without local modification. It was advised by the Committee that the Legislatures
of the various States establish building laws applicable throughout the State. The draft of suggested
ordinances included height and area limitations as follows [55]:

@ENERAL REGULATIONS.

1, That all buildings over 70 feet in hight be
eonstructed throughout of incombustible ma-
terials, protected in the most approved manner
for resisting fire.

8. That all buildings over 50 feet in hight be
furnished with permanent stand pipes and
ladders for the assistance of the fire depart-
meat.

4. That the hight of buildings to be erected
should not be more than two and a half times
the width of the principal street om which
they are located, and that no building or por-
tion of a building, except church spires, should
be more than 125 feet high in any case, except
under a special permit.

5. That the open floor space, not divided by
walls of brick or other incombustible mate-
rial, in all buildings hereafter erected for mer-
cantile or manufacturing purposes, should not
exceed 6000 square feet without special per-
mission, based upon unusual and satisfactory
precautions,
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6. That every building to be erected, which
shall be three stories high or more, except
dwelling houses for one family, and which shall
ocover an area of more than 2500 square feet,
should be provided with incombustible stair-
cases, inclosed in brick walls, at the rate of one
such staircase for every 2500 square feet high
in area of ground covered.

7. That wooden buildings erected within 18
inches of the boundary line between the lot on
which they stand and the adjoining property,
gshould have the wall next the adjoining prop-
erty of brick, or when built within 3 feet of
each other shall have walls next to each built
of brick.

These early ordinances attempted to combine the limitations from various large city ordinances in force
at the time. The height and area limits are consistent with those of Chicago and New York from the same
time period. A more successful attempt at drafting a model code occurred several years later by the
National Board of Fire Underwriters, who had several decades of experience in drafting building
ordinances for insurance purposes. The development of that model code is summarized in the following
section of this report.

7.2 NATIONAL BOARD OF FIRE UNDERWRITERS IMIODEL BUILDING CODE

The National Board of Fire Underwriters published a model building Code from 1893 to 1965 until
becoming the American Insurance Association, phasing out its technical activities and contribution to fire
protection engineering [56].

7.2.1 1892 FIRE AND BUILDING REGULATIONS IN FOREIGN COUNTRIES

In 1891 the National Board of Fire Underwriters requested the Department of State, through its Consular
Officers, secure fire statistics and information relative to building construction in foreign countries. The
purpose of the request, as stated by the National Board of Fire Underwriters, was as follows [57]:

The statistics are called for as of 1890, although if other years counld be added it
would be appreciated. We may further observe that the queries are similar to those
which our committee on statistica has prepared and addressed to places in the United
States, and you will apprehend their value for purposes of comparison with similar
information from abroad. The ultimate purpose is a reduction of the fire waste of
the country, which now averages over one hundred millions annually, by recom-
mending to our own cities such measures a8 may have been found effective in eur-
tailing the loss by fire in other and older countries which have bestowed attention
upon the subject.

The primary purpose of this request was to collect information in support of the development of model
building code requirements. The specific information requested was as follows [57]:
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STATISTICS OF FIRES FOR YEAR ENDED DECEMBER 31, 1890 (AND FOR
OTHER YEARS, IF PRACTICABLE).

1. Name of place (city or town in which the consular office is located).
2. Population.
8. Area of city limits. :
4. Number of brick or stone buildings.
5. Number of wooden buildings,
6. Number of alarma.
7. Number of fires in brick or stone buildings.
8. Number of fires in frame buildings.
9. Total value of property involved in the firea.
10. Total loss thereon.
11. Total insurance thereon.
12. Total insurance loss thereon.
13. Number of fires confined to floor in which they originated.
14. Number of firea confined to building in which they originated.
156. Number of fires extending to adjoining property.
16. Number of conflagrations, i. e., fires extending beyond adjoining property.
17. Of what does the fire department consist?
18. What system of water supply for fire purposes is used and what is the capac-
ity of the supply?
19. What provision is made by law to investigate causes of fire and to provide for
prosecutions in cases of suspected incendiarism or crime?
20. Number of incendiary fires.
21. What regulations exist for the storage and sale of oils, explosives, and fire-
works ?
22. Copy of law regulating building construction, heating, lighting, ete.

Responses were received from numerous consuls of large cities in Europe, Asia, South America, North
America and a few cities in Africa and Australia. Responses included height limits; however, only included
area limits for the British Regulations. An overall analysis of the results was not included in the 1892
report.

7.2.2 1893 MODEL CODE

The first US Model Building Code was published by the National Board of Fire Underwriters in 1893 [58].
The Code was intended to be adopted by cities in the United States that didn’t have adequate Building
Regulations. The Code did not limit building height or area.

7.2.3 1905 MoDEL CODE

The First Edition of the National Board of Fire Underwriters Recommended Building Code (1905 NBFU)
contained a table of heights and areas as a function of occupancy classification, construction type (i.e.,
fireproof and non-fireproof), streets facing and whether sprinklers are provided. This table is included
below [59]:
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Non-Fireproof Construction.
Any occcupancy, height limited to g5
feet

Area, without Automatic Sprinkler
Protection.

Fronting on one street

—— — T
—

Non-Fireproof Construction.
¢ Any occupancy, height limited to e
cet.

Area, with Automatic Sprinkler Pro-
tection (being an increase of so per cene,
over the unsprinklered area).

LT 5,000 5q. it One street front.....u... 7,800 Sq. [t
Fronting on two sireets, : :

that 15, extending

through {rom street to

Streel, . .oe.- IO 6,000 53 ft, Two street fronts........ g.ooe sq. fi,
Cormer building. front- Corner building, two

iBg ofn tWo streets ..... So00 34, L street fronts ....... ... Guooo 54, ft,
Fronting on threestreets. 7,500 5q. ft. | Three street fronts ...... 11,250 5q. fi.

Fireproof Construction.

Occupancy, stores, warchouses and

ln:]_tor'u:s. Helght when not exceeding
eet,

55}! rea, without Automatic Sprinkler
Protection.,
Fronting on ogne street

ONLY covineniisnsannnsa « om0 50, 1t
Fronting on two streets,

that 15, extending

through from stireet to

SRS v nnusrnnnnnn o, DZo00 8. 1L
Corner building, front-

ing on twostreets ., ... 12,000 5. It
Fronting on three streets. 15000 5. ft.

Fireproof Constroction,
Qccupancy, stores, warehouses and

factories. eight when not exceeding
5g feat.
Area, with Automatic Sprinkler

Protection {being an increase of 33 1-
per cent. over the unsprinklered area),

One street front ... .oe.. 13,333 5q. fr.

Two street fronts........ 16,000 5. it
Corner building, two
sireet fronts........... 16,000 Sq. ft,

Three street fronts...... zo.000 5q. ft.

Fireproof Construction.

Gcmpam:ﬁ, stores, warehouses and
factories. Height limited to oo feer.
Area, without Automatic Sprinkler
Protection, same as for non-fireproof
construction.
Fronting on one street
inr_I LR EEE RN LR LN
Fronting on two streets,
that 15, extending
through from street to
4 3L
Corner building, front-
ing on two sireets ... 6,000 5q. fL.
Fronting on three streets. 7,500 5q. ft.

5000 5q. [1.

Guoeo 54, ft.

Fireproof Construction.

Occupancy, steres, warchouses and
factories. eight limited to 100 feet.

Awreqx, with Automatic Sprinlkler
Protection (being an inerease of 33 -3
per cent, over the unsprinklered aread,

Cne street front vovee. ... 6,056 8q. ft.
Two street fronts........ %000 sq. ft
Corner building, two

street fromis........... Booo sq. It

Three street fronts ...... 10,000 5q. ft.

«  Fireproofl Constraction,

Oecupancy, other than stores, ware-
houses and factories. Height limited
to 125 feet,

Areax, without Automatic Sprinkler
Protection, same as for Hireproof con-
strocuon limited to sz feet and with
Automatic Sprinkler protection.

Fronting on one street

ONY. vronnvnrarananness £3:333 54.. I8
Fronting on two streets,
that 15, extending
through from street 1o

SLEEEl Loanpesncnrnnnnes . 16o00 5q. Tt
Corner building, front-
ing on two Streets ... 1,000 5. ft.

Fronting on three strects. sooos 5q. ft.

Fireproof Construction,
Oceupancy, other than stores. ware-

houses and factories. Height limited
to rzg feet.

Awex, with  Auvtomatic Sprinkler
Protection (being an increase of soper
cent, over the unsprinklered areas

One street front..,.... . 26000 5. fi.

Two strect fronts..ce.s.. 24,000 59, ft
Corner building, two
street fronts...... P 24,000 5. ft.

Three street fronts...... o000 54 (L
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The basic height and area limits for non-fireproof and fireproof buildings up to 55 feet in height are
consistent with those suggested for the “standard building”. However, the 1905 NBFU introduced
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modification factors for building areas related to design features that were considered to reduce the fire
hazard of the building. These modification factors included number of facing streets and sprinklering.

The NBFU Codes were prepared by the National Board of Fire Underwriters, who had a significant role in
the development of the Universal Insurance Rating Schedule, which was summarized in Section 5.3 of
this report. This schedule addressed fire risk to the extent possible based on knowledge, methods and
capabilities of the time. Modifying this framework in a regulatory context, where heights and areas rather
than insurance rates are the dependent variables was a rational approach to an otherwise complex
problem. The modification factors are discussed in more detail below comparing with the rate factors
outlined in Section 5.3 of this report.

Construction

The 1905 NBFU permitted fireproof buildings to have twice the area of non-fireproof buildings. This
relationship can be seen by comparing the areas for non-fireproof and fireproof buildings up to 55 feet
without sprinkler protection.

The building area relationship as a function of type of construction is consistent with that specified in
Universal Rating Schedule as outlined in Section 5.3.4 of this report.

Height

The 1905 NBFU required fireproof buildings of approximately twice the height to have half the area, and
did not permit non-fireproof buildings to be greater than 55 feet (4 storeys) in height. This relationship
can be seen by comparing the areas of buildings limited to 55 feet and 100 or 125 feet respectively of
fireproof construction and the same occupancy.

The decrease in area with increase in height as specified in the 1905 NBFU is not directly consistent with
the increase in rates for building height in the Universal Rating Schedule as outlined in Section 5.3.5 of
this report.

Sprinklering

The 1905 NBFU permitted an increase in floor area for buildings with sprinkler protection as a function of
occupancy. Buildings occupied by stores, warehouses and factories were permitted an increase of thirty-
three percent when equipped with automatic sprinklers. Buildings occupied by other occupancies were
permitted an increase of fifty percent. The difference is likely attributed to the quantity of combustible
material and fire risk associated with the different occupancies. Stores, warehouses and factories are
considered to have a greater quantity of combustibles and have an inherently greater risk of fire than
other occupancies.

The increase in area with sprinkler protection is consistent with the increases permitted by the Universal
Rating Schedule as outlined in Section 5.3.6 of this report.

Occupancy

The 1905 NBFU recognized the difference in occupancy types by permitting different area limits. Buildings
containing occupancies other than stores, warehouses and factories are permitted to have an area more
than twice that of buildings containing store, warehouse and factory occupancies. This is likely a function
of the difference in quantity of combustibles and occupancy fire risk. This difference can be seen by
comparing the areas of buildings not containing stores, warehouses and factories limited to 125 feet in
height, with the areas of buildings containing store, warehouse and factory occupancies limited to 100
feet. The exact factor associated with occupancy type can be determined once the factor associated with
the height difference is addressed.
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The increase in area as a function of occupancy type is difficult to compare with that of the Universal
Rating Schedule. The 1905 NBFU considered differences in area as a function of 2 occupancy groups
whereas the Universal Rating Schedule considered rate differences as a function of more than 1000
occupancy types.

Streets Facing

The 1905 NBFU recognized the benefit of providing a responding fire department access to the greatest
number of faces of a building. A multiplication factor was developed allowing an increase in area as a
function of the number of streets the building fronted onto. A building fronting two and three streets was
permitted an increase in area of twenty percent and fifty percent respectively. The proportionality of
these increases will be discussed in more detail in Section 7.6.3 of this report.

The increase in area with increase in “streets facing” as specified in the 1905 NBFU is not consistent with
the decrease in rates for accessibility in the Universal Rating Schedule as outlined in Section 5.3.3 of this
report.

7.2.4 1907 MoDEL CODE

The Second Edition of the National Board of Fire Underwriters Building Code was published in 1907 [60].
The height and area limitations remained unchanged in this edition.

7.2.5 1909 MoDEL CODE

The Third Edition of the National Board of Fire Underwriters Building Code was published in 1909 [61].
The height and area limitations remained unchanged in this edition.

7.2.6 1913 ALLOWABLE HEIGHTS AND AREAS FOR FACTORY BUILDINGS - IRA H. WOOLSON

A report prepared in 1913 by Ira H. Woolson, Consulting Engineer for the National Board of Fire
Underwriters, summarized the results of a study of allowable heights and areas for factory buildings in
the United States. The study was based on a survey of fire marshals and fire chiefs in the United States
representing cities of over 20,000 population. The survey included the following 4 questions [62]:

1 What should be the greatest height allowed for manufacturing or
warehouse buildings without sprinkler equipment?

Briek and joist construction....... .. ..Height in ft.~—— or No. of Stories—

Fireproof construetion................ Height in ft. or No. of Stories——

2 Take the same question as No. 1, but assume the buildings to be fully
equipped with automatic sprinklers. What height would you sap-

provet
Brick and joist construetion........... Height in ft. or No. of Stories——
Fireproof eonstruetion...... cesiearans Height in ft. or No. of Stories——

3 What should be the greatest floor area allowed in the same class of
buildings without sprinkler equipment?

Brick and joist eonstruction Area in sq. fi. or Width—— ft Length—— ft.

Fireproof construction...... Area in 8q. ft. or Width—— ft. Length—— ft.

4 Tf the same buildings were fully equipped with automatic sprinkiers

what area would you approvef

Brick and joist construction Area in sq. ft.

Fireproof construction ..... Area in sq. ft.

or Width—— ft. Length— ft.
or Width—— ft. Length ft.
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The questions were intended to apply to buildings of a “good class” with enclosed stairways and elevator
shafts. Further, it was requested by Woolson that answers be based on the chief’s experience in fighting
fires in the class of building described.

Responses were received from 117 representative cities, some of which were discarded due to
misunderstanding of the questions. A summary of the results are included below [62]:

TABLE 1 GENERAL AVERAGE OF 8¢ TO 111 REFLIEE RECEIVED FROM ALL
CLABSES OF CITIES?

Stories in Ares between Fire

Type of Building Height Walls in Sq. Ft.
Non-fireproof, not sprinklered.......... 3.1 6,300
Fireproof, not sprinklered............. 49 12,300
Non-fireproof, sprinklered.............. 4.6 12,800
Fireproof, sprinklered......... - Sp— . 7.0 27,100

Average story height was 12 to 13 ft.

Additional comments from Woolson relative to the responses are included as follows [62]:

The responses for allowable heights were much more consistent than for allowable areas. 83
percent of the respondents indicated 10 storeys as the maximum height for a sprinklered
fireproof factory building.

The responses for allowable areas for sprinklered buildings were not as consistent as for
unsprinklered buildings.

There was no consensus or policy regarding permitted credit for provision of sprinklers.

Woolson further refined the responses to those of 50 fire chiefs based on the character and number of
factory buildings within their city and the chief’s experience with fireproof construction and sprinkler
equipment. The results of these 50 responses are summarized below [62]:

AVERAOE OF THE REPLIES or 50 Fine CHiErs SELECTED FROM 117, THE TOTAL NUMBER
ERCEIVED A8 BEAT QUALIFTED BY TRAINING AND EXFERIEHCE TO
FANS JUDGHENT OF THE QUEBTIONS INVOLYED

]
ai

AREA BETWEEK FIRE
TYPE oF BOILDING Broniea 8 Hirgur WaLLs In Bq, Fr.
Brick and joist mﬁtrunmn,‘ not aprinklered 3.2 5,200
Fireproof construgtion, not aprinklered | 5.3 9,300
Brick and jolst construetion, sprinklered 4.8 10,5600
Fireproof construction, sprinklered 1 7.5 21,600

Based on the results, Woolson prepared a table of limits that he considered to represent the “consensus
of opinion among the fire chiefs of the country best qualified to judge as to what should be the proper

limits of height and area for factory buildings”. This table is included as follows [62]:
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TABLE 6§ ALLOWABLE HEIGHTS AND AREAS IN FACTORY BUILDINGS
Stories in Area between Fire

Type of Building Height Walls in Sq. F't.
Brick and joist construetion, not sprinklered. 3 6,000
Fireproof construetion, not sprinklered..... § 10,000
Brick and joist construction, sprinklered.... 5 13,000
Fireproof eonmstruction, sprinklered......... .8 20,000

In the case of unsprinklered buildings, the area limits identified by Woolson were similar to those for a
“standard building” and Chicago and New York building ordinances as outlined previously, whereas the
heights are lower. In addition, the area limits for sprinklered buildings were approximately double those
of buildings identified as not sprinklered.

The results of Woolson’s study were considered later in the development of height and area limits for
model codes, which will be discussed in more detail in later sections of this report. Woolson’s pivotal role
in developing height and area limitations and the significance of his paper will also be discussed in more
detail in sections to follow.

7.2.7 1915 MobEL CODE

The Fourth Edition of the National Board of Fire Underwriters Building Code (1915 NBFU) was completely
revised and included commentary notes for certain requirements in the Code. The height and area limits
were similar to those in the 1909 NBFU Code with some minor changes and additions. Building heights
were expanded as a function of construction type and simplified in tabular format as outlined below [63]:

Section 37. Height of Buildings.

1. No building, or structure hereafter erected, except
church sp1res water towers, smoke stacks or chlmneys, shall
exceed in height two and one-half times the width of the
widest street upon which it fronts, nor shall it exceed the

following limits: Height in  Height
g Stories. in feet.

Frame buildings used for purposes other

than dwellings and tenements. . ... .. 2 30
Frame dwellings and tenements occupled

by not more than two families. . . .. .. 2% . 30
Frame dwellings occupied by not more than

one family. e 3 35
Buildings havmg beanng walls of hollow

terra cotta or concrete blocks........... 3 40
Non-fireproof buildings, ordinary construc-

tion ...... Ceree e veneenes 4 55
Non-fireproof bmldmgs mill construction.. 5 65
Fireproof buildings used for factories,

stores, warehouses or workshops....... 7 85

Fireproof buildings used for purposes other
than factories, stores, warehouses or
workshops ............. R (¢ 125

The height limits outlined above recognized variation in hazard as a function of construction and
occupancy. The maximum building height where combustible construction was permitted was 5 stories
(65 feet). As noted below, 50 feet was considered the maximum distance inside a building that can be
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reached by a hose stream through a window of a 5-storey building, which is described as a significant
factor in limiting height in the Code [63]:

Note 1.—It is generally conceded that five stories is the maximum
height to which water can be thrown effectively by a fire department
from the street level, and that 50 feet is the maximum distance inside
a building which can be reached by a stream through a window.
These facts have been a governing consideration in the establish-
ment of the limits of heights and areas in this Code. In addition,
the width of the street upon which a buildindg fronts and the height
of the building should be considered; a building endangers adjacent
property in proportion to its size and proximity to other property.

The area limits were organized by Non-Fireproof and Fireproof Construction. The limits for Non-Fireproof
Construction ranged from 3,000 square feet for tenement houses of ordinary construction to 6,500
square feet for mill construction. The limits are consistent with those of the 1909 NBFU Code, with the
exception of the increase factor for sprinklering and increased areas for mill construction. The sprinkler
factor was increased from 50% to 66%% (100% for mill construction), which was likely a recognition of
the benefit of sprinkler protection beyond what was previously considered in Section 5.3.6 of this report.

The areas for mill construction were 33% greater than for ordinary construction. The limits are shown
below [63]:

2. Non-Fireproof Construction—
(a). Tenement houses, 3000 sq. ft.

(b). All other ordinary non-fireproof buildings,
height not exceeding 55 feet.

With sprinklers,
) Without increase of
- Fronting on sprinklers. 662f per cent.

One street. . .. .......... 5,000sq. ft. 8,333 sq. ft.
Two streets. .. .......... 6,000sq.ft. 10,000 sq. ft.

Three or more streets. . . . . 7,500 sq. ft. 12,500 sq. ft.
(c¢). Mill construction buildings, height limit 65
feet.
With sprinklers,
Without increase of
Fronting on sprinklers. 100 per cent.
One street ........ veeoo 6,500 sq. ft. 13,000 sq. ft.

Two streets ............ &000sq. ft. 16,000 sq. ft.
Three or more streets.... 10,000sq. ft. 20,000 sq. ft.

The area limits for Fireproof Construction ranged from 7,500 square feet to unlimited as a function of
occupancy and height. For buildings up to 65 feet in height (which was an increase of 10 feet from the
previous edition of the Code) the area limits were consistent with the previous edition of the Code. The
area limits for stores, warehouses, factories and workshops up to 85 feet in height and other occupancies
up to 125 feet in height were reduced from the previous edition of the Code. The sprinkler factor was
increased from 33%% from the previous edition of the Code to 66%% for buildings up to 65 feet. The
increase in sprinkler factor was likely a result of an increase in reliability of sprinkler systems as outlined
in Section 5.3.6 of this report. The limits are shown below [63]:
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3. Fireproof Conslruction—

(a). All buildings of Classes No
Dbt o power siations. . {restrictions
Office buildings ............ as to area.
(b). All other buildings not exceeding 65 feet in
height. With sprinklers,
Without increase of
Fronting on sprinklers, 66% per cent.
One street .............. 10,000 sq. ft. 16,666 sq. ft.
Two streets ............ 12,000 sq. ft. 20,000 sq. ft.

Three or more streets.... 15,000 sq. ft. 25,000 sq. ft.
(c). Stores,warehouses, factories,and workshops,
not exceeding 85 feet; and other buildings
not exceeding 125 feet in height.

With sprinklers,

Without increase of

Fronting on sprinklers. 50 per cent.
One street .............. 7,500 sq. ft. 11,250 sq. ft.
Two streets ............. 10,000 sq. ft. 15,000 sq. ft.

Three or more streets.... 12,500 sq. ft. 18,750 sq. ft.
(d). The first floor only of any fireproof building
occupied as a store may have an area of
20,000 sq. ft., and if fully protected by ap-
proved automatic sprinklers may be in-

creased 50 per cent or have a maximum area
of 30,000 sq. ft.

The base area limits for ordinary construction (5,000 square feet) and for fireproof construction (10,000
square feet) are consistent with those recommended for a “standard building”, as outlined previously in
this report. Height limits are also consistent, with minor differences, to those of a “standard building”.

The increase factor attributed to number of streets fronting did not changed from the previous edition of
the Code. The area limits were based on average street width of 60 feet. This related to the space required
for a fire department to stage and fight the fire, as well as reasonable separation of the buildings to limit
fire spread. Reference relative to height and area limits was made to the paper prepared by Woolson,
outlined in the previous section of this report. These additional notes are included below [63]:

The term street as here used, is a public thoroughfare at least
20 feet wide.

The areas given in this section are based upon an average street
width of 60 feet. For less than this width, it does not appear un-
reasonable to require sprinklers for even smaller areas than herein
given, particularly for buildings over two stories high. This could
well be placed in the hands of the Chief of the Fire Department.

Note 2.—Attention is called to a paper entitled “Allowable
Heights and Areas for Factory Buildings,” distributed by the Na-
tional Board of Fire Underwriters, which contains a digest of
opinion of over a hundred prominent Fire Chiefs upon this subject.

The area limits for frame buildings ranged from 3,000 to 5,000 square feet, as outlined below [63]:

1. No frame building shall exceed two stories or 30
feet 1n height, except that dwellings may have two and one-
half stories, provided they do not exceed 30 feet in height or
3000 square feet in area.
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3. No frame building erected for any occupancy other
than buildings of Class F, shall cover a ground area ex-
ceeding 5000 square feet, except as restricted in paragraph
4; except also that a frame building equipped with an
approved system of automatic sprinklers, may have an in-
crease in area of 6633 per cent, or 8333 square feet.

An area increase was permitted, as noted above, for buildings of frame construction where equipped
with an automatic sprinkler system.

7.2.8 1922 MobEL CODE

The height and area limits in the 1922 edition of the National Board of Fire Underwriters National Building
Code (1922 NBFU [64]) did not change from the 1915 edition.

7.2.9 1934 MobDEL CODE

The height and area limits in the 1934 edition of the National Board of Fire Underwriters National Building
Code (1934 NBFU [65]) remained consistent with those of the 1922 edition.

7.3 NATIONAL FIRE PROTECTION ASSOCIATION

The National Fire Protection Association (NFPA) was established in 1896 with a membership primarily
composed of insurance representatives with the mission to “reduce the burden of fire and related hazards
on the quality of life” [66]. The mission of the NFPA would eventually become “advocating scientifically-
based consensus codes and standards, research, and education for fire and related safety issues” [66].

The NFPA published proceedings of meetings of various committees relating to fire and life safety from
1887 to 1967. These proceedings included minutes of meetings and proposed code changes. Several
committees considered height and area limits, either as fundamental concepts or secondary to the
primary application of the code/standard being developed by the respective committee.

The following sections summarize key discussions and developments of height and area limits based on
NFPA committee proceedings.

7.3.1 1899 PROCEEDINGS

The 1899 Proceedings of the NFPA discussed the large areas and quantity of goods in department stores
and the difficulty in fighting fires in these occupancies as a result of these factors. Sprinklers were
suggested as the only means of controlling fires as noted below [67]:

Sprinklers and It is now generally conceded that after the first stages of
Hose Streams. 3z fire (when hand appliances may be used) sprinklers
only can control a fire in these large area stores into which hose
streams cannot penetrate. Hose service is essential, however, in fol-
lowing up the sprinklers and accomplishing the complete extinguish-
ment. If sprinklers are of such importance they should not be handi-
capped, possibly rendered inefficient by faulty construction.

The discussion noted that sprinklers likely only controlled fires, and hoses were required to completely
extinguish following sprinkler operation.
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7.3.2 1904 BALTIMORE CONFLAGRATION

A conflagration occurred in the City of Baltimore, Maryland on February 7 and 8, 1904. The area of
damage covered 140 acres, including 80 city blocks. The Committee on Fire-Resistive Construction of the
National Fire Protection Association conducted an examination of the damaged buildings of the City with

[68]:

special view of determining Lhe relative merits of the materials and
methods of construction used in the fire-resistive bulldings (common-
ly called “fire-proof”) which passed through the conflagration.

They made observations of various aspects of building construction, water supply and the fire service
capability. The following was noted relative to building areas and their impact on the spread of the
conflagration [68]:

LARGE UNBROKEN FLOOR AREAS ASSIST THE SPREAD OF
FIRE AND SERVE TO AUGMENT IT8 SEVERITY. BUILDINGS OF
CONSIDERABLE AREA AND HAVING LARGE QUANTITIES OF
COMBUSTIBLE CONTENTS SHOULD BE SUB-DIVIDED BY SUB-
STANTIAL BRICK FIRE WALLS SUFFICIENT TO FORM A POSI-
TIVE BARRIER TO THE SPREAD OF FIRE.

The large areas now 80 common and particularly in those buildings
having unenclosed vertical openings, undoubtedly furnish conditions
which render even the must approved methods of fire-resistive con-
struction now in use of doubtful value,.

The effect of a severe fire in buildings of fire-resistive construction
having large stocks nf combustible material was not demonstrated in
this conflagration. It 's believed, however, that a severe fire even in
a single building under these conditions might readily equal if not
surpass the peverity of the tests noted at Baltimore.

It was noticeable even in office buildings that the damage was gen-
praltlli'i greatest where there were large offices without any sub-dividing
partitions.

7.3.3 1906 PROCEEDINGS

Following the Baltimore conflagration, the NFPA formed a Committee to examine building area. As noted
below, the Committee determined that the limitation of areas was best left to underwriters and as a
result it was decided that the Committee be discharged [69]:

Mg. Brauverr. Chairman and Gentlemen: Your Committer has
taken up the subject of Area, and after investigating the subject, it
has seemed that all fire protection matters relative to area are al-
ready covered by our existing standard. The matter of sub-division
of aren Is slso covered by existing standards of construction. It has
seemed to me impossible to treat the subject of area in any other way
than on an underwriting basis, and this causes the subject to run inte
the consideration of rating schedules. The National Fire Protection
Asgociation is not expected to consider matters that touch upon rating
schedules, and the guestion has been raised in Commitiee, very cor-
rectly, I think, as to whether such treatment is not unconstitutional.
That is my view, and on that ground I ask that the Committes be

discharged.
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7.3.4 1908 PROCEEDINGS

Following the disbanding of the Building Area Committee in 1906, discussion of height and area limits
resurfaced in discussions of the Committee on Fireproof Construction relative to the organization of a
conference on preparation of a standard for the construction of buildings, suitable to all insurance and
other interests. Height and area limits were noted as follows [70]:

Among the features to be considered by such a conference would be,
first, the regulation of height and area of buildings to dimensions such
as allow control of fire in combustible eontents by whatever extinguish-
ing agenecies, public or private, may be provided.

In addition, the Committee on Uniform Requirements prepared a set of recommended ordinances
intended for fire underwriters only. These ordinances included height and area limits as follows [70]:

12, AREA.

Area not to exceed 5,000 square feet per fire section where building is
not equipped with sprinklers.

Note—By fire sections is meant a section either cut off by standard
walls, as provided in Sections 2 and 3, or separated from all exposing
buildings by a distance equal to at least the sum of the heights of the two
buildings in question, but this distance should never be less than 50 feet
and need ordinarily never be over 1560 feet.”

13. HEIGHTX

Height not to exceed 5 stories or 65 feet above average ground level.
Basement, if over 3 feet, measured from bottom of floor girders to
ground above average ground level, to be counted as a story.

These limits are consistent with those suggested for a “standard building” with the exception of a 5 foot
increase in the height limit.

The height and area limits were also discussed in a Report of Delegates to the Washington Convention of
the International Association of Fire Engineers in the summary of a paper prepared addressing fire
prevention versus fire extinguishment. The paper discussed the importance of requiring height and area
limits for mercantile occupancies as follows [70]:

The mercantile or manufacturing building is quite another proposition, and

buildings of this elass should be vestricted in height and area; otherwise

thay become conflagration breeders and a serious menace to the vicinity

in. which they are located, due to the guantity of combustible material

they contain. This is especially true of mercantile buildings, where space

is valuable, and at times they contain stock piled from floor to eceiling,

providing no means for interior protection by the local fire department,

and rendering impossible the introduction of streams of waier to the center

of the floor. Where area is reduced by party walls the reduction will not

Similar to previous discussions, this paper highlighted the importance of fire department capability and
penetration of hose streams.
7.3.5 1913 PROCEEDINGS

With the exception of the Building Area Committee, disbanded in 1906, no NFPA committee was
responsible for the consideration of height and area limits as part of a suggested ordinance until 1913.

The Committee on Fireproof Construction, Including Concrete and Reinforced Concrete (later changed to
“Committee on Fire Resistive Construction”) was responsible for establishing requirements of
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construction “suited to buildings of the greatest fire-resistance” including height and area limits. This was
done by defining a “Standard Building”, intended to be applicable to any occupancy [71]:

Your Committee defines a Standard Building as one in which the lives
of the occupants are properly safeguarded against fire and panic; so de-
signed and equipped, that damage resulting from exposure to fire from
within or without, shall be reduced to a minimum; and capable of sus-
taining a complete burn-out of its contents without serious injury to its
structural members.

The Committee was chaired by Mr. Ira H. Woolson, Consulting Engineer for the New York Board of Fire
Underwriters and author of “Allowable Heights and Areas for Factory Buildings”, outlined previously in
this report and prepared the same year as these proceedings. Woolson was also involved in the
preparation of the National Board of Fire Underwriters Model Codes. He would later chair a Committee
on “Recommended Minimum Requirements for Fire Resistance in Buildings” that would include height
and area limits that would eventually be utilized in the development of the Canadian Model Code.

The specifications for construction of a Standard Building recommended by the Committee included the
following relative to height and area limits [71]:

SPECIFICATIONS FOR CONSTRUCTION OF A STANDARD
BUILDING.

Height—The height from grade to roof-line, irrespective of its occu-
pancy, shall not exceed T0 feet, unless the building be fully equipped with
automatic sprinklers, in which case the height shall not exceed 125 feet:
nor shall any Standard Building exceed a height of two and one-half times
the width of the widest street upon which it is located.

Area,—The area within inclosing or fire walls shall not exceed 7,500
square feet, with no dimension greater than 123 feet for a building without
automatic sprinklers; or 20,000 square feet, unrestricted as to linear dimen-
sions, for a building fully equipped with automatic sprinklers.

The height limit was approximately mid-way between the 55 foot and 100 foot limits for store, warehouse
and factory occupancy buildings of fireproof construction in the 1905 NBFU Model Code. The area limit
of 7,500 square feet was half way between the area limit corresponding with 55 feet and 100 feet height
limits for store, warehouse and factory occupancy buildings of fireproof construction in the 1905 NBFU
Model Code. The 20,000 square foot area limit with provision of automatic sprinklers corresponded with
the greater area limit for store, warehouse and factory occupancy buildings of fireproof construction.
These height and area limits were approximately equal to those recommended by Woolson in his paper
on “Allowable Heights and Areas for Factory Buildings”.

The rationale for selecting the area and lineal dimension limit of 7,500 square feet and 125 feet
respectively was given as follows [71]:

Mr. A. G. ParTox: It seems to me that any area that we might fix for
this building would fail to satisfy some builders or some owners. There
would always be a demand for an extension of the standard. There was a
reason in the minds of the committee for fixing the standard as it is fixed
here at 7,500 square feet, with a lineal dimension of 12) feet. It was based
on the idea that a stream of water might be turned into such an area from
the street and reach every portion of the floor. Now that is worked out on
that theory ;—that 125 feet probably represents the best limit of a good stream
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of water from the street. And as Mr, Palm very well said, this typical build-
ing is provided with subdividing fire walls and the asrea can be extended, or
if desired, the minimum area between fire walls can be made 20,000 square
ieet if sprinkler equipment is installed. I do not see personally why we
should extend this 7,600 square feet or make any further explanation than
we have in connection with our definition of what this specification is
covering.

Proressor WooLson: I mightsay in this connection that I have in my
possession over one hundred letters received from fire chiefs throughout the
United States within the last month, expressing their opinion upon this sub-
ject of allowable area in buildings, fireproof and non-fireproof, sprinklered
and not sprinklered, in which they from their experience would consider that
they had a reasonable chance of controlling the fire,—in a factory type of
building I am speaking of particularly. 1 think the gentleman would be
astonished at the conservatism of those men. I am preparing the matter,
summarizing it, for publication. But I may say, though, that I think a sum-
mary of those figures will come very close to the specifications named in this
paper, and the consensus of opinion from that number of that class of men
is worthy of serious consideration. ‘

7.3.6 1914 PROCEEDINGS

The Committee on Fire-Resistive Construction established construction types and occupancy
classifications in 1914. The occupancy types included Public Buildings, Residence Buildings and Business
Buildings. The following construction types were established [72]:

(@) Full Protection—implies a resistance to a severe fire for 4 hours.
(&) Partial Protection—implies a resistance to a severe fire for 2 hours.

(€) Tempufar{ Protection—implies a resistance to a severe fire for at:
least 1 hour, :

No additional changes or additions were made to the height and area limits.

7.3.7 1916 PROCEEDINGS

In 1916, the Committee on Fire-Resistive Construction changed the construction type descriptors from
Full Protection, Partial Protection and Temporary Protection to Grade A, Grade B and Grade C
respectively. They also established that these types of construction apply to structural materials rather
than complete structures.

The specification for a Grade A Office occupancy was provided and is summarized including height and
area limits in the excerpt below [73]:

SPECIFICATIONS FOR CONSTRUCTION OF AN OFFICE
BUILDING, GRADE “A"

Definition:—An Office Building is one which is used for executive or
clerical purposes, except for living rooms for the janitor, and is not used,
above the grade floor, for the storage or exhibition for sale of merchandise,
nor in any part for manufacturing purposes.

Height:—The height from grade to roof line shall not exceed 125 feet,
nor exceed a height of two and one-half times the width of the widest street
upon which it is located. : .
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Area:—The area within inclosing or fire walls of building, not exceeding
70 feet in height, shall not exceed the following:—

_ Without With sprmklers
Fronting on : SprinLIers mcrease of 66}5%
One street. .. .. e e e 10,000 sq
Two streets . .. .. e . 12,000 ”' 2{),001} 4 “
Three or more streets ............... 15,000 * “ . *20,000 ¢
or from 70 to 125 feet, shall not exceed the {ollowing :— -
Without With sprinklers
Fronting on E SprinLIcrs increase of 509,
Onestreet.....oovveivernns e 7,500 scl t. 11,250 sq. {t.
Two streets .. ... cee e ... 10000 M 15,000 * ¢
Three or more streets . .............. 12,500 = * 18,750 * «

*rjaximum area accepted under any conditions.

These were the first set of specifications by NFPA for a specific occupancy type. Note that these limitations
were the same as those included in the 1915 NBFU Model Code for fireproof construction, with the
exception of small differences in the height limits.

7.3.8 1917 PROCEEDINGS

The 1917 meeting of the Committee on Fire-Resistive Construction established specifications for Grade
A Hotels, Apartment Hotels and Club Houses; as well as Grade A Department Stores. The height and area
limits were as follows [74]:

Specifications for Construction of Hotels, Apart-
ment Hotels and Club Houses, Grade A.

Definition:

A hotel, apartment hotel, or club house, is a building with fifteen or
more sleeping rooms above the grade floor, used for dwelling purposes by
transient or permanent residents or guests, and containing equipment for
personal service for such occupants. A building of this classification shall
not be uised above the grade floor for the storage or exhibition for sale of
merchandise nor in any part for manufacturing, but this shall not pro-
hibit exhibition of salesmen’s samples. A building of this classification
shall not contain a theatrical stage, including movable scenery, but niay

contain assembly halis, provided the arrangement thereof and exits there-
from shall conform in all respects to the standa rds of this Association.

Height:

The height from grade to roof line shall not exceed 125 feet nor
exceed a height of two and one-half times the width of the widest street
upon which it is located.

Area:

The area within enclosing or fire walls shall not exceed 7,500 square
feet, with no dimension greater than 125 feet for a building without auto-
matic sprinklers, or 20,000 square feet, unrestricted as to linear di-
mensions, for a building fully equipped with automatic sprinklers.
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Specification for Construction of a Department
o Store. Grade A.

Definition: .

A department store is a building in which general merchandise is
exposed for sale, and in connection therewith restaurants, packing and
repair. rooms may be maintained. The type of construction for a depart-
ment store of Grade A shall comply with the following requirements and
shall be sprinklered throughout in an approved manner:

HEIGHT.

The height from gradé to roof line shall not be more than: 125 feet
nor exceed a height of 214 times the width of the widest street upon
which it is located.

1

AREA.

The area within enclosing firewalls shall not exceed 30,000 square feet
on the grade floor, the basement and other stories not exceeding in area
the following: if fronting on one street 10,000 square feet; if fronting on
two streets 15,000 square feet; if fronting on three or more streets
20,000 square feet. The term “street” as herein used is a public thorough-
fare at least 20 feet wide, '

7.3.9 1918 PROCEEDINGS

Limited work was done by the Committee on Fire-Resistive Construction relative to height and area limits
as outlined in the 1918 proceedings. A formalization of the “Standard Building”, defined in the 1913
proceedings and outlined in Section 7.3.5 of this report was provided as follows [75]:

Specifications for Construction of a Standard
Building.
Height. — The height from grade to roof-line, irrespective of its oe-
cupancy, shall not exceed 70 feet, unless the building be fully equipped
with automatic sprinklers, in which case the height shall not exceed 125

feet, nor shall agy Standard Building exceed a height of two and one-
half times the width of the widest street upon which it is located.

Area. — The area within inclosing or fire walls shall not exceed
7,500 square feet, with no dimension greater than 125 feet for a building
without automatic sprinklers, or 20,000 square feet, unrestricted as to
linear dimensions, for a building fully equipped with automatic sprinklers.

7.3.10 1919 PROCEEDINGS

The Committee on Fire-Resistive Construction provided a specification for construction of a Grade B
Office occupancy in 1919 as shown below [76]:
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SPECIFICATIONS FOR CONSTRUCTION OF AN OFFICE
BUILDING, GRADE “B.”

Definitions: An Office Building is one which is used for executive
or clerical purposes, except for living rooms for the janitor, and is not
used, above the grade floor, for the storage or exhibition for sale of
merchandise, nor in any part for manufacturing purposes.

A Grade “B” Office Building is oné wherein the Use, Height, Areas,
and Exits and Construction of the supporting members fulfill the Grade’
“A” requirements, but in which certain other structural modifications are
permitted. .

Height: The height from grade to roof line shall not exceed 125
feet, nor exceed a height of two and one-half times the width of the
widest street upon which it is located. .

Area: The area within enclosure or fire walls of a building not
exceeding 70 feet in height shall not exceed the following:

With Sprinklers

: anting on Without Sprinklers Increase of 663%
One street .......... cesssaeas 10,000 sq. ft.. 16,666 sq ft.
Two streets .......evaeeneeas 12,000 sq. ft. 20,000 sq. ft.
Three or more streets......,. 15000 sq. ft. *20,000 sq. ft.
or, for a building from 70 to 125 feet in height, shall not exceed the
following :

Fronting on “'Without Sprinklers . i }Eggi’gi’}k.ljg%
One street ....... e eeeess 7,500 sq. ft. 11,250 sq. ft
Twﬂ Stfﬁv&tﬂ Fehraasbiasemdan lﬂ,{m Sq. ft. . " IS,ND' $q. ft.
Three or more streets........ 12,500 sq. ft. - 18750 sq. ft.

*Maximum area accepted under any conditions.

Note that the height and area limits for Grade A and B Office occupancies were the same, except for the
structural modifications permitted for Grade B Office occupancies. These modifications related to walls,
piers, floors, roofs, stairs, elevators and other shafts and openings.

7.3.11 1920 PROCEEDINGS

In 1920 the Committee on Fire-Resistive Construction changed its name to the Committee on Building
Construction, and provided a specification for Grade A, B and C Apartment House occupancies as shown
below [77]:

The three Grades of Apartment House Buildings, A, B, and C, as
specified in this Report, embrace ‘all buildings of this class from those
moderately fire-resistive to those having the very best practical protection.
The structural supporting members in all Grades are incombustible.

The essential differences in the Grades are as follows:

Occupancy:
Grade A—No commercial occupancy allowed.

Grades B and C—Commercial occupancy permitted in the first story
and hasement with restrictions as to method of construction sur-
rounding same.
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Limits of Height and Area: :
Grade A Grade B Grade C

Height 125 it 100 ft. 73 ft.
Area 7300 sq. ft. 6000 sg. ft. 5000 sq. it

Use of Wood:

Grade A—None allowed except for floor surfacing.

Grade B—Allowed for trim, finish, and floor surfacing,

Crade C—Allowed for any purpose, except wooden lath and support-
ing structural members.

A comment from one of the committee members clarified the rationale for limiting the height for
buildings of Grade C construction with respect of fire department capabilities, and suggested the
provision of standpipes for buildings exceeding this height limit as noted below [77]:

Mk, Fercusox: May I ask a guestion right here that has appeared
important in our work? The limit of fire fighting is important as regards
the height of a building. Tn Pittsburgh we have an “80-foot” fire depart-
ment, as we call it, for short; it cannot rescue persons above 80 {feet, nor
can it fight fire efficiently in buildings over 80 feet in height without con-
siderable assistance from the interior of the building. We made our limit
on height of construction 80 feet, which is not far from the 75 feet given
here. It is significant that the two are so close together as probably to
make an average for the country because of the fact that Pittsburgh has
not far from an average fire department as regards the height to which
it can reach readily.

There is one thing I think ought to be considered very carefully, and
that is what requirements we shall make for the use by the fire depart-
ment of standpipes in buildings over 80 feet in height. The use of
them is better than dragging hose up the stairways. I, for one, admire
this requirement in all these sections; that every stairway must have a
standpipe.” In some respects that provision has been criticized in Pitts-
burgh, because it appears to some to demand more standpipes than would
appear necessary; but in fire-fighting nobody is going to stop in the haste
and excitement to pick out a stairway that has a standpipe in it. It is a
mighty wise proposition to have such standpipes in each stairway, as I
see Th

Comments were provided by S.H. Ingberg relative to consideration of consistent levels of fire-resistance
but varied types of construction [77]:

Mg, Inceerc: Could not the objection be overcome by requiring uni-
form fire resistance for the three types, but permitting different construe-
tion. I understand that the objection raised is chiefly based on the fact
that for a less severe fire exposure we make a hizgher requirement. We
are working tewards improved materials for fire protection and interpret-
ing our results in such a way as lo assign fire resistance periods to con-
structions tested so that the poorestone likely to be constructed will come
within a given such period; but the supposition is that in applying that,
it will be rated against the same probable exposure. I notice the same
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question presents itself in regard to the thickness of the wall. As near as
I can tell, we propose to permit cight-inch walls of brick laid in lime-
stone mortar.

This was an early attempt at balancing of risk and suggestion of a performance-type approach, but was
not accepted by the Committee.

7.3.12 1921 PROCEEDINGS

The Committee on Building Construction provided a specification for construction of a Grade E Office
occupancy in 1921 as shown below [78]:

SPECIFICATIONS FOR CONSTRUCTION OF AN OFFICE
BUILDING-—-GR_ADE E.

Definitions:

An office building is one which is used for executive or clerical pur-
poses, except for living rooms for the janitor, and is not used, above the
grade floor, for the storage or exhibition of merchandise, nor in any part
for manufacturing purposes.

A Grade E office building is one wherein the use, areas and exits
fulfill the Grade A office building requirements, subject to certain restric-
tions in respect to height, and in which protected combustible materials
are accepted as supporting members and certain modifications are accepted
in ‘the construction of floors and protected partitions.

Height:

The height from grade to roof line shall not exceed 55 feet, nor more
than 4 stories. '

Area:
The area within enclosure or fire walls shall not exceed the following:

With Sprinklers

) Without (increase of

Fronting on Sprinklers, \ 668 % )
One Street vovieieiiniirennans 5,000 sq. ft. 8,333 sq. ft.
Two streets ................. 6,000 sq. ft. 10,000 sq. ft.
Three or more streets ........ 7,500 sqg. 1t 12,500 sq. ft.

Grade E was protected combustible materials and supporting elements, considered to be “fire-resistive
ordinary construction”.

A supplementary discussion during this meeting regarding an increase in the factor for provision of
automatic sprinklers resulted in an increase of 100% for areas, which was previously 66%% as noted
below [78]:

Mgz, E. P. Boone: May I ask if the Committee did, in their delibera-
tions, give consideration to increasing the allowable height of the building
in the event of automatic sprinklers being installed, following the same
plan as that for area?
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Mr. WooLsow: Yes, it was considered, but the Committee felt that
for a joisted type of construction we should not go beyond four stories,
which has been the standard of the National Board of Fire Underwriters
for years (55 ft., that is, for this type.) The idea of the Committee is
that there is another type of joisted building which it will have to
recognize, and which is, I am sure, more common throughout the country,
but still, we thought that this was a practicable proposition and not too
severe in requirements for the best

Mr BooNe: On the.subject of area, 66 2/3% increase, I note, is
allowed where sprinklers are installed. T feel that in a sprinkiered office
building cut up in small sections, with numerous partitions on each floor,
the area could be very materially increased. As a matter of fact, I have
always held the opinion that considerations of area are almost blotted out
by standard automatic sprinkler protection, and in view of this light occu-
pancy in offices with small sections and numerous partitions, I thought that,
perhaps, the area might be increased to more than 66 2/3%, possibly 100%.

Mr. WoorLsox: The Chairman appreciates the significance of that
criticism. May I ask if vou make the suggestion of 1009%?

Mr. Boonge: I would make that suggestion as a motion,
The motion was adopted.

This increase associated with provision of automatic sprinklers has remained in codes up to the 1990
Canadian Model Code (1990 NBCC), which allowed an increase of 200% as a result of an amalgamation
of the sprinkler and streets facing factors. This will be discussed more in Section 8.12 of this report.

7.3.13 1922 PROCEEDINGS

A comment in the 1922 meeting of the Committee on Building Construction re-affirmed the discussion
and motion carried at the previous meeting relative to the area increase factor where automatic
sprinklers are provided [79]:

Pror. WooLsox: The changes in this report since its presentation at the
annual meeting in June, 1921, follow the discussion and suggestions made at
that meeting ( Proceenings, 1921, page 271). 1009 increasc in area has been
allowed where sprinklers are installed. Openings in exterior walls may ex-

7.3.14 1923 -1925 PROCEEDINGS

The 1923 to 1925 meetings [80-82] of the Committee on Building Construction focused on the
development of construction requirements for private dwelling houses. This was the result of
prioritization of efforts in other building-code-related committees occurring at that same time, where it
was established that due to the large number of fires in private residences, development of requirements
relative to these structures was warranted.

7.3.15 1926 PROCEEDINGS

Work of the Committee on Building Construction was re-focused back to non-private dwelling structures
in 1926. This same year, Woolson stepped down as chairman of this Committee to focus on other
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committee commitments. Mr. Charles E. Paul, Armour Institute of Chicago (now the lllinois Institute of
Technology) took over as Chairman of the Committee.

The Committee on Building Construction included tentative specifications for standard industrial
buildings of three construction types in the 1926 report. The construction types included Reinforced
Concrete, Slow-Burning Heavy Timber (Mill) and Steel. The height limits as a function of construction type
were suggested to be [83]:

o 5stories or 60 feet in height for Reinforced Concrete Construction.

o 6 stories or 75 feet when equipped with automatic sprinklers and 4 stories or 52 feet when not
equipped with automatic sprinklers for Slow-Burning Heavy Timber Construction.

« 5stories or 60 feet in height for Steel Construction.

The following was noted during the meeting relative to establishing area limits for standard industrial
buildings as a function of construction type [83]:

Artiele 4. Allowable Floor Areas. (To be supplied.)

Note: Although the prevailing practice of limiting floor areas as re-
quired by building codes throughout the country has been in vogue for many
years, the committee recognizes that the application of arbitrary limits
without assurance of equitable results for all cases and conditions may
involve hardships to constructors and owners, which, it is assumed, were
not anticipated. Accordingly, "the committee has discussed a, method of
limitation based upon recognized performance record of fire in buildings
substantiated by fire-Aghting experience. It is intended to permit uniform
area increases for the different types of construction with respect to ac-
cessibility for fire defense, automatic sprinkler. protection and the degree
of fire hazard of the occupancy.

In view of the height limitations of these specifications, and assuming
that buildings constructed in accordance with their provisions will have
the protection of modern fire-fighting, it is conceded that such study is
deserved, and that the results to be expected therefrom will be beneficial.

Pending the study noted above, general height and area limitations, independent of construction type,
were provided as follows [83]:

2. Froor Ameas: The committee has tentatively considered the sug-
gested area linits of the sub-committee on the reinforced concrete type,
without formally recommending them, pending a further study of area
limitation. (See General Requirements, Article 4.)

The area within enclosure or fire division walls shall not exceed the

following :
) Without With
Fronting on Sprinklers Sprinklers
One street 10,000 sq. ft. 20,000 sq. ft.
Two streets 12,000 sq. ft. 24,000 sq. ft.
Three or more streets 15,000 sq. it. 30,000 sq. it

7.3.16 1927 PROCEEDINGS

The Committee on Building Construction continued developing specifications for standard industrial
buildings in 1927, and reported that no conclusions on height limits had yet been established due to the
following [84]:
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Appreciating the extreme irregularity of municipal zoning restrictions
upon height, the Committee is nevertheless reluctant to specify an arbitrary
limit which might be regarded as providing uniform safety to life and
property in all cases or even under average conditions. In industrial build-
ings the size of undivided floor areas is so related to height of building
that each might seem to be inversely proportional to the other. Discussion
upon this point is solicited from the membership of the Association for the
guidance or instruction of its Committee.

Attention is called to the fact that the limitations of floor area pro-
vided in Art. 4, General Requirements, are applicable only to such build-
ings as are less in height than three times the width of the abutting street.
(See Appendix IIL)

Allowable floor areas were established by the Committee based on the consideration of a reasonable
area subject to a single fire, protective construction, streets fronting and provision of sprinklers. These
area limits and associated discussion were as follows [84]:

Article 4. Allowable Floor Areas.

In standard industrial buildings conforming in all respects to these
specifications, the maximum floor area in any story within exterior, party
and fire walls shall not exceed the following:

4.1. Buildings not more than 6 stories or 75 feet in height:

4.11. Fronting on one street, 10,000 sq. ft. except that a deduction
of 100 sq. ft. shall be made from this maximum for each 2 ft. of
depth exceeding the frontage and that an addition of 100 sq. ft. may
lére t?tadt to this maximum for each 2% f{i. of frontage exceeding the

epth.

- 412. Fronting on two streets, 12,000 sq. ft, except that an addi-
tion of 120 sq. ft. may be made to this maximum for each 3% ft. of
difference hetween the frontages on intersecting streets.

4.2. Buildings more than 6 stories or 75 feet in height :

421. Skeleton frame protected structures less in height than three
times the width of abutting street (or average width of abutting
streets), shall be restricted to an undivided floor area of 10,000 sq. ft.
in any story within exterior, party and fire walls,

4.22.  Such areas may be increased 50 per cent when further sub-
divided by fire division partitions into sections not exceeding 75 per
cent of the area permitted by Art. 4.21.

43, When protected by approved automatic sprinklers any of the
foregoing area limitations may be further increased 100 per cent for
buildings not more than, and 75 per cent for buildings exceeding, 6 stories
or 75 feet in height.

Nore, The foregoing limitations are based upon average conditions
of use, occupancy and municipal fire department protection. However,
hecause of the wide variations in these conditions, it is recommended that
the fire hazard in each particular case be accurately analyzed and the
degree of combustibility of contents and the method of storage of stock
be surveyed, with their reflection upon the size of areas contemplated.
Although the owner's desires are controlled by municipal or state require-
ments, the latter are likely to be less restrictive than the recommendations
above. It is therefore recommended that the owner avail himself of the
advice of wunderwriting authorities having jurisdiction in his territory.
(See Appendix IV.)
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7.3.17 1930 PROCEEDINGS

The 1930 meeting of the Committee on Construction Operations presented their first formal report titled
“Recommended Good Practice Requirements for Construction Operations”, which was intended to
address methods of fire prevention and control. The scope of the requirements were as follows [85]:

1. Scope.

These Recommended Good Practice Requirements are intended to apply
to all buildings in course of erection, except t|1:;]t_incnmhustihletur flame-
proofed scaffolding may not he necessary in buildings four stories and/or
fifty-five feet in height and which do not have a ground area of more than
10,000 sq. ft. provided they are located so as to be readily available and
accessible to the operations of the fire department. ® They are intended to
apply to all buildings of the auditorium type of construction irrespective of
height and area.

Regarding the height limitation, the Chairman of the Committee, R. White, New York Board of Fire
Underwriters noted the following [85]:

With regard to the hmitations which these rules apply, the matter was
given very thorough consideration by“the committee. The National Board
Building Code specifies that buildings over four stories or fifty-five feet in
height shall be of “fireproof” construction, and the committee thought that,
as a nationwide proposition, somewhere about that height was about as far
as the average fire department cared to go. All fire departments are not
equally well equipped to fight fires in high buildings. While we did not go
to the figure suggested by Mr. Alcott, we did seriously consider six stories
or seventy-five feet, but in the judgment of the committee the four-story
limit in the report is most applicable to the country as a whole. If there
is any good reason why the report should be changed, I will be glad to go
back to the committee with the recommendations or suggestions of the
convention

7.3.18 1931 PROCEEDINGS

Two key issues related to height and area limits were discussed during the 1931 meeting of the
Committee on Building Construction [86]:

o Given the development of various types of fire-resistive construction, new assemblies and
combinations of materials, the Committee notes that the “Standard” building is a thing of the
past.

o Based on the work of other non-NFPA committees on the development of requirements related
to building construction, action of the NFPA Committee on Building Construction would be
deferred until reports by the other committees were made available.

The “Building Code Committee” was one of the committees noted above, which during 1931 issued a
report [87] on “Recommended Minimum Requirements for Fire Resistance in Buildings”. This report is
discussed in more detail in Section 7.4 of this report.

Sereca Consulting Inc. 912046 Building Size Limits | March 19, 2015



Page 71 of 202

7.3.19 1933 PROCEEDINGS

The “Recommended Good Practice Requirements for Building Construction Operations” was revised
based on comments and presented at the 1933 meeting. The scope of the original recommendations was
changed as follows [88]:

1. Scope.

These Recommended Good Practice Requirements are intended to apply
to all buildings in course of erection, except that incombustible or flame-
proofed scaffolding may not be necessary in buildings six stories and/or
seventy-five feet in height and which do not have a ground area of more than
10,000 sq. ft. provided they are located so as to be readily available and
accessible to the operations of the fire department. They are intended to
apply to all buildings of the auditorium type of construction irrespective of
height and area.

Note: The height and area herein specified, contemplates the main-
tenance and operation of a well equipped, paid, fire department, with an ade-
quate water supply, Where such protection is not available, the height and
area should be reduced accordingly.

The height limit for the use of combustible scaffolding was increased from 55 to 75 feet and a note was
added to define what was intended by “operations of the fire department”. The Chairman of the
Committee, Mr. White, noted the following relative to the change in height limit [88]:

Mr. WHITE: Division 2 of the report, Building Construction Opera-
tions, is presented for final adoption. When the original report of this
committee was presented in 1930 there was not full agreement. Since that
time we have largely reconciled our differences.

The principal change is in Section 1, Scope. The original report recom-
mended not more than four stories or 55 feet as the limit of height of
buildings where ordinary combustible scaffolding might be used. The repre-
sentatives of the concrete interests thought those figures were rather too
restrictive, especially in cities that had first-class fire departments, and the
recommendation now is made by the committee that that height be increased
to six stories or 75 feet,

The committee deliberations summarized above are specific to buildings under construction, and not
completed buildings; however, the information highlights how expected levels of fire service capabilities
affected code requirements in general.

7.4 1930 RECOMMENDED MINIMUM REQUIREMENTS FOR FIRE RESISTANCE IN BUILDINGS

A Building Code Committee was appointed in 1921 by Herbert Hoover, then Secretary of Commerce,
“with the object of determining basic requirements that could be recommended to ensure public safety
and at the same time promote economy in construction” [87]. By 1930, the Committee had prepared 6
reports as part of an "Elimination of Waste Series" covering various aspects of building regulation [89].
These reports were prepared under the technical direction of the National Bureau of Standards (the
predecessor to the National Institute of Standards and Technology), and based largely on existing "large
city" regulations with refinements made where supported by technical information available at the time
of their adoption.
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The sixth document in the series [87], “Recommended Minimum Requirements for Fire Resistance in
Buildings” (the “1930 NBSFR”), was initiated under the chairmanship of Ira H. Woolson who brought many
years of experience in the subject matter at hand, as noted previously in this report. The primary purpose
of this report was to provide a minimum set of requirements to preserve life and guard against
conflagrations. Among other subjects, the 1930 NBSFR included regulations pertaining to occupancy
types, construction types and associated height and area limits.

Buildings were classified by the following 5 occupancy and 6 construction types [87]:

Class 1.—Publie. Type 1. Fully protected.

Class 2.—Institutional. Type 2. Protected.

Class 3.—Residential Type 3. Heavy timber.

Cl 4—RB * Type 4. Masonry wall and joist.
ass 4.—Business. Type 5. Wood f

Class 5.—Garages, hangars, barns. Type 6. Unprotected metal.

Based on the occupancy and construction types outlined above, the following table of permitted heights
was developed [87]:

TABLE 1.—Allowable hetghts*? of buildings

Type 3 Type 4, ma- Type 6,
Type 1, tully Type 2, ’ d 6, unpro-
Class of 00cupancy | “protected | protected | fieavy | sonry well | goodtrame tected
Class 1, publie._....| No restrie- | 80 feet____... 1 story; or| 1 story; or | lstory...._. 1 story.
tions, 3 stories 3 stories
in 56 feet. in 45 feet.?
Class 2, institutionalt|..... s [+ S P do...... 2 stories in | 2 stories in |.....do.- ... Do.
45 feet. 45 feet.
Class 3, residential .| ... s [+ T I do._-.-. 4 stories in | 3 stories in | 2 stories in Do.
60 feet. 45 feet. & 35 feat. ®
Class 4, business___.]..... (s [ T P do..._..| 80feet. _____ 4 stories in | 1 story; or De.
o ) diein
Class 5, garages, |..__. do._ .| 50 feet. ... 2stories._.__ 1story '..... lstory7..... Do.7
hangars, barns. id

1 All limits on heights of bulldings in this section are from the standpoint of fire only.

3 Whaere a helght of 1 story is indicated there is no restriction asto t t in feet.

? The allowable height of type 4 construction for educational occupancies not be more than 1 story,
nor 2 stories in 35 feet.

¢ Bee sec. 4-5.

§ When the first floor construction and the construction below it is of at least type 2 construction as
defined in sec. 3-2, 4 stories may be allowed.

¢ Dwellings may be 40 feet and have 2 14 stories.

T A private garage may have a story above it if the garage is protected as required in sec. 4-4-5.

NoTe.—Mezzanine floors or galleries not exceeding 10 per cent of the aggregate ground floor ares may be
permitted in 1-story buildings.
The 1930 NBSFR noted that building heights were limited as a function of the capability of the responding
fire department [87]:
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(4) The height at which construction requirements should be-
come more drastic from a fire-resistance stand

very largely by the height above which a city
not cope successfully with fire from the exterior of a buildin%
cause of limitations of water pressure and apparatus. This li

int is determined

re department can

be-

mit

will vary to some extent in different cities, and building codes
should vary accordingly.

Based on the occupancy and construction outlined previously, the following table of maximum area limits

was developed [87

]:

TarLE 2.—Allowable area of buildings in square feet

Tm l Tm 6' ll.n-
Class of oc- 4 Type 2, Type 3, heavy | Type 4, masonry| Type 5, wood
cupancy mtgtg"' pro tim wall and joist frame pm
Class 1, pub-| No restric-{ No restric-| 1 story,! 15,000; | 1story,? 7,500; 2 | 8,000. .cacee--. No restric-
He. tions. ons. 2 stories, or 3 stories, tions.
10,000; 3 sto- | 5,000
. ries, 7,500.
Class 2, in- |...do__._.. U s [ TR 1story, 15,000; 2 | 1 y ,500; 2| 3,000 cameuen-- Do.
stitutional.| . storles, 10,000, |  storles, 5,000.
lgss%alrasi- N . S S« [ T 10,000 . - oo 7,500 .. 8,000 ____._.. Do.
en
Class 4, bus- |...do..._..| 25,000_....[ 1 story, 20,000; | 1story, 10,000; 2 | 1 story, 5,000; Do.
iness. 2 or 3 storles or 3 storles, 2storles,
15,000; over 3 7,500; 4 sto- 3,
storles, 10,000. | rles, 6,000.
Class 5, ga- |...do._.._. 25,000 ...| 1story, 20,000; 2 | 10,000, ccceeuee-. 3,000, ccaeeo--- Do.
rages, stories,fo,m
hangars,
barns. .

N Public assembly occupancies in bufldings not more than 1 story in height may be of unlimited area if
not subdivided or with only minor subdivisions along the walls. i helght
n he ma

? Public assembly occupancies in buildings not more than 1 have an area not to
visions along

excead 20,000 e walla,

square feet, if not subdivided or with only minor sul
i Dwalilngs may have an area of 4,000 square feet.

The 1930 NBSFR noted that the area limits were based on a study of existing requirements and Woolson’s
paper [87]:

(5) The undivided areas given in part 2 are based upon a study
of existing requirements and recommendations. The committee
has also had the benefit of an analysis of opinion offered by fire
chiefs throughout the country during a survey by its late chairman,
Ira H. Woolson. Some difference of opinion exists as to whether
limiting areas should be required for all types of construction, but
the committee has not felt this necessary where such limiting areas
are omitted in section 4-3 of part 2.

The resulting values are consistent both with the limits in other codes of the same time period as well as
those recommended by Woolson.
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7.5 BUILDING MATERIALS AND STRUCTURES (BMS92)

A report on the “Fire-Resistance Classifications of Building Materials”, prepared by the Subcommittee on
Fire-Resistance Classifications of the Central Housing Committee on Research, Design, and Construction
and published by the National Bureau of Standards in the United States noted that [90]:

it is intended to indicate some of the changes

from current practice that should be considered

in writing or revising building codes and to

supply some of the factual data necessary to a

proper consideration of the changes indicated.

The report contains four chapters addressing classification of building types, restrictions and limitations
relative to types of construction, surveys of combustible contents of buildings, and fire-resistance ratings.
This report covers several subjects related to height and area limits. These subjects are summarized in
the following sections of this report.
7.5.1  CLASSIFICATION OF BUILDING TYPES
The report defines 4 types of construction [90]:

o« Typel: Fireproof Construction

o Typell: Incombustible Construction

o Type lll: Exterior-Protected Construction

o Type IV: Wood Construction.

Fireproof construction, as referenced in the report, was intended to withstand the fire severity resulting
from complete combustion of the contents within. The intent of the other construction types was not
explicitly stated.

7.5.2  FIRE SEVERITY

The report relates combustible content to degree of protection required for building construction using
fire severity, which is defined as “a measure of the intensity and duration of a fire” [90]. A relationship is
provided between quantity of combustibles and fire severity in terms of the standard time-temperature
relationship as follows [90]:

TABLE 5.—Relation of amount of combustibles to fire

severtly
Average weight of com- Fi Average weight of com- Fi
bustibles, 1b/ft? of re fe- bustibles, Ib/ty of | *Irese-
floor area / verity floor area o verity
hr hr

B e iimeaiaaaa | L 3
i T | L 414
L 1 1 M e i
) 1 1% | 60 _ .. 7
b | 2
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The nature of combustible content represented by actual weight in the table above is cellulosic (i.e.,
wood, cotton, straw, grain, etc.). The report notes that “animal and vegetable oils, fats, and waxes,
petroleum products, asphalt, bitumen, paraffin, pitch, alcohol, and naphthalene [should be considered]
at twice their actual weights” [90].

7.5.3 HEIGHT RESTRICTIONS

The report notes that buildings having construction with higher ratings can be built to relatively greater
heights. The height is typically not restricted for buildings of fireproof construction, where [90]:

the building should withstand a fire completely
consuming all combustible contents and trim
without collapse of structural members, or that
for the higher amounts of combustible contents,
the fire resistance incorporated in the building,
in combination with its fire-extinguishing equip-
ments and the public fire protection, is deemed
adequate to prevent such collapse.

For buildings of incombustible, exterior-protected or wood construction, resilience to collapse was not
considered as certain as buildings of fireproof construction. Therefore, for buildings of these types of
construction [90]:

provision for prompt egress of occupants
must be made. Also, the possibility of con-
ducting fire-fighting operations from within the
building is not assured unless the fire is of low or
moderate severity or is controlled in its early
stage. 'The general limit of height to which an
effective fire department hose stream can be
directed from the ground to fight fires in a
building is near 50 ft. This can be increased
some 30 ft by mounting the hose on the first
section of the aerial ladder. Any added range
would have to be obtained with hose towers, the
limit of height of which is near 100 ft. At this
height the water pressure available from the
pumpers and safely carried by the hose lines,
becomes a limiting factor. These considera-
tions: will limit the height to which buildings
other than those of the Fireproof type can be
safely built.

The report notes the following for residential buildings, considering the use of wood in building
construction [90]:
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The limitation in point of height for residential
buildings of other than the Fireproof type has
been variously placed at 3 to 6 or 7 stories.
Considering that the application of firestopping
to prevent communication of fire through the
concealed spaces in wood framing cannot be
assured, it appears that a reasonable degree of
safely in the higher buildings having such
framing is difficult to obtain. The increased

7.5.4 AREA RESTRICTIONS

The report states that the intent of limiting building area is to “restrict the spread of fire, obviate
conditions unduly hazardous to occupants from the standpoint of egress, and to provide access for fire-

fighting purposes” [90]. The report does not provide any specific area limits, or quantified risk
considerations relative to building area.

7.5.5 SURVEYS OF COMBUSTIBLE CONTENTS OF BUILDINGS

The report summarizes a survey of combustible contents of buildings as a function of occupancy. The data

obtained by the survey is summarized in 10 tables. An example for residential occupancies is provided
from one of the tables included below [90]:

Combustible eontents

Ex-

Burvey Floor _ posed

No. Aree 1;!]:'1: wood-
rop- | Yleer | work | Total

prop other

erty than

floor

g Ibffer | Ibjfr | Ibjftr | Ibffe
A=l o e 605 3.1 3 3.6 9.7
A= e memememen 670. 5 2.5 3 28 B.2
A-d. e 44 2.4 27 a4 B. 5
A4 . f04. 5 2.7 3 2.6 82
A= e ———— 518 3.4 3 2.0 9.3
. S B i 1 | 4.0 3 27 9.7
AR i 431 d.4 a 3. 8 10

A9 o 514 3.6 3. 2.8 9.4
A=ID o o e T34 37 1.6 2.9 55
A-11. e T34 2.9 1.9 2.8 7.6
A=12. . o oicccceccaaea.| T48 4.9 0 2.7 7.6
A-13 o eccmcccmaaea.| 020 4.6 3 1.5 9.1
AT o eeeee| TOB 3.1 3 2.2 8.3
AVerage. ..o 3.4 26 2.8 8.8
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7.5.6  FIRE-RESISTANCE RATINGS

The report provides detailed tables of specifications for fire-rated assemblies of fire-proof, incombustible
and combustible construction.

7.6 METHOD OF B.L. WooD

A book in 1941 by B.L. Wood of the American Iron and Steel Institute (AlSI), “Fire Protection Through
Modern Building Codes” [91] provided a rationalization and modernization of fire protection regulations
and a suggested set of model building classifications and fire protection regulations. Wood’s book
presents a considerable amount of information on height and area limitations and, based on an
examination of many codes, the rationale used in their development.

Wood’s method of establishing height and area limits is important as it is used later in the development
of these limits in the National Building Code of Canada, discussed later in this report.

7.6.1 HEIGHT LimITS

Wood notes that it is not necessary to limit the height of a building intended to withstand a burnout using
non-combustible construction. However, where constructed using combustible construction, Wood
notes the following [91]:

As the height of a building is increased, added difficulty will be involved in
fighting a fire that may occur in the building. The limit of height above which a
city fire department has difficulty in coping with a fire, npemting from the exterior
of the building, varies according to the limitations of available fire-fighting appa-
ratus, water pressurc, and similar factors unrelared to building construction. How-
ever, it is generally recognized that three or four stories is about the limit of effective
fire-fighting from the ground. Above that height, the trajectory of a hose stream
directed through a window is so nearly vertical that it hits the ceiling and is de-
flected downward without penctrating any appreciable distance into the building.

Wood goes on to discuss how this is not the case for fire resistive and heavy timber construction, where
it is assumed that the fire resistant characteristics of those types of construction allow for firefighting
from the building interior, and thus permit increased building height.

He also noted that height of buildings containing industrial and storage occupancies is limited to facilitate
fire department activities and avoid the potential for conflagration. The hazard to life is also expected to
increase with increasing building height, but varies as a function of occupancy type. The hazard is
considered higher in hospitals, schools, places of assembly and apartments than business.

The following height limits are suggested for buildings having masonry exterior walls with unprotected
wood interior (Ordinary Construction) [91]:

Occupancy : Maximum Height
Residential 3 stories
School 2 i
Institutional P e
Assembly B
Business S
Industrial 40 feet
Storage 2 stories
Hazardous 1 story
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More liberal height limitations are permitted for buildings of heavy timber construction. For non-
combustible and fire-resistive non-combustible construction, building height is limited as a function of
the differences in the relative fire hazards and relative fire safety provided by the different construction
types. Wood notes that the balance of relative hazard is primarily experiential based.

7.6.2  AREALIMITS

Wood suggests that the ultimate spread of fire can be limited by restricting the total quantity of fuel
available to a single fire. Limitation of the quantity of fuel is based on the expectation of fuel burn-out or
fire service intervention. Protective measures are provided to either contain the fire to the point of burn-
out or until such time as a fire department can respond and suppress or limit the spread of fire. Where
designed for burn-out, area need not be limited. Where fire department intervention is expected,
combustibles are directly limited by area such that a resulting fire can be controlled or suppressed by a
responding fire department. Area is also limited for purposes of life safety, by indirectly limiting the
number of occupants in any one building or fire compartment. In the consideration of limiting areas,
Wood notes that [91]:

The depth of penetration of hose streams being directed into a building from
outside, is limited by an effective range of not over 100 feet®; as the height of the
building increases above one story this effective range rapidly decreases. Conse-
quently, where large floor spaces are involved in a fire, there is likely to be
difficulty in reaching the heart of the fire with the hose streams, and the building
is apt to be gutted by the fire. Water is one of the best extinguishing agents, but
it must reach the burning material to be effective.

*Range of Fire Hose Streams

“As a general rule, 40 to 60 1b. nozzle pressure is required for an effective stream . . .
This pressure will give a throw or reach of about 70 feet . . . it can be used effectively from
a stairway or window, or across an average 60-foot street. For longer reaches pressures up
to 100 Ibs. are required, which give a reach of 90 to 100 feet. . . . Nozzle pressures in excess
of 100 lbs. should never be used."—NBFU Bulletin #71.

It is proposed by Wood that hazards due to occupancy be considered in light of the relative protection
afforded by each type of construction. The occupancies are either light (i.e., residential, school,
institutional, assembly and business), or heavy (i.e., industrial, mercantile and storage). The construction
types include Type | (Fireproof), Type Il (Fire-Resistive), Type lll (Heavy Timber), Type IV (Non-
combustible), Type V (Ordinary) and Type VI (Wood Frame).

Based on studies of various codes, Wood notes the following with respect to area limits currently in these
Codes [91]:

it has been common practice heretofore to establish those limitations
by a “juggling” process. That process usually has involved an examination of
various codes with resulting confusion because of their wide variation. Finally,
more or less arbitrary values have been selected for the area limits and adjust-
ments in those values have subsequently been made in an attempt to eliminate
such inconsistencies in their relationships as may have been conspicuously ap-
parent to the adjustors. As a result of that procedure of visual analysis, the area
limitations that appear in building codes often prove inconsistent when studied
carefully in the light of existing data on the relative fire hazards involved in the
various occupancies and the relative fire safety afforded by the different types of
construction.
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This discussion highlights the fact that the area limits in existing codes have primarily been established
arbitrarily and juggled as a function of perceived risk.

Wood suggests that the purpose of area limits is to limit the fire risk that can be tolerated and avoid
unbalanced risks. He notes that area limits should be proportional to the risk and protection such that
one building and its occupancy will not constitute a greater risk than another building. Consideration of
the following factors is suggested in developing area limits [91]:

1. Relative fire hazard involved in each occupancy (combustible content).
2. Relative fire hazard involved in the structure itself (combustible content).

3. Construction features that tend to retard the spread of fire (fire-resistive
enclosure walls, fire-retardant interior construction, ‘non-combustible in-
terior construction ). ° .

4. The number of occupants, and their ability to evacuate a building during
the early stage of a fire (occupants able-bodied or ill, of active age or very
young or old, asleep or awake, free or restrained, many or few ).

It is suggested that these factors can be represented mathematically, allowing for a calculation of the risk
and associated balancing of that risk. The mathematic approach considers [91]:

1. Making the relationship between the area limits in each occapancy such

that the net conflagration hazard to the community (net combustible content of
occupancy and structure, with adjustment for fire protective features) will be the

same for each type of structure.
2. Making the relationship between the area limits of differens occupancies
such that
(a) The net conflagration hazard to the community (see above) will be the
same in Business, Industrial, Storage and Hazardous occupancies.
(b) The number of persons accommodated within the prescribed area limits
liable to exposure from a single fire will bear the following relationships:
Rersidential —1*  the number in a Business occupancy

School — 115 the number in a Bariness occupancy
Institutional— 15 the number in a Business occupancy
Assembly —Twice* the number in a Business occupancy

The result of this approach is a set of factors in tabular format with occupancy types in rows and
construction types in columns. A conflagration hazard factor is calculated for each “box” in the table as a
function of fire load associated with each occupancy, potential contribution of combustible construction
to that fire load, and degree of protection (translated to an equivalent burn-out fire load) provided by the
construction. The factors are based on one type of construction as the base case and all factors for this
case being 1.

An occupancy hazard factor is then calculated for each occupancy, based on a ratio of occupant load
factors and associated multipliers. This approach also uses one single occupancy as the base case; the
factor for the base case being 1.

The conflagration hazard factor in each “box” of the table is then multiplied by the occupancy hazard
factor for each occupancy, resulting in a table of factors with one “box” having a value of 1, corresponding
with the base case occupancy and construction type. A base area is associated with this “box” and
multiplied by all of the “boxes” in the table, resulting in a table of area limits representing a balance of
the hazards.
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Wood uses heavy timber as the base construction type and business as the base occupancy. The base
area is a function of the maximum area for a wood frame building (in Wood’s example this is set at 5,000
square feet) and translating that into the base occupancy type and construction type to establish the base
area. This base area is then multiplied by the table of factors resulting in a table of area limits.

In applying the maximum areas to multi-storey buildings, Wood recommends that the maximum area be
divided amongst all floors such that the maximum area of the building represents the total area of all
floor levels added together. This is based on the rationale that the maximum area is established as a
function of the total building fire hazard, which is comprised of the total combustible content of the
building and the total number of occupants.

7.6.3  AREA INCREASE - STREETS FRONTING

Wood recommends an increase in building area as a function of the number of streets a building fronts
onto, recognizing the increased effectiveness of firefighting activities where greater access is provided to
the building exterior. However, he suggests that the increase in area be proportional to the amount of
street frontage. For example, building area is typically increased by 50 percent where the building fronts
onto two streets, assuming 50 percent of the perimeter of the building will have street frontage under
such conditions. Similar logic is used for three streets facing resulting in an increase of 75 percent.

7.6.4  AREA INCREASE — SPRINKLERING

Wood notes that in recognition of the effectiveness of sprinkler systems in controlling fires (96% based
on statistics at the time) it is general building practice to permit an increase in area of 100% where
approved automatic sprinkler protection is provided throughout a building.
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8.0 CANADIAN HEIGHT AND AREA LIMITATIONS

The following sections of this report summarize the development of the height and area limitations in
Canada from early in the Twentieth Century.

8.1 CANADIAN CITY BUILDING ORDINANCES

Similar to the height and area limits outlined for US Cities in Section 6.0 of this report, several cities in
Canada contained height and area limits in their Building Ordinances. The following is a sample of the

height and area limits for Montreal, QC, Calgary, AB, and Hamilton, ON from Building Ordinances from
the early 1900’s.

8.1.1 MONTREAL, QUEBEC

The Code of Building Laws for the City of Montreal [92] in 1906 regulated building height and area as
noted below. These limitations are similar to those of US Cities of the same time period [92]:

BUILDING FRONTAGE, LINES AND HEIGHT,

Section 23.—The Council may, in conformity with the prowvis-
ions of the Charter, fix and from time to time determine streets
on which a line shall be fixed at such distance from the line of
said street, as may be determined on by said Council, and be-
yond which line no building shall hereafter be erected. The
Council may also fix and determine streets in which it shall not
be lawful, after such determination by said Council, to erect any
building unless the said building is three (3) stories or more in height,
and that it is constructed of stone or other material approved of
by the Council, but no building, in any street in the City, shall
exceed ten (10) storeys in height above the sidewalk or street
level, or be more than one hundred and thirty (130) feet from level
of sidewalk to the roof

DIVISION OF BUILDINGS BY BRICK PARTITION WALLS.

Section 56.—All second class buildings, hereafter built, shall
be so divided by brick partition walls, of the thickness prescrib-
ed in the preceding tables, that no space inside of such building
shall exceed in area ten thousand (10,000) square feet; all such
partition walls shall be carried not less than twelve (12) inches
above the roof at every point.

No existing wall in any second class building shall be removed
so as to leave an area not enclosed with brick-walls of more than
ten thousand (10,000) superficial feet.

8.1.2 CALGARY, ALBERTA

The Building Ordinances By-Law of the City of Calgary [93] in 1913 regulated building height and area as
noted below. These limitations are similar to those of US Cities of the same time period [93]:

Height of Buildings
Maximum Height

See. 90. (a) No buildings or other struectures hereafter erected, other
than buildings heretofore approved by the Buperintendent, except a church
spire, smoke stack, water tower, hose tower, shall exceed one hundred and
thirty feet in height, said height shall be measured from street level to the
highest point of parapet, and no storey of sueh building shall measure less
than ten feet from ceiling to floor.

Veneer Buildings

(b) No brick or stucco veneer as defined shall be allowed in the limits
of the City of Calgary for more than two storeys, and the whole height from
the ground to plate shall not be more than twenty-eight feet, and no gable
shall exceed this height by more than ten feet, and every fourth course of
brick must be nailed to the studding every two feet with five-inch nails.

Sereca Consulting Inc. 912046 Building Size Limits | March 19, 2015



Page 82 of 202

Wood Frame Buildings
(¢) Wood frame buildings shall be limited to a height of thirty-six feet.

Spires of churches may be higher than fifty feet and shall then be covered with
incombustible material.

Area

When Fireproot

(d) Every apartment house of over two stories i height shall be built
of slow burning construction, and of over three stories in height shall ba of
fire-proof construction, and have all external windows and doors fire-proof,
nor shell any building be altered for use as an apa~tment house unless same
is made to conform to the above condition.

—

Fire Walls necessary every 1800 sq. ft. _ ..

(f) No wooden apartment house sha'' hereafter be erected, nor shall
any wooden building be hereafter altered or converted to such wuse, when
such buildings exceed two stories in heigh’, execluszive of basemnent; por shall
avy wooden tenement house wider than 30 leet and deeper than 60 feet, or the
equivalent in area be hereafter erected uiless the interior be subdivided by
fireproof walls to that size.

Non-fireproof must have Fire Walls

(i} No apartment huuase ni noo-fireproof ecorstruztion shall have an
area exceding 2000 square feet. on any floor unless divided by interior divizion
walls of fireproaf construetion extending from basement to roof.

Fire Walls may be omitted if Ceiling is Fireproofed

(k) In ron-fireproof apartment houses covering an area of not more than
5,000 square feet where the first floor i3 used for business purposes the fire-
proof division wsalls may be omitted, provided that the floor directly above the
business premises and the stairwey leading thereto be constructed of fire-
proof materials.

8.1.3 HAMILTON, ONTARIO

The City of Hamilton Building Regulations, Comprising By-Law No. 4797 [94] was enacted on September
29, 1936. This By-Law contained detailed height and area limits as a function of type of construction,
occupancy classification and number of storeys. Area increases were permitted as a function of exposure
to streets or where the building is “entirely” sprinklered (where not required by the By-Law to otherwise
be sprinklered). The area modifications and height and area limits table are included as follows [94]:

(b) The extent of any "area" shown in table 504 following,
may be increased above that which is indicated in said table
ap the maximum permissible for one storey buildings in groups
Gl, G2 or J3 of said table by the following amounts under

the following conditions, namely:-

(1) by 33 1/3 per centum if the building has full
exposure to &t least two streets, each of which has
s width of not less than 50 feet; and

(ii) by 100 per centum if the building is entirely
"sprinklered" when not required to be "sprinklered"
by Section 1406,
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A paper by John B. Laidlaw, Ontario Municipal Association, titled “The Conflagration Hazard” [95],
published in 1905 outlined considerations relative to height and area limitations in a Canadian context.

Specifically, Laidlaw suggested [95] :

o Reduction of the area of any unit that may become freely subject to one fire.

« Division of total area by number of floors (i.e., constant volume, given a set storey height):

1 storey

2 storeys
3 storeys
4 storeys
5 storeys
6 storeys

— 15,000 ft?

7,500 ft2
5,000 ft?
3,750 ft?
3,000 ft?
2,500 ft?

Laidlaw’s method considers a total fire load distributed as a function of the number of storeys, on the
assumption that the building is a single unit that may be subject to one fire as previously defined.

Laidlaw provided the following additional commentary relative to floor-to-floor fire spread and
compartmentation [95]:

If, however, a building be so constructed that the floors are abso-
lutely intact, so that there would be nearly as much probability of
a fire being confined to the floor upon which it originates as that a
fire originating in one building will not spread beyond the fire walls
on either side, a larger ground area could then be allowed than if it
were of ordinary construction, with open stairways and elevators.
It will be readily admitted that a five story building with a total
floor area of 25,000 feet all of which is burning at once will evolve
a great deal more heat than would be generated by a fire burning on

but one floor of not over 5,000 feet area,

Following the considerations of Laidlaw, Mr. J. Grove Smith, Dominion Fire Commissioner of Canada,
discussed height and area limits in his book “Fire Waste in Canada” [96]. Mr. Smith would eventually
become one of the members of the Administrative Committee of the National Building of Canada in 1937
and chairman of the committee on Fire Protection. This is discussed in more detail in the next section of

this report.

In his book, Mr. Smith discussed the ‘unit area’ approach, which was intended to confine a fire to a specific
area and in doing so, limit the potential for conflagration. He suggested limiting areas out of concern that
larger areas would result in greater fire intensity and spread and would require greater time for fire
fighters to run hose lines, as well as reduce visibility due to smoke quantity, making it difficult to reach
the seat of a fire. Mr. Smith notes that once smoke or heat exposure reach untenable limits, responding
fire fighters are required to take a defensive strategy and the fire becomes uncontrollable [96].
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Restricting T.h.e foregoing considerations point to the desira-
H;mdivided bility of reducing all excessive areas in buildings by
cas

fixing, as a maximum, the efficient operating area of
the fire department. As a working unit, 5,000 square feet has been
suggested, with a limit of 100 feet in any direction (or a rectangle
50 x 100 feet), which is the largest undivided area within the capacity
of the best fire departments.

In warehouses and factories, where large buildings are un-
divided, have oily floors, and are filled with quantities of highly
inflammable merchandise and oily machinery, it is doubtful if any
great interference would result from regulations entirely prohibiting
areas in excess of 10,000 square feet.

The introduction of fire-walls in some classes of structures is
admittedly a vexing problem, but much can be done if the matter is
properly regulated. Merchants and manufacturers in Canada have
stated that their business cannot be properly conducted under any
restriction of area. Nevertheless, it should be pointed out that
business is conducted in the city of London, England, under regula-
tions which limit the cubical extent of all buildings to 250,000 cubic
feet or to dimensions of 50 by 100 feet and 50 feet high. Under
Sections 17, 18 and 19 of the General Powers Act of 1908, it is pro-
vided that, except with the consent of the council, no building
“used for any trade or manufacture’” may extend to more than
250,000 cubic feet, without being divided by division-walls in such
a manner that no division exceeds the limit of 250,000 cubic feet.
The expression ‘cubical extent’ is defined as being the space con-
tained within the external surface of the walls and roof of a building
and the upper surface of the lower floor.

By reference, Smith endorses the recommendations outlined in the paper by Woolson, “Allowable
Heights and Areas For Factory Buildings”, in establishing height and area limits.

8.3 1941 NBCC

Following Confederation, and based on the British North American (BNA) Act, the regulation of building
construction in Canada was the responsibility of the Provinces, but was primarily delegated to
municipalities. This resulted in a mixture of non-uniform building requirements across Canada, making it
difficult for the construction industry to adapt construction methods and materials for each jurisdiction.
This resulted in a movement to develop a model code applicable to all parts of Canada.

Uniform building regulations were first contemplated in Canada in the 1920's; however, this idea was
abandoned because there was no Canadian organization in a position to write suitable specifications [97].
Development of model codes in the United States had already been underway for several decades. This
was noted by J. Grove Smith at a Conference formed in connection with the preparation of a model code.
Specifically [98]:
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He traoced the history of building oodes during the past
two centuries and stated that the projeot that a national
building ocode bde prepared in Canada had been an issue for the
past twenty years. t was the lack of basic standards, he
said, that had so far prevented the pre tion of such a code.
With the advent of the Natiomal Researéh Council together with
the enlarged soope of aotivitios of the Canadian Engineoring
Standards Assoociation there was now an opportunity to procoed
with this most important work. He offered his wholehearted
co-operation to the National Research Counocil in bringing this
about.

Consideration of model code development in Canada was re-initiated in the 1930’s by several
construction associations to address the non-uniform building regulations across the country. This
resulted in the formation of an Administrative Committee by the National Research Council in 1932. One
of the mandates of this committee was [97] “the consideration of standards and work in connection with
the unifying of building codes throughout the country.” At the same time, the Dominion Fire Prevention
Association (now known as the Canadian Association of Fire Chiefs) was in the process of developing
Canadian laboratories for fire hazard tests.

The National Research Council organized a conference on December 10, 1937, inviting many construction
industry stakeholders with the intention of initiating the writing of a National Code [99]:

Roprosontations havo boom rooccived from numerous
organizations calling attontion to tho dosirability of tho
National Roscarch Council's undortaking tho proparation of
a modol building codo. Organizations which havo either

adopted resolutions or made representations to the Council
inolude:

The Cenadian Construction Assooiation,
The Cenadian Hospital Counoil,

The Conference on Planning and Housing of the
Conference of Mayors, held in Maroh, 1937,

The Dominion Fire Prevention Assoeiation,

The Royal irohiteotural Institute of Cenada.

At the December conference, Mr. A.F. Gill of the NRC presented a paper titled "A National Building Code,"
[100] outlining work at that time on development of a model code and recommended an approach to
bringing such a code document together. Gill’s paper identified the large amount of work completed in
the United States relative to a model code and suggested that given the similarities between the United
States and Canada, that [100]:

any building code authority in Canada could do no better than adhere to the procedure
followed by American authorities and take advantage of their recommendations.

Gill was referring to the development of model building regulations under the authority of the U.S.
Department of Commerce in their "Elimination of Waste Series," comprised of several documents
published between 1923 and 1935. These documents were prepared under the technical direction of the
National Bureau of Standards (the predecessor to the National Institute of Standards and Technology),
and based largely on existing "large city" regulations with refinements made where supported by
technical information available at the time of their adoption [89].
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The “Elimination of Waste Series” formed the basis of the first National Building Code of Canada, including
the “Recommended Minimum Requirements for Fire Resistance in Buildings,” [87] relative to the height
and area limitations, which was discussed in Section 7.4 of this report.

J. Grove Smith made a similar statement as Gill during the Conference formed in connection with the
preparation of a model code [98]:

! He also observed that so far as authoritative standards
of ‘fire protection were ocnoerned the committee on fire pro-
teotion ocould probabdbly do no better than to make use of the
code of the National Board of Fire Underwriters. On the
other hand, he said, for amall communities there wes need of
a brief, simplified version of the code that oould be used
with faocility by non-teohniocal readers.

The 1941 National Building Code (1941 NBCC) [101] was the first model building code published in
Canada. Members of the Administrative and Fire Protection Committees of the National Building Code
included A.F. Gill (Secretary of both committees) and J. Grove Smith (member of the Administrative
Committee and Chairman of the Fire Protection Committee).

As outlined previously, the height and area limitations in the 1941 NBCC were largely based on the
“Recommended Minimum Requirements for Fire Resistance in Buildings” [87] (the “1930 NBSFR”). A copy
of the height and area tables from the 1941 NBCC are included as Appendix A of this report. A copy of
the height and area tables from the 1930 NBSFR were included in Section 7.4 of this report. A comparison
of the height and area limit tables from these documents indicates differences in the number and
classification of occupancies, and similarities in the maximum heights and areas.

The number of occupancy types in the 1941 NBCC differed from those of the 1930 NBSFR. In addition,
the 1941 NBCC had three types of fire resistive construction whereas the 1930 NBSFR had only two. In
spite of these differences, the height and area limits in the 1930 NBSFR and 1941 NBCC were similar as
shown in Table 6 below. The ranges primarily relate to differences in occupancy classifications and the
additional construction types in the 1941 NBCC.

Table 6: Height and Area Limit Comparison of the 1930 NBSFR and 1941 NBCC

1930 NBSFR 1941 NBCC

Construction Type

Height (ft.) Area (sq. ft.) Height (ft.) Area (sq. ft.)
Fire Resistive 30 to unlimited 25,000 to unlimited 45 to unlimited 10,000 to unlimited
Heavy Timber 55 to 80 7,500 to 20,000 55to 75 7,500 to 15,000
Masonry and Frame 4510 55 5,000 to 10,000 35to 55 5,000 to 7,500
Wood Frame 30to 35 3,000 to 5,000 20to 35 3,000 to 5,000
Unprotected Metal 1 storey unlimited 1 storey unlimited

8.4 1953 NBCC

Limited changes to the Canadian Building Code occurred between 1941 and 1948 primarily due to World
War Il and a focus on the development of a code for dwelling construction. The Division of Building
Research of the NRC was formed in 1948 in conjunction with and supporting an Associate Committee on
the National Building Code with the mandate to promote uniformity of building regulations throughout
Canada and maintaining the NBCC as an up-to-date and progressive document [102]. The Associate
Committee replaced the original Administration Committee responsible for the development of the 1941
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NBCC. The Associate Committee held their first meeting [103] on March 1, 1949 and was chaired by Mr.
R.F. Legget.

The principal changes to the 1941 height and area limits implemented into the 1953 NBCC relate to an
attempt to rationalize the limits as a function of the hazards associated with fire load, type of construction
and occupancy. These changes are discussed in the following sections of this report.

Minutes of the Second and Eighth Meetings of the Associate Committee
June 24, 1949 and December 5, 1950

The Associate Committee identified challenges related to the use of the 1941 NBCC in consultation with
municipalities throughout Canada. This resulted in a plan for reorganization of the Code and
establishment of several technical subcommittees responsible for key technical subjects of the Code
[104]. The technical committees included Administration, Definitions, Climate, Use, Materials, Design,
Services and Construction Safety Measures [105].

Minutes of the First Meeting of the Technical Committee on Use
December 14, 1951

The treatment of fire was covered by several of the technical committees, however, it was the primary
focus of the Technical Committee on Use. This committee divided its work into four sections, Live Loads,
Fire, Health and Exits [106], each administered by a panel of individuals knowledgeable on the subject
matter. The Technical Committee on Use held their first meeting on December 14, 1951 and was chaired
by Mr. D.C. Beam, Department of Trade & Commerce. Mr. Beam was one of the original 1941 NBCC
Administrative Committee members, as well as a member of the Subcommittee on Masonry
Construction, Subcommittee on Steel Construction and Committee on Fire Protection.

The height and area limits were examined by the Panel on Fire of the Technical Committee on Use (the
“Fire Panel”). The Fire Panel held their first meeting on April 22, 1952, and was chaired by Mr. T.M. Jacobs,
Office of the Ontario Fire Marshal.

Mr. R.S. Ferguson, of the National Research Council, was the Secretary of the Technical Committee on
Use and a member of the Fire Panel.

Minutes of the First and Second Meetings of the Panel on Fire of the Technical Committee on Use
April 22 and May 20 and 21, 1952
Fire Load Concept

The first matter considered by the Fire Panel was the concept of fire load, described by Mr. G.W. Shorter
of NRC as a measure of the severity of fire, primarily for furnishings, but can include combustible
partitions as well as any other combustible material that would burn within a fire enclosure [107]. This
concept was also previously discussed in Sections 7.5.5 and 7.6.2 of this report.

Studies conducted by S.H. Ingberg at the National Bureau of Standards in the United States related burn-
out of varying quantities of combustible fuel to times associated with the standard time-temperature
curve through fire tests. The results of these studies provided a basic correlation between fire load and
fire resistance.

The Fire Panel received the results of Ingberg’s studies summarizing the fire load of 900 individual spaces
and organized these results corresponding with the occupancy classifications in the 1941 NBCC [108]. The
purpose of this exercise was to establish representative fire loads (combustible content in pounds per
square foot) for each occupancy.
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The result of the survey was a fuel load representing the maximum probable load for each occupancy
type and was intended to [109] “establish the basis on which the construction of the building would be
determined”. Initially the Fire Panel considered the fuel load in units of 5 Ibs./ft?, but eventually changed
it to 10 lbs./ft? for purposes of simplification. An appendix note in the 1953 NBCC provided the following
relative to fire load values [110]:

This value 1s used in the Code to determine the
amount of fire protection which is necess It is
obvious that the greater the severity ofa-;l{'e the
greater must be the protection if the fire is to be
contained. It has been found in actual burn our
tests that a fire Joad of ten pounds per square
foot can be contained by fire-resistive construction
of roughly one hour. A fire Joad of rwenty pounds

can be contained by construction of two hours
and so on. The values of resistance required for
cerrain fire loads in the Code are b on these
findings.

The resulting fire loads as a function of occupancy were [110]:

Fire Loads for Major Occupancies of Buildings

Column 1 Column 2
Major Occupancies Fire Loads
Group A Assemb]y, Group B Institutional, | 10 pounds per
Group C Residential, Group D Business, square foot
Group G Commercial and Industrial of floor area
Division 3
Group E Mercantile and 20 pounds per
Group G Commercial and Industrial square foot
Division 2 of floor area
Group F Hazardous and 30 pounds per
Group G Commercial and Industrial square foot
Division 1 of floor area

Fire load was an important concept that would later be used to quantify the risk associated with different
occupancies [107]:

There was soma discusslion on heights and areas of bulldings and the
ralat lonship which these had to the fire loasd snd fire severity. In this
connectlon the life versus property hazard was discuassed and 1t was gen-

terally agread that although 1ife hazard was the major interest of bullding
codes, At the same time thers was an Indirect relationship betwesn life
hazard and property hazard, so that 1t was impossible to ignore the lattar.

Minutes of the Second Meeting of the Panel on Fire of the Technical Committee on Use
May 20 and 21, 1952

The subject of height and area limitations was initially addressed in May of 1952 based on notes prepared
by Ferguson [108]. The notes suggest that areas are intended to be limited for purposes of fire fighting
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and where life safety may be impacted by fire growth and spread. Height is limited as a function of both
occupancy and construction.

Ferguson’s notes outlined specific criteria for establishing height and area limits as recommended in B.L.
Wood in his book, “Fire Protection Through Modern Building Codes” [91], previously discussed in Section
7.6 of this report. Specifically, the area is limited by [108]:

1. The relative fire severity of the occupancy.

2. The relative fire severity of the structure.

3. Construction features which tend to retard fire.

4. The number of occupants and the ability of these to evacuate a building.

Based on the items above, the Fire Panel was working under the assumption that maximum areas would
be based on a space that is completely protected, meaning the space would be compartmentalized with
fire-resistive construction corresponding with the fuel load of the occupancy it contained. Similarly, it was
assumed that the supporting structure would be similarly fire-rated. This addressed item 1. ltem 2 was
addressed based on the assumption that [108]:

With regard to the second [Item 2], the structure did not enter into the picture as long as
the occupancy was completely protected.

Where the occupancy was not “completely protected”, a reduction of area would be considered.
“Completely protected” from a structural standpoint was defined by the Panel as [108]:

Full structural protection means that the structural elements including floors, walls,
columns, beams, can withstand without failure a complete burnout of the contents. Each
floor, and in fact, each enclosed area should be so designed from the point of view of fire
stopping and closing of vertical openings, etc. to prevent the fire spreading from any
enclosed area to another, or from any floor to another.

Specific to Item 3, the Panel considered that areas may be doubled if a space is sprinklered but did not
provide any specific rationale associated with a factor of 2. However, the Panel members recommended
that [111]:

it was beyond the scope of the code to require sprinklers in any occupancy.

Similar to areas, height limitations resulting from inadequate structural protection would be addressed
by provision of “complete protection” relative to the occupancy. However, it was acknowledged that it
would be impossible to prevent multi-storey buildings of wood joist construction, and a limit of 4 storeys
was suggested. Specific to height and firefighting, the Panel considered that [111]:

4 storeys was the effective limit for fire fighting, [and] fire fighters did not like high fire
loads in tall buildings.

It was further suggested that [111]:

No building, the structural elements of which are less than the fire load, shall be more than
50 feet high.

It must be assumed that if the fire load is greater than the protection, as implied in the
above paragraph, that the floors may collapse and that the fire load on the above floors
will contribute to the total fire. It is further suggested, therefore, that in this case some
proportion of the fire load of areas over unprotected floors be included in the fire load,
and that the walls of such buildings be fully protected.
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The Panel also considered permitting non-bearing structure including, partitions, cupboards, paneled wall
finishes, etc. to be of combustible construction in any occupancy provided the area was limited to 5,000
square feet and the area was completely protected by one-hour construction [111].

Minutes of the Fifth Meeting of the Panel on Fire of the Technical Committee on Use
September 26, 1952

A letter prepared by Ferguson for the Fifth Meeting of the Fire Panel, outlined a suggested method for
establishing area limitations as a function of occupancy risk. The method was based on the recommended
method in B.L. Wood'’s book; that the risks in different occupancies be equalized by defining the risks and
assessing each occupancy relative to them. Combustible construction was considered as a supplementary
factor in this method. Thus, areas were based on relative life and conflagration hazards in occupancies.

Using this method, Ferguson prepared a table of area limitations based on the following criteria [112]:

o Thearea of spaces, in which the fire protection equals the fire load, shall not exceed the tabulated
value.

o Where the protection of a space is one hour in excess of the fire load, the area shall not be limited.
o Where a sprinkler system is installed, the tabulated value may be doubled.

o Where the protection of the space is less than the fire load, the tabulated values shall be reduced
by the following percentages:

o less1hour X% (50% suggested)
o less 2 hours Y% (75% suggested)
o less 3 hours Z% (90% suggested)
o less 4 hours (not permitted)

o Add 1 hour to fire load for combustible construction

The sample Table developed, based on Wood’s method, compared the old NBCC and B.L. Wood’s
numbers with new NBCC values (Heavy Timber construction was assumed to equal 2 hours). A copy of
this table is included in Appendix B to this report. A version showing only the proposed calculated values
is included below [112].

. Fire Resistive Non- Heavy Ordinary Wood
Occupancy L'Z;Z 3 2 1 Combustible | Timber | Unprotected | Frame Factors
Area limitations (sq. ft.)
Residential 10 - - 16000 8000 16000 4000 4000 2 1
School 10 - - 16000 8000 16000 4000 4000 2 1
Institutional 10 - - 12000 6000 12000 3000 3000 1% 1
Assembly 10 - - 8000 4000 8000 2000 2000 1 1
Business 15 - - 20000 10000 20000 5000 3000 3% 2%
Mercantile 20 - 18000 9000 4500 9000 2000 2000 2 2%
Industrial 25 - 20000 10000 5000 10000 2000 2000 2% 3
Storage 30 24000 | 12000 6000 2500 6000 - - 2 3
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Minutes of the Fifth Meeting of the Panel on Fire of the Technical Committee on Use
October 1, 1952

The Chairman recommended, in consultation with B.L. Wood'’s book, that criteria for area limitations be
established including [113]:

o choice of a basic area for a completely unprotected area and vary it in accordance with the
hazards; and

e increasing the basic area with increasing protection.

It was suggested that areas of completely protected spaces not be limited, which was consistent with that
recommended in B.L. Wood’s book. This was contrary to 1941 NBCC, which limited areas in spaces
considered fully protected. However, the members of the Fire Panel considered the prospect of unlimited
areas as dangerous.

It was recommended by Ferguson that regulations be based on actual hazards and not arbitrarily
determined. He noted that numeric risk values are attributed to each occupancy and maximum areas be
computed based on these values. A small group of members of the Fire Panel was formed to attend to
this task.

It was noted that criteria for height differed from that for area. Height was considered relative to getting
people out of a space and fighting the fire. It was suggested that unprotected structures should be
thought of as comprising only one space and the maximum area be a function of the number of storeys.
Consequently, following the recommendation from the first Fire Panel meeting that 4 storeys was the
effective limit for firefighting, it was noted that an unprotected wood frame structure 4 storeys in building
height might collapse from a fire on the ground floor and endanger the lives of those on upper floors.

Relative to area for hazardous occupancies, it was suggested that “[w]here the protection of a space is
one hour in excess of the fire load, the area shall not be limited” [113], preceded by “except in hazardous
occupancies” [113] as a revision to the current wording associated with the Table. This was consistent
with recommendations in B.L. Wood’s book.

Minutes of the Fifth Meeting of the Panel on Fire of the Technical Committee on Use
March 31, 1953

Ferguson noted that the current draft of the height and area limitations was based on specific principles,
and that in the revised table, the values were [114]:

determined as a ratio between the protection afforded and the protection which should
be dafforded for full protection. [...] the values represented a reduction tied directly to a
factor which was intended to be roughly proportional to the speed at which a fire could
spread throughout a building.

The Fire Panel members generally agreed with those principles, but suggested they should be modified
in some cases. They considered that height and area limits were generally inseparable and the principles
and policies developed by the Fire Panel generally applied to both. The table of limits was examined by
the Fire Panel and the following changes were made [114]:

« The members of the Fire Panel did not consider slow burning construction (Mill Construction) to
have a rating equivalent to 2 hours, and attributing 10 Ibs. to Mill Construction was considered a
conservative estimate. It was suggested that actual weights of Mill Construction in terms of
contribution to fire may be higher.
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o If any degree of fire resistance was required for floors of combustible construction, it was
recommended that structural elements supporting such floors would need to have at least 2
hours of fire resistance.

o Buildings with no fire resistance and unprotected buildings were prohibited for some occupancies
where they were considered to pose a significant risk to life.

o Areas for 1-storey buildings were considered separately as, by their nature, they were considered
separate floor areas and were included as separate items in the table of limitations.

It was noted in the minutes of the meeting that [114]:

After much discussion the values for each combination of occupancy and construction
were agreed upon and a number of changes were made resulting in values at variance
with the principles.

The revised table of values including those that were at variance with the principles was not available at
the time of preparing this report.

Minutes of the Seventh Meeting of the Panel on Fire of the Technical Committee on Use and Occupancy
September 23, 1953

Ferguson noted to the Fire Panel members that earlier drafts of the height and area limits table had been
based on the fire load concept. However, upon revision, specific heights and areas could no longer be
correlated with fire load.

The Fire Panel members noted that the area limits in the draft table were more liberal (i.e., in institutional
buildings) than those allowed by building codes in the United States. In addition, it was noted that a fire
in a building with wood walls was difficult to fight and impossible to get a hose stream to the interior of
an exterior wall. Based on these considerations, the following revisions were made to the height and area
table [115]:

o Areas for institutional buildings were reduced, and not considered proportional to other values
in the table.

o Areas for one-storey commercial buildings were reduced.

o The areas for single-storey buildings were considered too large in some cases and were reduced.
Specifically, Group G division 3 (Storage) one-storey buildings were changed from unlimited area
to 96,000 square feet.

Minutes of the Eighth Meeting of the Panel on Fire of the Technical Committee on Use
November 9, 1953

The original height and area limitation tables were developed (5™ Meeting, September 1952) based on a
consistent system of reasoning. As a result of the “rather arbitrary” changes being made to the Height
and Area Limitations Table and the inconsistencies in the treatment of areas between different types of
construction, Ferguson suggested the following [116]:

(a) Generally speaking the values should remain very much the way they were.
(b) Adjustments should be made only to make one value consistent with another.

(c) Life Hazards and conflagration were the two basic causes for limitation.
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(d) Conflagration depended on the total amount of combustibles that could burn.
Therefore, any occupancy which was not limited by a life hazard should, as a
general rule, be given an area which would be roughly equivalent to this total
amount of combustibles.

(e) At the last meeting it had been agreed that 96,000 sq. ft. was the maximum for a
one storey building with a 10 Ibs. fire load, because all one storey buildings are
fully separated at their sides (required in articles on separation) and no separation
is necessary above and below. There is no theoretical reason for allowing
differences in area for different degrees of fire protection. The use of combustible
construction, however adds 10 Ibs. to the fire load and this would double the load
in a one storey building of 96,000 sq. ft. For this reason in such a building of
combustible construction the above area should be cut in half. Similarly for a non-
combustible building one storey in height with a 20 Ibs. load in combustible
construction would be allowed one third the area. In effect these would be
determined by the total load and would be calculated by dividing 96,000 sq. ft. by
a factor having 10 Ibs. in the numerator and the total load in the denominator.

(f) In multi storey buildings when combustible construction was a factor the same
reduction in area should not be made in all cases. The reduction should be
proportional to the ratio of the total fire load and the construction fire load. Thus
if the occupancy had a 30 Ibs. fire load the reduction in area for the construction
should be one quarter.

(g) The Secretary [Ferguson] thought that all buildings should be calculated in this
way after which those which required further limitations because of life hazards
would be reviewed. He agreed that these two steps could be completed at the
same time because the further limitations for life hazards had already been
established.

(h) There was yet another limitation. In some occupancies it was recognized that
severe limitations had to be made and in other occupancies increase in area had
to be allowed, both of which were inconsistent with the two basic rules stated
above. These further limitations could be termed arbitrary if that word was
understood to mean that in practice they had been found to be necessary
although it was not possible to state any exact reason.

Ferguson noted that final limit values could only be defended if a consistent system of reasoning was
used throughout the table, as outlined above. In addition to the suggestions by Ferguson, the Fire Panel
suggested the following [116]:

Multi-storey buildings, non-combustible unprotected, heavy timber and 1-hour combustible
should be treated the same.

Change the one hour combustible to %-hour combustible and allow an extra storey in height
beyond that in the 1941 NBCC for combustible (protected) and heavy timber construction.

Do not differentiate areas in single-storey according to combustible and noncombustible.
Values given to wood and steel construction required revision to higher values.

Fire walls should be of non-combustible construction.
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At the conclusion of the meeting, it was decided that the Height and Area Limitations Table be revised by
Ferguson and Beam. The revised version of this table was not available at the time of preparing this
report.

Minutes of a Special Meeting to Discuss Proposed Table of Height and Area Limitations of Buildings
other than 1 and 2 Family Dwellings

January 12 and 13, 1954

A Special Meeting was arranged at the request of representatives of the lumber industry to address
concerns with the height and area limitations table [117]. The meeting was attended in part by
representatives of the lumber industry including the Chairman and members of the Wood Panel; Mr. R.F.
Legget, Chairman of the Associate Committee; and, Mr. R.S. Ferguson, Secretary of the Associate
Committee and Member of the Fire Panel.

This meeting followed several informal meetings held between the Chairman of the Wood Panel, Mr. D.
E. Kennedy of Forest Products Laboratories; Chairman of the Associate Committee, Legget; Chairman of
the Technical Committee on Use, Beam; and, Secretary, Ferguson. Changes were made to the height and
area limitations table based on these conversations and it was recognized that the table of limitations
was a compromise between the “interests” of wood and steel construction. Representatives of the
lumber industry agreed to accept the most recent revision of the table based on the following [117]:

o Thatthe Associate Committee give top priority to revision of the part of the code including height
and area limitations.

o A qualifying note be published with the table to indicate it was not final and subject to early
revision.

o Anoteindicating a decision of acceptance of different types of construction under the provisions
of the table is the responsibility of the local building authority.

o Astudy relative to including a note to cover light protection frame construction.

o Addition of a “light protection” combustible construction column in the Table and consider
greater areas for this classification than for combustible non-protected.

e Increase in the area for single-storey Group G buildings.

Following the meeting, the Chairman of the Wood Panel agreed to the height and area limitation table as
it was, with consideration of the proposed changes outlined above. He indicated he would submit the
table to his Association with the recommendation to accept it as tentative, subject to early revision.

Minutes of the Ninth Meeting of the Panel on Fire of the Technical Committee on Use and Occupancy
February 18, 1954

The final (Ninth) Meeting of the Panel on Fire was held on February 18, 1954, and was specific to
reviewing final changes to the height and area limitation table, which had already delayed publication of
the Code by more than a year. The Chairman of the Associate Committee, R.F. Legget, attended and spoke
at this meeting. He summarized the development of the height and area limitations table. Specifically
[118]:

o The initial approach was to establish heights and areas based on formula without reference to
types of construction.

o Representatives of the lumber industry viewed the height and area tables as too restrictive with
regard to wood products.
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o The height and area limitations table was revised several times in order to find a compromise
acceptable to all concerned.

e« The Wood Panel prepared a “brief” outlining recommended changes to the height and area
limitations table. However, it was determined that should those recommendations be
incorporated they would delay the Code by months.

o By January of 1954 the height and area table was not acceptable to the members of the wood
industry and several alternatives were suggested [118]:

(a) the present Table could be scrapped in favour of the Table in the 1941 Code;

(b) the work could be scrapped and could be started all over again;

(c) the Table could be left out altogether.

(d) the table could be accepted with certain qualifications which had been agreed on;

o The wood industry representatives wanted to keep the 1941 NBCC height and area limits table.
However, it was based on old information, whereas the current table was based on “more recent
knowledge”. Legget does not identify the source of the “more recent knowledge”, but likely
relates to B.L. Wood’s method. Scrapping the current table and starting over was not practical
given the extent of work completed by those involved in drafting the table. Leaving the table out
altogether would result in every municipality preparing their own table, which would likely lead
to regulations more restrictive than the current table.

« It was finally agreed that the table remain as it was, as outlined in item (d) above, with several
minor modifications and additional matters contained in the brief prepared by the Wood Panel
“be presented to the Fire Panel and the Associate Committee for further review, and that this
should be a subject which should be given immediate attention for further revision after the
printed Code was available” [118].

o The minor modifications to the table included:

o Heavy timber multi-storey buildings were considered to be between non-protected
noncombustible construction and one-hour protected noncombustible construction.

o Non-combustible unprotected multi-storey buildings were treated the same as %-hour
protected combustible buildings.

o Non-combustible single-storey buildings remained unchanged.

The final version of the Height and Area Limitations Table was incorporated into the Code, which was
completed in time to be issued at the Building Officials Conference on April 5 and 6, 1954 [119]. The
problems associated with acceptance of the height and area limitation table delayed the publication of
the 1953 NBCC by nearly two years.

Letter to Wood Panel by R.F. Legget dated May 5, 1954

Following publication of the 1953 NBCC, a letter was prepared by Mr. R.F. Legget, Chairman of the
Associate Committee, addressed to the Members of the Wood Panel, focusing on the importance of
immediate attention to the Height and Area Limitations Table in the next code cycle. In his letter Legget
noted [118]:

As you know, the new Code has been prepared in such a form that it can be kept constantly
under revision. As you have been advised in an entirely different connection, major
questions and disputes can be and will be referred to special advisory groups which it is
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expected the Associate Committee will be appointing later this year so that such matters
can be carefully considered, without the time limits under which we have recently been
working, by completely representative groups in the fields of public health, fire, and
structural design.

I can, therefore, give you my personal assurance as Chairman of the Associate Committee
that the matter under review will be the first such matter to be referred to the advisory
structural group just as will be the other matter which you questioned (the Heights and
Areas table) to the advisory fire group. If this group recommends to the Associate
Committee an immediate change in the tables as they now appear, you may be quite sure
that this will immediately be done.

The Height and Area Table of Limits for the 1953 NBCC is included in Appendix C to this report. These
values are a combination of the method described in B.L. Wood’s book, summarized previously in this
report, with arbitrary alterations as noted previously in this report.

8.5 1960 NBCC

Work on the height and area limitations was re-initiated in preparation of the 1960 NBCC. The key change
to the height and area limits relate to the conversion from tabular format to a “spelled-out” format
intended to allow greater design flexibility. In addition, two approaches were developed: a short-term
approach involving basic revisions to the height and area limits; and a long-term approach involving a
revision to the entire height and area limit format and values. These changes are discussed in more detail
in the following sections of this report.

Minutes of the First Meeting of the Advisory Fire Group
November 24 and 25, 1955

It was recommended and approved at the Sixteenth Meeting of the Associate Committee on the National
Building Code that advisory groups be formed to discuss general matters of technical policy concerning
fire, health and structure [119]. The First Meeting of the Advisory Fire Group was held November 24 and
25, 1955, and was chaired by Mr. C.A. Thomson, Dominion Fire Commissioner [120].

Mr. R.S. Ferguson, of the National Research Council, was appointed Secretary to the Advisory Fire Group.
Mr. D.C. Beam, Canadian Institute of Steel Construction Inc. was appointed as a member of the
Committee.

The previous work of the Fire Panel was reviewed and it was noted that the resulting Height and Area
Limitations Table was a compromise, accepted on the understanding that it would be reviewed following
publication of the 1953 NBCC.

During the previous code cycle, the Panel on Fire of the Technical Committee on Use and Occupancy
attempted to derive a formula to compute limitations specific to equalizing risk in each building. The
formula related to separation requirements to prevent fire from spreading beyond a certain extent.
Following many revisions, and as a result of comments and criticisms from industry, the Use and
Occupancy Committee had to revert to arbitrary values for the 1953 NBCC to take into account intangible
risks and safety measures that could not be evaluated numerically [120].

It was suggested that height and area Limits were the most significant in the Code, emphasizing the
importance of the formation of a panel to specifically address any changes associated with them. At the
conclusion of the meeting, formation of a Height and Area Panel was approved by the Advisory Fire
Group.
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Minutes of the Second Meeting of the Advisory Fire Group
October 23 and 24, 1956

The Second Meeting of the Advisory Fire Group was held almost a year following the First Meeting. This
meeting had little discussion relative to height and area limits, since the Height and Areas Panel approved
the previous year had not yet had their first meeting. Two papers were referenced [121]:

o A paper prepared by Ferguson relative to work done by others (B.L. Wood) on height and area
limitations.

o A paper prepared by Mr. Hugh Thompson, Canadian Institute of Timber Construction outlining
four points to be considered as a guide to the revision of the limitations.

These papers were not available for review at the time of writing this report.
Minutes of the First Meeting of the Panel on Heights and Areas of the Advisory Fire Group
November 21, 1956

The Panel on Heights and Areas of the Advisory Fire Group (H&A Panel) held their First Meeting on
November 21, 1956 [122], and was chaired by Mr. C.A. Thomson, Dominion Fire Commissioner.

Mr. R.S. Ferguson, of the National Research Council, was appointed Secretary to the H&A Panel. In
addition, the following members were appointed [122]:

e Mr. Donald M. Baird, Dominion Board of Insurance

e Mr. E. Brock Barley, Jonson and Higgins (Canada) Ltd.

e« Mr. D.C. Beam, Canadian Institute of Steel Construction Inc.

e Mr. Aime Desautels, City Planning Department, Montreal

e Mr. D.J. MacMillan, Department of Buildings, Toronto

e Col. K.J. Partington, Provincial Fire Marshal, Halifax

e Mr. G. Bennett Pope, Durnford, Bolton, Chadwick & Ellwood, Montreal
e Mr. A.M. Thomson, Canada Cement Company Ltd.

e Mr. Hugh E. Thompson, Canadian Institute of Timber Construction

The H&A Panel reviewed the history and controversy in the development of the Height and Area
Limitation Table in the 1953 NBCC. Following this, the H&A Panel outlined their approach to study the
fire hazards of buildings and recommend realistic precautions to minimize the hazards to a safe degree.
Four critical factors were identified: life, property, equipment, and the fire department. Equipment
related primarily to heating appliances and was referred to a separate Panel for study.

Life safety was considered one of the most important aspects of the height and area limits. Stair towers
were identified as a “prime consideration affecting areas and heights” [122], and whether they could be
considered safe places of refuge in a fire, which was assumed in the Code. The H&A Panel agreed with
this policy and at the conclusion of the meeting it was suggested that a small study group be formed to
consider these matters further. The members of the “small study group” were not named.

Minutes of the Twenty-Third Meeting of the Associate Committee on the National Building Code
March 6, 1957

An update from the Advisory Fire Group on Heights and Areas noted that a small study group composed
of members of the Advisory Fire Group was formed to address H&A limitations [123]. The H&A Panel
considered limiting the size of buildings from the point of view of the maximum fire that could be
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tolerated, and this would be tied to studies by the Division of Building Research of large fires in Canada
and similar work in the US.

“Exits”, Proceedings of the 1957 Building Officials Conference of Canada
D.C. Beam

A paper prepared by D.C. Beam, Chief Engineer, Canadian Institute of Steel Construction titled “Exits”,
presented at the 1957 Building Officials Conference of Canada included discussion relative to type of
construction and height and area limits. Specifically [124]:

It is true that noncombustible construction largely eliminates the fire hazard due to fire
starting in or being carried through enclosed spaces within combustible construction; it
helps prevent the spread of fire rather than aiding; and also it does not add fuel to the fire.
The combination of non-combustibility and fire resistance is important in buildings which
are of such height and/or area as to be beyond the capabilities of the fire department to
control the fire. Large or high buildings which cannot contain a burn-out of their contents
could become conflagration hazards, dangerous to the lives of fire fighters and to people
outside the building as well as to those who are sometimes caught unaware inside the
building.

Minutes of the Third Meeting of the Advisory Fire Group
October 29 and 30, 1957

The Third Meeting of the Advisory Fire Group discussed the report of the H&A Panel study group, which
indicated that the new form of the height and area limits may not be tabular and [125]:

o thatthere was no justification for a comprehensive table containing specific numerical
values for area limitations although in a general sense the limitation of size of building
appeared justified, and

o height limitation is essential and requires more study.

In addition, the Advisory Fire Group discussed revising types of construction to be more modern, as well
as exterior wall combustibility and the true meaning of mill and heavy timber construction.

A letter from Mr. R.E. Stopps, Technical Officer of the Canadian Standards Association (CSA), dated
February 27, 1957 requested a response from the Building Code Committee (Advisory Fire Group) relative
to whether the CSA test for combustibility would be useful in connection with the definition of
combustible and non-combustible in the NBC. The letter noted the following limitations identified by the
CSA Combustibility Sub-Committee to the Committee on Fire Tests on Building Construction and
Materials relative to the proposed test method [126]:

1. The method is practical only for homogeneous materials of a specific minimum
thickness,

2. Certain materials by their nature cannot be tested in the form in which they are
applied,

3. Avariety of widely used materials, such as built up sections, laminated materials and
coated materials, must be excluded from the scope,

4. Certain combustible materials, such as magnesium and its alloys, are also beyond the
scope of the test.
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In addition, the CSA Combustibility Sub-Committee recommended that [126]:

the main committee recognize the limitations of defining non-combustibility by a simple
furnace method as proposed, and study the application of such a test in relation to flame
spread and fire resistance tests and the application of such a test for the Building Code.

Based on the noted limitations of the proposed test method, CSA posed the following questions to the
Advisory Fire Group [126]:

1. Considering the numerous references in the code to combustibility and recognizing
the limited use of the test, what is the possible application of the proposed
specification in defining combustibility and non-combustibility?

2. Are certain references to these terms in the code more concerned with an
interpretation related to constructional or mechanical properties rather than whether
a material burns or not? If so, their definition may be more closely related to the term
“fire resistance”.

3. Because of the exclusion of so many building materials, will the application of the
proposed specification be restricted to a point where it has virtually no practical
value?

4. It is possible or practical to clarify or change certain references in the code to the
terms “combustibility” or “non-combustibility”?

The Advisory Fire Group responded to CSA noting that it intended to use the National Board of Fire
Underwriters (NBFU) definition for combustibility, amended to allow more scope in testing. It was also
noted that the proposed CSA test would be of value in defining materials classified under Part “A” and
core materials classified under Part “B” of the NBFU definition.

The following definition of combustible from the 1955 National Board of Fire Underwriters (1955 NBFU)
was provided by the Advisory Fire Group to the Associate Committee for reference [127]:

Noncombustible as applied to a building construction material
means a material which, in the form in which it is used, falls in
one of the following groups (a) through (c). It does not apply
to surface finish materials nor to the determination of whether a
material is noncombustible from the standpoint of clearances to
heating appliances, flues or other sources of high temperature.
No material shall be classed as noncombustible which is subject
to increase in combustibility or flame spread rating beyond the
limits herein established, through the effects of age, moisture or
other atmospheric condition. Flame spread rating as used herein
refers to ratings obtained according to the Standard Test Method
for Fire Hazard Classification of Building Materials of Under-
writers’ Laboratories, Inc.,, ASTM E&4.

(a) Materials no part of which will ignite and burn when
subjected to fire. Any material which liberates flammable gas
when heated to a temperature of 1,380 F., for five minutes shall
not be considered noncombustible within the meaning of this
paragraph.
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(b) Materials having a structural base of noncombustible
material, as defined in (a), with a surfacing not over L§-inch thick
which has a flame spread rating not higher than 50.

(c) Materials, other than as described in (a) or (b), having
a surface flame spread rating not higher than 25 without evidence
of continued progressive combustion and of such composition that
surfaces that would be exposed by cutting through the material
in any way would not have a flame spread rating higher than
25 without evidence of continued progressive combustion.

Minutes of the Second Meeting of the Panel on Heights and Areas of the Advisory Fire Group
October 28, 1957

The H&A Panel reported on the results of the small study group. There was justification for limitation of
size of buildings and for permitting unlimited areas in single-storey mercantile occupancies. The study
group conclusions meant that [128]:

o If buildings could be adequately separated between floors to contain fire to any one floor, then
there was little reason to limit areas.

« Theimportance of fire resistive construction® is to limit fire spread from floor to floor. Therefore,
it is unimportant in single-storey buildings.

o For single-storey buildings, the difference in area for different types of construction was not
justified.

o Some of the values in the 1953 Height and Area Limitation Tables were unrealistic.
Minutes of the Fourth Meeting of the Advisory Fire Group
November 25 and 26, 1958

A timing conflict with membership in other Committee panels resulted in a delay of the next meeting of
the H&A Panel [129]. It was noted that the work of this Panel would need to be expedited in order to
have revised Height and Area regulations by June 30, 1959.

Minutes of the Third Meeting of the Panel on Heights and Areas of the Advisory Fire Group
January 12, 1959

This meeting of the H&A Panel dealt primarily with three issues: height of apartments, combustible
interior partitions and exterior cladding [130].

4 The 1953 NBCC defined “Fire-resistive Construction” as follows:

that type of construction in which the structural elements and partitions are constructed of an
protected where required with non-combustible materials to afford various degrees of fire
resistance required in Table 4.1.3, “Minimum Required Fire-resistive Ratings for Structural
Elements of Fire-resistive Types of Construction” except as otherwise specifically permitted
herein.

No combustible material shall be used in any fire-resistive type of construction except as
permitted herein.

Every storey in fire-resistive buildings shall be separated from every other storey by not less than
Grades 1, 2 and 3 separations for Types A, B and C fire-resistive construction respectively.
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The panel recommended that apartment buildings of protected combustible construction (3-hour rated)
be permitted to be three storeys in height®. Specific technical rationale for permitting the additional floor
was not provided in the documentation reviewed; however, it was noted that 3 storeys was the
economical limit for walk-ups at that time.

It was recommended that combustible partitions be permitted in apartment houses and floor areas used
for business. The H&A Panel did not consider this appropriate for apartment houses based on the
potential for pipe and wire penetrations in combustible concealed spaces, allowing fire to spread from
one fire compartment to another. It was recognized that these penetrations would require fire stopping,
but acknowledged that in practice it does not always happen.

The H&A Panel agreed to permitting combustible partitions in floor areas used for business provided the
combustible partitions have 1-hour fire resistance and do not contain any concealed spaces.

The following was recommended relative to exterior cladding [130]:

o All buildings other than one and two family dwellings should have a non-combustible
exterior finish.

e Cladding can be combustible if backed by fire resistive construction. Such cladding
may be attached with or without furring strips.

o Cladding may be combustible without fire resistive backing in any building two storeys
or 25 feet in height provided there is a space separation in accordance with the
National Building Code.

Following discussion on the proposed changes as outlined above, the H&A Panel recommended that the
Division of Building Research of the NRC conduct a survey by writing to municipalities, architects and
others requesting information on the workability of the figures in the current Height and Area Limitations
Table.

Minutes of the Fourth Meeting of the Panel on Heights and Areas of the Advisory Fire Group
February 9, 1959

The survey of municipalities, architects and others outlined in the previous section of this report had 8 of
32 requests returned [131]. The results indicated a general satisfaction with the Code. Several
respondents indicated a problem with the height and area limits for curling rinks and apartment buildings.
However, it was noted that the survey results were few in number and should be reviewed in more detail
when more are returned.

It was recommended that the requirements for fire stopping be made separate from types of construction
so that it would apply to all types of construction, which wasn’t currently the case. This was intended to
clarify the requirements relative to construction, which was intended to provide structural stability under
fire conditions.

Several revisions were proposed by H. Thompson and deliberated by the H&A Panel for the 1960 NBCC
Height and Area Limitations Table including [131]:

(1) The area of buildings facing four streets may be increased by a factor of 2.

This was agreed to since it conformed with NBFU Code.

¢ The previous version of the Code (1953 NBCC) only permitted 2 storeys for apartment buildings of protected
combustible construction.
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(2) Sprinklered buildings may have their height increased by two storeys provided exterior wall finish
is non-combustible for buildings greater than 2 storeys high.

There was disagreement relative to this proposal considering increase in area was already
provided for sprinklers and difficulties in justification for 1-storey buildings, which were viewed
differently.

(3) The area for sprinklered buildings may be increased by a factor of 3 for one-storey buildings and
2 for buildings more than one storey high.

No decision was made on this proposal other than a recommendation that it be considered
further. In discussion of this proposal, it was noted that [131]:

The reason for permitting multi-storey fire resistive buildings of unlimited area is that
the fire can be confined to one floor.

(4) A building may be larger than the areas in the Height and Area Limitation Table provided the
building is subdivided into compartments not exceeding the limiting areas by fire walls
conforming to the requirements in the Code.

The Panel recommended that this be added as a note to the Code as it was explanatory rather
than regulatory.

(5) The height of buildings of non-protected combustible construction may be increased from one to
2 storeys where the exterior wall is faced with brick veneer not less than four inches thick and
floors, roof and interior walls have one-half hour fire resistive ratings.

The Panel recommended a different outcome than that proposed above. Specifically, it was
agreed to give a concession for protected combustible buildings such that they could be 2 storeys
in building height provided they had a non-combustible exterior finish and an interior finish
having %-hour fire resistance, and floors would be required to be fire separations. The reason for
the concession was as follows [131]:

it is apparent that some form of light construction for two-storey apartments was a
necessity and it appeared better to achieve this in a light form of protected construction
rather than unprotected construction. The Secretary pointed out that there were many
buildings of ordinary construction but otherwise not very fire resistive. The regulations
prepared for the 1953 National Building Code had the express purpose of providing fire-
safe rather than the old ordinary type fire-proof building. Hence, rather than asking for
heavy masonry walls with an unprotected combustible interior, the 1953 Code
concentrated on compartmenting, separating floor from floor, closing exits, fire
stopping, and providing separations between buildings that were deemed adequate
whether they be space or construction. To permit unprotected apartments two storeys
in height, provided some fire resistance was added to exterior walls, would in effect be
going backwards. While it was agreed that many buildings were built of ordinary
construction, Mr. Ferguson thought that the Code should continue to provide for safer
buildings at a reasonable cost.

(6) Areas may be doubled where non-protected combustible buildings have non-combustible
exterior walls or cladding.

No decision was made relative to this proposal.
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(7) Group C Residential buildings may be 35 feet or 2 storeys in height and 5,000 square feet in area
when the exterior walls are finished in brick veneer, stucco or equivalent non-combustible
cladding, provided the floors, roof, and interior walls are protected by fire resistive coverings
having a fire resistance of not less than 45 minutes.

It was agreed that this proposal had already been covered under Item 5.

(8) Change maximum area from 4,000 to 8,000 square feet for Group A, Division 2 Schools and
Churches of non-protected combustible construction, 1 storey high.

It was agreed that further study was required relative to Group A, Division 2 and 3 covering large
open buildings one storey in height.

(9) Change maximum area from 4,000 to 10,000 square feet for Group A, Division 3, Curling Rinks
and Arenas of non-protected combustible construction, 1 storey high.

See previous Item for Panel’s response.
In addition to the information above, the following was also noted [131]:

o where sprinklers were provided in a building for purposes of increasing building area, it could be
interpreted that sprinklers were required and intended to offset this increase. In this case,
additional height allowance for the same provision was not recommended since they were
already intended to offset the increase in area.

« single-storey buildings, regardless of their construction, were considered to be consistent with
fully fire resistive and restricted to a single storey. Therefore, justifying larger areas.

Minutes of the Fourth Meeting of the Panel on Appendix 4.1.B of the Advisory Fire Group
February 10, 1959

A discussion of the Panel on Appendix 4.1.B., which was entitled “Fire Resistance Ratings”, specific to
protected combustible construction identified work being conducted by the National Fire Protection
Association [132]:

Mr. Shorter reported for the information of the panel on a recommendation to the
National Fire Protection Association that fire resistance classification of wall and floor
constructions be modified to include ‘one hour combustible and one hour
noncombustible’. This classification had been in use some years ago but had been
discontinued ... Mr. Beam thought that this classification should never have been
abandoned as it is recognized that combustible material is of a lower category of fire
resistance.

In addition to in the minutes of the Twenty-Third Meeting of the Associate Committee and the Second
Meeting of the Panel on Heights and Areas of the Advisory Fire Group, the perceived difference between
combustible and noncombustible construction was highlighted during this meeting.

Minutes of the Fifth Meeting of the Panel on Heights and Areas of the Advisory Fire Group
March 23, 1959

Mr. Thompson of the Canadian Wood Development Council, a member of the H&A Panel, proposed
changes to construction types and height and area limits relative to wood construction, where protective
measures were provided [133].
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“A Report on the National Building Code for 1960”, Proceedings of the 1959 Building Officials
Conference of Canada

S.G. Frost

A report prepared by S.G. Frost [134], Division of Building Research, National Research Council, noted
that the limitations placed on the height and area of a building due to its use and type of construction
were subjective. The survey of municipalities in Canada indicated a problem with the current height and
area limits. One specific area of concern was with the limited height of residential buildings of ordinary
type construction.

“A study of Limitations on the Height and Area of Buildings”, Draft for Review by the Panel on Heights
and Areas

R.S. Ferguson

A paper prepared by R.S. Ferguson [135], Secretary of the Associate Committee, the Advisory Fire Group
and the Panel on Heights and Areas, was submitted to the H&A Panel. Ferguson provided a historical
summary of the development of height and area limitations from the 1600’s to the early 1900’s.

Based on Ferguson’s summary, the following general recommendations were proposed, including a
breakdown of the related hazards [135]:

o The height associated with occupied or rentable floor spaces should be included as part of the
measured building height.

o Height and area limits should be based on hazards that are known to exist.

o The height and area limits were previously based on balancing of risk where type of construction
played a large role. However, it is not the business of municipal regulation to give credit for good
construction.

e The previous method used to develop the Height and Area Limitation Table in the 1953 NBCC
resulted in areas that did not relate to the hazards known to exist, resulting in meaningless and
unrealistic values.

o Four hazards caused by size were identified including life hazard, inaccessibility, excessive
combustible materials, and the increase that size causes to the danger of collapse.

« Inaccessibility, excessive combustible materials and danger of collapse are directly related to
conflagration.

o Inaccessibility and excessive combustible material have the effect of creating a fire of such
proportions that it may burn for a long time, require excessive separation distances and may
become a fire that the fire department is powerless to limit.

Ferguson proposed the following, relative to the specific hazards associated with height and area of
buildings[135]:

Life Hazard

e Every building should be required to stand up and provide safe exit for the occupants during
the period when it is being evacuated under fire conditions.

o It is suggested that Z-hour construction protection and separation between floors and exits
is satisfactory for offices, factories, schools, assembly buildings and stores.
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Hospitals, hotels and dormitories should have a fire resistance of the construction and a
separation of 2 hours fire resistance between storeys if they are to be safe for exit purposes.

Should apply to all buildings more than 2 storeys in building height.

Inaccessibility

No building which is accessible from only one side should be more than 100’ deep.
No building with its least dimension greater than 200’ shall be unsprinklered.
Buildings more than 6 storeys shall have 2 hour fire resistive construction.
Buildings over 2 storeys high shall have 1 hour fire resistive construction.

In buildings over 6 storeys high the permissible compartment size shall be halved or sprinklers
will be compulsory.

In buildings over 2 storeys high, every storey shall be a separation except that under certain
circumstances two storeys can be considered as one.

Control of Fuel

In buildings over 6 storeys high, every storey above 6 storeys shall be a compartment, that is
to say that every storey shall be capable of withstanding a burn-out.

In the lower 6 storeys, the same shall apply except that two storeys can be included in any
one compartment.

For the General purpose of setting regulations, the maximum amount of fuel to be included
in any one compartment, should be 1,000,000 Ibs. This is approximately the figure used by
the British and as a basis for the London by-laws. It is also an approximation of the basis used
in the 1953 National Building Code. This Code sets a limit of area of 100,000 square feet but
permits this only with 10 Ib. fire load.

This limit should refer to the total amount of fuel that might eventually be consumed; for
example in a wood frame building the construction can become involved and even though it
might have some fire resistance the whole building could be consumed.

In a fire resistive building the degree of fire resistance might not be adequate and a severe
fire might spread from floor to floor involving several floors.

In both cases it is the total combustibles that can be involved that should be considered in the
million Ibs.

The size of the compartment permitted should not vary directly on the basis of the
combustible load. For example, a compartment having 3 hours fire resistance may present
much the same hazard whether the load is 10 Ibs. or 30 Ibs. The intensity of fire and the rate
at which the combustibles are consumed depends more on air supply and other factors than
the actual amount of combustibles exposed.

The Hazard of Large Size

the fire resistance of the structure of a building should be increased as the size of the building
is increased (this is the converse of providing credit with greater size for buildings of better
fire resistance).
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e Since a bigger building is a bigger hazard, it is evacuated more slowly and it takes longer to
reach the fire.

o Ifitcollapsed, it would be a serious threat to adjoining buildings.
o Safety precautions should be in proportion to the size of a building.

o The writer suggests that the basis for establishing these limiting sizes should be the experience
in the past.

Ferguson prepared several tables incorporating the recommendations outlined above. The tables were
organized by building height displaying areas as a function of occupancy, fire load, fire resistance and
combustibility. These tables, included in Appendix D to this report, were organized differently from the
original Height and Area Limitation Table from the 1953 NBCC.

Minutes of the Sixth Meeting of the Panel on Heights and Areas of the Advisory Fire Group
June 29 and 30, 1959

In discussing the proposal to increase height based on the provision of sprinklers, the H&A Panel [135]
noted that there should be assurance that sprinklers be maintained, which was considered more suitable
to insurance than building regulations. However, there was already precedent for maintenance of
mechanical equipment in building regulations. The principle of increasing building height (storeys) with
provision of sprinklers was accepted by the H&A Panel, provided it did not coincide with an area increase.

Ferguson’s paper, outlined in the previous section of this report, was submitted to the members of the
H&A Panel and presented to the H&A Panel by Ferguson. The H&A Panel accepted the approach
suggested by Ferguson as a basis for evaluating height and area requirements. It was left to Ferguson to
investigate the impact of the new approach on existing and proposed types of construction and
occupancy combinations and report back to the H&A Panel.

In further refining the construction types, relative to protected wood frame construction and associated
heights and areas, a comparison table was provided by Ferguson. This table included height and area
limits for protected wood frame construction for the 1941 NBCC [101], 1953 NBCC [110], 1955 BOCA
[136] (Building Officials Conference of America), 1955 NBFU [127] and 1955 UBC [137] (Uniform Building
Code). The last three being US Codes. A copy of this table is included as Appendix E to this report.

“Private Report to the Associate Committee on the National Building Code on the subject of Heights
and Areas”

R.S. Ferguson
August 24, 1959

A private report on Heights and Areas prepared by R.S. Ferguson [138] was submitted to the Associate
Committee. Ferguson notes in the introduction of his paper that, after two years, some minor
recommendations relative to heights and areas have passed, but that the fundamental difficulty the Code
users have with the height and area limits has not yet been clarified. As a result, the purpose of Ferguson’s
paper was to follow from his previous paper and recommend policy on Heights and Areas for the
Associate Committee.

Ferguson reports that the task of establishing height and area limits had become complicated since the
conditions under which fire protection was being applied have changed radically. The number of
occupancies have become many, and associated hazards, broad. While means for addressing specific
hazards has evolved, macroscopic application of these means remains vague. Ferguson illustrates the
simplicity of the past by noting that [138]:
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At one time it was possible to classify buildings as fire-proof and other than fire-proof. If a
building was not fire-proof, it was just an ordinary building and hence presumably the
term “ordinary construction” came into use.

Buildings of wood construction were often restricted from city centres and through designated fire zones,
limited to the outskirts of cities.

The 1953 NBCCincluded 3 types of fire-resistive construction and 4 other types. Development of the 1960
NBCC considered an increase in the number of types even further. Building regulations developed on the
premise of specifying construction to limit design flexibility and became a temporary fix to a complex

situation.

The importance of development of a policy was highlighted in the following discussion by Ferguson [138]:

It must be admitted that by reducing sheer size a hazard may be reduced, but this is also
a very crude approach. These hazards could be eliminated if we prohibited the building of
buildings. While in some cases reduction in size is the only way to keep a hazard under
control, it is important to consider each special hazard separately and to apply the safety
measures which give the most effective result with the least interference on the activities
of those concerned. Thus sprinklers, additional stairs, flame retardant treatments and
other measures may be more appropriate to a particular hazard than simply a reduction
in size. These are all accepted safety measures which already appear in most building
regulations.

Ferguson suggests that the policy of the Associate Committee should [138]:

Be a continuation of the trend in the development of fire protection, that is to say it should be
an extension and development of the objective approach which has been commenced.

It should deal adequately with the hazards of occupancy. A clear division should be made
between those hazards which can be mitigated by protection incorporated in the construction
of a building and those which can be regarded as housekeeping or maintenance. These latter
should be left as the responsibility of the Committee on National Fire Codes.

Some changes should be made which will have the effect of simplifying the types of
construction and providing the means through construction whereby the greatest simplicity
and flexibility in administration can be obtained. A positive suggestion to this effect is
described separately below. It involves a change in the way that the provisions for limiting
heights and areas are tabulated. By making the change it is possible to change the types of
construction and steer a middle course between the views of some who would like to eliminate
types of construction altogether and govern solely on performance and others who prefer to
see matters left as they are.

On this basis Ferguson suggests a method that embodies the three principles outlined above, starting
with a re-definition of the problem as follows [138]:

1.

Hazard appears to increase more with height than area and “hazards of buildings having different
numbers of storeys are different in kind whereas the hazards of buildings of different areas are
largely different in degree”. A single-storey building is different from a multi-storey building
because it has no occupancy above it. Buildings greater than 6 storeys in height are difficult to
fight and are virtually on their own, which is not the case for buildings of 6 storeys or lower.
Similar defining points do not generally exist for areas, which are more a degree of increasing
hazard.
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2. Size is regarded as the hazard, with construction as the safety precaution. This concept became
reversed between 1900 and 1950 such that it was customary to specify particular types of
construction and then indicate how big one is allowed to build them. This has led to the following
problems:

(a) Creates competition between types of construction.
(b) Implicates construction as the hazard rather than size.
(c) Assumes construction type as the starting point and size as the variable.

The combination of these have resulted in an inflexible system of regulatory requirements where
building size is concerned.

Ferguson’s suggested solution to these problems is as follows [138]:

1. State a size and then establish the measures required and restrictions applied to make that size

safe. This would eliminate classification such as “fire resistive”, “wood frame”, “heavy timber”,
etc.

2. The basis of the table should be height, with the area and type of construction as a function of
height.

3. Prepare 3 limiting area sizes assuming:

(a) that the building has enough fire resistance to contain any fire on one floor, the total
limiting area would be permitted on that one floor, or in other words the plan dimensions
of the building would equal the maximum area permitted.

(b) that the construction is not sufficient to prevent a fire spreading from floor to floor. In
this case the maximum area (100,000 square feet) would have to be divided among all
the floors; hence if the building was 4 storeys high, each floor could have only 25,000
square feet. The effect of this would be to divide all buildings into compartments, each
compartment being the same size whether it was a single or multi-storey compartment.

(c) an area which is greater than the maximum area permitted in the other two, permitted
only in special circumstances and when the design of the building had been certified by
people competent to assess the risks and safety measures incorporated.

(d) that the construction limitations which apply to a building which has a light fire load be
permitted in a building of half the area when there is a heavy fire load in it.

Application of this method would result in a flexible system where the types of construction are
incorporated into the table of height and area limits, providing a greater number of design choices. This
would limit the comparison between different types of construction, and directly associate the
construction measures intended to mitigate the hazards of building size. This approach is primarily based
on that utilized in England at this time.

“Specific Values for Area Limits and Fire Resistive Requirements for Buildings of Different Storey
Heights”

R.S. Ferguson
September 1, 1959

A supplemental report was prepared by Ferguson [138] to provide greater detail to supplement his
proposed height and area limitation methodology, and advance useful comment from the Associate
Committee.
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The following established 6 fundamental rules relative to height and area determination [138]:

Rule 1: Required Fire Resistance

o

o

Except for very small buildings, all buildings must have fire resistive construction which
varies in degree from low to high depending on the number of storeys:

1 storey buildings (no basement) 0 hours
2 & 3 storey buildings (no basement) % hour
4 & 5 storey buildings (no basement) 1 hour

6+ storey buildings (no basement) 2 hours

Grade 1 fire separation required between a basement and ground floor of all buildings.

Rule 2: Limiting Areas

o

The total limiting area of all buildings shall be 50,000 square feet assuming the fire load
is low (i.e., 10 Ibs.).

The total limiting area should be reduced by half to 25,000 square feet for high fire load
(i.e., 30 to 40 lbs.).

The basic areas outlined in the previous two points apply to the entire building. The area
per storey is equal to the basic area divided by the number of storeys.

Where combustible construction is used, the basic area will be divided by 2.

If each storey in a multi-storey building can be designed and constructed to withstand a
burn-out, then the area of the storey may equal the basic area. See Rule 1 for separation
requirements.

Where no fire resistance is provided the area is severely limited to between 2,000 and
5,000 square feet.

The purpose of these points is not to limit building size, but to create fire-resistive
compartments so that a fire may be contained within any one compartment until such
time as the fire department can get to the scene and extinguish it.

Size must be determined based both on area and volume and amount of combustibles
and the nature of the combustibles such that, the fire department could be expected to
extinguish it without undue difficulty under normal conditions.

Reliance on the fire department is basic to this approach. It is unrealistic to attempt to
provide barriers between buildings which are adequate under all circumstances to
withstand a complete burn-out without the aid of the fire department at all.

Rule 3: Special Case for no Fire Resistance

o

Buildings, either combustible or non-combustible, having no fire resistance may be built
under special circumstances to be judged on its own merits.

Rule 4: Limitation on Combustible Construction - Fire resistance may be in combustible as well
as non-combustible construction based on

o

Area is further limited (See Rule 2).
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o Combustible construction with no concealed spaces is permitted in buildings 5 storeys
high except that joist floors are permitted to this height.

o Wood frame walls and partitions are permitted in buildings 3 storeys high.
o Restraints on combustible construction should be more related to height than area.
o Rule 5: Exterior Wall Requirements

o All exterior walls are required to have fire resistance and be of non-combustible
construction when buildings are more than 2 storeys in height.

o See new spatial separation requirements. The expectation for these requirements is that
the fire department arrives within 20 minutes of ignition as the peak values are otherwise
4 times greater and safe distances based on this value would be uneconomical.

« Rule 6: Basic Fire Resistance Requirements
o Rule 1 should be specific for various structural and life safety components.

Ferguson detailed the rules in single sheets on a building height basis providing construction
requirements associated with construction type and areas. These sheets, included as Appendix F to this
report, “spelled-out” in detail construction requirements intended to address the identified hazards from
what was previously limited by tabular format. This method provided both a rational methodology linking
protective construction to the hazard of size as well as a departure from limited construction types [138]:

It makes possible an accurate statement of the required safety measures for a large
variety of buildings, thus eliminating in large measure the objections to the present system
that it is restrictive on construction. In bringing together all the regulations which are
closely related it reduces the possibility of confusion and provides a reqgulating means
which is easy to administer. It is thus straight forward, simple, to the point, and precise.

Minutes of the Fifth Meeting of the Advisory Fire Group
September 30, 1959

The Fifth Meeting of the Advisory Fire Group was key to future changes in height and area limits. Revisions
to the height and area limits were separated into short- and long-term approaches. Ferguson’s reports,
outlined previously, were adopted by the Advisory Fire Group and suggested as a long-term approach.
Smaller revisions proposed in the 5 previous sets of minutes of the H&A Panel meetings were suggested
as a short-term approach intended to be included in the 1960 NBCC. Most of the H&A Panel’s meeting
time had so far been associated with the short-term approach. The following comments were made
specific to each approach [139]:

Short Term Approach

[T]he matters which had been discussed by the Panel in the last 5 meetings be referred to
the Associate Committee for transmission to the Revision Committee and that, where no
specific recommendation had been made by the Panel, further studies be conducted and
the minutes of the Panel meeting be used as a guide, and further that these studies could
be best done while a draft of the fire requirements was being prepared.

Long Term Approach

[T]he Fire Group should be advised to recommend to the Associate Committee that these
proposals be regarded as long term and carried over beyond the 1960 edition of the
National Building Code; that the Secretary’s original report and subsequent additions be
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published after further development and circulated generally for comment, and further
that the Division of Building Research encourage the consideration of this approach to
heights and areas by the building departments of municipalities in Canada.

As noted above, the Short Term Approach considered implementing revisions from the first five meetings
of the H&A Panel. These revisions are summarized below [139]:

o Apartments permitted to be built of protected combustible construction up to three storeys in
height.

o Floor areas used for business purposes can have combustible partitions of 1-hour fire resistance
provided they have no concealed spaces. This is in reference to the 1953 NBCC for buildings
required to be of fire-resistive construction (essentially noncombustible construction) with a floor
area not exceeding 5000 square feet.

o All buildings other than 1- and 2-family dwellings should have restriction relative to exterior
cladding.

o “Heavy timber construction” to be specified.

o Concealed spaces in assembly, commercial and institutional occupancies of combustible
construction be subdivided into areas not more than 4,000 sq. ft.

e A2, Schools and churches, 1-storey non-protected combustible change from 4,000 to 8,000
square feet.

e A3, Curling rinks, arenas, 1-storey non-protected combustible change from 4,000 to 10,000 sq. ft.
o Additional types of construction added to Table 3.6, including:

o Unprotected wood frame

o Three-quarter hour protected wood frame

o Unprotected ordinary (masonry and joist) construction

o Three-quarter hour protected ordinary (masonry and joist) construction
e Occupied basements and roof structures be included in calculating building height.

o Tables presented by Ferguson, included as Appendix F to this report, considered for re-
organization of Table 3.6.

Minutes of the Seventh Meeting of the Panel on Heights and Areas of the Advisory Fire Group
September 28 and 29, 1959

The H&A Panel discussed both the short- and long-term approaches and considered Ferguson’s approach
as long-term due to the time required to work it out in sufficient detail, and permit adequate review
[138]. It was recommended by the H&A Panel that the Advisory Fire Group recommend to Associate
Committee that Ferguson’s proposals be regarded as long-term and carried beyond the 1960 NBCC.

The H&A Panel noted that relative to categories of construction, wood frame construction, as noted in
the 1953 NBCC, is the same as ordinary construction in the 1941 NBCC. Following this it was
recommended that the Height and Area Limitation Table be revised with respect to types of construction.
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Minutes of the Twenty-Ninth Meeting of the Associate Committee
December 7, 1959

At the Twenty-Ninth Meeting of the Associate Committee, it was agreed that the recommended changes
by the H&A Panel be implemented into the 1960 NBCC, and a broader study for changes be deferred to
the development of the 1965 NBCC [140]. The short-term changes were referred to a Revision
Committee, which is discussed in more detail in the next section of this report.

A study had been conducted relative to the definition of “combustible” and “noncombustible” and it was
determined that the definition of “noncombustible” in the 1955 edition of the National Board of Fire
Underwriters Building Code (1955 NBFU) be used with minor modifications based on the CSA
Specification B54.1-1960. The definition from the 1955 NBFU is as follows [127]:

Noncombustible as applied to a building construction material means a material which, in
the form in which it is used, falls in one of the following groups (a) through (c). It does not
apply to surface finish materials nor to the determination of whether a material is
noncombustible from the standpoint of clearances to heating appliances, flues or other
sources of high temperature. No material shall be classed as noncombustible which is
subject to increase in combustibility or flame spread rating beyond the limits herein
established, through the effects of age, moisture or other atmospheric condition. Flame
spread rating as used herein refers to ratings obtained according to the Standard Test
Method for Fire Hazard Classification of Building Materials of Underwriters' Laboratories,
Inc., ASTM E84.

(a) Materials no part of which will ignite and burn when subjected to fire. Any material
which liberates flammable gas when heated to a temperature of 1,380 °F, for five
minutes shall not be considered noncombustible within the meaning of this
paragraph.

(b) Materials having a structural base of noncombustible material, as defined in (a), with
a surfacing not over 1/8-inch thick which has a flame spread rating not higher than
50.

(c) Materials, other than as described in (a) or (b), having a surface flame spread rating
not higher than 25 without evidence of continued progressive combustion and of such
composition that surfaces that would be exposed by cutting through the material in
any way would not have a flame spread rating higher than 25 without evidence of
continued progressive combustion.

Minutes of the First Meeting of the Revision Committee on Use and Occupancy
December 15 and 16, 1959

The First Meeting of the Revision Committee was held December 15 and 16, 1959, and was chaired by
Mr. J. Lovatt Davies, Architect, Vancouver [141].

Mr. R.S. Ferguson, of the National Research Council, was appointed Secretary to the Revision Committee.
In addition, the following members were appointed:

e Mr. G.H. Brundige, Deputy Fire Chief, City of Halifax

e Mr. P Dovell, Central Mortgage and Housing Corp.

e Mr. T.R. Durley, Manufacturers Mutual Fire Insurance Co.
e Mr. K. Izumi, Izumi, Arnott & Sugiyama
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e Mr. D.F. Jones, Ontario Department of Labour

e Mr. L.A. Kay, Dept. of Health & Public Welfare, Manitoba

e Mr. R.L. Montador, Deputy City Building Inspector, Vancouver
e« Mr. R.A\W. Switzer, Office of the Dominion Fire Commissioner
e Mr. H.E. Thompson, Canadian Timber Development Council

e« Mr. D.C. Beam, Canadian Institute of Steel Construction Inc.

Ferguson summarized the short- and long-term approaches for the Revision Committee and noted that
[141]:

The short term program were stop-gap changes to make the Code workable until 1965.

The short-term changes were reviewed and had been incorporated into a draft version of the code,
including the Height and Area Limitation Table, for purposes of simplifying review. A copy of the revised
Height and Area Limitation Table is included as Appendix G to this report.

A discussion came up during this meeting related to height and area limits and sprinklering in a question
from Mr. C. Hanna, a building inspector for the City of Vernon, BC. Mr. Hanna asked whether any
provisions were being contemplated in the 1960 NBCC for allowances in wall, floor and roof ratings where
sprinklers are used. In response to this, Mr. Ferguson provides the following [141]:

[W]hen sprinklers are used, it is possible to design a building of such a size which without
sprinklers would require greater fire resistance in the walls, floors and roof... allowance
for sprinklers is most suitable when applied to areas since the difference between a small
area and a large area is almost solely one of degree. With respect to height, however,
things are different. A one-storey basement-less building is an entirely different thing from
a multi-storey building. The hazards increase far more rapidly with height than with area.
Certain types of construction are possible with two-storey but; not with 3, and some with
3 but not with 4. Beyond 3 or 4 storeys it seems that combustible construction is practically
eliminated, and above 6 or 7 storeys a fundamental change takes place, since rescue and
fire fighting must be done from within rather than outside the building. Because of these
and other reasons it will require a lot of careful consideration before it would be possible
to permit increases in height for sprinklers.

Minutes of the Second Meeting of the Revision Committee on Use and Occupancy
March 3 and 4, 1960

The tabular format for height and area limits was discussed, and as noted previously, this format was
considered difficult to use [142]. The requirements were spelled-out in draft form [Appendix F to this
report] in a manner that detailed the construction requirements associated with building size. Ferguson
cautioned that one of the problems with spelling-out the Table was the degree of interpretation that
would be required and that these interpretations may not be uniform.

The spelled-out version of the height and area limits mirrored the format suggested by Ferguson in his
paper “Specific Values for Area Limits and Fire Resistive Requirements for Buildings of Different Storey
Heights” [138], but retained the height and area limits of the revised Table from the 1953 NBCC [Appendix
G to this report]. The new format was termed the “boxes” as it represented a “spelled-out” version of
each of the boxes of the 1953 NBCC table format. The “spelled-out” version is what is used, with minor
modifications, in the current version of the Code (2010 NBCC).

An excerpt of the discussion of the evolution of the “boxes”, included in a paper prepared by Ferguson
for the 1966 Building Officials Conference, is included below [143]:
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The '"Boxes'" is a convenient term to identify Articles 3.2, 3, 4,

to 3,2.3.56., These requirements to resist fire spread and
collapse were at one time in the form of a Table known as the
"Height and Area Limitations' table. The table plotted occupancy
against ''type of construction' from which one found in each "box"
two figures giving the area and number of storeys permitted,
Since the real intent of the Code is not to limit height or area

but to require safety measures for buildings depending on their
height and area, in the 1960 edition the Height and Area Table
was really turned inside out. Each little "box' was greatly
enlarged to include a descriptive statement of occupancy, height,
and area, followed by the necessary fire protection requirements
for a building of that size and occupancy, Because of their
relationship to the original Table these regulations (3.2.3.4. -
3.2,3,56) are known now as the "Boxes',

Minutes of the Fourth Meeting of the Revision Committee on Use and Occupancy
August 9 and 10, 1960

The Fourth Meeting of the Revision Committee reviewed public comments on the draft version of the
proposed Code changes [144]. Comments related to specific height and area limits were reviewed, and
for the most part were rejected. Thus, following the public review period, the height and area limits
remained unchanged from the draft version.

In preliminary discussions relative to structural requirements due to building size, it was suggested by the
Revision Committee that non-combustible, and possibly fire resistant construction, should be made a
type of construction.

“The 1960 Code — Part 3, Use and Occupancy”, Proceedings of the 1961 Building Officials Conference of
Canada

R.S. Ferguson

A paper prepared by Ferguson, included in the Proceedings of the 1961 Building Officials Conference
[145], discussed the changes resulting in the 1960 NBCC. He noted the significant change from the table
format to detailed “boxes” format, and the changes being based on a historical study he had conducted.
Specific to the height and area limits presented in the 1960 NBCC, Ferguson noted that building codes are
not intended to limit the size of buildings, but indirectly require protective features as a function of
building size.

Minutes of the Thirty-Second Meeting of the Associate Committee
April 5, 1961

At the Thirty-Second Meeting of the Associate Committee [146], the Chairman asked the members of the
Associate Committee for formal approval for public release of the 1960 NBCC [147]. The release date was
proposed to be April 15, 1961.

The Chairman of the Associate Committee, Legget, noted that Appendix 4.1.B., “Fire Resistance Ratings”
of the 1953 NBCC contained the fire-resistance ratings of certain materials but did not include
interpretations of fire test results. He recommended that a Fire Test Board be formed to bring Appendix
4.1.B. up to date “since such ratings are often a matter of judgment” [146]. The Fire Test Board would
report directly to the Associate Committee.
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8.6 1965 NBCC

Work on the height and area limits was re-initiated in preparation of the 1965 National Building Code
(1965 NBCC), but to a lesser extent than the previous Code Editions. The key changes in the 1965 NBCC
included minor adjustments to area limits for some occupancies and changes to the construction criteria
for the “boxes” as a result of a change in the definition of the term “noncombustible”. Two construction
types were defined: combustible and noncombustible. These changes are summarized in the following
sections of this report.

Minutes of the Sixth Meeting of the Revision Committee on Use and Occupancy
October 11, 1961

In the Sixth Meeting of the Revision Committee, several revisions were suggested for the height and area
limits in the 1960 NBCC including [148]:

e Minor editorial changes intended to clarify the requirements.

e An area increase was suggested by Beam for unsprinklered steel framed buildings, and to the
basic areas for Group F, Division 2 and 3 occupancies.

The minor editorial changes were considered short-term and suggested as immediate changes. The
suggested area increases were considered long-term and referred to the appropriate advisory group.

Minutes of the Sixth Meeting of the Advisory Fire Group
April 11, 1962

The Advisory Fire Group continued with their work relative to preparation of the 1965 NBCC. The
membership of the Group changed as follows [149]:

e Mr. J. Lovatt Davies (Chair), Architect, Vancouver

e Mr. D.M. Baird, Fire Protection Engineering Department, Canadian Underwriters Association
e« Mr. D.C. Beam, Canadian Institute of Steel Construction Inc.

o Fire Chief L.A. Burch, Fire Department Headquarters, St. Catharines, ON

e Mr. R.S. Ferguson, Division of Building Research, NRC

e Mr. D.F. Jones, Ontario Department of Labour

e Mr. E.S. Horning, Dominion Fire Commissioner’s Office

e Mr. M.J. Jones, Chief Building Inspector, Burnaby

e Mr. C.W. Morgan, Building & Maintenance Engineer, Assumption University of Windsor
o Col. K.J. Partington, Provincial Fire Marshal, Halifax

e Mr. G.B. Pope, Architect, Durnford, Bolton, Chadwick & Ellwood, Montreal

e Mr. E.F. Tabisz, General Manager, Underwriters’ Laboratories of Canada

o Mr. M. Galbreath (Secretary), Division of Building Research, NRC

The First Meeting of the Revision Committee was held April 11, 1962. The Committee questioned the
definition of non-combustible and the provision permitting combustible partitions in a building required
to be of noncombustible construction. It was noted that combustible partitions are assumed to be part
of the fire load.

It was noted that the area permitted for unprotected non-combustible construction was greater in the
1953 NBCC (50,000 square feet) than the 1960 NBCC (48,000 square feet). It was suggested that a
provision be included in the Code to permit the authority having jurisdiction to allow up to 96,000 square
feet where the fire load is 10 Ibs./sq. ft. The Committee agreed to review this change through the Revision
Committee.
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A discussion specific to height and area limits summarized the benefits of the new “box” format [149]:

The new format focused on the protective features intended to limit the fire hazard attributed to
building size, rather than arbitrarily limiting height and area.

What was originally in a single table is now spelled-out in 25 pages with detailed descriptions of
the construction required to control the hazards associated with occupancies. This was previously
limited to 7 types of construction, which was found to be too rigid.

The new system contained 61 boxes instead of the 196 in the 1953 NBCC table format, eliminating
the full “balanced-risk” format (that proposed in B.L. Wood’s book) and subsequently removing
values previously there only for purposes of filling in the table.

The previous format was crafted on the premise that risk could be addressed with increased fire
resistance, which is akin to saying that “because narrow roads are a hazard, roads can be made
entirely safe if made wide enough” [149].

The limitation of the new “box” system is the lack of information to quantify the nature and
extent of risk caused by height and area. Construction specifications are provided for each
occupancy and size of building. The specifications are based on the limited information from the
previous table format, previous specification for types of construction and experience of the
Committee members.

The new “box” format has been developed to promote realistic feedback from across the country
to modify and develop the requirements. It is anticipated that this could be achieved through
surveys of the size of buildings, the hazards, and safety measures used to mitigate the hazards.

The fundamental intent of the new “box” format was to [149]:

regulate directly according to the hazards caused by the occupancy of the building. The
construction could be assumed to provide protection for the hazards but there would have
to be further requirements to offset any hazards introduced by the construction itself. If
such a method is ever adopted, types of construction and all other package specifications
would practically disappear and instead the Code would become a set of regulations
directed against hazards which had been recognized and identified.

Letter from Robert F. Legget to the Associate Committee

August 31, 1962

A letter by Robert F. Legget, Chairman of the Associate Committee, to the Associate Committee members
summarized key issues related to the Committee’s upcoming meetings. One such item related to austerity
measures implemented by the Government of Canada [150]:

I should mention briefly the Austerity Programme recently introduced by the Government
of Canada in view of the financial emergency. You will be wondering what effect, it may
have had upon our operations. Although current operating budgets have been reduced,
our current Committee operations should not be interfered with. On the other hand our
budget for next year cannot exceed our amended budget for this year and so we shall not
be able to plan for any new activities which involve the expenditure of public funds.

These measures would eventually impact formal activities related to height and area limits, as no new
task group had been formed during this Code cycle or future cycles to initiate the long-term program
identified during the development of the 1960 NBCC.
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Minutes of the First Meeting of the Fire Test Board
September 11, 1962

A Fire Test Board (FTB) was formed under direction from the Associate Committee, and held their First
Meeting on September 11, 1962 [151]. The members of the Board were as follows:

o Dr. N.B. Hutcheon (Chair), NRC

e« Mr. J.E. Breeze, BC Research Council, BC

e Mr. A. Desautels, City of Montreal

e Mr. W.J. MacNeill, Manufacturers Mutual, Toronto

e Mr. G.B. Pope, Architect, Durnford, Bolton, Chadwick & Ellwood, Montreal
e Mr. J.J. Ruane, City of Toronto

e« Mr. R.C. Wilson, Dominion Fire Commissioners Office

o Mr. M. Galbreath (Secretary), Division of Building Research, NRC

The terms of reference of the FTB was to be responsible for [151]:
a) the contents of Supplement No. 2, “Fire Resistance Ratings” of the NBCC;

b) the study and recommendations for publication of fire classification of building materials and
constructions for which the results of full-scale test data are not directly available; and

c¢) recommendations regarding the addition of fire tests necessary for use with the NBCC.

The work of the FTB relative to “combustible” and “non-combustible construction” was directly related
to the development of the subsequent height and area limits, and is discussed in the next section of this
report.

Minutes of the Fourth Meeting of the Fire Test Board
February 1963

The term “non-combustibility” was discussed as it pertained to the height and area limits. The maximum
heights and areas permitted to be of combustible construction at the time of this meeting are shown in
the table below [152]:

Maximum Areas for Combustible 1 Storey 2 Storeys 3 Storeys 4 Storeys
Construction in NBC Area 5q. Ft. Area 5q. Ft. Area 3q. Ft. Area Sg. Ft.
Theatres 10, 000 - - -
Schools 16,000 8,000 - -
Arenas 20, 000 - - -
Nursing Homes 2,500 - - -
Hoszpitals 12,000 8,000 - -
Apartments, Hotels 10,000 &, 000 6,000 -
Offices 30,000 16, 000 16, 000 16,000

{ 6,000 O.P.)
Stores 24,000 10,000 10,000 -

{ 5,000 O.P.)
Industrial and Storage 48,000 24,000 18,000 18,000

{withsprinklers) |{withsprinklers)
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It was established in the 1953 NBCC that the means of differentiating between combustible and
noncombustible construction was to use the statement "the building shall be of fire resistive
construction" [152]. Fire resistive construction was defined originally in the 1953 NBCC and included the
statement that “the entire building shall be non-combustible” [110], but permitted some minor
combustible components such as finishes, trim, non-bearing partitions to name a few.

Minutes of the First Meeting of the Revision Committee on Use and Occupancy
March 28 and 29, 1963

Since publication of the 1960 NBCC, experience and feedback relative to the use of the “box” format
allowed for some refinements and adjustments. Specifically, the following was suggested for the 1965
Code cycle [153]:

o Changes to Group B occupancies suggested by a committee that prepared the Hospital Standards
of the Department of National Health and Welfare.

o Changes to Group F commercial and industrial buildings, specific to grain elevators.
o Increased areas for noncombustible buildings of very low fire load.

Minutes of the Thirty-Sixth Meeting of the Associate Committee

May 8 and 9, 1963

A letter prepared by Ferguson to Legget, Chairman of the Associate Committee on the National Building
Code noted the following relative to 1965 NBCC [154]:

The Revision Committee on Use and Occupancy has been formed and one meeting has
been held. The policy has been adopted that the 1965 Code will be an adjusted version of
the 1960 Code and no major changes will be made.

This reference to limited changes may be related to the austerity measures noted earlier by Legget.
Minutes of the Second Meeting of the Revision Committee on Use and Occupancy
December 9 and 10, 1963

A paper prepared by Ferguson, relative to the new “box” format of the height and area limits of the Code
noted the following [155]:

[T]he difference between the new and old regulations was the difference between pre-
packaged prepared food mixes and the basic ingredients such as flour, baking soda, etc.
The first were easy to use, you just add water but they were inflexible. The second
permitted greater flexibility but a good result could only be obtained when used by a good
cook. The new elemental codes were becoming a necessity in order to provide for the great
variety of design which was now possible and to avoid a Code that was so lengthy that it
was impossible to read. At the same time the new Codes demanded greater
understanding. They provided freedom only for those with the knowledge of design.

In addition, in the same paper, the following was recommended by Ferguson for consideration by the
Revision Committee relative to the terms “unprotected noncombustible construction”, “fire-resistive
construction” and “noncombustible construction” [155]:

e The 1953 NBCC had no definition for noncombustible. Defining “noncombustible” was
considered to not improve matters. The 1960 code provided a definition for “noncombustible”,
which was considered to be making matters worse. This was a result of the term being referenced
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through an intermediary definition of “fire resistive” construction and its application to the
“boxes”.

o The purpose of defining “noncombustible” was to quantify a noncombustible building. However,
it is not practical to eliminate all combustibles in the construction of a noncombustible building.
The result is buildings which are defined as noncombustible, but are more fittingly buildings of
limited combustion.

o Where the 1953 NBCC regulated specific types of construction, the 1960 NBCC regulates a variety
of construction combinations, more representative of what is actually being built. This approach
is more along the lines of regulating construction rather than dictating it.

« Fire-resistive construction should be regulated on an elemental level rather than a macroscopic
building level. This is complicated by the standard test for fire resistance, which does not
distinguish between combustible and noncombustible. This could be overcome through use of
the term “noncombustible” for certain elements and accept certain combustible elements such
as paint.

o The purpose of the boxes is to regulate only the loadbearing members of a building, and
combustible finishes and trim are addressed through provisions for flame spread, making the
requirements relative to unprotected noncombustible and fire-resistive construction somewhat
redundant. More specifically [155]:

The clause about partitions of wood and glass in floor areas used by a single
tenancy for business purposes would be much better placed in Section 3.3
Requirements for Fire Safety within Floor Areas. It has nothing to do with a
building and certainly nothing to do with a fire-resistive building. It regulates a
hazard but it is a life safety hazard. The fire load of such partitions has already
been looked after under the structural and fire separation provisions in Section
3.2. for these reasons.

o The recommendation based on the points above was to eliminate the requirements in the Code
relative to unprotected noncombustible construction and fire-resistive construction.

The Committee members agreed that these provisions created confusion, but identified the following
concerns relative to the suggestion to eliminate these requirements [155]:

o “The division of offices into areas 5,000 square feet where combustible partitions are used”.
“The fire load in large and particularly high office buildings”.

It was decided that the confusion regarding unprotected noncombustible and fire-resistive construction
could be eliminated by using the term “noncombustible construction” in place of the term “fire-resistive
construction”. The benefit of this was discussed by Ferguson in a paper presented at the 1966 Building
Officials Conference [143]:

To avold the confusion the Mational Building Code now does not include
the category "Fire Hesistive Construction". Fire resistive construction
is effectively achieved in the "Boxes', however, where certain buildings
are required to be of noncombustible construction and where the specific
fire resistance of each kind of assembly is specified, This change is

& major improvement because matters which were in doubt in previous
editions are now made clear,
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Minutes of the Third Meeting of the Revision Committee on Use and Occupancy
January 14 and 15, 1964

During the Third Meeting of the Revision Committee, it was agreed that the following changes be made
to the Code [156]:

o Theareas for Group A, Division 2 buildings, protected wood-frame construction (Articles 3.2.1.12.
and 3.2.1.15.) be reduced by half.

o The basic area for Group A, Division 3 buildings (Articles 3.2.1.20.) be increased from 20,000 to
24,000 square feet to be consistent with a decision made by the Toronto Area Building Code
Committee. It was agreed that the roof could be heavy timber, but not wood frame.

e The basic area for Group F, Division 3 buildings be increased from 48,000 to 56,000 square feet
for heavy timber and noncombustible construction.

o It was agreed to redefine the term “noncombustible” and replace the term “fire-resistive
construction” in the boxes with “noncombustible construction”.

o The previously defined term “noncombustible” was altered to delete (b) and (c) to read as follows
[156]:

as applied to a structural member, would comply with the definition of
noncombustible except that paper and finishes less than one-eighth of an inch
could be put into the assembly.

Minutes of the Fourth Meeting of the Revision Committee on Use and Occupancy
April 29, 30 and May 1, 1964

During the Fourth Meeting of the Revision Committee it was recommended that a noncombustible
building be defined as follows [157]:

A noncombustible building is one

(a) in which the building members and assemblies, including every load-bearing member
or assembly and any exterior non-load-bearing panel or curtain wall, are of
noncombustible construction, and

(b) in which interior non-load-bearing partitions are of noncombustible construction,
except that in any floor area or part of a floor area occupied by a single tenancy,
partitions of wood and glass or other approved materials and having no concealed
spaces may be built.

Wood frame construction was considered to be adequately addressed by the provisions for fire-resistive
ratings except where excluded by the requirements for noncombustible construction. Therefore, the
specification for wood frame construction was suggested to be deleted from the Code.

“Workshop Session No. 1, Part 3 — Use and Occupancy, National Building Code, Principles of Fire
Protection”

R.S. Ferguson
June 1964

A workshop paper prepared by Ferguson outlined the principles of fire protection in Part 3 of the National
Building Code. Ferguson described the historical development of the fire load concept and intent of fire-
resistance ratings as follows [158]:
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Until 1940 this link was missing. It was known that the
intensity and duration of a fire was related to the amount of fuel, but
it was not until the late 1930's that authorities in Washington made
any real surveys of combustibles in buildings. This material was
available after the war. The combustible content of about 60 buildings
of different occupancies was measured and the results were tabulated
in the form of weight per unit of floor area. This new measure was
termed the fire load - the weight of combustible load per sq. ft. of
floor area.

The fire load of the cord of wood of the original test, or
its equivalent fuel supply in later tests, could be determined. This was
the link between the test fires and real fires. The figures that can be
given here are very rough. The fire load in a 1 hour fire test is about
10 lbs. per sq. ft. and in a 2 hour test about 20 lbs. per sq. ft. (1 cord
of wood spread out evenly over 100 sq. ft. is about 10 lbs. per sq. ft.)
Thus construction with a 1 hr. fire resistance will withstand a burn-
out where the fire load of the space 18 10 lbs. and construction having
a 2 hr. fire resistance can withstand a burnout when the fire load of
the space is 20 lb. The relationship between fire load and fire
resistance was established and it was possible then to predict the
minimum fire resistance for buildings of different occupancies.

As noted previously in this report, the excerpt above suggests that fire-resistance ratings for occupancies
were established on the basis of testing associated with burnout of fuel loads attributed to those
occupancies. Ferguson related the degree of fire resistance with the hazard of increased building height
as follows [158]:

On the basis of experience but in the language of fire science
it can generally be assumed that a greater assurance of stability under
fire conditions is required for a larger than a smaller building. This is
particularly true in the case of height. The larger structure takes longer
to evacuate and is more often difficult for the fire department to control.
Time is the equalizer. Through greater fire resistance the fire depart-
ment can have more time to operate. There are some buildings such
as very tall ones which would create intolerable havoc if they collapsed.
In such cases this risk must be reduced to an infinitesimal quantity,

For these buildings therefore a very high degree of fire resistance is
required, so that the normal relationship to thle fire load is lost.®

6
Despite the higher factor of safety in larger buildings it is the practice
in many building by-laws to take further precautions by restricting the
combustible load and requiring non-bearing partitions, interior trim
and even furniture to be non-combustible and sometimes sprinklers
are required on top of all this. To the author of this paper this appears
to be a malpractice. The correct way to regulate is to assess the risk
and apply regulations accordingly. It should be unnecessary as a
sequel to apply further requirements to diminish the risk. If it is
necessary, these further regulations should have been considered as
part of the initial risk.

Ferguson provided historical context to explain the additional precautions in many building by-laws and
rationale for reconsideration of the risk [158]:
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To those who are impatient for a change, and question what
appears to be abnormally high requirements for fire resistance, it
must be remembered that the present requirements are based on some
bad past experiences. Conditions may have changed but it takes time
to assess these changes. The risks now are quite different from what
they were 50 years ago. The time has come when we can move
cautiously towards eliminating precautions against risks which are no
longer apparent but there has been insufficient time to assess the
nature and extent of the new risks involved in changes in occupancy
and the shape and size of the buildings of today. During the last
century, North America was alarmed by conflagrations. There was
one in almost every city. Yet in many cities a potential conflagration
existed for almost a hundred years before the accidental circumstances
happened to make it a fact. Occupancies have changed rapidly in the
past 20 years, and it would be imprudent to reduce the requirements
until the new hazards are fully comprehended.

As a summary to the discussion of building size, Ferguson notes that [158]:

[iln general terms [the basic policy regarding resistance to collapse] accepts that the time
design period of endurance is related to building size and is particularly critical with height.

Minutes of the Seventh Meeting of the Revision Committee on Use and Occupancy
October 5, 6, 7 and 8, 1964

The final (Seventh) Meeting of the Revision Committee on Use and Occupancy identified the following
changes to the 1965 NBCC [159]:

e The term “fire resistive” be deleted and replaced with the term “noncombustible” throughout
the Code.

e The term “protected wood frame construction” be deleted throughout the Code.
o The areas for Group A, Division 2 buildings (Articles 3.2.1.8. and 3.2.1.15.) be reduced by half.
o The areafor Group A, Division 2 buildings (Articles 3.2.1.23.) be increased slightly.
o Street width be deleted from section 3.2.1. (the “boxes”).
o The area for Group D buildings (Article 3.2.1.41.) be increased by 33%.
o The area for Group E buildings (Article 3.2.1.45.) be increased slightly.
o The area for Group F, Division 3, 1-storey buildings (Article 3.2.1.54.) be increased.
These changes were proposed to the Associate Committee and approved for the 1965 NBCC.

“The Problem of ‘Noncombustible’”, National Research Council, Division of Building Research,
Technical Note No. 428

December 1964
R.S. Ferguson

A paper prepared by Ferguson relative to the term “noncombustible” identified concerns regarding bulk
application of this definition to buildings as a solution to address the hazards of fire [160]:
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The real issue now is the prospect of using almost immediately
combustible materials that are able to perform as well as the traditional
noncembustible materials in a load-bearing or non load-bearing capacity.
If the materials serve the purpose there are two possibilities for control,

1. The definition of noncombustible can be written (as in the 1960 MNational
Building Code of Canada) so that the materials in question become
noncombustible,

2, The definition of noncombustible can remain in the CSA Specification,
but the concept of the traditional noncombustible building can be changed
to one of limited combustibility,

Of these two possibilities the second is preferable. Noncombustibility
is an elemental concept, but noncombustible construction is only a standard
that has proved satisfactory for tall buildinge and some other situations., When
construction using combustible materials is developed that satisfies the
conditions, the standard should be changed to permit it,

The reader will undoubtedly appreciate the significance of this
suggestion, It reveals that there is no preamble to the present regulations
outlining the hazards they are intended to mitigate or the conditions they are
intended to satisfy, What are these conditions? They may be known, but it is
not general knowledge. Lacking a satisfactory diagnosis of the problem,
responsible authorities place their trust in noncombustibility. Where one
can truly eliminate all combustibles there can be no fire,

This solution cannot be justified much longer. Attention should
be directed to the hazards that size, and particularly height, introduce.
Agreement on what the hazards are and the degree of risk acceptable will
pave the way for alternate solutions “"deemed to satisfy" these conditions. Non-
combustibility will always be one, but not necessarily the only, solution,
If eventually a performance criterion for fire safety in large or tall buildings
is accepted, materials and components will probably have to be judged on
the basis of fuel contributed, in addition to stability under fire conditions,
heat transfer, flame spread, and smoke and toxic contributions as well as
performance criteria to satisfy structural and health hazards,

The determination of performance criteria for materials for
buildings of different sizes would be a major step ahead in the regulation of
heights and areas of buildings. .

The key point highlighted in Ferguson’s paper was the importance of the relationship between the size
(height) of a building and associated hazard. He suggested the move toward a performance-based
approach once the hazards and acceptable degree of risk are established, to which the current approach
of regulating combustibility (or lack thereof) of a building was only one solution.

“Fire Protection of Buildings Under the National Building Code”, Proceedings of the 1965 Building
Officials Conference of Canada

April 7, 8 and 9, 1965

D.C. Beam

A paper prepared by Beam relative to fire protection of buildings under the National Building Code
addressed various concepts including types of construction and combustibility [161]:
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It has been customary in building codes to combine an
occupancy with a specification type of construction and then setting
a limitation on the building size such as in the table of heights and
areas in the 1953 Natlonal Bullding Code.

Beam noted the importance of the Code moving from primarily a specification document to performance-
based. This had largely been through reference to performance standards such as the standard of fire-
resistance rating. In addition he noted that [161]:

Perhaps the most important innovation in the 1965 revision is
the classifying of construction into two basic types only, combustible
and noncombustible, either of which may have inherent fire resistance,
or which may have fire protection added. As a result of this reclassi-
fication fire-resistive construction as a named type has disappeared.

Beam suggests that the new approach defines a minimum level of safety as a function of occupancy and
building size. Each building element is required to meet this level of safety, eliminating the old system by
which construction types are pitted against each other.

He further suggests that some of the difficulties in drafting the 1965 NBCC related to the use of
combustible construction in buildings where it was considered to increase the risk associated with size by
potentially contributing to a fire. This was addressed by reverting to the definition of noncombustibility
by test for certain building sizes and permitting combustibles by specification only. Defining
“noncombustible” significantly limits the amounts of combustible material in the structural members and
assemblies of a noncombustible building and finishes on the inside of the building. Beam comments that
combustible construction is considered to contain a “destructive element within it” [161], which adds to
the fuel of a fire, whereas noncombustible construction does not burn and the “destructive element”
[161] comes from without (i.e., contents).

To illustrate the benefits of the recommended system, Beam proposed a weighting scheme whereby
points are added or deducted based on the use of certain elements considered to contribute to or protect
from the fire risk. The following considerations are suggested by Beam in establishing the weighting
system [161]:

Unprotected Combustible Construction

This type of construction is combustible and not considered to have any fire resistance. It is therefore not
assumed to provide any positive characteristics relative to fire safety, and as a result is considered to have
2 minuses (-2).

Protected Combustible Construction

This type of construction is combustible and has some fire resistance usually based on provision of a
protective membrane. However, it is considered to have an inherent weakness related to the potential
for fire to initiate within a combustible concealed space. The fire resistance is considered to be a positive,
whereas the potential contribution of the combustible content to a fire and concealed spaces are
considered a minus (+1,-1). This type of construction is considered to have a modest degree of inherent
safety over unprotected combustible construction.

Heavy Timber Construction

This type of construction is combustible and also has some degree of fire resistance based on its size. The
fire resistance is considered to be a positive, whereas the potential contribution of the combustible
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content to a fire is considered a minus (+1,-1). This type of construction is also considered to have a
modest degree of inherent safety over unprotected combustible construction.

Unprotected Noncombustible Construction

This type of construction is not combustible but is not considered to have any fire resistance. The
noncombustibility is considered to be a positive, and the lack of fire resistance a minus where fire loads
are high (+1,-1). Where fire load is low, this type of construction is considered to have two positives based
on the degree of inherent fire safety (+2).

Protected Noncombustible Construction

This type of construction is considered to have the most inherent fire safety as is practical to obtain and
as a result is considered to have positives that increase as a function of the degree of protection (+2 to

+5).

The values outlined above are summarized in the following table [162]:

TABLE 2: COMPARISON OF THE FIRE SAFETY CHARACTERISTICS OF
CONSTRUCTION TYPES UNDER MAXIMUM FIRE CONDITIONS

CHARACTERISTICS POSITIVE GR NEGATIVE
GROUF CONSTRUCTION SUB-TYPE {Re Fuel Contribution and Stabitity) CHARACTERISTICS
Unprotected wood frame
t Post and beam Fuel contributing 2 minus
Other combustible types Unstable
Protected wooed irame Fue! contributing 1 minus
Heavy timber Stable (to T ¥%-hour} 1 plus
n Unprotected steel MNon-fuel contributing 1 plus
Other noncombustible construction Unstable 1 minus
under %-hour
Protected stee!
Concrete Nen-fuel contributing Z plus
1] Masonry Srable (up to 3 hours) to
Qther fire-resisting noncombustible 5plus ™
construction

* NOQTE — 1 for non-fuel contribution and 1 for each %-hour fire endurance period.

Beam concluded the following in his paper [161]:

iz a dirty word.

Our ultimate aim 1s to be able to Specify all pe rformance
requirements for each element of the building bn,r rEfETring only to:

Combustible construction, with or without fire
resiastance, and as a separation If required.

Moncombustible construction with or without fire

resistance, and as a separation If required,

With reference to noncombustible construction as illustrated
in the last example we have reached that alm., Wlith reference to
combustible construction there is still one catch, "combustible

Consequently the basic type cannot yet be referred

to as "combustible construction' but perhaps the day will come.
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Minutes of the Fortieth Meeting of the Associate Committee
March 31 and April 1, 1965

At the Fortieth Meeting of the Associate Committee, the 1965 Code was accepted by the Associate
Committee and distribution was authorized on April 1, 1965 [163].

8.7 1970 NBCC

The changes to the height and area limits for the 1970 National Building Code (1970 NBCC) were limited
to incorporation of provisions for covered malls and clarification of the area limits for the “boxes” to
reduce the potential for erroneous interpolations.

The following sections of this report summarize the committee deliberations relative to the development
of the height and area limitations in the 1970 NBCC.

Minutes of the First Meeting of the Standing Committee on Use and Occupancy
June 8, 9 and 10, 1966

The First Meeting of the Standing Committee on Use and Occupancy considered three issues related to
height and area limits [164]:

« Addition of a new “box” specific to storage garages with height and area limits consistent with
that of Article 3.2.3.56. for Group F, Division 3, and unlimited where sprinklered.

e Increase of areas by 25% for Article 3.2.3.54. (Group F, Division 1) where the building is used as
an open-air parking garage.

o As well, they discussed the reduction of a separation with a 4-hour fire-resistance rating over a
basement in Article 3.2.3.56. (Group F, Division 2 and 3) to a 3-hour fire-resistance rating. This
was agreed to by the Committee.

Minutes of the Second Meeting of the Standing Committee on Use and Occupancy
October 13 and 14, 1966

The Second Meeting of the Standing Committee on Use and Occupancy considered two issues related to
height and area limitations [165]:

o Thetrendinthe Code permitting a greater degree of combustible material on the exterior of high
buildings. It was suggested that this should be limited to six storeys, as in previous editions of the
Code.

o The need for a review of the relationship of fire load to building components and contents since
the publication of the fire load study by the National Bureau of Standards several decades earlier.

Minutes of the Second Meeting of the Subcommittee on Structural Fire Protection of the Standing
Committee on Use and Occupancy

December 7, 8 and 9, 1966

During this meeting Ferguson noted that the Subcommittee on Structural Fire Protection should be
considering a fire separation concept that would become a performance-type requirement in order to
improve the situation and reduce specifications in the Code [166].
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Minutes of the Third Meeting of the Subcommittee on Structural Fire Protection of the Standing
Committee on Use and Occupancy

February 13, 14 and 15, 1967

The Third Meeting of the Subcommittee on Structural Fire Protection considered the following relative
to height and area limits [167]:

o Updating of the definition of “firewall” and “heavy timber” for purposes of clarification and
application. An exception to the provision of a firewall to extend above the roof surface was
proposed and agreed to where the roof assembly has a fire-resistance rating at least half that of
the fire wall.

« Updating spatial separation requirements to consider the construction and fire separation of
exterior walls.

e Permitting combustible construction in a building required to be of noncombustible construction
for residential apartment units that are no greater than 2 storeys in height and separated from
the remainder of the building by a fire separation with a 2-hour fire-resistance rating.

“Report on the History of Building Regulations”, Proceedings of the 1967 Building Officials Conference
of Canada

R.S. Ferguson
May 1, 2 and 3, 1967

A paper prepared by Ferguson on the history of building regulations summarized how traditions shape
the development of buildings regulations. His discussion identified several points relative to height and
area limits in the Canadian Codes as they relate to combustibility and building density. Relative to
combustibility, Ferguson noted the following [168]:

Another example is the definition of non-combustible. Everybody
knows (traditionally) what non-combustible means, but this general un-
written understanding does not selve the problems of modern technology.
A written definition is necessary for modern technological building but
such a definition in a traditional context is of little value, as was found
out with the 1960 edition of the National Building Code. It is necessary
to re-examine the concept of fire resistance in buildings, define both
fire resistance and non-combustible as elemental concepts and then in
the regulations build up combinations of these as required for purposes
of control.

This discussion illustrates the desire for a transition from a specification-based to a performance-based
Code and the considerations in that transition. Relative to building density, Ferguson noted the following
[168]:

The tradition encompassed the process of building, not the areas of no
building. Thus from the trade point-of- view there was no consclousness
of the value of space or the danger in its absense. During the history of
building regulations controls providing for space or more often some
construction as a substitute for its loss were always developed by civic
authorities and not by the trade, A city exists because of buildings

and these are the responsibility of the owner, The main responsibility
of civic authority involves the spaces between the buildings., This in-
cludes sewer and water suppl\,:; roads, drainage, refuse disposal, health
service and fire protection.
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This discussion highlights the relationship between hazard and space in cities as a driving force in
development of building regulations.

Minutes of the Fourth Meeting of the Subcommittee on Structural Fire Protection of the Standing
Committee on Use and Occupancy

May 29, 30 and 31, 1967

The Fourth Meeting of the Subcommittee on Structural Fire Protection considered several items relative
to height and area limitations including the “mall” concept, noncombustible construction and consistency
of the structural requirements in the “boxes” [169]. The “mall” concept was proposed by R.V. Hebert,
Codes Engineer, Canadian Sheet Steel Building Institute, who was the Chairman of the Subcommittee on
Structural Fire Protection.

Mall Concept

The proposed Mall concept existed in the Metro Winnipeg Building By-law and addressed the condition
by which two otherwise separate buildings are joined with some extent of protective cover/enclosure.
The Mall area/enclosure was considered by the Winnipeg Metro Code as equivalent to an open space,
and permitted to be used on the same basis (i.e., comparatively safe) with the provisions of sprinklers
and other protective features.

It was suggested that the structural requirements could be maintained in accordance with the “boxes” in
the Code for each individual connected building. However, it was suggested that this would be “deficient”
without provision of adequate separation of the occupancies fronting onto the mall in conjunction with
use of only noncombustible construction for the buildings and connecting mall construction, and
sprinklering throughout.

Noncombustible

It was recommended that references to specific materials in the Code be eliminated and the Code refer
to two basic types of construction being noncombustible and combustible. It was recognized that this
was not possible in all respects, heavy timber being an example that had characteristics that were not
adequately addressed through defining it as combustible.

It was suggested that permitting combustible elements in a building required to be noncombustible
construction “detracted from the desire to encourage the noncombustible nature of the building” [169].
It was suggested that fire-retardant treated wood could be considered to perform similar to unprotected
steel in partitions in residential occupancies. However, this was considered by others to be an increase in
hazard for Group C occupancies where occupants could potentially be asleep.

“Boxes”
The following was recommended relative to the “boxes” [169]:
o Suggestion to revise the numbering system in the “boxes”.

o The 1-hour fire resistance requirement in Article 3.2.3.26., Group C, Division 1 (residential), heavy
timber construction, for loadbearing walls, columns and arches was suggested to be reduced to
%-hour for consistency with the requirement for floor assemblies.

o The construction of roof assemblies was discussed relative to the use of heavy timber and
unprotected steel. It was agreed that a specification for heavy timber was still warranted for roof
assemblies. The Committee agreed that heavy timber construction has an inherent fire resistance
of %-hour.
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Minutes of the Third Meeting of the Standing Committee on Use and Occupancy
May 29 to 31, 1967

Relative to height and area limits, the Third Meeting of the Standing Committee on Use and Occupancy
discussed open air parking garages and firewalls [170].

Open air parking garages were discussed, related to whether it would be appropriate to include provisions
for this type of structure as a separate “box”. It was noted that open air parking garages should be used
only for parking and not servicing.

The following items were discussed relative to firewalls [170]:

o Firewalls were noted to be necessary where a major fire break is required and also when the
building is constructed along the property line.

o The importance of the wall to remain in place following a fire when the building is located along
a property line.

o Ferguson suggested removing the requirements for the traditional firewall and utilizing an
appropriate fire separation instead as a means of dealing with construction complexities.

o Beam noted the importance of providing the fire-resistance of firewalls with noncombustible
materials.

o It was noted that firewalls are important to life safety, but primarily contain the fire in an area
that the fire department could handle and limit the potential for conflagration.

Minutes of the Forty-Fourth Meeting of the Associate Committee
March 5, 1968

The following changes, relative to height and area limits, were reviewed and approved in the Forty-Fourth
Meeting of the Associate Committee [171]:

o Consolidation of some of the “boxes” in Articles 3.2.3.4. to 3.2.3.56., including some changes to
structural fire protection requirements for certain heights and areas in some occupancies.

« Draft requirements prepared for the structural fire protection of shopping (covered) malls.
Minutes of the Fourth Meeting of the Standing Committee on Use and Occupancy
April 3to 5, 1968

At the Fourth Meeting of the Standing Committee on Use and Occupancy [172], updates to the “boxes”
were discussed and included simplification of the requirements and expansion of the area and height
limits to reduce interpolation errors. The expansion resulted in intermediate heights and areas as a
function of building height (i.e., “wedding cake approach”). This approach was noted as being similar to
that of the Pittsburg Code.

In addition to the change noted above, a change was suggested relative to the provision in the Code
permitting unprotected steel construction, which would otherwise require a %-hour fire-resistance rating
if of combustible construction. This was questioned as not equal relative to fire endurance, and it was
noted that the intent of the provision was to permit unprotected steel where structural stability of the
building is not in danger.

As part of the proposed changes to the “boxes”, an inconsistency was identified relative to Group C
Buildings regulated by Sentence 3.2.3.21.(1). The inconsistency relates to the table of areas and the “basic
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area” associated with the Group C buildings, not more than 6 storeys in height. The “basic area” is
identified in the margin of the Code as 24,000 square feet, and this was the value in the 1960 Code.
However, the corresponding value in the area table is 20,000 square feet[172]:

roup C "
Division 1 |N°- of Unsprinklered and Facing
6 storeys Storeys 1 2 3
(24,000 sq, ft.) Street Streets Streets

unlimited unlimited unlimited
60, 000 unlimited unlimited
40,000 50, 000 &0, 000
30,000 37, 500 45, 000
24,000 30, 000 36,000

EC',DDD' 25,000 30, 000

basic ea

Im#ul\ir—

Other “boxes” were checked for consistency and all had corresponding values. There were no notes
associated with this change having occurred or rationale for the change. The value of 20,000 square feet
eventually became the default for this classification in later versions of the Code.

Minutes of the Forty-Fifth Meeting of the Associate Committee
December 4, 1968

The following changes, relative to height and area limits, were reviewed and approved at the Forty-Fifth
Meeting of the Associate Committee [173]:

o New provisions for walkways and covered walkways.
« Reference to only two types of construction: combustible and noncombustible.

o Expansion of the “boxes” to include intermediate values for lesser heights. This change resulted
in fewer “boxes” through reduction of inconsistencies and overlap. The change was primarily
intended to eliminate the incorrect interpolation that was previously occurring.

Minutes of the Forty-Seventh Meeting of the Associate Committee
July 29, 1970

A news release included as part of the minutes of the Forty-Seventh Meeting of the Associate Committee
noted that the 1970 edition of the National Building Code of Canada was issued on July 29, 1970 [174].

8.8 1975 NBCC

The changes to the height and area limits for the 1975 National Building Code (1975 NBCC) were limited
to minor revisions for purpose of clarity. The following sections of this report summarize the committee
deliberations relative to these revisions.

Minutes of the Second Meeting of the Special Task Group Appointed by the Associate Committee on
The National Building Code (Reviewing Comments on Explanatory Paper on Control of Smoke
Movement in High Buildings)

February 25 and 26, 1971

Minutes of the Second Meeting of the Special Task Group Appointed by the Associate Committee to
review comments on an explanatory paper on control of smoke movement in high buildings examined
comments of the Urban Development Institute concerning the legal implications of providing installations
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for controlling smoke movement and occupants in buildings. Comments on the legal implications
suggested that [175]:

We und_er'stand. that _Fire Departments generally
régard the_ preservation of the structural integrity
of buildings and-f:he.controi and preveﬁtion of the
spread of fi.re within structures and from building
to building 1;;0 be -ihe_ir prime and sole responsibilities.
They do _n_p_t.qonsiaer it their responsibility to
ensufe-‘isafe evacuation un_da:-':.fir'e conditions. |

Minutes of the Ninth Meeting of the Standing Committee on Use and Occupancy
April 15, 1971

Ferguson presented a preliminary document at the Ninth Meeting of the Standing Committee on Use and
Egress intended to become Supplement No. 3 to the Code, and was an early version of the Guide to Part
3 of the NBCC. The version was hand written and titled “Part 3 Statements of Intent of Individual Clauses
& Explanations of Regulations”[176]. Ferguson noted that Part 3 was intended to be “an integral
component of a performance code”, but became “a grouping of fire and health regulations”. The intent
of the regulations relative to fire protection and spaces was noted as follows [176]:

The problems of /e prc?‘i’cfmn i boldings aic ai"wa-_,;:, relziect
& §Paces. 7.7;.-3 ffm:e.' ‘,ﬂV!.‘-'}.".!p)Jc? measuycs o con.r{raf Ire |

!, evacuvaling The accu;mraf:‘: From f-"w ffacce

A, Con .-nmdc the /,fr-': fo 1’1’]:’* evacvaled Space

5. c:-’x.:’fr’!:;’wf.i.:‘:ur.;' #h= f}ye 1 Fhe Space,

As previously discussed in this report, the concept of a building as a fire compartment for means of control
dates back thousands of years. As early as the late 1700’s, building size was limited to an area that fire
departments could handle. Ferguson discussed the concept of “building” as follows [176]:

[t 15 necessovy 7o define Hhe spoce for porposcs r_mf control. %sr*';nm{ﬂf
the “buelding”™ Ras been chasen as fhe spoce 7 whieh cantral measurbs

< i ' h P
Aaue. ﬁc‘*c-‘n ﬂﬁﬂ/rc"r:}' ur’ i recont 'year.f' 'f f frze and c‘onﬁc"wqwﬁn 0.7(
boddimngs snd. moflple J_w/&:m,ﬁ use dAas Jessencd  The 05"7?;-";”‘-‘;?3 of
Yhaet g " /.w this porpose, Jhis C‘Qnﬁnumcc' hend can besl be criptomned
Arstovrc s /'fy : '

A /Pend} cwhich will ,Jrcaﬂlaé”y sv‘rméﬂer\) rs the fn/c-e—'aafran of al/ He
design e that sffecl space size mc/uo’mé{ Hhe cvdoria of /Né.:?afcfy.
Thos, mstesdd of ﬂm:/mq" C:mﬂan/mmr‘lf srze 7:: a frachlional 45:):/::/!??5." srze
/61’3, 200 c'o./r{jl Srze gﬂ&;{ o delermmned éi/ Space use and the hazavds
invelved. /',f a forde Space /5 Aocossavt Jecauvse 4;’ “fJS_f* Y and of _7%9_
Aazovd ihcveases c:,.,u‘”\ srze /Aen ap;ro,an.afe/:f a’f//t'-'t‘m{- /M-‘ /’fa?lf'cfwf’
messorvesr would be part of he olesrén cvifesra, - :
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Ferguson suggested that the trend was moving away from the “building” as the means of control towards
smaller spaces, and the benefit from the perspective of controlling hazard as noted below [176]:

The Treadd 1§ hrwavd Hhe chuce of smaller spaces for rr}‘o/a/rw porpises,
Jhe corlres? /c//m of regufafton 2pplind % zones (Fice lowi b)) This
wis ﬁ//owpcj b c/,r;'/fm:g'w.s;{m ¢ efweer Sl dinés and fad'.}-}!} mare
any Mare, dx;//ﬂcf wrsh r;-;of' ﬁ/ﬁupr’n a’!//@zr‘--m’ /?Od‘m-‘-'.

/r’ ;é/:}ows //a! a5 /A/c Space a{?s‘; /ar ‘)‘t'c._c“u/;'.h’,/cn /5 rr‘o-"u-:r"c{ = c’:-'fr

7«’,«{ beteveon control ang Asrard ir schiran-d . oy b“g‘ﬂ‘es?‘ Hs t
] <
as Jhis Ja/‘/w,ar e foncl rs maore /ram peof:-.’}ff';a_n ’70 reculategn, whe
/S more keepmﬂC‘ welh the porpose of He Code. /noi’zer french 1S more
'/award [:/e as sgams-l /Urapx?r?’- .ra/c-fy. J;a/fné‘ anar;é‘emen}:, cmf‘.‘,
//.:‘.nm Spreacl , Oned fmo ke c'.-.aanaf Measures dre  3ff /scu.rﬂd on The
,@f:aﬁ/nnw 5/ /69 J‘n/p‘/t/ o/ ?’49 ocrupdn)(_f o/ a ;’/aér QY ra Oy ¥O Iy
wheveas The reguivemenls for vdding s snot Jhe /fmao‘ﬂ\( /m' limils  wve
/Uro,oe/d;-‘f arented,

Minutes of the First Meeting of the Fire Protection Subcommittee of the Standing Committee on Use
and Occupancy

June 2 and 3, 1971

The First Meeting of the Fire Protection Subcommittee addressed a question regarding the 30-foot
minimum dimension of a (covered) mall [177]. It was noted that if the minimum dimension was less than
30 feet, the structure would be considered one single building. This matter was referred to the
Subcommittee on the Fundamentals of Occupancy for further consideration and clarity.

Minutes of the Second Meeting of the Fire Protection Subcommittee of the Standing Committee on Use
and Occupancy

July 22 and 23, 1971

The following changes were proposed and agreed to during the Second Meeting of the Fire Protection
Subcommittee [178]:

e Group A, Division 3 (Article 3.2.2.20.): Delete the words "not exceeding two storeys in building
height" to permit multiple-storey A3 buildings to be built with combustible roof assemblies
provided the 20 ft. criteria is made. A task group to consider further requirements for roof
construction was formed.

o Group B, Division 2 (Article 3.2.2.25.): Delete Clause 3.2.2.25.(2)(c), which related to a 1-hr fire-
resistance rating for floor assemblies over crawl spaces.

e Group C (Article 3.2.2.27.): delete "but not less than 1 hour".

« Group D, E, F, Division 2 (Article 3.2.2.29., 3.2.2.33,, 3.2.2.41.): Add "this requirement is waived
for crawl space if the building is of non-combustible construction" to Clause 2(a).

e Group D (Article 3.2.2.32.): Add "except that in buildings of one storey in building height this
requirement is waived, and" to Clause 3.2.2.32.(2)(f).

e Group F, Division 3 (Article 3.2.2.46.): Add "if all combustible construction" after the word "have"
in the first line of Clause 3.2.2.46.(2)(c). The occupancy was one of low hazard storage and was
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the smallest building size dealt with and also that it was not always valid to compare unprotected
non-combustible with protected combustible.

Several references were made during the discussion to the potential formation of a Task Group on Heights
and Areas.

Minutes of the Tenth Meeting of the Standing Committee on Use and Occupancy
October 13 - 15, 1971

Mr. Baird, Chairman of the Fire Protection Subcommittee presented his Committee’s report [179]:

He noted in particular that the Subcommittee was concerned
that more consideration had to be given to establishing a more satisfactory
system of relating construction requirements pertaining to heights and
areas to building use,

Mr, Ferguson said that the present requirements were arbi-
trary answers to problems that were not completely identified and which
required further consideration,

The Fire Protection Subcommittee recommended the formation of two task groups: one dealing with
structural requirements based on heights and areas, and the other dealing with fire performance
requirements for roof assemblies [179]:

1. Recommend formation of two task groups to work on problems
concerning the following matters:

{a) Structural requirements based on heights and areas
Terms of Reference - to consider and prepare changes res-
pecting Articles 3.2.2.9. to 3.2.2.52. and that the work be
completed by September 1972, Membership suggested is
Messrs, Brundige, Collins, Hebert, Pearce and Thomson.

(b) Fire performance requirements for roof assemblies
Terms of Reference - to examine the present situation for
regulating the construction of roof assemblies and recommend
means of regulating such matters as fire resistance above and
below a roof deck including consideration of temperature limits;
flame spread for components making up roof assembly; control
of combustible materials including BUR and plastics; potential
heat of materials used in roof deck,

Minutes of the First Meeting of the Review Committee on Part 3
October 5 and 6, 1972

The First Meeting of the Review Committee on Part 3 identified the following issues relative to
considerations for the future in approaches to addressing changes to the Code [180]:

« It was suggested to provide a definition of the problem and develop specific terms of reference
for task groups to address the problem. This would limit the re-hashing of items such as the height
and area requirements.

o Large tasks such as heights and areas were identified as a problem requiring further study.
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In addition to the considerations above, the Review Committee considered the following specific issues
related to height and area limits within the Code [180]:

e A task group was formed to address structural requirements for heights and areas and roof
assemblies.

« Division of Building Research (DBR) staff also identified a need to address the criteria for
noncombustibility in structures on a short- and long-term basis. It was agreed that the DBR staff
would prepare a paper listing all the combustible items permitted in noncombustible
construction.

« Consideration for sprinklering of all buildings six storeys or more in height. It was agreed that DBR
staff would prepare a paper outlining the issue.

e Group C, up to 6 storeys (Article 3.2.2.27.): Deleted additional requirement of fire-resistance
rating not less than 1 hour for loadbearing walls/columns/arches, keeps only requirement for
equivalent to supported assembly.

e Group D, Any height any area (Article 3.2.2.32.): Permitted waiving the 1-hour roof assembly
rating for 1-storey buildings.

« Group F, Division 3 - Storage garages up to 6 storeys (Article 3.2.2.50.): Replaced maximum
unsprinklered area table with general maximum value of 100,000 sq. ft. Added requirements of:
“(b) not more than 70 feet above grade”, and “(e) designed so that every portion of each floor
area is within 200 ft of an exterior wall opening”.

Minutes of the Fifth Meeting of the Coordinating Committee of the Standing Committee on Use and
Occupancy

May 22 and 23, 1973

Minutes of the Fifth Meeting of the Coordinating Committee of the Standing Committee on Use and
Occupancy reviewed a paper submitted by H.D. Collins, Director, Building Inspection Branch, City Planning
Department, Edmonton, Alberta regarding “Fire Protection Requirements for High-Rise Buildings." The
paper suggested the following [181]:

Definition of a High-Rise Building:

Various definitions have been offered by building and
fire officials throughout the country. The criteria that have been

used include the following:

l. Any building of such a height as to be beyond the reach of

Fire Department equipment operated from the ground.

2. Any building of- such a height as to pose an unreasonable

evacuation time.
3. Any building in which stack effect is a significant factor.

4. Any building in which fire must be fought internally because

of height. .
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If these criteria are given due weight, any building
having an occupied fleoor 60' or more above grade must certainly be

considered a high-rise building.

In reviewing this paper, the Committee noted that all of these comments had been considered in the
development of the high building requirements.

Minutes of the Task Group Meeting on Heights and Areas and on Flame Spread on the Underside of
Roof Decks

November 5, 1973

The meeting of the Task Group on Heights and Areas and on Flame Spread on the Underside of Roof
Decks, held on November 5, 1973, was discussed at the Fourteenth Meeting of the Standing Committee

on Use and Occupancy. The following “major decisions” were made by this Task Group relative to heights
and areas [182]:

1. All major recommendations and overhauling of
the existing heights and areas to be completed
for 1980 code. Any minor alterations should
be recommended for inclusion as 1975 or 1977
code revisions if possible.

2. VFactory Mutual should be written for current
information on the high rocof question, the
sprinklering of such areas and the fire
loading aspects. This information would be
of interest when evaluating storage occupancles
in particular.

3. Group A, Division 1. It was tentatlvcly agreed
that the areas permittcd for one storey buildings
with H.T. or N.C. (U) roofs should be those
recomrnended in the 1965 code i.e. 10,000 sqg. ft.
and 20,000 sg. ft,sprinklered. The guestion of
use of sprinklers for this type of occupancy
should be recasscssed.

In addition, the following outlines the “major points of discussion” from the meeting [182]:
o Criteria for assessing a roof:
o Fire resistance,
o Spread of flame on the underside,
o Utilization of a high roof, and
o The size of the building (i.e., for 1 storey).

« Relationship between fire-resistance rating of the floor and the fire-resistance rating of the roof
and how single-storey buildings are addressed.

o Potential progressive collapse (floor to floor) in high rise buildings resulting in wall collapse and
debris on the street.
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Minutes of the Thirteenth Meeting of the Standing Committee on Use and Occupancy
November 14 and 15, 1973

Minutes of the Thirteenth Meeting of the Standing Committee on Use and Occupancy reviewed and
accepted a change relative to sprinklering every floor area in a high building exceeding 10,000 square
feet. The reasoning, as noted below, was that fire in large open areas in high buildings is difficult to fight
[183]:

Provision of sprinklcrs

3.2.6.6.(1) The lollowing spaces shall be grrindilered:
« {a) every stoevp or paft theree!, imtended for 3 Group E or Group
F. Phivitksn 1 or Dhivisien 3 awvegeaaen,
(b} every recuurant of licensed beverage eviablichment, and
(e} every trorer or part therood mtended for te storaze ur handling
of hazurdvars substanges. (308 Article L3 LL)

(Sl lerieg o0 Boled @abl v e wengtind i Aagly B TR

PROPOSED CHANGE

In Clause (b), delete "and". In Clause (c), add the word
"and'" at the end of the clause, Add new Clause (d) as
follows:

"(d) ewvery floor area exceeding 10, 000 sq ft except
when the floor area is divided into fire com-
partments not exceeding 10, 000 sq ft in area
and separated from the remainder of the floor
area by fire separations having at least a.1 hr
fire resistance rating, "

REASON

Fires in large open floor areas is considered difficult to
fight in high buildings, It is considered necessary to
have sprinkler assistance when the area exceeds

10,000 sq ft,

Minutes of the Task Group Meeting on Heights and Areas and on Flame Spread on the Underside of
Roof Decks

April 16, 1974
The meeting of the Task Group was held on April 16, 1974 and recommended the following [182]:

3.2.2.1.(3) In buildings not exceeding 1 storey in building height of Group F,
Division 2 or 3 major occupancy, the building area may be increased by 25% when
automatic roof vents and curtain boards are installed in accordance with the
requirements of NFPA 204-1968 "Guide for Smoke and Heat Venting" and, in addition,
when the building is sprinklered, the building area permitted for a sprinklered
building may be increased by 50%.
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(4) In buildings not exceeding 1 storey in building height of Group F,
Division 2 or 3 major occupancy, where a floor area or part thereof is undivided
by fire separations and exceeds 120,000 sq. ft., automatic roof vents and curtain
boards shall be installed in accordance with the requirements of NFPA 204-1968
"Guide for Smoke and Heat Venting", except that this requirement need not
apply to buildings constructed under Articles 3.2.2.49. and 3.2.2.40."

Minutes of the Fourteenth Meeting of the Standing Committee on Use and Occupancy

May 30 and 31, 1974

The changes proposed by the Task Group on Heights and Areas and on Flame Spread on the Underside
of Roof Decks (as described above) were discussed and all were defeated based on concerns of some of
the Standing Committee members. Only the concerns of Mr. Stanley Cumming, Manager, Canadian Codes
and Standards of the Portland Cement Association were expressed explicitly [182]:

Tolerable Hazards Due to Combustibility of Structure

With respect to the tolerable limits of fire hazards

irherent in building construction, fire safety regulations

are a compromise within the bounds of economic feasibility.

Thus combustibility of construction can be tolerated in

certain buildings if the overall size of the building is

limited to such that the Fire Department can effectively
contain and/or control fires.

Combustibility of construction also can be tolerated in
medium sized, relatively low buildings, provided that a
modest degree of fire resistance is introduced to partially
offset combustibility and thus provide a greater opportunity
for firemen to take over before the fire gets out of hand.

In noncombustible construction, for example unprotected
structural steel, there is no combustibility of structure
hence in the medium sized building there is no necessity
to add a factor to facilitate control by firemen because
of increased fire load. This is the reason why non-
combustible construction is generally treated in the same
intermediate hazard group as combustible construction with
approximately 3/4-hour fire resistance.

It appears to be philosophically unsound to propose to equate
fire-retardant treated wood with unprotected non-combustible
construction. The fact that the 1970 Code included provisions
for FRIW in a clause written originally to provide, not a

flame spread restriction, but "a modest degree cof fire resistance
designed to partially offset combustibility", is unfortumate.
However, presumably because of this, only half areas were
permitted in this form of comstruction. The proposed amendments,
which would entirely remove the 1970 area restrictions, and

many of the height restrictions £rom the boxes in question, thus
making no allowance for the fact that FRTW is combustible and
will contribute fuel to a fire, do not appear to be sound and
therefore are not worthy of support,

Following the defeat of the proposed changes, the following was noted [182]:
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Under new business H, Locke raised the quesgtion of the

Task Group report whiech made recommendations relative to fire retardant
treated wood. (Secretary's NWote: inserted at this point in the minutes

for continuity of subject matter.) MWe felt that if a task group is

appolnted to look Iinte a problem it 1s wrong for a senior committee to
summarily reject its recommendations, without considering what the Task

Group is trying to achieve, and that some consideration be given to working
out an interim compromise and salvage the acceptable parts. Mr. Cumming

did not agree, polnting out that the Task Group had made their recommendations
and these wvere rejected by the senior committee.

However, changes to Articles 3.2.2.14., .18., .30., .34,, .42., and .47., including the addition of “or a fire-
retardant treated wood roof assembly” to the structural requirements were considered. The use of fire-
retardant-treated wood was intended to limit fire spread on the underside of a roof assembly, and slow
the destruction of a roof in a fire.

8.9

1977 NBCC

The changes to the height and area limits in the 1977 National Building Code (1977 NBCC) were limited
to minor revisions as noted below.

‘Balconies’ removed from the requirement for a fire-resistance rating (3/4 hr or 1 hr) of
mezzanines/balconies.

Removed previous exception waiving roof rating requirement for Group A buildings in areas
where the roof is 20 ft or more above the main floor and carries no loads other than roof loads.

Added an exception waiving roof rating for Group A or other 1-storey buildings based on if
electrically supervised/monitored sprinklers are present and required roof rating is 1 hour or less
(3.2.5.5).

Where basements/crawlspaces are required to be sprinklered (or where sprinklers are permitted
to be omitted in crawl spaces based on a different specified floor assembly rating above the crawl
space), the general floor assembly requirement for (% hr, 2 hr, 3 hr, etc.) fire separation was
waived above the crawlspace.

Group A, Division 1, 1 Storey (Article 3.2.2.9.): Added “except for floors above crawl spaces”, to
“% hour fire separation for floor assemblies”.

Group A, Division 2, up to 5 storeys, any area (Article 3.2.2.15.): Added exception to allow heavy
timber roof and columns for 1 storey building less than 64,000 sq. ft (sprinklered), or 32,000 sq.
ft (unsprinklered), in lieu of 1 hr roof rating and column rating.

Group A, Division 3, 1 and 2 storeys (Article 3.2.2.19.): Added exception to allow heavy timber
construction for roof assembly in lieu of % hour rating.

Group D, 1 and 2 storeys (Article 3.2.2.29.): Added requirement for floor assemblies (other than
above basements or cellars) to be fire separations, and have %-hour rating if of combustible
construction.

Group E, up to 6 storeys, sprinklered (Article 3.2.2.35.): ‘Sprinklered’ added to title, removed
clause allowing building to be unsprinklered if not more than 3 storeys and under 15,000 sq. ft.

A significant change that occurred during the development of the 1977 NBCC was the conversion from
imperial to metric units.
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In addition to the changes noted above, additional changes were made as noted in the following sections
of this report.

Minutes of the Second Meeting of the Coordinating Committee of the Standing Committee on Use and
Occupancy in Preparation for the 1977 Code

February 5 and 6, 1975

During the Second Meeting of the Coordinating Committee it was recommended that the Task Group on
Structural Requirements for Heights and Areas of Roof Assemblies (formerly known as the Task Group on
Heights and Areas and on Flame Spread on the Underside of Roof Decks) be reactivated to review
previous decisions [184]. It was noted that the previous proposals were not accepted, and suggested that
the Task Group not be reactivated. However, it was agreed that the rejected proposals would be reviewed
by the Coordinating Committee.

A letter from G. Adams, Director for Uniform Building Standards for the Province of Ontario proposed
limits to basement areas for assembly buildings up to 5,000 square feet, or mandatory sprinklering. The
reason for the proposed change related to the risks in fighting basement fires and associates the risks
with area [184]:

1. Basement and cellar construction in Assembly
occupancies (Artiecles 3.2.2.14, to 3.2.2.20.)
These changes include limiting basement
areas to 3000 sg £t before sprinklers are
required and making sprinklers mandatory
in all cellars.

The reasons for these changes are that
basements and cellars are too large at
10,000 sg ft for efficient fire fighting
methods., It is common to have many
combustibles in these areas in Asscmbly
ogccupancies, WVisibility is poor for
firemen during a fire because of poor
venting conditions. The integrity of
fire separations is not always.maintained
in these arcas. The majority of fire
fighter casualties have cccurred in
basements and cellars.

The Committee considered the proposed change and recommended that it be incorporated into the
NBCC relative to basements and cellars [184]:

The Committee agreed that basements exceeding
5000 square feet should be sprinklered or be separated
into fire compartments not exceeding 3000 square feet.
It was noted that the Code required this in most
instances but in certain occupancies larger areas were
permitted and these larger areas were considered to be
excessive., The suggestion that all cellars be
sprinklered was considered too stringent. This
suggestion was rejected.
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After considerable discussion, it was agreed that
the Articles in Subsection 3.2.2. should be revised to
require that all basements and cellars be subdivided
into areas not exceeding 5000 square feet or be
sprinklered.

At this point, no specific rationale was provided in choosing 5,000 square feet as the limit. However, later
Committee discussions provided some rationale for this value.

Minutes of the Fourth Meeting of the Coordinating Committee of the Standing Committee on Use and
Occupancy in Preparation for the 1977 Code

May 1 and 2, 1975

The Minutes of the Fourth Meeting of the Coordinating Committee of the Standing Committee on Use
and Occupancy for the Preparation of the 1977 Code proposed and accepted changes to the area limits,
requiring sprinklers where basements exceeded 5,000 square feet in area. The reasoning was that open
floor areas greater than 5,000 square feet were considered too large for effective firefighting, and area
greater than this was considered to be beyond the capability of most fire departments. Additional
changes were proposed and accepted for other occupancies. These changes were made to the basements
of all occupancies. The following is an example for a Group A, Division 1 occupancy [185]:

EXISTING REQUIREMENT

Group A, Division I,
Any Height, Any Area
A22.001) A building classified as Group A, Division | shall conform to Sentence
{2) provided the buililing
(a) s not bmited in building heipht, and
) is not imited in buildimg area.

(2) The building shall be of honcombustible conriruction, and

(2) basements and ccllars shall be subdivided by a 2-hr tion in
mot exceeding, 10,000 sq ft (930 m). of they :I:I:!] b:.-r,mn.i.kﬁr’ "‘f:f 1o areas

() :ﬁ ?mhlu:s immediately above basements or cellars shall be a 2-hr fire

Farion, ' " I
(c) floor assemblics immediately above crawl spaces shall have a I-hr Jore-
 Pesisiance rating, except that this requirement is waived if the crawl space is
- subdivided by a I-hr fire separarion into areas not exceeding 10,000 sq it (930
m?), or they are sprinkfered (see Article 3.2.2.3.),

(d) other floor assemblics shall be a 2-hr fire separaiiom,

(¢) balconies and mezzanines shall have 2 I-hr fire-resisiance rating,

1] excepl as provided in Clause (g), roof assemblies shall have a 1-hr fire-
resistance rating, but this requirement is waived where every part of a roof
assembly is 20 f1 (6.1 m) or more above the main fleor or balcony and carres
no leads other than normal roof loads. including access walks and vennlalng,
sound and similar Equipment, -

(g} the restriction in Clause (1) concerning minimum distanee shall not apply 1o
(i) an inclined and stepped floor ascending fram the main oor, and which is

used for seating purposes only,
(ii) a balcony used for scating purposes only, or
(iii) 3 wolkway used only as a means of egress, and
(h) all loadbearing walls, columns and arches shall have a fire-resisiance rating al
least equivalent 1o that required for the supported assembly bul in no case
should there be a fire-resistance raving of less than | hr.
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PROPOSED CHANGE

In the second line of Clause (2)(a), and the third line of
Clause (2)(c), change "10,000 sq ft (930m)" to read "5,000
sq ft (465m2)".

REASON

Open areas greater tham 5,000 sq ft are considered too large
for effective fire fighting.

Committee Actionm:

Mr. Richardson reported that Mr. J.T. 0'Hagan, Fire Commissioner,
City of New York, had stated that fires in uncompartmented areas
larger than 5000 square feet are beyond the capabilities of most
fire departments. He also stated that the City of New York
requirements for uncompartmented areas are 7500 square feet.

Minutes of the Seventh Meeting of the Coordinating Committee of the Standing Committee on Use and
Occupancy in Preparation for the 1977 Code

October 8 and 9, 1975

The Coordinating Committee reviewed a memorandum from Mr. J.F. Berndt, Codes and Standards Group,
suggesting some relaxation in the requirements for firewalls based on an interpretation of the NBCC
prepared by the Codes and Standards Group of NRC. The interpretation related to a firewall between a
12-storey office tower and a two-storey office complex with a common garage beneath them. It was
proposed by the designer that the floor slab between the common garage and 12- and two-storey
buildings be considered a “horizontal” firewall. This was not accepted by the local authority. The
interpretation by the Codes and Standards Group was [186]:

that the real purpose of the firewall in this case was to limit
the movement of smoke from the two storey building, through the
garage, into the office tower.

Although the floor slab cannot be considered as a "firewall" as
defined in the NBC, it could provide the necessary structural
stability of a firewall and would appear to serve the purpose

of limiting the movement of smoke. This, of course, is assuming
adequate fire-stopping, vestibules and smoke tight assemblies are
used.

Since it is highly unlikely that fire could spread from one area
to the other, and if adequate air locks were provided I feel that
there should>be some relaxation or exemption in the Code for this
situation.

This same relaxation could also apply to a townhouse development
with the units built on top of a common garage. With proper
vertical firewalls separating the units and a reinforced concrete
floor slab providing a smoke tight fire separation I feel that this
situation should be acceptable.
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Minutes of the Ninth Meeting of the Coordinating Committee of the Standing Committee on Use and
Occupancy for the Preparation of the 1977 Code

January 20 and 21, 1976

Proposed changes to Part 3 of the Code were reviewed at the Ninth Meeting of the Coordinating
Committee of the Standing Committee on Use and Occupancy for the Preparation of the 1977 Code [187].
One of the proposed changes was relative to consideration of a subgrade storage garage being considered
as a separate building. The proposed requirement was as follows [187]:

PROPOSED CHANGE

Add new Article 3.2.1.3. as follows:

"3.2.1.3.(1) Where a storage garage is located below

grade and is connected to 2 or more spatially separated
portions of the same building extending above grade, each
such portion above grade may be considered as a separate
building provided

(a) the building does not exceed 3 storeys in

building height, and

(b) the storage garage is separated from the above—

grade portions by a noncombustible fire separation

having a fire resistance rating of not less than

2 hr."
REASON
To permit portions of above-grade buildings connected by
underground storage garages to be constructed to lesser
structural fire protection requirements.
STAFF NOTE:

The Part 9 Committees are presently studying the problem described
above and it is recommended that the Part 3 Committees wait

until such requirements are written for Part 9 and study them for
passible reference in Part 3, ‘

This proposed change followed from the previous meeting where the interpretation by the Codes and
Standards Group was reviewed relative to firewalls and storage garage separation.
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Minutes of the Eighteenth Meeting of the Standing Committee on Use and Occupancy
April 20 and 21, 1977

The Minutes of the Eighteenth Meeting of the Standing Committee on Use and Occupancy outline a
discussion relative to reconsidering the reduction from the previous Code cycle and firefighting
capabilities [188]:

(7) Sentence 3.2.2.11.(2) - Reduction of Open Areas from 10,000 to 5,000 sq. ft.

Mr. McConnell objects to the reduction of 10,000 s{q. ft to 5, 000 sq ft.
as he is of the opinion that fire fighting techniques have improved and he does
not think that 10,000 sq. ft. is too large for effective fire fighting.

It appears that the main concern is whether the 5,000 sq ft. area is too
small. It was pointed out that the New York Fire Department considered 6,000
sq ft. was the Targest area they could justify for effective fire fighting.
After considerable discussion it was agreed that no action be taken as the
5,000 sq ft. appears adequate.

The reference to 6,000 square feet as the largest area the New York Fire Department could justify for
effective firefighting was used to support not reconsidering this change, and leaving the limit at 5,000
square feet.

The 5,000 square foot limit was further discussed relative to crawl spaces in Part 9 buildings in a letter
from R.H. Dunn, Secretary of the ACNBC to Mr. A.J.M. Aikman as follows [189]:

The 5,000 sq. ft. compartmentation requirement for crawl spaces in basements
in Part 3 was an arbitrary decision based on the information that was available.
The Part 9 Committees did not consider an extension to 6,000 sq. ft. as greatly
affecting the fire safety of the building. The separation of basements and
crawl spaces into smaller areas is reuuined to enable firefighters to contain
a fire more easily since firefighting from outside the building is limited, if
not impossible in some situations.
Minutes of the Fifty-Ninth Meeting of the Associate Committee on the National Building Code
May 3 and 4, 1977

The Fifty-Ninth Meeting of the Associate Committee referenced the metric conversion of the areas in
Subsection 3.2.2. of the Code [190]:

In converting the
requirements for heights and areas of buildings, for example, one square
metre was assumed to be equivalent to ten square feet. This greatly sim-
plified the conversion of the many Tables of heights and areas in the Code
and is considered sufficiently accurate for its purpose.

8.10 1980 NBCC

The changes to the height and area limits in the 1980 National Building Code (1980 NBCC) were limited
to minor revisions as noted below:

o Area requirements listed in tables/text in rounded metric (small increase from previous
maximum areas due to conversion — new metric area values were 1/10 of previous imperial area
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values whereas conversion factor was 1/10.76. This is the same conversion as in the Metric Values
table for the 1977 NBCC).

o “or be a combination thereof” deleted from the general statement in most Subsection 3.2.2.
Articles that “All loadbearing walls, columns and arches supporting an assembly required to have
a fire-resistance rating shall have a fire resistance rating of [value]/be of heavy timber
construction or shall be of noncombustible construction or be a combination thereof”. This
change was editorial to clarify intent.

o Group E, up to 6 storeys (Article 3.2.2.35.): ‘Sprinklered’, which was added to title in the 1977
NBCC, was removed. Added a clause allowing buildings to be unsprinklered if not more than 3
storeys and not more than 1,500 sq. metres in size (reversing changes in 1977 NBCC).

e Group F, Division 3, Storage garages up to 22 m in Height (Article 3.2.2.50.): Added “between
grade and the ceiling level of the top storey” to the requirement of not more than 22 m in height.

In addition to the changes noted above, additional changes were made as noted in the following section
of this report.

Minutes of the Fifth Meeting of the Revision Subcommittee of the Standing Committee on Use and
Occupancy

November 28 and 29, 1977

The Fifth Meeting of the Revision Subcommittee considered spatially separated buildings above a
connected storage garage as separate buildings to be incorporated into the firewall requirements as
shown below [191]:

EXISTING REQUIREMENT

3.1.8.1. (6) Every firewall shall extend from the ground continuously through all sioreys
of a building or buildings so separated.

PROPOSED CHANGE

Add at the end:
"except that where a firewall Is located above a basement containing
only a storage garage separated from the remainder of the

building by a noncombustible fire separation having a fire-

resistance rating of at least 2 hr., the firewall may termimate

at the floor assembly immediately above the storage garage."
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REASON

To extend the principle in Article 3.2.1.3. to case where
firewalls separate portions of buildings. In effect, the 2
hr. assembly above a parking garage is treated as a "horizontal

firewall".

COMMITTEE ACTION

Accepted.,

As noted in the reason for the change listed above, the 2-hour rated assembly above the parking garage
was considered as a “horizontal firewall”. This proposed change followed a change to the 1977 NBCC
permitting a storage garage to be considered a separate building outlined in Section 8.9 of this report.

Minutes of the Twentieth Meeting of the Standing Committee on Use and Occupancy
November 22 to 24, 1978

The change to the firewall requirements noted above were revised and approved during the Twentieth
Meeting of the Standing Committee on Use and Occupancy [192]:

EXISTING REQUIREMENT

3.1.8.1. (8 Every firewall shall extend from th )
ofa hfrﬁqqumé,:oﬂpg..ﬂm the ground continuously through all .ifwr_,l:'l

PROFOSED CHANGE

Add at the end:

"except that where a firewall is located above a basement comtaining

0 occupancy other than hat is .
_a_m‘gcr_mlge garageV¥ieparated from the remainder of the

f reinforced concrete
building by a sensembustible fire separal::l.un_hmring a fire-

resistance rating of at least 2 hr., the firewall may terminate
at the floor assembly immediately above the storage garage."
REASON
he
To extend the principle in Article 3.2.1.3. tnfcnse where

firewalls separate portions of huildin\:g,s. In effect, the 2

hr. assembly above a parking garage is treated as a "horizontal

firewall".
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STAFF NOTE: This change was approved by this Committee at
the last meeting. See attached change proposed
by the Part 9 Committee amending this revision
(Appendix c-%h

Committee Action

hecepred as amended above

A similar change made to Part 9, was also reviewed during this meeting [192]:

EXISTING REQUIREMENT

HONE

PROPOSED CHANGE

Add new Article 9.10.11.9. as follows and renumber the remaining

Articles.

"9.10.11.9. Firewalls located above a basement containing

only a sr.orage_ garage that is separated from the remainder of

Lerncacle
the building by a fire separation of

having a fire-resistance rating of at least 2 hr may terminate

at the floor assembly immediately above the storage garage."

REASON

A 2 hr assembly above a parking garage performs adequately

as a "horizontal firewall".

Conforms to proposed changes to Seitence 3.1.8.1.(6).

Minutes of the Twenty-First Meeting of the Standing Committee on Use and Occupancy
May 7 and 8, 1979

A proposal reviewed in the Twenty-First Meeting of the Standing Committee on Use and Occupancy,
related to changes to the definition of grade and implicated location of the first storey and limits on
building height, noted limited understanding of the rationale for establishment of those limits [193]:

The Committee noted there had been sufficient adverse comment
on the existing definition to warrant the proposed change.

The revision was intended to prevent known abuses of the
present lToophole in the existing requirement in the 1977

Code. The building height of the majority of buildings will
not be affected by the proposed change. By way of background
information it was noted that it has been the convention of the
Code for years to establish 1imits of heights and areas but

the rationale for establishing these 1imits has never been
defined. It was therefore AGREED that no action be taken.
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1985 NBCC

The changes to the height and area limits in the 1985 National Building Code (1985 NBCC) were limited
to the revisions as noted below.

Floor assemblies over basements (Article 3.2.1.4.): Added general requirement, “Floor assembly
above a basement must be constructed as a fire separation having a fire-resistance rating
conforming to floor assembly requirements of 3.2.2.9 to 3.2.2.53, but not less than % hour”.
(Specific basement floor assembly requirements were listed in 3.2.2.9 to 3.2.2.53).

Added general requirement for loadbearing walls/columns to have rating at least equivalent to
assembly they support (requirement was previously listed in each 3.2.2.9 to 3.2.2.53 classification

group)

Crawl spaces as basements (Article 3.2.2.3.): Floor assemblies over crawl spaces not required to
be constructed as fire separation and not required to have fire-resistance rating if it is not
considered a basement in conformance with Article 3.2.2.3.

Roof Occupancy (Article 3.2.2.6): Added requirement for portion of roof supporting a roof-
occupancy to be in conformance for fire separation requirements for floor assemblies.

Heavy timber roofs permitted (Article 3.2.2.8.): Added a provision permitting roof assemblies in
buildings up to 2 storeys to be heavy timber regardless of building area provided the system is
sprinklered/monitored.

Group B, Division 2, up to 3 storeys, sprinklered, noncombustible construction (Article 3.2.2.25.):
New Article added, did not exist in the 1980 NBCC.

Group F, Division 3, any height any area (Article 3.2.2.53.): Added an exception permitting 2-hour
floor assembly to be reduce to 1-hour in open-storey storage garage.

In addition to the changes noted above, additional changes were made as noted in the following sections
of this report.

Minutes of the First Meeting of the Task Group on Covered Malls and Public Concourses of the Standing
Committee on Use and Occupancy

January 30, 1980

The First Meeting of the Task Group on Covered Malls and Public Concourses noted that in preparation
of the 1977 and 1980 Editions of the Code, the Part 3 Committee questioned [194] the validity of the
“mall” concept and associated requirements developed in the 1970 NBCC. As an example of the concern,
it was noted that a combustible building could be built of unlimited size if a sufficient number of 30-ft.
malls were provided. Relative to height and area limits, the following concerns were expressed [194]:

The validity of permitting a structural trade-off for buildings connected by a 30-ft. covered mall.
Fuel loads were permitted within mall areas, increasing the potential for fire spread by means of
leapfrog from one side of the mall to the other.

The structural tradeoff waiving a 1-hour rating for the roof where 20 ft. above the floor and for
sprinklered floor areas. Sprinklers also permitted the use of heavy timber roof assemblies.
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Minutes of the Second Meeting of the Revision Subcommittee A of the Standing Committee on Use and
Occupancy

April 16 and 17, 1980

The Minutes of the Second Meeting of Revision Subcommittee A of the Standing Committee on Use and
Occupancy summarized discussions permitting combustible roof assemblies on buildings required to be
of noncombustible construction, which had been rejected in the 1980 Code. The following summarizes
the reason for rejection in the previous code cycle and suggestions for acceptance, including firefighting
considerations [195]:

As noted at the last meeting, the reason why the Standing Committee rejected
this change for the 1980 Code was that it was considered to be a major change
in Code philosophy related to noncombustible buildings and that it was
premature to recommend such a requirement for inclusion in the Code without
considering such aspeckts as limitations on height and also whether
combustible material should be permitted on the top of non-combustible
buildings.

After considerable discussion, the consensus of this Committee was that since
this is now a wuniversal problem which appears to deserve special code
consideration, that additional requirements should be added.

It was therefore Moved and Seconded to accept in principle the reguirements in
Appendix C which had previously been rejected for the 1980 Code with
additional amendments at this meeting as moted in the Appendix.

It was suggested that this type of construction apply to buildings of 60 ft.
m._i:-:jimn height, as it may be Aifficult for fire fighters in the event of a
fire if the height exceeds 60 ft. It was noted however there should be
adequate roof access from the interior of the building. A vote on limiting
the height to 60 ft was therefore defeated. It was agreed however that DER be
remasl:ed_l:n examine the code reguirements to determine if access for fire
fighters is provided in buildings over 3 storeys in building height.

As noted above, the result of the discussion was that combustible roof assemblies were permitted where
interior access was provided to the roof. This was considered adequate to address the risk of height for
firefighting involving a potential roof fire.

Minutes of the Third Meeting of the Task Group on Covered Malls and Public Concourses of the
Standing Committee on Use and Occupancy

September 9, 1980

The Third Meeting of the Task Group on Covered Malls and Public Concourses summarized the proposed
changes up to the time of the meeting [196]:

Present Concept Proposed for the 1985 Code
Portions of a building which The separate building
contain a 30' wide covered mall concept is no longer valid.
may be considered as separate The mall will be treated
buildings like a public corridor with

more stringent construction
requirements except that
heavy timber construction
will be permitted for all
roofs if the building is
‘sprinklered
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A roof in a 1 or 2 storey mall may be Ratings are to be relaxed
unrated if it is sprinklered and the for rated roofs in any size
mall is 20" high building if it is
sprinklered
No occupncy is assumed in the mall The mall has a mercantile
occupancy and occupant
load

In addition to permitting unrated roofs, heavy timber was proposed to be permitted as part of the roof
assembly where the building was fully sprinklered. The new concept, as outlined above, did not permit
portions of a building to be considered as separate buildings.

Minutes of the Twenty-Seventh Meeting of the Standing Committee on Use and Occupancy
October 14, 15 and 16, 1981

During a review of Subsection 3.2.2. in the Twenty-Seventh Meeting of the Standing Committee on Use
and Occupancy, the following was noted specific to basements and crawl spaces [197]:

The use of the phrase "shall be of combustible or noncombustible
construction" appeared to cause confusion and it was agreed that the use of
this phrase be reviewed for the 1985 Code for simplification of the
requirements.

This issue was not addressed in the remainder of the 1985 Code cycle. However, it was addressed again
during the 1990 Code cycle, and will be discussed in more detail in Section 8.12 of this report.

Minutes of the Twenty-Seventh Meeting of the Standing Committee on Housing and Small Buildings
June 28, 29 and 30, 1982

A change to the definition of grade in the 1980 NBCC resulted in confusion regarding its application to
buildings located on sloping sites when determining building height [198]. This was particularly
problematic in the early 1980’s in British Columbia where the Building Code Appeal Board had received
several requests for interpretation and application of the definition of grade for determining first storey
and building height on sloping sites. As a result of the number of requests, the BC Building Standards
Branch sent a letter dated April 15, 1982 to the Codes and Standards Group at NRC, seeking an
interpretation.

The definition of grade at that time was as follows [199]:

Grade (as applying to the determination of building height) means the lowest of
the average levels of finished ground adjoining each exterior wall of a
building, except that localized depressions such as for vehicle or pedestrian
entrances need not be considered in the determination of average levels of
finished ground. (See Storey, first.)

The maximum building height for residential buildings of combustible construction in the NBCC and BCBC
at this time was 3 storeys, and depending on building area, could be designed and constructed in
accordance with Part 3 or Part 9.

The BC Building Standards Branch provided examples to illustrate the problem [197]. The first example
was a 3-storey building on a flat site that could be built under Part 9 of the Code. The second example
was the same building, but located on a sloping site and composed of 5 parts (see diagram below). Each
part of the building was only 3 storeys, but with increasing slope was offset vertically from the adjacent
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part by a storey (stepped). Application of the definition of grade to the stepped building resulted in the
building being considered 7 storeys in building height, which would require that it be built [197]:

e under Part 3,
« of noncombustible construction, and

« in conformance with Subsection 3.2.6. (High Building Requirements)

@
RULDING cOTUVE @
..... —
i) e,
— /@
- _t /© ‘l— No. OF =rereys By .
- — —  PEFRATION MsTDREY, FIRST
LT ® [ 1
—"® Lemsrive coass
ol

5 NEW BEAPE
_]\— EST AVG. GRRADE AS .

I PEFIMED B W, VAW

A letter from A.T. Hansen, Head of the Technical Section of the Codes and Standards Group, NRC dated

May 6, 1982 was prepared in response to the BC Building Standards Branch request for interpretation
indicated that [197]:

o The identified problem is not new, just magnified with the change of definition of grade.

o The specific objectives of limiting height and area have not been defined satisfactorily to express
the requirements in performance terms to apply to this case. See the excerpt below:

The specific objectives for limiting helghts and areas have not been
satisfactorily articulated to my knowledge. There is a general
appreciation that the extent of potential damage from fire in combustible
buildings is greater than with non-combustible buildings. The degree

to which escape, rescue, or fire fighting operations might be affected
by the combustibility of the building could also be a factor in limiting
the size of combustible buildings. Not having clearly defined objectives
in establishing height and area limits, however, makes it difficult to

express the requirements in performance terms to achieve the perceived
objectives.

o The example identified by the BC Building Standards Branch could be considered as a staggered
3-storey row house.

If the example building had roadway frontage for all of the parts, it could be considered separate
properties (i.e., 1-hour separation between units, with any exterior wall portion constructed as a
%-hour separation without openings and with noncombustible cladding).
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o Since the centre units of the example building do not have road access and a common roof, they
can not be considered as comparable separate properties, and a firewall may be the only feasible
trade-off.

Note that the row house suggestion and associated 1-hour fire separation requirement identified
between residential units was permitted in Article 9.10.11.2. of Part 9 of the 1980 NBCC as an alternative
to the provision of a firewall. The requirement was as follows [199]:

Party walls 9.10.11.2. In a building of residential occupancy in which there is no dwelling unit
between above another dwelling unit, a party wall on a property line between dwelling units
dwelling units need not be constructed as a firewall provided it is constructed as a fire separation

having not less than a 1 h fire-resistance rating. Such wall shall provide continuous
protection from the top of the footings to the underside of the roof deck. Any
space between the top of such wall and the roof deck shall be tightly sealed by
caulking with mineral wool or noncombustible material.

This provision existed in Part 9 of the NBCC since the 1970 Edition, Supplement No. 5 to the 1960 and
1965 NBC, and the 1950 “Code for Dwelling Construction for Buildings Housing One or Two Families,”
which required the following [200]:

16. Separation of Dwelling Units
The walls, floors, or ceilings, which separate two dwelling units
shall conform to the following provisions.
(i) A party wall shall extend from the footings to the under-
side of the roof boarding.
(ii) No opening shall be made through such separation.

(iii)) Such separation shall have a fire-resistive rating of not
less than one hour in accordance with Article 25.

(iv) No combustible party wall or common wall shall extend
below the first storey.

The issue raised by the BC Building Standards Branch was discussed at the Twenty-Seventh Meeting of
the Standing Committee on Housing and Small Buildings. The Committee noted that there would always
be designs that would represent special cases requiring discretional interpretation, and agreed that no
action be taken.

Minutes of the Tenth Meeting of the Revision Subcommittee A of the Standing Committee on Use and
Occupancy

August 10 and 11, 1982

The issue raised by the BC Building Standards Branch was again discussed at the Tenth Meeting of the
Revision Subcommittee A of the Standing Committee on Use and Occupancy [201]. The Committee noted
that it was not possible to provide a definition of grade that would be adequate in all cases and agreed
that the definition not be changed. It was also recommended that the proposed issue could be addressed
through the development of an equivalency on a case-by-case basis.

Minutes of the Thirty-Third Meeting of the Standing Committee on Use and Occupancy
March 7, 8 and 9, 1983

Several letters to the Codes and Standards Group, NRC in January and February of 1983 noted the
continued concerns in BC with the definition of grade resulting in increased cost of construction and
recommended a revised definition of grade be added to the Code on an emergency basis. A letter from

Sereca Consulting Inc. 912046 Building Size Limits | March 19, 2015



Page 153 of 202

A.T. Hansen, Head of the Technical Section of the Codes and Standards Group, NRC dated February 4,
1983 responded to these letters with the following considerations [202]:

e The proposed definition of grade may be difficult to interpret and apply.

o Another approach would be to consider the case of a row house which is completely divided by
a fire separation, each subdivided section could then be considered as a separate building for the
purpose of determining building height of each segment.

The issue outlined above was discussed at the Thirty-Third Meeting of the Standing Committee on Use
and Occupancy. The Committee did not consider that the problem applied to Part 3 buildings. It was
agreed that no action be taken for Part 3. The Committee reviewed the proposed change to Part 9 relative
to this issue and suggested revisions, which are shown below [202]:

9.10.2. PROFOSED CHANGE

idd new Article 9.10.2.4.:

0,10.2.4, Yhen 2 building is completely divided by vertical
fire separations having a fire-resistance rating of at least . .
T, that extend through aTl storoys anc service spaces, 50 that there 1o
W aeiess behoew geach divided portion is permiTied to be considered as a
e \.‘:dr\w:-_ﬂ\f ﬁenuram birilding for the purpose of determining building

Aoided Pq.'!nm'f‘j.} {Eﬂﬁ, ;u'f’c?ﬁﬁc_n'__ﬂl: is not more than 3 storeys in buiTding

REASON

The present definition of grade can result in 3 storey )
townhouse projects constructed on sloping sites classified
as being more than 3 storeys in building height.

STAFF NOTE

This Article would be placed in proposed new Subsection
9.10.2. "Building Size Determination”.

Minutes of the Twenty-Eighth Meeting of the Standing Committee on Housing and Small Buildings
March 22 and 23, 1983

The issue related to the interpretation of grade relative to sloping sites was discussed at the Twenty-
Eighth Meeting of the Standing Committee on Housing and Small Buildings [203]. The Committee
discussed the implications of the proposed change (i.e., subdivided sections of the building) and whether
this type of construction presents risks which warranted the suggested “relaxation”. It was agreed that a
1-hour separation was adequate since it was basically the same as if it were built on the flat where it
would pose no problem. A new Article was proposed, and is included below [203]:
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For the purpose of determining

Add new Article 9.10.2.4. /

9.10.2. d ?ﬂhen a hu1ld1ng is completely divided by vertical
fire separattnrs having a fire-resistance rating of at least
T h, that extend through alT sforeys and service spaces,
gach divided portion is permitied o be considered as a
separate building for-the-purpese—of determining- building
haight, provided it is not more than 3 storeys in building
RETght. when = storage garage in a basement is se atated form
the remainder of the building in conformance withphrticle
9,10.5.2., the wertical separatioen may terminate at the floor
REASON assgembly immediately above the storage garapge.

The present definition of grade can result in 3 storey
townhouse projects constructed on sloping sites classified
as being more than 3 storeys in building height.

STAFF NOTE

This Article would be placed in proposed new Subsection
9.10.2. “Building S5ize Determination”.

Committee action
AE[.rnv-Ed a5 amended.

Minutes of the First Meeting of the Revision Subcommittee A of the Standing Committee on Use and
Occupancy for the 1990 Code

October 4, 1983

A letter from Mr. J.A. Cran of the Canadian Steel Construction Council to the Secretary of the Associate
Committee on the National Building Code recommended an emergency change to the requirements for
air-supported structures suggesting that they be classified as combustible construction conforming to the
requirements of Section 3.2 of the NBCC. The concern was that air-supported structures would have an
unwarranted advantage over other types of construction. The rationale in the commentary to exclude
air-supported structures from Subsection 3.2.2. was not considered valid [204]:

The "Commentary on Part 3...." goes on to suggest that this concession is acceptable for
air-supported fabric construction becouse interior walls, mezzanines, intermediate
floors, or similar constructions are not permitted in the building. Yet a building of
similar height and area, also without these interior constructions, but of either
combustible or non-combustible construction would, however, hnve to. comply with
section 3.2, A more inequitable situation is hard to nrnngme‘

The preceding comments are not intended to be a criticism of the new "Commentary on
Part 3....". The commentary is, as we understand it, simply a synopsis of the thinking of
the Standing Committee on Use and Occupancy at the time when provisions for tents and
air-supported structures were first introduced into the Code in 1970, The development
of air-supported fabric structures since then, however, has been such that they are no
longer used as an alternative to a tent. Therefore, the MNBC 80 provisions are
inadequate. This is borne out by the fact that we understand that the present Standing
Committee on Use and Ocecupancy turned down a proposed change for MBC 8BS that would
have specifically stated that air-supported fabric structures need not be constructed in
conformance with section 3.2,

Sereca Consulting Inc. 912046 Building Size Limits | March 19, 2015



Page 155 of 202

The situation, of course, would not have arisen if one of the basic concepts of the Code
had not been disregarded in the first place. That concept is that all forms of
construction be classified as either combustible or non-combustible and the provisions of
the Code, particularly section 3.2, be applied accordingly. To allow a new type of
construction fo be exempted undermines the whole basis of the Code with respect to
combustibility and structural fire protection.

It was agreed to add an Appendix Note to the Code identifying the limited intent of the requirements for
air-supported structures and that they were not intended to cover roof assemblies in covered stadia.

Minutes of the Twenty-Ninth Meeting of the Standing Committee on Housing and Small Buildings
February 7 and 8, 1984

A letter from R.J. Desserud, Technical Advisor, Standing Committee on Housing and Small Buildings and
J.B. Berndt, Technical Advisor, Standing Committee on Use and Occupancy, NRC dated February 4, 1983
to J.K. Summers, Acting Secretary, Standing Committee on Use and Occupancy, NRC noted differences
between Parts 3 and 9 of the NBCC [205]. This letter was reviewed at the Twenty-Ninth Meeting of the
Standing Committee on Housing and Small Buildings and the following excerpt noted the potential
problems that could arise as a result of Part 9 addressing determination of building height on sloped sites,
but not Part 3 [205]:

An additional difference to those described 1n the attached memorandum,
between the proposed revisions to Part 3 and Part 9 (Second Series) was
discovered recently. A new requirement is proposed to be added to Part 9
(9.10.5.4,) that will permit portions of a building separated by a
vertical fire separation to be considered as separate buildings for the
purposes of determining building height. This was done to accommodate
combustible buildings on sloping sites on the basis that each divided
portion does not exceed 3 storeys. Part 3 has not incorporated such a
requirement.

The user of the Code will thus be faced with a dichotomy. Part 2 of the
Code establishes the application of Parts 3 and 9 to buildings, in part,
on the basis of building height and building area. In terms of -
establishing building area the Code user would have 2 sets of
requirements; 1f he looks at Part 3, the building becomes a 4, 5 or even
6 storey building and must be constructed of noncombustible construction;
if he looks at Part 9, the building 1s a 3 storey buflding that can be
constructed entirely of combustible materials.

To avoid problems related to the determination of building area, new
Subsection 2.1.5. was added in 1983 to clarify that a firewall creates 2
buildings throughout the Code. It would seem reasonable to use the same
philosophy with respect to the determination of building height; in other
words to incorporate this type of requirement in Part 2 for general
application throughout the Code.

In discussing this question the Part 3 and Part 9 Committees should
recognize that the height of a building in storeys affects requirements
other than combustibility. For example, it is used to:

- rate fire doors,

establish temperature rise 1imits on certain exit fire doors,
determine the need for fire alarm systems,

establish fire department access routes,

require standpipe and hose systems, and

establish the width of certain exit stairs.

I O O |
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Would you please bring this letter to the attention of your respective
Standing Committees prior to completion of work for the 1985 NBC.

Public comments relative to new Article 9.10.2.4. were reviewed. Most of the comments indicated that
Article 9.10.2.4. had been misinterpreted by those commenting, and it was agreed to add an appendix
note providing clarification. In addition, as noted below and following the excerpt above, the Part 3
Committee agreed to include a similar requirement [205]:

Article 9.10.5.4., page 43
It appeared to the Committee that the intent of the relaxation was
being misinterpreted. It was therefore apreed to add a note to the

Appendix (see pages 47 and 43} including diagrams to illustrate the
application of the Article and to clarify that this relaxation
applies to the determinatiom of building height only.

SECRETARYS' NOTE:

At a subsequent meeting, Part 3 agreed to include a similar
requirement with revisions. A revised action sheet was therefore
included in a special letter ballot to Part 9.

The proposed requirement and new appendix note relative to the determination of building height for
buildings on sloped sites are included below [205]:

9.10.5. PROPOSED CHANGE DBA

Add new Article 9.10.5.4.:

9.10.5.4. For the purpose of determining building height,
when a building is completely divided by vertical fire

separations having a fire-resistance rating of at Teast 1 h
that extend through aTT storeys and service s aces, each
divided portion is perm be c_‘iT‘d'Lons ered as a separate
building provided it is not more than 3 storeys in buildin
hel 'h't‘j'. Where a storage garage in a basemen% Ts separate
rom the remainder o uilding in conformance with
Article 9.10.5.2., the vertical separation may terminate at

the floor assembly immediately above the storage garage.
e oped ) ‘“‘

The present definition of grade can result in 3 storey
townhouse projects constructed on sloping sites classified
as befng more than 3 storeys in building hefght.

This Article would be placed in proposed new Subsection
9.10.5. "Building Size Determination."

STAFENOTE K

An Appsndix note claritying The rquremenT
was added a{"l’u‘anwwo paHtt. Coviment.
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Appendix PROPOSED CHANGE
A

e BE
Add new Note:

A-9.10.5.4. BUILDINGS ON SLOPING SITES

Appliction of the definition of grade to stepped buildings
on sloping sites often results in such buildings being
designated as being greater than three storeys in building
height even though there may be only two or three storeys at
any one location. The diagrams below illustrate the
application of Article 9.10.5.4. compared to a similar
building on a flat site.

Under Article 9.10.5.4. building A can be considered as
being 3 storeys in building height instead of six storeys in
building height. Both building A and building B are
comparable in view of firz safety and egress.

This relaxation applies to determination of building height

only. All other requirements continue to apply as
appropriate.

REASON

Clarification of requirement
STAFF NOTE:

o o B i

E m?lam'\'nmi note added 64 a reault of
reulaw of public Lommenl .

"
“G.aanr: Eof EACIY STEPPED
PeRTION

N the FIRE SEPARATION .
AT EALH
sTePPED

PoRToN
BUILDING A
, GRADE EoR, BNTIZE
TBuicbing .
1,
BUlLDIN 6 * £
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Minutes of the Thirty-Seventh Meeting of the Standing Committee on Use and Occupancy
February 14, 15 and 16, 1984

The addition of Article 9.10.5.4. to Part 9 was discussed at the Thirty-Seventh Meeting of the Standing
Committee on Use and Occupancy [206]. It was noted that the proposed change had been discussed at
the 33 Meeting of the Standing Committee on Use and Occupancy and it was agreed at that meeting
that a similar requirement was not necessary for Part 3. That decision was reconsidered at this meeting.

A motion to accept the principle of Article 9.10.5.4. was agreed after considerable discussion and drafted
as Article 3.1.1.4., but with the following exceptions [206]:

a) it applies only to residential occupancies,

b) fire fighters travel distance be limited to 45 m, and

c) access through the vertical fire separation other than onto an adjacent roof be prohibited.
It was further recommended that [206]:

o the change be included in the 1985 NBCC on an emergency basis,

o the Part 9 requirement be revised accordingly for consistency, and

o arecommendation be made to the ACNBC that the requirement be included in Part 2 since it was
common to Parts 3 and 9.

o It was noted that including the requirement in Part 2 “would be consistent with the inclusion of
new Subsection 2.1.5. which was added in 1983 to clarify that a firewall creates 2 buildings
throughout the Code.”

The proposed new Article 3.1.1.4. was as follows [206]:
3.1.1. PROPOSED CHANGE EBB

Add new Article 3.1.1.4.:

3.1.1.4.(1) Except as permitted in Sentence (2), where
portions of 2 building are completely separated by a
vertical fire Separaticn that has a fire-resistance rating
of at least T h, extends through all storeys and service
spaces, and terminates at the underside of the roof of the
uppermost storey of the separated portions, each separated
partion is permitted to be comsidered as a separate buildin
for the purpose of determining building height prnﬂﬁﬁi’_ﬂ

(a) each separated portion is not more than 3 storeys
in building height and is used only for
residential occupancies,

(b} the unobstructed path of travel for the fire
fighter from the nearest street to one entrance of
each separated portion is not more than 45 m, and

(c) there is no pedestrian access through the vertical
fire separation other than to a roof area.
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(2) The vertical fire separations in Sentence (1) may
terminate at the floor assembly immediately above a basement
provided the basement is located completely below the adjoining
finished ground, 75 used primarily as a storage garage and is
separated from the remainder of the building by a Tire separation
cenforming to Article 3.2.1.3. -

REASON

The present definition of grade can result in the
classification of 3 storey townhouse projects constructed on
sloping sights as being more than 3 storeys in building height.
This proposed change allows for separated 3 storey portions of
such a project to be considered as separate buildings for the
purposes of determining building height thus the overall
project would be considered as a 3 storey building.

) This proposed change s considered to be of an emergency nature
R in that it is needed to alleviate an undue hardship on the
construction industry.

Minutes of the Seventy-Second Meeting of the Associate Committee on the National Building Code

May 29 and 30, 1984

The Seventy-Second Meeting of the Associate Committee reviewed responses to Letter Ballot Nos. 167
and 168, which included consideration of the new building height determination requirements as an
emergency change and their respective transfer from Parts 3 and 9 to Part 2 [207].

Following review of the responses to the Letter Ballots, the Committee agreed that the proposed Article
3.1.1.4. be approved for inclusion in the 1985 NBCC on an emergency basis, and that the corresponding
Part 9 requirement be revised to be consistent with Part 3. It was further agreed that the requirement be
added to Part 2 of the NBCC rather than Parts 3 and 9, and that Clause 3.1.1.4.(1)(c) be excluded from the
change.

The final version of the requirement, with minor revisions, was included as Sentence 2.1.6.2.(1) and
corresponding appendix note in the 1985 NBCC, as shown in the excerpt included below (Appendix
diagram not included) [208]:

2.1.6.2.(1) Except as permitted in Sentence (2), where portions of a building
are completely separated by a vertical fire separation that has a fire-resistance
rating of at least 1 h and extends through all storeys and service spaces of the
separated portions, each separated portion is permitted to be considered as a
separate building for the purpose of determining building height provided
(a) ecach scparated portion is not more than 3 storeys in building height and
1s used only for residential occupancies, and
(b) the unobstructed path of travel for the fire fighter from the nearest street
to one entrance of each separated portion is not more than 45 m.
(See Appendix A.)
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A-2.1.6.2.(1) Buildings on Sloping Sites. Application of the definition of grade to step-
ped buildings on sloping sites often results in such buildings being designated as being greater
than 3 storeys in building height even though there may be only 2 or 3 storeys at any 1 location.
The diagrams below illustrate this application compared to a similar building on a flat site.
Under this Sentence, Building A can be considered as being 3 storeys in building height instead
of 6 storeys in building height. Both Building A and Building B are comparable with regard to
fire safety and egress.

This relaxation applies to the determination of building height only. All other requirements
continue to apply as appropriate.

This requirement has remained unchanged, other than reference numbering, to the current Sentence
1.3.3.4.(2) of the 2010 NBCC.

8.12 1990 NBCC

The 1990 edition of the National Building Code (1990 NBCC) incorporated changes to the “boxes”
including an examination of types of construction, area and height increases for Group C (residential)
buildings and an exemption for roof rating for arena type buildings. These changes are discussed in more
detail in the following sections of this report.

Minutes of the Second Meeting of the Standing Committee on Fire Protection
September 17, 18 and 19, 1985

DBR staff reviewed all actions of the Standing Committee on Use and Occupancy that did not appear to
be completed during the 1985 Code cycle. As part of this review, the following was identified and added
to a list of action items [209]:

Minute Action By

27.8(7)(a) Structural Requirements ' DER
In Subsection 3.2.2., examine the
requirements for loadbearing walls, columns

and arches for possible consolidation and
simplification.

27.8(7)(e) Combustible & Noncombustible Construction
Review the use of the terms combustible
and noncombustible construction in the
Code for possible simplification
(Subsection 3.2.2.).

8.26 Combination of Combustible
Construction in Subsection 3.2.2.
Clarify that the permission for
combinations of combustible and noncombustible
construction applies to individual components
of an assembly such as a wood deck on steel
joists as well as to the combination of major

- building materials such as a wood roof assembly

on steel columns.

Committee Action

It was noted that a Committee Paper is

currently under preparation. It is not,

however, expected to be completed until some
time next year. At that time, it will be brought
to the Committee for consideration.
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Minute Item 8.26 above was identified in the previous Code cycle, as described in the previous section
of this report in a summary of the Minutes of the Twenty-Seventh Meeting of the Standing Committee
on Use and Occupancy.

Minutes of the Seventh Meeting of the Standing Committee on Fire Protection
May 20, 21 and 22, 1987

Outstanding actions for the Standing Committee on Fire Protection included an update of the
“Combination of Combustible Construction in Subsection 3.2.2.” item as follows [210]:

8.26 Combination of Combustible Construction in Subsection 3.2.2.

Clarify that the permission for combinations of combustible and
noncombustible construction applies to individual components of an
assembly such as a wood deck on steel joists as well as to the
combination of major building materials such as a wood roof
assembly on steel columns.

Committee Action

P. Higginson will make a proposal on this subject for consideration at a future
meeting, The ULC fire test committee is currently investigating this subject. It was
the consensus that this action is high priority.

Minutes of the Eighth Meeting of the Standing Committee on Fire Protection
December 1, 2 and 3, 1987

The outstanding action “Combination of Combustible Construction in Subsection 3.2.2.” was addressed
at this meeting in a letter prepared by Mr. Peter Higginson, Chief Engineer, ULC. Higginson notes that
[211]:

The distinction between combustible and noncombu=tible
construction was or _ginally based on a concept t. it distinguished
between construction types that were:

i) Of a limited vs unlimited combustible loading.

ii) Were based on noncombustible vs combustible structural
elements.

As a result of developments in the Codes, there has been a
substantial dilution of the distinction that may be made in terms
of the combustible loading associated with combustible vs
noncombustible construction, and some reduction in the distinction
between the combustibility of structural elements and claddings
permitted in certain instances.

Following this, Higginson recommended a reexamination of the current requirements in Subsection 3.2.2.
to establish a simpler, more rational approach. Rather than define two distinct construction types, he
recommended limiting combustible structural systems to a certain height in storeys and addressing
additional combustible components on a performance basis. The Committee’s review of Higginson’s
letter noted the following [211]:

Sereca Consulting Inc. 912046 Building Size Limits | March 19, 2015



Page 162 of 202

(1) Distinction Between Combustible and Noncombustible Construction

At the seventh meeting (see Min. 7.4, page 29), while reviewing the
outstanding actions from previous meetings and the last code cycle, the
Committee discussed 'Min. 8.26 Combinations of Combustible and
Noncombustible Construction in Subsection 3.2.2.". At that time Mr.

Higginson agreed to develop a proposal on this subject for consideration at a
future meeting.

At this meeting, the Committee considered the response from Mr. Higginson
(Appendix R), in which he points out that there has been a substantial
dilution of the distinction that may be made in terms of the combustible
loading associated with combustible versus noncombustible construction and
that there is some reduction in the distinction of combustibility of structural
elements and claddings permitted in certain instances. He recommends that
there is a need to re-examine the current requirements in Subsection 3.2.2. in
order to assess the value of the concept of combustible versus noncombustible
construction and to determine whether a simpler, more rational approach to
limit the use of building materials having a combustible component may be
developed. Further, he suggests that rather than defining two distinct
construction types and listing exceptions that become increasing convoluted,
it may be more simple to talk in terms of limiting combustible structural
systems in terms of building size, and address the performance requirements
of insulations, claddings, etc. in terms of occupancy and other use
considerations.

In discussion, it was stated that what Mr. Higginson has proposed has merit
but that there is a lot of work that would have to be done as a whole new
philosophy involving the development of a building hazard classification
would have to be undertaken. It was the consensus of the Committee that
this iterh be retained as a high priority item in the list of outstanding actions
although it was acknowledged that this issue is unlikely to be resolved before
the production of the 1990 Code and that the 1995 NBC is a more likely target
date.

Minutes of the Tenth Meeting of the Standing Committee on Fire Protection
March 29 and 30, 1988

A letter from C.R. Thomson, Vice President Codes and Standards of the Canadian Wood Council, dated
December 16, 1987 included several code change proposals [212]. Two of the proposals related to height
and area limits for Group C (Residential) buildings. The first of these proposals related to existing Article
3.2.2.27., which permitted a residential building of combustible construction to be up to 3 storeys in
building height based on the height and area limits included below (twice the areas for a sprinklered
building) [212]:
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Table 3.2.2.E,
Forming Part of Sentence 3.2.2.27.(1
No. of Unsprinkiered Maximum Area. m*

Storeys Facing Facing Facing
1 Streer 2 Streers 3 Streers

1 1 200 1 500 1 800

2 900 1128 ! 350

3 600 750 900

Columm | 2 3 4

The proposal noted that the 1965 NBCC permitted proportioning of existing areas to buildings of the same
major occupancy and construction, but lesser storeys. Using proportioning, Article 3.2.3.27. of the 1965
NBCC allowed a 1-storey, unsprinklered, Group C building, of combustible construction to be 1800 m? in
building area. However, the 1985 NBCC only permitted 1200 m?2, which dated back to the 1970 NBCC. It
was also noted that the original proposal for the 1970 NBCC suggested a maximum area of 1800 m?, which
was subsequently changed with no substantiation.

This proposal was approved by the Standing Committee and issued for public review.

The second of the proposals recommended the addition of a new Article to allow Group C (residential)
buildings of combustible construction up to 4 storeys in building height with the following building areas

[212]:
Building Height Unsprinklered Maximum Building Area, m¢
in Storeys Facing 1 Street | Facing 2 Streets | Facing 3 Streets |
1 2400 3000 3600
2 1200 1500 1800
3 800 1000 1200
y 600 750 900
Column 1 2 3 4

In addition, the proposal suggested floor assembly to be constructed as 1-hour rated fire separations. The
rationale supporting this proposal is summarized as follows [212]:

The 1985 NBCC permits buildings of 1-hour rated noncombustible construction and 1 storey in
building height to be of unlimited building area and 4 storeys in building height to be up to 3000
m?in building area.

The building area for the proposed Article is 1/5 (20%) that permitted for 1-hour noncombustible
construction.

A 1-hour fire-resistance-rated wood frame assembly will perform as well as a 1-hour fire-
resistance rated noncombustible assembly in a prescribed fire test.

An analysis of fire loss statistics indicates that the percentage of fire beginning in a structural area
is significantly low for multi-unit residential occupancies, and the existing fire stop requirements
in combustible concealed spaces have limited fires in such spaces.

The NBCC recognizes the 1-hour fire-resistance rating for wood frame construction in residential
occupancies as providing adequate life safety relative to sloped grades, which would otherwise
be considered greater than 3 storeys in building height.
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o All Model Building Codes in the United States permit 4-storey residential buildings to be
constructed using 1-hour fire-resistance rated wood frame construction.

o A study conducted by the National Association of Home Builders in the U.S. concluded that the
fire death rate is very low in newly-built, multi-family residential construction.

This proposal was approved by the Standing Committee and issued for public review with an alteration
to the first rationale item indicating that 1-hour rated construction for noncombustible buildings permits
2000 m? in building area and 6 storeys in building height.

In addition to the proposals above, a change was proposed relative to waiving the requirement for a roof
rating for gyms, swimming pools, arenas and rinks [212]:

NO EXISTING REQUIREMENT

PROPOSED CHANGE

Add new Sentence 3.2.2.8.(3): par ..._.....a.-.;l'

(3) The requirements i icles 3.2.2.12 to 3.2.2.20. for a roof assembly to have
a fire-resistance rating aré permitted to be waived for gymnasia, swimming
pools, arenas, and ri if every part of the roof assembly is not less than 6 m
above the main flpér or balcony and carries no loads other than normal roof
loads, including“access walks, ventilating and sound or similar equipment,
except that the restriction concerning minimum distance shall not apply to

(a) an inclined and stepped floor ascending from the main floor, which is

used for seating purposes only, or
{b) a balcony used for seating purposes only.

REASON

Earlier editions of the NBC made an exception for the fire-resistance rating of
roof assemblies of certain assembly buildings. Some provinces have
maintained the exception and have not experienced adverse effects as a result.
It has been requested that the exception be reinstated in the NBC. The proposed
wording is based on earlier editions of the NBC modified in conjunction with
requirements in provincial Codes.

This proposed change was approved by the Committee and included in the 1990 NBCC, but as Sentence
3.2.2.14.(1) rather than Sentence 3.2.2.8.(3).

Minutes of the Eleventh Meeting of the Standing Committee on Fire Protection

January 17, 18 and 19, 1989

A report of an analysis of Public Comments by IRC (Institute for Research in Construction) relative to
noncombustible cladding addressed “Combustible versus Noncombustible Construction”. This report
noted the following [213]:

e The concept of noncombustible construction was introduced in the late nineteenth century as
“fireproof” buildings.
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« The fireproof concept had shortcomings. It did not address structural stability (unsafe) and it was
too restrictive, limiting many products that did not present a life hazard.

e Structural integrity was addressed in the first half of the twentieth century through the
development of performance-based fire-resistance tests.

The report of the IRC study noted the following relative to the approval of combustible materials with
respect to the noncombustibility requirements [213]:

When no scientific tool is available to measure the impact of allowing certain
combustible materials for a particular application, the Committees will
usually apply common sense and often will reject the proposal. In the case of
combustible cladding systems, a tool has been developed on the basis of many
years of research and development and this tool can be used to ensure that
permitted systems do not present a life safety hazard. As fire protection
engineering develops further as a discipline and scientifically-based fire risk
assessments become more common place, it is expected that additional
changes to the noncombustibility requirements in the Code will be considered
if found technically appropriate .

The proposal to permit four-storey wood frame residential buildings (originally proposed during the Tenth
Meeting of the Standing Committee on Fire Protection) was discussed, including a review of public
comments on the proposal. Mr. Rodney McPhee, Canadian Wood Council, made a presentation noting
the following [213]:

o U.S. codes are very conservative and allow much larger residential buildings than Canada.

e« U.S. codes mandate sprinklers in 4-storey residential buildings, but not as a function of
construction type.

o There is no relationship between type of construction and fire deaths, thus requiring sprinklers
in a Canadian context would be onerous.

Several individuals expressed views of the proposal. These views are summarized as follows [213]:

o All U.S. model codes require mandatory sprinklers in 4-storey residential buildings whereas 3-
storey buildings do not [Mr. A. Geraghty, City of Vancouver].

o For 3 years the City of Vancouver Building Code has permitted 4-storey residential buildings, but
only if sprinklered. Berming, depending on the definition of grade, may allow for 5- and 6-storey
combustible residential buildings. This would support mandatory sprinklers [Mr. R.V. Hebert, City
of Vancouver].

o 15 minutes of fire-resistance rating was insufficient to permit 4-storey residential buildings [Mr.
R.J. Light, Township of Richmond].

An IRC “Analysis of the Impact of the Proposed Change and Public Comments” was discussed. A
comparison between the existing and proposed requirements was provided as summarized in Table 7
below.
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Table 7: IRC Comparison [213]

1985 NBCC

Proposed for the 1990 NBCC

3 storeys in building height and do not exceed
600 m? in building area

4 storeys in building height and do not exceed
600 m? in building area

%-hour structural fire-resistance ratings

1-hour structural fire-resistance ratings

%-hour suite to suite and suite to corridor fire-
resistance ratings

1-hour suite to suite and suite to corridor fire-
resistance ratings

Smoke detectors in corridors and smoke alarms

Smoke detectors in corridors and heat detectors

in suites and smoke alarms in suites

Fire alarm system

Standpipe and hose system

Rating of the roof assembly

In addition, the IRC study noted the following [213]:

Currently there appears to be little evidence of fires spreading beyond the
suite of fire origin. The proposal to permit 4 storey combustible residential
buildings allows for 15 minute increase in the level of structural fire-
resistance rating and other fire protection systems will also be required.

The Committee noted that much of the negative public comment was associated with inadequate
‘Reason’ relative to the proposed change, and there was a lot of confusion regarding a reference in the
‘Reason’ to U.S. codes.

The proposal to change Article 3.2.2.28. to permit a 4-storey residential building to be constructed in
either combustible or noncombustible construction with basic fire-resistance ratings of 1-hour when the
building is fully sprinklered was moved, seconded and carried by the Committee. The Committee noted
that [213]:

it is evident that the compartment to compartment fire separations are performing as
intended and that the problem associated with fires in residential occupancies is that of
life loss in the room of fire origin.

The addition of the requirement for sprinklering, which was beyond that included in the original code
change wording, was based on the limited statistics on fires in combustible construction to support the
height increase without provision of sprinklers to address any perceived or apparent increase in fire risk.

As a result of the acceptance of the proposal, with modifications, the following new “box” was added
(Article 3.2.2.36.), permitting residential buildings of combustible construction with a building height of
four storeys, where floor assemblies and supporting elements are 1-hour rated, provided the building is
sprinklered. This re-established use of a 1-hour-rated structural solution for buildings of combustible
construction that was originally part of the first (1941) NBCC. The maximum permitted areas for the four-
storey buildings were as follows [213]:

o 1200 m?facing 1 street
o 1500 m?facing 2 streets

o 1800 m?facing 3 streets
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A new “box” was also added permitting increased area limits for unsprinklered residential buildings of
combustible construction, up to 3 storeys (Article 3.2.2.35.) where floor and roof assemblies and
supporting elements are 1-hour rated. This change was linked to the change permitting four-storey
combustible construction (Article 3.2.2.36), both of which were based on a variation of existing Article
3.2.2.34, which applied to %-hour rated construction. For unsprinklered buildings of 1-3 storeys, the
variations were as follows [213]:

o 1800/2250/2700 m? (%-h) to 2400/3000/3600 m? (1-h) for 1 storey facing 1/2/3 streets
e 900/1125/1350 m? (%-h) to 1200/1500/1800 m? (1-h) for 2 storeys facing 1/2/3 streets
o 600/750/900 m? (%-h) to 800/1000/1200 m? (1-h) for 3 storeys facing 1/2/3 streets

8.13 1995 NBCC

The changes to the height and area limits in the 1995 National Building Code (1995 NBCC) primarily
related to outcomes from consideration of mandatory sprinklering requirements. These changes are
discussed in more detail in the following sections of this report.

Minutes of the Thirteenth Meeting of the Standing Committee on Fire Protection
March 27 and 28, 1990
A letter from Mr. Bob Rush, P.Eng., dated January 20, 1988, proposed the following [214]:

1. Revise Table 3.2.2.M., which was the height and area limit table for Article 3.2.2.44. of the 1990
NBC, Mercantile Buildings, up to 3 storeys. The rationale for the revision was consistency with
the rule of building area as a function of building height (i.e., consistent building volume). This
change had been made for Article 3.2.2.27., Residential Buildings, as discussed in the previous
section of this report based on the Minutes of the Tenth Meeting of the Standing Committee on
Fire Protection in March 29 and 30, 1988.

2. Permit combustible construction under Subsection 3.2.2. for all major occupancies of any height
and any area based on the rationale that fire separations have not less than a 1 hour fire-
resistance rating, the building is sprinklered, electrically supervised and connected to a central
alarm agency.

The Committee reviewed these proposals and as noted below, it was suggested that both comments be
dealt with at the time of a potential IRC study to rationalize the requirements for heights and areas in
Subsection 3.2.2. [214]:

1] The committee observed that the 1500 m? area limit for mercantile
buildings in Table 3.2.2.M. is based on the limit of area before a building is
required to have an automatic sprinkler system installed. It was noted that
this Table includes substantially larger areas for a sprinklered building,
which follow the general rule of doubling the area and then keeping the
gross floor area constant when summed for all floors. It was pointed out
that it is an outstanding action of this committee for IRC staff to undertake
a study to rationalize the requirements for heights and areas in Subsection
3.2.2. It was considered that the writer’s concerns will be dealt with at that
time. It was agreed that no further action be taken.

2] The committee considered that to permit combustible construction for all
buildings regardless of size, even though sprinklered, would be a major
departure from current practice. It was noted that combustible construction
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is currently permitted for unsprinklered four storey buildings of medium
and low hazard industrial occupancy. It was observed that the writer’s
suggestion will be dealt with as a part of the IRC study to rationalize the
requirements for heights and areas in Subsection 3.2.2. It was considered
that the writer’s suggestion will be dealt with at that time. It was agreed
that no further action be taken.

Minutes of the Fourteenth Meeting of the Standing Committee on Fire Protection
November 6 and 7, 1990

During a review of the public comments on the third series of proposed changes in the 1990 NBCC, several
comments were identified as containing information or suggestions that was not germane to the specific
change, but that constituted new business. One such public comment relative to the change to permit
four-storey wood frame residential construction noted the following [215]:

1 support the change and recommend that commercial and
industrial buildings also be included.

The Committee concurred with the commenter and agreed to revise Subsection 3.2.2. accordingly.
Minutes of the Fifteenth Meeting of the Standing Committee on Fire Protection
February 6 and 7, 1991

A letter Mr. Wayne Drover, Plan Review Engineer, Office of the Fire Commissioner, Newfoundland dated
November 24, 1988 identified conflicting articles in the 1985 NBCC. Specifically [216]:

o Article 3.2.2.4. require that every building face a street located in conformance with Sentences
3.2.5.2.(1) to (5)

o Articles 3.2.2.9. to 3.2.2.53. define requirements for all occupancies based on several factors
including streets facing.

o Article 3.2.5.1. requires access for firefighting purposes to every storey less than 25 m above
grade. This requirement is waived for any storey that is sprinklered.

o Article 3.2.5.2. requires access routes for fire department vehicles to the building face having a
principle entrance only.

o Article 3.2.2.4. connects the two sets of requirements together.

A letter of response from Mr. R.B. Chauhan, Technical Advisor, Associate Committee on the National
Building Code dated February 8, 1989 noted that the issue raised by Mr. Drover is planned for review
during the next code cycle (1995 NBCC Cycle), relative to rationalizing the requirements of Subsection
3.2.2.

The Committee reviewed Mr. Drover’s comment, noting that the anomaly had been identified previously
and [216]:

the solution requires a complete revision to Section 3.2 through examination of the impact
of sprinklering on the different requirements. It was considered that it would be preferable
to settle the question of the extent to which mandatory sprinklering might be considered
in Part 3 before undertaking this study.

This issue was identified as part of the terms of reference of, and referred to, the Part 3 Joint Task Group
on Automatic Sprinkler Systems.
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Minutes of the Sixteenth Meeting of the Standing Committee on Fire Protection
October 29, 30 and 31, 1991

Proposed changes originating from previous actions of the Committee were identified, reviewed and
resolved. Two changes proposed the addition of new Articles to Subsection 3.2.2. for sprinklered 4-storey
Group D and Group E Occupancies permitted to be of combustible construction [217]:

e The Committee approved 4-storey Group D buildings permitted to be of combustible
construction and 2400 m?, 3000 m? and 3600 m? if facing 1, 2 and 3 streets respectively, provided
the building is fully sprinklered and has fire-resistance ratings of floors, roof and supporting
elements of not less than 1-hour.

o The Committee approved 4-storey Group E buildings permitted to be of combustible construction
and 1200 m?, 1500 m? and 1800 m? if facing 1, 2 and 3 streets respectively, provided the building
is fully sprinklered and has fire-resistance ratings of floors, roof and supporting elements of not
less than 1-hour.

Minutes of the Seventeenth Meeting of the Standing Committee on Fire Protection
June 10, 11 and 12, 1992

The changes proposed during the Sixteenth Meeting of the Standing Committee on Fire Protection to
permit 4-storey Group D and E buildings to be of combustible construction were recommended by the
Committee as interim revisions to the 1990 edition of the NBCC [218].

Minutes of the Eighteenth Meeting of the Standing Committee on Fire Protection
December 2, 3 and 4, 1992

A key change proposal by Technorm Inc. of Montreal was reviewed during the Eighteenth Meeting. The
following was proposed [219]:

ermininp

to 3.2.2.62,

The reason for the change was noted as follows [219]:

Consequently to the derogation for access to sprinklered buildings

ed in article 3.2.5.3., the - e of streets do not add
or reduce any advantage to a sprinklered building facing 1 or 3
streets, That increase in building area should encourage the instal-
lation of sprinklers in buildings.

The Committee reviewed the proposal and noted the following [219]:

The committee reviewed the writer's suggestion that sprinklered buildings should be
considered as facing three streets in determining maximum permissible area for the purposes
of Articles 3.2.2.16. to 3.2.2.62. It was observed that this concept will be included in the report
of the Task Group on Automatic Sprinklers. It was concluded that the committee will await
that report before reaching final conclusions on this proposal.

In addition, another proposal by Technorm proposed the following [219]:
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Add a second paragraph to art. 3.2.2.12, to permit relaxatiom of
floor assembly rating from 3 hrs to 2 hrs in commercial apnd industrial
occupancies where: a) the building is sprinklered; b) the spripkler

system is electrically supervi in conform =13

3.2.4.16. (5); c) the operation of the sprinkler system will cause
a signal to be transmitted to the fire department in conformance with

sentence 3.2.4.7. (3).

The reason for the change was noted as follows [219]:

Considering the reliabity of the sprink hr i atin
for floor assemblies seems unjustified,

The Committee reviewed the proposal and noted the following [219]:

The committee noted that writer's request that the required fire-resistance rating for some
floor assemblies that are currently required to be 3 hours should be relaxed to 2 hours in a
sprinklered building. It was observed that this bears on the requirements for major
occupancies in the major part of Subsection 3.2.2. It was a to revise Article 3.2.2.12. to
permit a relaxation of floor assembly ratings from 3 h to 2 h in Group E and Groups F1 and F2
occupancies where:
. the building is sprinklered,
. the sprinkler system is electrically supervised in i

3_2_4}')2':5}' an;ys y supe: conformance with Sentence

. the operation of the sprinkler system causes a si%ul to be transmitted to the fire
department in conformance with Sentence 3.2.4.7.(3)

Minutes of the Nineteenth Meeting of the Standing Committee on Fire Protection

March 24, 25 and 26, 1993

The report of the Joint Task Group on Automatic Sprinklers was presented. The terms of reference of the
Joint Task Group were as follows [220]:

1) Review existing National Building Code of Canada (NBC)
requirements for the mandatory installation of automatic sprinkler
systems to determine if they are still valid.

2) Consider the degree to which the installation of automatic sprinkler
systems can permit a designer to modify or waive other requirements
of the NBC.

3)  Review regulations of jurisdictions that have additional requirements
for the installation of automatic sprinkler systems in buildings and
analyze the differences.

4) Analyze available data utilizing the results of studies and experience
from those jurisdictions who have regulations affecting automatic
sprinkler system requirements in one or more categories of buildings
to determine if the NBC should make any additions to the
requirements for the installation of automatic sprinkler systems.
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5) Review the practice of installing partial sprinkler systems in buildings
and determine if this practice should continue to be accepted in the
NBC in lieu of complete sprinklering of a building.

6) Examine the cost and reliability aspects of the various smoke control
measures for high buildings in relation to the cost and effectiveness for
Measure A - a fully sprinklered building - taking into account modified
requirements that affect other areas of the building.

7) Examine the benefits of other fire suppression and compartmentation
techniques in comparison to automatic sprinkler systems to determine
those that provide an equivalent level of safety for building occupants.

The report made broad recommendations relative to Parts 3 and 9 of the 1990 NBCC, and specific code
change recommendations for Part 3. The broad recommendations are summarized as follows [220]:

That supervised and monitored automatic sprinkler systems be installed in all
buildings constructed under Part 3, except:
a) Group A, Division 2 buildings, neither more than 1 storey nor more
than 600 m? in building area.
b) Open air buildings of Group A, Division 4.
c) Group F, Division 3 buildings, i) Article 3.2.2.61 and
ii) Article 3.2.2.62.

That supervised and monitored automatic sprinkler systems be installed in all

buildings constructed under Part 9, except:

a) Group C houses which are defined to include single family dwellings,
attached and semi-detached dwellings, row houses, duplexes and
triplexes where a primary common feature is the absence of shared
egress facilities. (Houses does not include “board and care” facilities)

b) Group D buildings, containing 3 storeys or less.

) Group E buildings, containing 3 storeys or less.

d) Group F, Division 2 buildings, containing 2 storeys or less.

e) Group F, Division 3 buildings, containing 3 storeys or less.

That Part 3 and the Appendix to the National Building Code be revised in
accordance with the draft changes as set out in Appendix B.

That Chapter 3 of the Supplement to the National Building Code of Canada be
discontinued.

That NFPA 25, “Standard for the Inspection, Testing and Maintenance of Water
Based Extinguishing Systems” be referenced in the National Fire Code for
purposes of assuring the continuing performance level of automatic sprinkler
systems.

In addition, the Task Group identified the following topics of further study [220]:

1 A further modification of Subsection 3.2.3. to reflect recommendations
of NFPA 80A, “Recommended Practice for Protection of Buildings
from Exterior Fire Exposures” indicating that a building with an
automatic sprinkler system has a low probability of being involved in a
substantial internal fire and consequently has little impact on the
spread of fire to adjacent buildings.
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2 A complete revision of Subsection 3.2.2. to modify structural fire
protection requirements to categorize buildings by height and area only
and not by occupancy category, except for high hazard industrial
buildings.

3 A further examination of fire alarm system requirements, Subsection
3.24., to determine the manner in which fire alarm and detection
systems should be designed in response to fire safety planning for
buildings that are fully sprinklered, and to determine the need for
specific fire detection devices and manual pull stations in each class of
building occupancy.

1 An examination of separation requirements between different major
occupancies, based upon the premise that a complete electrically
supervised and monitored automatic sprinkler system will have
sufficient reliability in the control of fires that specific ratings for
separations between different major occupancies are not required.

5. An examination of the concept of smoke separations to replace the
concept of a fire separation with a zero fire-resistance rating. Specific
proposals are included in Appendix C which could be adopted by the
standing committees responsible for Part 3.

Numerous changes to specific requirements in Part 3 were proposed by the Joint Task Group and
accepted in principle by the Committee. The proposed changes are not summarized in detail in this
report; however, key proposed changes are summarized as follows [220]:

o Mandatory sprinklering of several occupancies.
o Reductions in frequency and rating of internal fire separations.
o Reductions in fire-resistance ratings for roof assemblies.

In addition, the following was proposed relative to firefighting access to buildings, and relates to a Code
Change Proposal reviewed in the Eighteenth Meeting of the Standing Committee on Fire Protection [220]:

It was noted that sprinklered buildings that face three streets are given extra
credit in permitted area (normally permitted on the basis of increased access
for fire fighting) and yet the fire fighting access requirements are waived for
sprinklered buildings. It is recommended that Subsection 3.2.2. be changed to
permit the same total building area for facing three streets, but not require the
three streets.

The Committee agreed to include the proposed changes in the Second Series of proposed changes for
public review.

Minutes of the Twentieth Meeting of the Standing Committee on Fire Protection
March 21, 22 and 23 and April 20, 21 and 22, 1994

Following several presentations, Committee deliberations and a review of the public comment from the
Second Series of proposed changes developed by the Joint Task Group on Automatic Sprinkler Systems,
it was recommended to reconsider the original code change proposals. The following items were
recommended upon reconsideration [221]:
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General

o “Boxes” to be split into “sprinklered” and “not sprinklered” classifications, whereas they were
included as single “box” in the 1990 NBCC.

« Modification of Clause 3.2.2.16.(3)(b) to provide a consistent level of access opening for all
storeys of residential occupancy in a building that is not sprinklered.

o Maximum areas for sprinklered buildings no longer vary as a function of number of streets faced,
and the permitted areas now to correspond to what were the “facing 3 streets” permitted values
from 1990 NBCC. Sprinklered buildings are otherwise required to face one street, with the main
entrance required to be located within 15 m of the street. This increased the previous sprinklered
area increase ratio (discussed earlier in the report) from 1:2 to 1:3.

Group A, Division 1

Due to the high transient occupant loads and potentially low lighting levels in these buildings, the
Committee agreed to require mandatory sprinklering for this type of building regardless of size.

Group A, Division 2

As a result of the diversity of occupancies in this group, it was difficult to assess risk. It was believed that
smaller buildings presented a lesser hazard than Division 1 occupancies and would be easier to evacuate.
The Committee agreed to require sprinkler systems in buildings greater than two storeys in building
height.

In addition, it was agreed that Group A, Division 2, any area, sprinklered be permitted up to 6 storeys
(was previously 5 storeys).

Group A, Division 3

It was considered unreasonable by the Committee to require all Group A, Division 3 buildings to be
sprinklered. The Committee agreed that sprinklers be an option for certain buildings 2 storeys or less and
be mandatory for buildings over two storeys in building height.

Group A, Division 4

It was noted that sprinklers are not normally required in open air seating structures. The Committee
agreed to not require sprinklers in open air parts of a structure, but that they should be installed in
enclosed areas (i.e., below tiered seats).

Group B, Division 1 and 2

Unassisted evacuation was considered a high risk with these occupancies that may result in substantial
loss of life. The Committee agreed that all Group B occupancies be sprinklered regardless of size.

In addition, it was agreed that Group B, Division 1, up to 3 storeys, sprinklered, noncombustible be added
as a new Article. The 1990 NBCC only had any height/any area specification for Group B, Division 1
occupancies.

Group C

This occupancy Group prompted the most substantial degree of comment, primarily due to the identified
risks. Residential occupancies are where the most number of fires occur, most likely to have occupants
or visitors with physical disabilities, and can contain the very young and old, who would be at risk from a
fire in the premises they occupy. As a result of these considerations, there was support to require
sprinklers in all residential buildings; however, there was concern relative to the feasibility of sprinklers
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in small municipalities and rural areas. The Committee agreed that all residential buildings over three
storeys in building height be required to be sprinklered throughout.

In addition, it was agreed that Group C, up to 4 storeys, combustible construction, sprinklered building
areas for 1, 2, 3 storeys, facing one street be increased in proportion to the 4-storey areas incorporated
into the 1990 NBCC.

Group D

The Committee considered that Group D buildings presented a lower risk to human life than most other
occupancies. The Committee agreed that sprinkler systems would be optional in Group D buildings up to
six storeys in building height.

Group E

The Committee agreed not to change the existing requirements relative to Group E buildings since they
already required sprinklers for buildings in excess of three storeys and 1500 m? in building area.

In addition, the Committee agreed to modify the area limit for a three-storey mercantile building facing
three streets by increasing the value from 1200 to 1500 m?, allowing noncombustible or 45-minute-rated
combustible construction for this size of building without having to develop a new Article. This change
did not go to public review. It originated from a proposal by Rush during the Thirteenth Meeting of the
Standing Committee on Fire Protection in March 27 and 28, 1990, discussed earlier in this section.

The Committee also agreed to change Group E, any height, any area, sprinklered floor assembly and
mezzanine fire ratings as follows:

o Reduced floor assembly rating from 3 hour to 2 hour.
o Reduce mezzanine rating from 1.5 hour to 1 hour.
Group F, Division 1

It was noted that small high hazard buildings are normally in remote areas and the hazard associated with
these occupancies relates to explosions, for which sprinklers would not likely be beneficial. Therefore,
the Committee agreed that only buildings greater than 1 storey in building height and 800 m? in building
area require sprinklers.

In addition, it was agreed that Group F, Division 1, up to 4 storeys, sprinklered floor assembly and
mezzanine fire ratings be changed as follows:

o Floor assembly rating reduced from 3 hours to 2 hours.
e Mezzanine ratings reduced from 1.5 hours to 1 hour.
Group F, Division 2

The fire load of this classification resembled that of mercantile (Group E). Therefore, the Committee
agreed to require sprinklers in these buildings where greater than three storeys in building height and
1500 m? in building area.

In addition, it was agreed that Group F, Division 2, any height, any area, sprinklered floor assembly and
mezzanine fire ratings be changed as follows:

e Floor assembly rating reduced from 3 hours to 2 hours.

e Mezzanine ratings reduced from 1.5 hours to 1 hour .
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With the lowering of the assembly ratings under Article 3.2.2.67., this necessitated removal of redundant
classification for Group F, Division 2, up to 6 storeys, which also required 2-hour rated construction.

Group F, Division 3

The fire load of this classification resembled that of office occupancies (Group D). Therefore, the
Committee agreed to require sprinklers in these buildings where greater than 6 storeys in building height.

Occupancy Summary

The following table was provided in the meeting minutes to summarize the building heights and areas for
different occupancies that would be required to be fully sprinklered (S) [221]:

Occupancy | 1storey | 2 storeys | 3 storeys | 4 storeys | 5 storeys | & storeys | over 6 storeys

A Division |
A Division 2 2400 11
A Division 3 4000 |
A Division4 Usually
B Division |
B Division 2

C b

wmwn

S
5
S

wwjuwn

4]

£ S

Noli
| No limi

E
F Division |
F Division 2 |
F Division 3 |

wn|nen|wniuniu

The Committee recommended that all proposed changes be incorporated into the 1995 NBCC.

8.14 2005 NBCC

In 2005, the National Building Code (2005 NBCC) was substantially revised to incorporate an objective-
based framework. This framework defined the high-level Code objectives, derived from the existing
legacy requirements. This change was intended to improve clarity of the requirements, reduce complexity
and be more responsive to innovation.

The objective-based format was developed through a bottom-up analysis where the existing legacy
requirements were analyzed by defining the underlying application, intent, functional requirements and
objective(s) of the requirements. The development of the intent statements was predicated on
acceptance of the existing requirements.

The result was a formulation and grouping of congruent objectives considered inherent to the existing
requirements. It is these objectives that define the high-level goals of the code. Thus, by inference, the
existing requirements meet these objectives and are deemed acceptable solutions.

No specific changes were made during the preparation of the 2005 code relative to height and area limits,
other than identification of future study relative to an analysis of the existing requirements in Subsection
3.2.2. However, these were deferred due to limited time and resources.

During this Code change cycle, the objectives, functional statements and intents related to Subsection
3.2.2. of the Code were defined and provided additional information that could be used to better
understanding the application of the height and area limits.
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Minutes of the First Meeting of the Standing Committee on Fire Safety and Occupancy
March 6 and 7, 1997

A “triage” of outstanding issues was included in the minutes of the First Meeting of the Standing
Committee on Fire Safety and Occupancy, but were deferred for future consideration. One of the
outstanding items was “Fire protection for structural elements of buildings by height and area”. The
priority, disposition and outstanding action related to this item was as follows [222]:

Number CodeRef B—3.2.2. Letter...min publiccomment 1988 Committee FP
1 8(7)(e) FP
Subject
Pr Iorlty Fire protection for structural elements of buildings by height and area

Work to do
Dlsposltlon Anal quuzrements for anomalies and lack of umfornuty Review classification system. Separate out

—p I g ents. op a more concise and I system.
[ Pending_] nsider using categories for construction rather than speﬁgg out in detail all the variations
Review the use of the terms combustible and noncombustible construction in the code for possible simplification.

Progress and comments
WhoDoes staff TimeRequired CompletionDate

Minutes of the Third Meeting of the Standing Committee on Fire Safety and Occupancy
February 15, 16 and 17, 1998

Subsection 3.2.2. was reviewed during the Third Meeting of the Standing Committee on Fire Safety and
Occupancy relative to the development of intent statements. The following was considered at the
meeting [223]:

3.8.5. Review of portions of Subsection 3.2.2.

Staff summarized the content of Subsection 3.2.2. and the intent records that had been
circulated to the committee. The chair asked the committee to use this introductory group
of records as an exercise to identify the intents to be used throughout Subsection 3.2.2.

The following general intents were considered by the committee in conjunction with their

review.

An intent to protect property in the building.

An intent to limit fire spread from one building to another by limiting building size.

An intent to limit the spread of fire throughout a floor area.

An intent to provide time for fire emergency responders to be able to attack a fire.

An intent to prevent conflagration.

An intent “to reduce the probability that occupants will not have sufficient time to

safely evacuate the building”.

s An intent to minimize economic dislocation associated with protection of the building
stock - i.e., socio-economic impacts of homelessness and job loss.

Two draft intent statements were originally reviewed and it was agreed that a more productive approach
would be to establish intent statements based on an analysis of specific provisions. Following this, seven
intent statements were developed.

Minutes of the Fourth Meeting of the Standing Committee on Fire Safety and Occupancy
May 10, 11 and 12, 1998

The Committee reviewed the seven intent statements developed during the previous meeting. Two
additional intent statements had been added since the meeting, resulting in nine intent statements. The
nine intent statements are as follows [224]:
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1a To reduce the probability of collapse caused by fire during the time required to
achieve occupant safety. Root objective is “safety”.

1b  To reduce the probability of collapse caused by fire during the time required for
emergency responders to perform their duties. Root objective is “safety”.

1c To reduce the probability of damage to property resulting from collapse caused by
fire. Root objective is “subject property protection”.

2a  To reduce the probability of fire spreading from a lower storey of a building to an
upper storey during the time required to achieve occupant safety. Root objective is
“safet}r".

2b  To reduce the probability of fire spreading from a lower storey of a building to an
upper storey during the time required for emergency responders to perform their duties.
Root objective is “safety”.

2c To reduce the probability of damage to property resulting from fire spreading
from a lower storey of a building to an upper storey. Root objective is “subject property
protection”.

3a To reduce the probability of fire spreading within a storey during the time required
to achieve occupant safety. Root objective is “safety”.

3b  To reduce the probability of fire spreading within a storey during the time required
for emergency responders to perform their duties. Root objective is “safety”.

3¢ To reduce the probability of damage to property resulting from fire spreading
within a storey. Root objective is “subject property protection”.

The applicability of the intent statements was tested by examining sample requirements from Subsection
3.2.2. The analysis identified additional items to be considered by the Task Group. These are summarized
as follows [224]:

Is it valid to relax the fire-resistance rating of building elements of noncombustible
construction in a building that could be of combustible construction?

In Clauses 3.2.2.40.(2)(b), and 3.2.2.59.(2)(b) and (c), and in the preamble to
Sentence 3.2.2.80.(1) the NBC establishes an equivalency between combustible
construction with a fire-resistance rating and unrated noncombustible construction.
The standing committee would like to be convinced of the validity of this considering
that the former resists collapse but might contribute to spread of fire while the latter
does not contribute to the spread of fire but is not designed to delay collapse.

It was agreed that staff had sufficient direction to complete a full analysis of Subsection 3.2.2. relative to
attribution of the intent statements. This was completed, revised and agreed through the development
of a table of 3.2.2. provisions and attributed intent statements.

Minutes of the Tenth Meeting of the Standing Committee on Fire Safety and Occupancy
September 27, 28 and 29, 2000

At the Tenth Meeting, the Compartment Work Group of the Committee on Fire Safety and Occupancy
considered two outstanding items related to the “boxes” in Subsection 3.2.2. as shown below [225]:
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Work Group Compartmentation ‘Work Group Supp. Status Pending
NBC~3.2.2. Fire protection for structural elements of buildings by height and area public comment 1888
032 Analyze existing requirements for anomalies and lack of uniformity. Review classification
system. Separate out sprinklered building requirements. Develop a more concise and logical
system.
2 To be incorporated in next edition if approved b Change will facilitate conversion to objective based code {includes reconciliation
discrepancies; deletion of unnecessary provisions; addition of omissions
Work Group Compartmentation ‘Work Group Supp. Status Pending
NBC—3.2.2. Reorganization of 3.2.2.
033 Analyze existing 3.2.2. for discrepancies and similarities. Develop an alternative approach

preferably in tabular form. Consider using categories for construction types rather than
spelling out in detail all the variations.

2 To be incorporated in next edition if approved b Change will facilitate conversion to objective based code {includes reconciliation
discrepancies; deletion of unnecessary provisions; addition of omissions

As noted below, the Workgroup deferred these items due to insufficient time [225]:

3.2.2 The work group recommended that all proposals to reorganize or review the
technical content of Subsection 3.2.2. be deferred until the next code cycle. The
committee agreed that there was insufficient time to give this material a thorough review.

8.15 2010NBCC

The 2010 edition of the National Building Code (2010 NBCC) incorporated a new classification, Group B,
Division 3, Care Occupancies. Height and area limits were established for buildings of this occupancy
classification. Five “boxes” were added, all required mandatory sprinklering, heights ranging from 1 to
unlimited storeys, and areas ranging from 600 m? to unlimited. Two of the new “boxes” required
noncombustible construction.
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9.0 IMPLICIT RISK ANALYSIS

This report presents a chronological compilation of the development of fire-related building size limits
from early Rome to the present in Canada, and is intended to provide a basis to establish the implicit risk
associated with the building size limits in the current National Building Code of Canada.

The development of these limits was based on some degree of risk assessment; however, in some cases,
they were based on risk perception or without any risk basis whatsoever, and formulated through
arbitrary means. Knowledge of this approach provides the information necessary to re-address the risk
of building size in light of current knowledge, capability, materials and methods.

The implicit risks, mitigating measures and intended impact of those measures are summarized in the
following sections from each significant era covered in this report.

9.1 EARLY TIMES

The risk of conflagration in Rome and Early London was addressed through limitations on building height
and type of construction. Nero’s regulations required every building to be enclosed by “its own proper
walls”, which implied a degree of spatial separation in reducing the risk of fire spread. The Assize of
Buildings in early London, conversely, permitted neighbouring buildings to be connected provided they
are separated by a common stone wall 3 feet thick. This wall was one of the earliest references to a
firewall and was intended to act as a barrier to limit the risk of fire spread where is was not practical to
physically separate buildings.

Following the great fire of London in 1666, an act was passed for rebuilding the City of London, with
requirements to reduce the risk of fire spread and conflagration. These requirements included
noncombustible exterior walls and roofs, limits on location of hazardous occupancies, building height
relative to type of construction, and party walls; and were intended to more precisely address the hazard
of fire spread associated with differing conditions. These requirements were further refined and
broadened in scope until the 1774 Act.

Following the great fires of Rome and London, building regulations were developed primarily to address
the risk of conflagration and limit this risk by requiring noncombustible exterior construction, spatially or
physically separating structures. The risk basis for this era is summarized in Table 8.

Table 8: Risk Basis - Early Times.

Consideration Overview

Implicit Risk: o Fire spread from building to building resulting in conflagration

Mitigation: « Spatially separated buildings

« Stone or brick walls between buildings (primarily houses) and stone or brick
exterior building walls

Intended Result: | « Limit fire spread to building of origin (primarily houses)

9.2 AREA AND CuBic CAPACITY CONCEPT

The Building Act of 1774 was the first in London to limit building area and height as a function of type of
construction. These limits were revised and refined up to the Building Act of 1844, which was the first act
to limit cubical capacity of warehouses to 200,000 cubic feet, following several large warehouse fires. This
cubic value was approximately equivalent to the combined height and area limit of warehouses in the
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1774 Act. The intent of the development of the early height and area limits was not specified in any of
the documentation reviewed. However, their development coincides with a general increase in building
size and the proliferation of storage warehouses in London in the late eighteenth and early nineteenth
centuries. The increase in building size resulted in fires growing beyond the ability of responding fire
services to control, increasing the risk of conflagration.

The cubic capacity was further refined in the Building Act of 1855 in consultation with James Braidwood,
the first Chief of the London Fire Brigade. Braidwood had been studying fire brigade capability and
concluded that “with a well-organized and properly equipped fire brigade it is found that sixty feet is the
greatest height at which a building can be quickly protected, and that the cube of 60, or 216,000 cubic
feet, is the largest cubical capacity which can be protected with reasonable hope of success after a fire
has once come to a head”. This was an important concept, providing a direct link between the limit in the
Building Act and the capability of a “well organized” and “properly equipped” fire brigade. Braidwood
does not qualify what is meant by “well organized” and “properly equipped”; however, given his
affiliation at the time, the London Fire Brigade is assumed to be the benchmark in terms of “well
organized” and “properly equipped”. In addition, the work done by Braidwood in setting building size
limits would be carried forward to today.

A Bill in the early 1870’s proposed an increase in the cubic capacity of buildings to 300,000 cubic feet and
consideration of the concept of horizontal party-walls, which was a precursor to floor-to-floor fire
separations. The Bill was eventually defeated in parliament; however, the greater cubic capacity became
an acceptable risk in the insurance industry relative to underwriting of existing warehouses and sheds. It
would also become the basis for limits imposed by the insurance industry following the Chicago and
Boston conflagrations in the early 1870’s.

The risk basis for this era is summarized in Table 9.
Table 9: Risk Basis — Cubic Capacity Concept.

Consideration Overview

Implicit Risk: « Increased potential for conflagration

« Single buildings’ (warehouses’) sizes resulting in fire size beyond the
capability of the responding fire department

Mitigation: « Containment by limiting height/volume assuming fire service intervention
« Height of 60 to 65 ft and cubic capacity of 216,000 feet

Intended Result: |« Limit fire spread to individual buildings

9.3 INSURANCE RATING SYSTEM AND MODEL BUILDING CODES

The insurance rating schedule considered building size variations as a function of risks associated with
occupancy and type of construction, balanced against measures intended to limit fire growth and spread.

The Chicago and Boston conflagrations occurred just over a year apart in 1871 and 1872, resulting in
insolvency of a large number of insurance companies. A large number of the remaining insurance
companies were based in London and had significant influence over reforms to the system of rate setting
relative to building construction, which was intended to reduce their losses (risk). The reforms resulted
in the development of a schedule of rates with an acceptable level of risk inherent to certain building
characteristics. These combined characteristics were considered the standard to which basic rates were
set and any building with these characteristics was referred to as a “standard building”. Any deviation
from the standard was considered to increase the fire hazard of the building, resulting in higher rates.
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Design features beyond those of a standard building that were considered to reduce the fire hazard
resulted in reduced rates.

The “Standard Rate Schedule” was issued in January of 1873 by the New York Board of Fire Underwriters
and defined a height limit of 60 ft and area limit of 5,000 square feet for a standard building (warehouse).
These limits combined are volumetrically equivalent to the 300,000 cubic feet considered acceptable at
that time by London-based insurers relative to existing warehouses. At the time these limits were
established, the city of New York had a standard lot size of 25 ft wide by 100 ft deep, and warehouse
district buildings were permitted to cover 100% of a lot and in many cases covered more than one lot.
Thus, buildings covering two lots could have maximum footprint areas of 5,000 square feet, which
rationalized specifying the building size limits in terms of height and area rather than cubic capacity.

From 1873 to 1905, in addition to height and area limits, the rating system evolved to consider additional
features such as occupancy, type of construction, access and sprinklers and alterations to the rates
associated with those features. Occupancies were classified as a function of hazard and attributed rates
accordingly. Two types of construction developed, fireproof and non-fireproof. Fireproof buildings were
considered a reduced fire hazard and attributed lower rates than non-fireproof, the difference being a
function of contents and building. Accessibility was identified as a key factor in reducing the
consequences of fire and having an associated rate reduction on the basis that access to more than one
side of a building enhanced the fire departments ability to reach and control the fire.

The efficiency and reliability of sprinklers took several decades to become fully appreciated by
underwriters. Reductions in rates were initially small, but increased within a short period of time
following the development of the first sprinkler standard (NFPA 13) in 1896. Design of systems in
conformance with this standard increased reliability and permitted a 30 percent reduction in rates. This
later became fifty percent for standard sprinkler equipment and up to sixty-six percent for a supervised
system. This gradual increase in rate reduction was attributed to an increase in reliability and system
experience in reducing the hazard of fire spread.

Building area was attributed a rate as a function of type of construction and building height. The standard
area for non-fireproof buildings was 5,000 square feet. The standard area for fireproof buildings was
10,000 square feet. Increases in area beyond the standard resulted in increased rates as a function of
type of construction and building height. These increases were incremental and gradual. However, there
were areas at which the risk was considered too high to insure. These were not explicitly stated, but based
on underwriter judgment.

The risk associated with area was related to potential fire size and fireproof buildings were considered to
be half the risk (permitted double the area) of non-fireproof buildings. However, the risk associated with
area was considered more gradual than for height, which is discussed below.

Building height was also rated as a function of type of construction. However, the risk was considered to
increase significantly where the height exceeded the capability of the responding fire service. For non-
fireproof buildings, the rating schedule considered heights above the seventh floor as beyond the reach
of responding fire service and assumed that any contents above this level would perish in a fire. For
fireproof buildings, the rating schedule considered heights at and above the 15% floor as hazardous and
significantly increased the rate. At the time the rating schedule was developed, the typical reach of a fire
hose stream from the exterior was approximately 7 storeys. Thus, the risk was based on fire service
capability, and the limits were based on interior and exterior reach of a hose spray from the street,
corresponding with the capabilities of the fire service in the late 19th and early 20th centuries.

The rating system deterred substandard construction and associated risk through monetary penalties,
which for many was a key motivating factor. Over 40 years of development and experience, the rating
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system evolved to address the specific risks associated with fire growth and spread, and more precisely
linked mitigating measures to those risks. These measures were translated into city-based regulations
over the same time period, and would eventually become the basis of the requirements and limits in US
and Canadian Model Codes.

The first US Model Code was developed between 1890 and 1905, when it was published by the National
Board of Fire Underwriters. The basis of the requirements in this Code was the set of mitigating measures
developed as part of the insurance rating schedule, data from a survey of building regulations in foreign
countries, fire loss experience and firefighting capability at that time. The resulting Model Code limits had
the same base building height and area limits as the insurance rating schedule, but permitted a greater
range of variations to those limits based on occupancy, type of construction, access and sprinklering. The
base limits were 5,000 square feet for non-fireproof buildings, and 10,000 square feet for fireproof
buildings, both at a maximum height of 55 feet. These limits were considered to be within the capability
of most city fire departments.

A report prepared in 1913 by Ira H. Woolson, Consulting Engineer for the National Board of Fire
Underwriters, summarized the results of a study of allowable heights and areas for factory buildings in
the United States. The study was based on a survey of fire marshals and fire chiefs in the United States
representing cities of over 20,000 population. The results were consistent with those of the insurance
rating schedule, 1905 NBFU Model Code, New York City and Chicago City limits. The similarities were not
surprising given the time since the development of the insurance rating schedule limits, the number of
buildings constructed in conformance with those limits and the experience of the fire departments
fighting fires in those buildings.

The National Board of Fire Underwriters published several editions of their Model Building Code between
1905 and the 1940’s, and the base limits in all these editions remained relatively unchanged. The 1915
edition of the NBFU Model Code provided an important discussion linking firefighting capability to
building size, noting that “five stories is the maximum height to which water can be thrown effectively by
a fire department from the street level, and that 50 feet is the maximum distance inside a building which
can be reached by a stream through a window”. A handbook published at approximately the same time
period noted that 5,000 square feet, or a rectangle 50 by 100 feet “is as large an undivided area as the
experience of the New York Fire Department indicates to be within the capacities of effective fire
department operations”.

A model code, “Recommended Minimum Requirements for Fire Resistance in Buildings” was developed
by the National Bureau of Standards in the United States in the 1930’s, and included height and area
limits consistent with those published by the National Board of Fire Underwriters and National Fire
Protection Association at that time. The height and area limits in the first National Building Code of
Canada (1941 NBCC) were largely based on the limits in these documents.

The risk basis for this era is summarized in Table 10.
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Table 10: Risk Basis — Insurance Rating System and US Model Codes.

Consideration Overview

Implicit Risk: o Fire size beyond the capability of the responding fire department
« Significant property loss
e Increased potential for conflagration

Mitigation: « For buildings of non-fireproof construction, height of 5 to 6 storeys (50 to 60
ft) and base area of 5,000 square feet

o  For buildings of fireproof construction, height of 10 to 12 storeys (100 to
125 ft) and base area of 10,000 square feet

o Increases in height and area based on type of construction, occupancy,
streets facing and sprinklering

Intended Result: Limit fire spread to individual buildings

9.4 CANADIAN BUILDING SIZE LIMITS

The risk basis associated with the modern height and area limits are discussed in a Canadian context.
Minutes of committee meetings for the development of US Codes were not available at the time of
writing this paper. However, it is assumed that the risk considerations in the development of the NBCC
were similar enough to be also representative of those of the US Model Codes.

The first Canadian model building code was published in 1941 and the building size limits were
substantially based on a report published by the National Bureau of Standards (the predecessor to the
National Institute of Standards and Technology in the US).

The height and area limits were revised during the development of the 1953 NBCC based on the concept
of risk associated with fire load and occupancy. The risk was addressed based on a methodology
developed by B.L. Wood.

Wood differentiated height as a function of type of construction and linked height limits for combustible
construction to firefighting capability. Wood noted that the height limit for noncombustible construction
was not necessary where the structure was intended to withstand burnout. For combustible construction,
Wood noted that 4 storeys was the limit associated with firefighting capability and above that height hose
trajectory through a window was nearly vertical.

Wood’s method considered the hazard of area as a combination of conflagration and life risks and
developed a risk index to quantify the risk in a relative manner as a function of occupancy and type of
construction. The conflagration risk was based on a quantification of occupancy (fuel load) and
combustibility of structure balanced against measures to resist fire spread (i.e., fire-rating of the
compartment intended to contain burn-out). The life risk was based on occupant load and ability to
evacuate.

Wood’s method was used as the basis to develop the initial table of height and area limits intended for
the 1953 NBCC; however, the committee and industry were concerned with the resulting number, as
these limits were considered a significant departure from the limits in the 1941 NBCC. The result was a
table of limits that were a combination of Wood’s method with arbitrary alterations to address the
concern of departure from the previous table of limits (1941 NBCC), and a commitment to review the
limits during the 1960 NBCC code cycle. These new limits had the same basis as the old limits, but re-
interpreted relative to Wood'’s consideration of fire load and occupancy.
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The result in the 1953 NBCC was a set of height and area limits established somewhat on the risk that
some buildings may become completely involved and should be limited in height and area to a size within
the capability of the responding fire department, and that other buildings were considered sufficiently
resistant to contain the complete burn-out of a storey and permitted greater heights and areas
accordingly. These revisions were not universally acceptable, but were considered a temporary and
reasonable compromise.

Similar to previous Codes, the 1953 NBCC retained the area increases for number of streets facing and
provision of sprinklers. In addition, increased areas and heights were permitted where the construction
was considered more resilient (i.e., noncombustible and fire-resistant).

Development of the 1960 NBCC considered several significant conceptual changes to the height and area
limits, including simplification of the arrangement of the limits to be more realistic and consideration of
short-term and long-term approaches to the limits. The table of limits was changed into “spelled-out”
versions, which allowed the deletion of unrealistic limits that previously existed for the purpose of filling
in table squares. The spelled-out versions contained detailed construction specifications that eliminated
the previous 7 types of construction in the 1953 NBCC, which were considered to be too rigid. The new
construction specification format introduced the concept of combustible and noncombustible
construction and definitions/standard tests to differentiate between the two types.

In developing changes to the construction specifications, it was noted that fire resistive construction was
intended to limit fire spread from floor to floor and where floors of buildings could be adequately
separated, there was little reason to limit areas. At that time fire resistive construction was required to
be noncombustible in addition to having a rating. It was suggested that buildings that cannot contain a
burn-out pose a conflagration risk, endangering the lives of firefighters and people within and adjacent
to the building. Buildings greater than 6 storeys in height were considered difficult to fight and “virtually
on their own”. However, similar defining points did not exist for increasing areas, which were considered
to present more of a degree of increasing hazard.

Two approaches to height and area limits were considered in the development of the 1960 NBCC in
recognition of that the 1953 Height and Area Limitations Table was a compromise. A short-term approach
was developed to consider relatively minor revisions to the existing limits, and was considered to be
achievable within the current code cycle. A framework for a long-term approach was developed to
consider a revision to the entire height and area limit format and values. The long-term approach was
structured to directly address the hazards associated with building size, but was considered to require
additional study that would carry beyond the current code cycle.

The long-term approach to establishing limits was premised on identifying hazards known to exist. Four
hazards related to building size were life, inaccessibility, excessive combustible materials, and danger of
collapse for larger buildings. Several considerations were identified for each of the four hazards, and
sample tables of limits provided to illustrate application of the approach. In developing the long-term
approach, a fundamental consideration was that the hazard of area is more gradual than height, which is
considered to have more defined points of increased hazard. The points of increased hazard primarily
relate to firefighting capability and equipment.

Changes to the height and area limits during the 1965 NBCC code cycle were relatively limited as a result
of an economic downturn and austerity measures implemented by the Government of Canada. It was
determined that the 1965 NBCC would be “an adjusted version of the 1960 Code and no major changes
will be made”. The changes were limited to minor adjustments to area limits for some occupancies and
changes to the construction criteria for the “boxes” as a result of a change in the definition of the term
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“noncombustible”. The two construction types introduced during the 1960 NBCC code cycle,
noncombustible and combustible, were more definitively prescribed.

During the 1965 NBCC code cycle, Ferguson presented a workshop paper on the principles of fire
protection at the 1964 Building Officials Conference. Ferguson identified the complementary nature of
fire protection and firefighting, and suggested that the structural integrity of a building be maintained for
a period of time required for occupant escape and the protection of firefighters, but no specific times
were noted. It was noted that greater structural stability is required for higher buildings than for smaller
buildings, particularly relative to height, and increased fire-resistance would provide the fire department
with more time to operate. It was suggested that for buildings of a certain height, collapse is considered
unacceptable and the risk of collapse be reduced to an “infinitesimal” quantity by providing a high degree
of fire-resistance. However, it was cautioned that risk be re-examined before taking further precautions
beyond those initially developed to address the risk. This comment was specific to the consideration of
sprinklering in addition to fire-resistance in addressing the risk of fire load in high buildings.

The development of the 1970 NBCC included provisions for covered malls, which required
reconsideration of the definition of a building as a single unit. The provisions of a covered mall permitted
the joining of two buildings by a protective cover/enclosure. In addition, areas were re-interpreted on a
reduced storey basis to reduce the potential for erroneous interpolations.

As part of the development of the 1975 NBCC, Ferguson committed to develop a guide to Part 3 and
developed a hand-written draft version. The draft included some basic concepts related to building size.
Ferguson noted that the fire protection of buildings related to spaces: evacuating occupants from a space,
confining fire to the evacuated space, and extinguishing fire in the space. He further noted that the
building has historically been identified as the space upon which the control measures have been applied;
however, the trend was moving away from the building as the control space to the compartment. He
noted that a better fit between control and hazard is achieved as the space basis for regulation is reduced.

Two committees were formed in preparation of the 1975 NBCC to address structural requirements based
on heights and areas and fire performance requirements for roof assemblies. The committee dealing with
roof assemblies developed several recommended changes, which were not adopted by the Standing
Committee. However, the Standing Committee did accept minor changes to roof assemblies to consider
fire retardant treatment in lieu of a fire-resistance rating. No specific recommendations from the
structural height and area committee were adopted.

In addition, it was recommended by the Standing Committee on Use and Occupancy and incorporated
into the 1975 NBCC that all floor areas in high buildings exceeding 10,000 square feet be sprinklered,
recognizing the difficulty of fighting fires in large open floor areas in high buildings. In addition, high
buildings were required to be constructed of non-combustible construction.

Development of the 1977 and 1980 NBCCs included conversion from imperial to metric units, and minor
revisions to the construction specifications associated with the height and area limits. In addition,
basements and cellars were limited to 5,000 square feet in area. Areas larger than this were considered
too large for effective firefighting and the City of New York considered 6,000 square feet the largest area
they could justify for effective firefighting in a basement or cellar. It was also decided that a storage
garage could be considered a separate building under certain conditions where separated from the
remainder of the building by a substantial fire separation considered a “horizontal firewall”.

Development of the 1985 NBCC considered changes to the covered mall requirements, moving away from
the concept of the mall covering as connecting two buildings to it forming a large public corridor in one
single building. In addition, the determination of building height for residential buildings was considered
relative to sloping sites.
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A list of action items was developed during the initial stages of the 1990 NBCC cycle. These action items
included review of structural fire-resistance requirements and terms, and combinations of combustible
construction in Subsection 3.2.2. The topic of combinations of combustible construction was considered
a high priority item, that could not be addressed within the time period of the development of the 1990
NBCC. It was noted that the 1995 NBCC code cycle was a more likely target.

A significant code change in preparation of the 1990 NBCC proposed that Group C buildings of
combustible construction be permitted to be 4 storeys in building height. The proposal was based on
provision of 1-hour floor assembly fire separations, 1-hour suite-to-suite and suite-to-corridor fire
separations. The National Research Council of Canada at the time noted the following relative to this
change:

Currently there appears to be little evidence of fires spreading beyond the suite of fire
origin. The proposal to permit 4 storey combustible residential buildings allows for 15
minute increase in the level of structural fire-resistance rating and other fire protection
systems will also be required.

It was further noted by the Standing Committee on Fire Protection that:

it is evident that the compartment to compartment fire separations are performing as
intended and that the problem associated with fires in residential occupancies is that of
life loss in the room of fire origin.

In addition to the increase in height, an increase in area was also permitted for residential buildings 3
storeys and lower where enhanced fire resistance is provided.

Development of the 1995 NBCC involved consideration of mandatory sprinklering requirements and
increase in building height to 4 storeys for Group D and E occupancies in buildings of combustible
construction. In addition, as part of the mandatory sprinklering analysis, it was noted that sprinklered
buildings that face three streets are given extra credit in permitting area, but the fire fighting access
requirements are waived for sprinklered buildings. It was recommended that Subsection 3.2.2. be
changed to permit the same total building area for facing three streets where the building is fully
sprinklered, but not require the three streets.

Development of the 2005 NBCC involved a substantial revision to the format of the Code to incorporate
an objective-based framework. As part of the development of this framework, several intent statements
related to the construction requirements of the Code were developed and intended to provide additional
information that could be used to better understanding the application of the height and area limits.
These intent statements related to life safety within a storey, limiting fire spread from storey-to-storey,
reducing the probability of collapse, reducing the probability of damage to property, and preventing
conflagration.

Changes to the 2010 NBCC were limited to the addition of a new occupancy type, Group B, Division 3,
Care Occupancies, and associated height and area limits, which ranged from 1 to unlimited storeys and
600 m? to unlimited area.

The risk basis for this era is summarized in Table 11.
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Table 11: Risk Basis — Canadian Height and Area Limits.

Consideration Overview

Implicit Risk: o Inadequate evacuation

o Full building involvement

o Fire size beyond the capability of the responding fire department
o Collapse of high buildings

e Increased potential for conflagration

Mitigation: « For buildings of combustible construction, height of 4-6 storeys (50 to 60 ft)

o For buildings of noncombustible construction, no rating, height of 4-6
storeys (50 to 60 ft)

« Area limits vary as a function of occupancy, type of construction, fire-
resistance, streets facing and sprinklering. Areas greater for buildings of
noncombustible construction

o Maximum area of single fire compartment limits consistent with insurance
rating system

Intended Result: |« Combustible buildings: limit fire spread to the building of origin
o Noncombustible buildings (no rating): limit fire spread to building of origin
« Noncombustible buildings (rating): limit fire spread to the storey of origin.

« Reduce the probability of building collapse
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10.0 CONCLUSION AND RECOMMENDATIONS

The risk associated with building size has historically been the spread of fire to involve more than one
building (conflagration). Risk perceptions evolved over the historic development of the codes to include
limiting full building involvement and collapse of high buildings. For lower buildings of combustible
construction, where the assumption has been that smaller buildings may become fully involved and
spread fire to adjacent buildings, the association of risk has remained largely unchanged since the limits
were conceptualized.

Building size has been slightly adjusted over time through a balance of passive fire protective features
and active firefighting measures as a function of occupancy type, with the objective of limiting fire size to
within the capability of a responding fire department. This has been effected through limitation on
building height and area and variations to those limits with additional beneficial features such as
construction resilience, sprinklering and improved access.

The base height and area limits have remained relatively constant for nearly 160 years, with some
variation in concept recognizing containment of fire to a single storey under certain conditions and
greater area permitted in sprinklered buildings, but only required to face one street. Therefore, the height
and area limitations evolved as reflected in the fire department’s ability to limit conflagrations given the
fire service capabilities in London and New York dating back the origin of the requirements in the late
nineteenth and early twentieth centuries.

The basic height limit consistently specified over this period of time was 5 to 6 storeys or 50 to 60 ft (15
to 18 m) and primarily related to the reach of firefighting equipment from the building exterior. Beyond
this height it was assumed that fire fighters would be required to fight the fire from the building interior,
requiring an additional degree of safety to do so, or allow the fire to burn-out. This additional degree of
safety was considered to be provided by construction considered to be more fire resilient.

Similarly, the basic area limit consistently specified over this period of time was 5,000 ft? for buildings of
combustible construction and 10,000 ft? for buildings of noncombustible construction and primarily
related to experiential firefighting ability to control fires of a certain size.

Over the period of time the building size limits have been established:
« firefighting techniques, equipment, response and overall capability have advanced significantly;
« construction methods and materials have advanced; and,
« analysis techniques have evolved significantly.

Knowledge of the implicit risk associated with the development of the building size limits allows for
reconsideration of those limits in light of these advancements, and facilitates the development of
alternative solutions to limit the risk of building size consistent with that intended by the prescriptive
building size limits.

The current building size limits were founded on the assumption of the building as the unit of control,
which was an appropriate assumption at a time when the risk of conflagration as a result of building-to-
building fire spread was clear and probable. However, industry advancements have reduced the risk of
conflagration to such an extent that consideration of the building as the unit of control may no longer be
appropriate. This was noted by Ferguson in the 1970’s as follows [21]:

The trend is toward the choice of smaller spaces for requlation purposes [and] as the space
basis for regulation is reduced, a better fit between control and hazard is achieved.
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Ferguson further noted that this trend is in keeping with the purpose of the NBCC — not that buildings be
smaller, but that the concept of building as the control unit be abandoned and that a more effective unit
of control be smaller spaces within the building.

Based on the information presented in this report, the following is recommended relative to further
research relating to the building size limits in the National Building Code of Canada:

Examine how the degree of acceptable risk has changed during the period of time the building
size limits were developed. Acceptable risk is not finite and can change as society’s aversion to
risk changes. What may have been acceptable 100 years ago may no longer be acceptable today
and vice versa.

Developed many years ago, the current building size limits have become static relative to industry
advancements. This warrants consideration of the knowledge, materials, means and methods
developed to limit fire spread that have evolved since the development of the building size limits.

Reconsider the “long term” approach to building size limits, developed during the 1960 NBCC
code cycle, but abandoned during the 1965 code cycle due to austerity measures. This approach
provided a quantifiable risk basis to building size limits, and could be updated and implemented
based on advancements since its proposal almost 50 years ago.

Reconsider whether the “building” as the unit of control is appropriate, or whether individual fire
compartments or storeys are more appropriate units of control. As a comparison, the New
Zealand building code considers total calorific value relative to firefighting capability and
considers this value on a “firecell” basis rather than a “building” basis in setting size limits.

Reconsider the benefit and reliability of sprinklers in limiting fire growth and spread and develop
more representative quantifiable modifiers for building size limits.

Revise the building size limits in the NBCC (Subsection 3.2.2.) including reconsideration of the
requirements related to type of construction (Subsections 3.1.4. and 3.1.5.) and firewalls
(Subsection 3.1.10.).

Re-examine fire department capability relative to the following:

o Firefighting strategies relative to interior versus exterior attack and degree of safety
required to support each approach.

0 Hose stream reach and effectiveness. It is our understanding that this type of research
has been conducted or is being conducted at the National Institute of Standards and
Technology in the United States.

o Analysis of new equipment, technologies and methods in firefighting relative to limiting
fire size developed since those available when the building size limits were established.
An example is aerial ladders with monitors.

Building areas in the NBCC were established as a function of the capability of a “typical fire
department”. Note that a “typical fire department” was not defined or quantified in the NBCC in
terms of capability. Confirmation that it is reasonable to correlate building area with fire
department capability is recommended. This consideration relates to fire load and building height
and was originally based on cubic capacity.

The current area limits were established partly on a fuel load basis, using data from fire load
surveys conducted in the 1920’s to 1950’s. Fire load surveys have been conducted more recently
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in Canadian occupancies and could be used to establish statistically representative densities
expressed in weight or energy content as a function of floor area.

e Determine of the fire size within the capability of the responding fire department in light of the
recommendations outlined above.

Reconsideration of the building size limits in the current NBCC based on the recommendations outlined
above will facilitate innovation in Canada without compromising safety.
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A.l 1941 NBCC Height Limits

TABLE 1 (SECTION 4.5)

MAXIMUM PERMISSIBLE HEIGHTS OF BUILDINGS FOR A GIVEN OCC-UPANCY CLASSIFICATION
Note: The more restrictive requirement, either height in feet or in storeys, shall govern.

Page A-1

Types of Construction

Divi?il}n
o
Occupancy Occupancy Group 1A 1B ic 2 3 4 5
Group (See Art. 4.2.1 Fire Fire Fire Heavy | Masonry | Wood Unprotected
for full details) Resistive | Resistive | Resistive | Timber |and Frame| Frame | Metal or Fire-
retardant
treated Wood
Theatres and motion picture | Unlimited | 75 ft.(® 45 ft.(» 45 ft. 35 ft. 35 ft. 35 ft.
theatresd? 3 storeys | 3 storeys 2 storeys | 1 storey 1 storey
A Auditoriums, community
halls, ete., including non-resi- | Unlimited | 75 ft.(» 55 ft.(w 55 ft. 45 ft. 35 ft.
dential colleges and schools!® 4 storeys | 4 storeys ™| 3 storeys | 1 storey 1 slorey
- Asylums, jails, etc. Unlimited | 75 ft. T —— Not permitted — = = = — — — — — — -
Children's shelters, hospitals, | Unlimited | 75 ft. 45 ft. 45 ft. 35 ft. 35 ft.
etc. 3 storeys | 3 sloreys 2 storeys | 1 storey 1 storey
Dry-cleani ﬂipl&ms
employing flammable or 1 storey 1 storey —_——— e Not permitted — — — - — — — — — — ~
exploswe solvents i
High hazard industrial 75 ft.(@ 75 ft. 45 ft. 45 ft. 35 it. 25 ft.
occupancies 3 storeys | 3 storeys 2 storeys | 1 storey 1 storey
C Medium hazard industrial and
commercial occupancies ex- | Unlimited | 75 ft. 75 fr.le 55 ft. 45 ft. 35 ft.
cluding office buildings 4 storeys 3 storeys | 2 storeys 1 storay
Office buildings Unlitited | Unlimited | 75 ft. 15 ft. S5 ft. 35 ft.
4 storeys | 2 sloreys 1 storey
Low hazard industrial Unlimited | Unlimited | 75 ft. 75 ft. 55 ft. 35 ft.
occupancies | 4 storeys | 2 sioreys 1 slorey
Convents, dormitories, etc. Unlimited | Unlimited | 55 ft. 55 ft.® 45 ft. 35 ft.
4 storeys | 4 sloreys 3 storeys | 1 slorey 1 storey
D Apartment houses, lotels, Unlimited | Unlimited | 75 ft.(e 55 ft. 45 ft. 35 ft.(m)
etc. 6 storeys | 4 storeys 3 storeys | 2 sioreys 1 storey
One- and two-famsly Unlimited | Unlimited | 55 ft. 55 ft. 45 ft. 40 ft.
dwellings 4 sloreys | 4 sloreys 3 storeys | 3 storeys 1 storey
Open sheds, private barns, Unlimited | Unlimited | 55 ft. 55 ft. 45 ft. 20 ft. 45 ft.
garages, etc.
E Towers, water tanks Unlimited | Unlimited| - - - =, ~ - = = = Unlimited - - = = = =« = = = o
Stands and stadiums, ste. Unlimited | Unlimited | 55 ft. 55 ft. ‘ 45 ft. i 35 ft.(0 l 45 ft.

(a) ‘rhe hewk:m feet of one-storey buildings shall not be limited when such buildings are of incombustible construction thmughnut also, in one-atore
see Sub-item 4.3.3.2 d]). the

u: &:t by atpnmtmm having a fire-resistance raling of at least two hours, with all

(d) TI:.c main ﬂoar of every thestre or motion picture theaire located in my
e level when its seating capacity including any balcony or gall

(e) The ﬂour level of any room and the

at or near gr

1C Construction in which combust

ai’GM in feet may be increased to a maximum of 7
(b) Schools and colleges including university buildings shall not exceed two storevs i heigh!, and convents or monasteries other than those accommodating

only adults shail be considered schools.
) Xléen t‘l]l,ethu:ht exceeds 55 feet or 4 storeys, whichever is the more restrictive, all floors shall be constructed of incombustible materials; floors immediately

basement or cellar shall have aju-muuuuu raling of at least two hours; and the building shall be subdivided inta areas not
such ions protected by self-dosing or sutomatic fire-

bnudlﬁldothul_h:n‘rwe 1A or 1B Construction shall be located at or near

exhibition ring of any arena, designed or intended as a place of m-mbfs.rfor more than 500 persons, shail be located
ade level when the building in which it is located is of other than Type 1A or 1B Conatructio

ible wmstruct;:-; is limited te wood roof sheathing, trusses, or purling, (

exceeding 5.000

(f) In the case of a stand or stadium having a roof, the height may be measured from the top of incombustible l:omuuctim where such construction is used

or t e supuon seats,
n elevators and flour mills in Type 14 Construction shall not be limited

E‘ﬂ T]m nghld Emldm;a of D2 occupancy in Type 4 construction may be 3

than 3 inches exglusive of any, sheathing are used.

(See Article 3.2.17).

storeys, but not more than 35 feet if plank walls having a thickness of not less
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A.2 1941 NBCC Area Limits

TABLE 2 (SECTION 4.5)

Page A-2

MAXIMUM PERMISSIELE AREAS (SQ. FT.) OF BUILDINGS FOR A GIVEN OCCUPANCY CLASSIFICATION(a)
Note: Where seats are installed or moved into an assembly building, their number in
any one room shall be limited as indicated in this table.
Types of Construction
Division
of
Occupancy Occupancy Group 1A 1B 1C 2 3 4 5
Group (See Art. 4.2.1 Fire Fire Fire Heavy Masonry ‘Wood Unprotected
for full details) Resistive | Resistive | Resistive | Timber |and Frame| Frame | Metal or Fire-
retardant
. treated Wood
Theatres and motion picture | Unlimited | 10,000 [ 10,000 | 7,500 5,000 3,000 5,000
theatres 1000 seats | 750 seats | 500 seats | 500 seats | 300 seats | 500 seats
A Auditoriums, community
halls, etc., including non- Unlimited | 20,000 | 10,000® | 10,000 5,000 3,000
residential schools, and 1500 seats | 1000 seats | 750 seats | 500 seats | 300 seats | Unlimited(®
colleges
Asylums, jails, etc. Unlimited | 25,000 | - - — — - _ _ _ _ _ Not permitted - = — — — — = — = = —
B Children's shelters, hospitals,
ete. Unlimited | 25,000 10,000 10,000 5,000 3,000 Unlimited
Dry-cleaning plants employ-
ing flammable or explosive Unlimited | 25,000 |- - - = = = = == = Not permitted - — - ~ - — = — — —
solvents or cleaners
High hazard industrial
occupancies Unlimited | 25,000 10,000 10,000 5,000 5,000(0 5,000t
| g
Medium hazard industrial and .
commercial occupancies, ex- | Unlimited | 25,000 10,000 10,000 5,000 5,000 Unlimited
cluding office buildings
Office buildings Unlimited | Unlimited | 25,000 15,000 7,500 5,000 Unlimited
Low hazard industrial
occupancies Unlimited | Unlimited | 25,000 15,000 7,500 5,000 Unlimited(e)
Convents, dormitories, etc. Unlimited | Unlimited | 20,000 12,000 5,000 5,000 Unlimited
D Apartment houses, halels, .
etc. Unlimited | Unlimited | 25,000 15,000 5,000 5,000 Unlimited
One- and two-family
dwellings Unlimited | Unlimited | 25,000 15,000 5,000 5,000 Unlimited
Privale barns and
garages, etc. Unlimited | Unlimited | 25,000 10,000 5,000 5,000 Unlimited
E Towers, water tanks Unlimited | Unlimited | 25,000 10,000 5,000 1,000 Unlimitedte)
Stands and stadiums, etc. Unilimited | Unlimited | 25,000 15,000 7,500 3,000 Unlimited(<)

{u; The maximum permissible arens set forth in this table may be increased in accordance with Article 4.5.3.
(b} The area and number of seats in a one-storey building shall not be limited when the conditions for unlimited hm.ﬁ! as given in footnote (a)} of T‘a‘ble 1
Sec

Iil] For roof

{d) In JFm: Zone No. 3, aircraft hangers may be of unlimited orea if draft stops are provided so as to divide the roof area into sections not exceeding 3500
Such draft stops shall extend to the bottom chords of roof trusses.
e area shall be limited to 1,000 square feet in the case of a garage other than a privafe

f) The area shall be [imited to 600 square feet n the case of gascline service stations,

tion are fulfi!

any fleor or balco:
seats, or af a level mezzanine or balcony not more than 5 feet wide, shall be perm

sheathing having a minimum nominal thickness of 2 inches, nmvtded all luc:h shecthing is not less than 14 feet above any Acor or balcony.
For girts having a minimum nominal size of 3 by 6 inches.

uare feet.

E)T:il

paint or petroleum products.

5.
n Flrt Zone No. 2 or Fire Zone No. 3, and if the area is limited to 20,000 sq. feet, untreated wood may be
beams or purling having a minimum nominal size of 6 by 10 inches provided that no part of

ny; provided, however, that proximity within the lé-foot hmlhng distance of an inclined or stepped bal

d; provided that the building is unsubdivided except for minor partifions, ticket booths, and necessary rooms for sanitary faci-
administrative purpose:

and
(c) If the building is located used:
(i) For roof any such member is closer than 14 fest to
cony or tier with fixed

nt shops or factories, public garages and storage buildings for
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Calculated Height and Area Table and Comparison
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:
JCUPANGY - LOAD|  FIRE RiSISTIVE | Mon | Zesvy |81 nery bood | Factore
i 3 2 1 | GCombus- Tirher |Upnretoc= Prame
i Jour  hour hecur| tihle ted A
1 t —mr
1
!
rsidential | 10 | - - - 8000 | 8000 5200 4000 | 2, 1
iew NEO | - - 16000 BOCO 16000 LOCC £.000
J1d NBC | - - 25000 - 15000 000 5000
|
thool v lo - - - 8000 8000 5500 Looo | 2, 1
- - 16000 | 8000 | 16000 4300 L5000
- 200001 10000 - 1C0a0 5000 3000
stisuttonal| 10 | - - - 6000 | 6000 4000 3000 | 13, 1
! - - 12000 6000 | 12000 3000 3000
] - 2500C | 10000 - 1C000 500 3000
gembly 10 - - - 4000 00 3000 2000 | 1, 1
i - - B00O | 4000 GO0 2C00 <000
! 20000 | 10000 - 10000 5000 3000
giness 15 - - 29000 | 11500 | 11500 a500 0£00 | 3&.22%
20000 | 10000 | 20000 5000 2200
- 25000 | 10000 - 1C300 5000 5000
i
reantile | 20 - - 180C0 | 7000 7000 5500 4000 | 2, 21
- 18000 G000 4500 2000 2000 2000
25000 | 10000 - 10000 50C0 £000
austrial 25 - 30000 | 15000 7500 7000 6500 5000 | 2%, 3
- 20030 | Lo00Q 5000 1CO00 2000 =000
- 25050 | 10000 5000 10000 5000 5000
rage 30 - 2,000 | 12000 | 6000 6000 5020 LO00 | 2, 3
2L000 | 12000 @ £000 2500 6000 - -
- 25000 | 10000 5000 |looco 5000 S000
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Height and Area Table of Limits for the 1953 NBCC
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TABLE 3.6
Height and Area Limitations of Buildings According to Classifications of Occupancy and Construction
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8
Type of Construction
Major Occupancy of Buildin 1 Protected 2 Protected Protected Protected
) paney ¥ | Nonprotected | oombustible | Moo braiectdly | Heavy Timber | Non-combustible | Non-combustible | Non-cordbustible
34 hour rating 1-hour rating 2-hour rating 3-hour rating
; NP NP NP NP @) 8,000 (6) 24,000 | UN 50,000
Div. 1 NP (1) 10,000 (1) 10,000 (1) 10,000 (1) 20,000 (1) 40,000 (1) UN
Group “A” : NP () 6.000 2) 6,000 (2) 8,000 (#) 16,000 (6) 32,000 (UN) UN
Assembly Div. 2 14y 4,000 (1) 16,000 (1) 16,000 (1) 20,000 (1) 32,000 (1) UN (1) UN
Div. 3 (1) 5,000 (1) 20,000 (1) 30,000 (1) 24,000 (1) 40,000 (1) UN (1) UN
Div.4 | (1) 4,000 (1) 15,000 (1) UN (1) 20,000 (1) UN 1) UN (1) UN
: NP NP NP NP (3) 18,000 6) 32,000 (UN) 48,000
Group “B" Div. 1 NP NP NP NP (1) 24,000 (1) 48,000 (1) 60,000
Institutional i NP (2) 6,000 NP (2) 10,000 (4) 18,000 (6) 32,000 | (UN) 48,000
Div. 2 NP 1) 12,000 @) 18,000 (1) 15,000 (1) 24,000 (1) 48,000 |. (1) 60,000
Group “C” : NP @) 6,000 @) 6,000 (3) 8,000 (6) 24,000 (UN) 42,000 (UN) 60,000
Residential* Div. 1 1=y 5,000 (1) 18,000 (1) 27,000 (1) 24,000 (1) 36,000 (1) 54,000 (1) 72,000
Group "D : @) 6,000 @) 16,000 @) 16,000 () 18,000 (6) 28,000 (UN) 48,000 (UN) 60,000
Business and Personal | i+ 1 [™(1) 10,000 | (1) 24,000 | (1) 36000 | (1) 28,000 | (1) 48000 | (i) 60,000 | (1) 96,00
Group "E” : (2) 5,000 @ 9,000 (G) 9,000 (3) 10,000 @) 15,000 (6) 25,000 (UN) 40,000
Mercantile Div. 1 1™1y"8000 | (1) 18,000 (1) 24000 | (1) 22,000 | (1) 36,000 (1) 54,000 (1) 72,000
; NP NP NP NP NP NP NP
Group "F” W1 NP NP NP NP NP (1) 18000 (1) 24,000
Hazardous . NP (2) 4,000 (2) 4,000 (3) 5,000 (3) 6,000 (4) 8,000 (4) 12,000
Div. 2 |y 4,000 (1) 12,000 (1) 12,000 (1) 14,000 (1) 16,000 (1) 20,000 (1) 24,000
- () 5,000 (3) 8,000 (3) _ 8,000 (3) 10,000 (&) 12,000 (6) 16,000 (6) 24,000
Div. 1 \—(1y"3000 | (1) 24,000 | (1) 36000 | (1) 32000 | (1) 48000 | (1) 64000 | (1) 80,000
Group “G” - (2) 6,000 (3) 10,000 (&) 10,000 (&) 15,000 (6) 18,000 (6) 24,000 (UN) 32,000
Industrial and Storage | D™ 2 [T(1) 12,000 | (1) 32000 | (1) 48000 | (i) 40,000 | (1) 64000 | (1) 80,000 | () 96,000
: (2) 8,000 (@) 15,000 (&) 15,000 (&) 18,000 (6) 24,000 (UN) 32,000 (UN) 48,000
Div. 3 ™(1) 16,000 (1) 48,000 (1) 96,000 (1) 56,000 (1) 96,000 (1) 96,000 (1) 96,000
Group “H" - (2) 5,000 (@) 6,000 (3) 6,000 (3) 8,000 6) 24,000 (UN) UN (UN) UN
Aevesioric Div. 1 [y 7500 | (1) 18,000 (1) 27,000 | (1) 24,000 (1) 36,000 (UN) UN (UN) UN

NOTES TO TABLE 3.6:

1. NP means “not itted”; UN means “unlimited”, me or letters in brackets refer to storey hei:!m and are shown before the maximum permissible areas in square feet.

2. For definitions of types of conatruction, see Section i1

3.% There are no limiting heights and areas for one- and mo-f dwelli for this occupaney are included in Subsection 3.1

4, For buildings i'nclns two streets not less than 30 feet in wtdth. the lnntting areas may be immd by the factor 133, For buildings facing three such stmtu. the limiting areas may be increased

by the factor
5. For buildi ha i pproved automatic sprinkl Hed hout all usable space, the limiting areas may be increased by a lmar of 2 provided such sprinklers are not otherwise requi
tlﬁ: ﬂ-l;a':&vag gmwfxd“ gft hn;lzn:d oci:llNNGJ'.Il muml;éuﬂw occupancy may have its area (as limited by the maximum area of the building) increased by a factor of 2 by the tnmllation nf
proved [i
6. Ff,. mdu&':’-'ial hf;"u,m; mumbmuﬁfg types of construction not exceeding one storey in helsht. the limiting areas may be increased at the discretion of the administrative oficial provided the
fire load does not exceed 2 pounda per square foot, all kazardous substances involved in the E;e din with Subsection 3.4.10 and also provided that the building is surrounded
on at least three sidea with open apaces not less than 30 feet in width and available for ﬁshthm purposes,

! aring this Table, the values for heights and areas were determined taking into account the for the separation of buildings in Submtlon 3.4.6. No furt
GRINERL NG rle’é;ﬁ::%m?.' for fire-resistive construction should be necessary through zoning which could be limited to tne regulation of exterior cladding trim R
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Ferguson’s Proposed Height and Area Limit Rationale

Sereca Consulting Inc. 912046 Building Size Limits | March 19, 2015



D.1 2 Storeys

2 STOREY BUILDINGS - FIRE SAFETY

E Fire Hesistance
= P Area limit Area limit if
2 o © - © if each floor each floor no
x E § o b a compartment a compartment
er I [z, LY
Assembly 3/k 100,000 sq. ft. Non-combust ib)
50,000 sq. ft
Institutional 3/1 Combustible
1 gl 25,000 sq. f£1
Residential sprirk. . - -
Business
Mercantile 2 3/h 50,000 sq. ft. Non-combustibl
- ' 25,000 sq. ft
Hazardous and
Industrial 1 25,000 sq. ft. 12,000 (H)
B Combustible
Storage lE,Oggdsq. ft
3 6,000 (H)

See 6 storey for limiting dimensions.

Page D-1
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D.2 3 Storeys

3 STORRBY

BUTLDINGS - FIRE SAFETY

Page D-2

izl Fire Resistance
]
v
R o Area limit Area limit if
' . 2 . o if each fleor each floor not .
o 4] 2] 2| 4 a compartment a compartment Combustibles
issembly 3/, 100,000 sq. ft. lon-combustible Structural
(5 $1 W 30,000 sq. ft.
> oors may be elements ma
Institutional 3(& Combustible Y
1 with treated as one) 15,000 sg. ft. be combustible
= - S!jrﬂlk
iesidential 1 1 - of heavy timber
g .
s =] sizes.
nu2lness g
i .,:.: Also joist floors
=g
@ a i
Kz il 2 | 3 £ 50,000 sq. ft. Non-Combustible and stud parti-
= T 5,and 5q. ft. tions allowed.
25,000 sq. ft. 7,500 (H)
Tndustrial £
- (2 floors may bve Combustihle
Sterage treated as one) and
- J 3,000 (H)

See 6 storey for limiting dimensions.
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D.3 4 Storeys

L STOREY

BUILDINGS - FIRE SAFETY

Page D-3

= Fire Resistance
Q
= 0 Area limit Area limit if
© o g = g if each floor each floor not
s | 8 A e a compartment a compartment Combustibles
= A < = w0
issembly 3/L lon-combustible
EDIDOD S . fto Stz‘uctural
Institutional Combustible . .
ubiona .|z 100,000 sq. ft. 10,000 sq. ft. TURETES ER
" 1 be comobustible
lesidentia
i (2 floors may be of heavy timber
Susiness 1 1 1 treated as one) sizes.
Joisted floors
Ilercantile 2 3/4 50,000 =q. ft. Hon-combustible permitted,
; 10,000 sq. ft.
Hazardous ’and
Industrial 1 22,000 sq. ft. 20 L
(2 floors may be Combustible
2 5,000 sq. ft.
tovage treated as one) and
2,000 (H)

See 6 storey for limiting dimensions.

Sereca Consulting Inc.

912046 Building Size Limits | March 19, 2015



D.4 5 Storeys

5 STORZY BUILDINGS - FIRE SAFATY

Page D-4

] i'ire Resistance _ Required
=] Senarations
— o S Limiting
i & 5 o = Compartments Dimensions Combustibles
el o (3] = ~
_______ _ ey | =t = e
issenbly 1 3/k Fach storey must have
at least 1 hour sepa-
B ration.,
fztitutional 1 2
If every storey makes Same Same
1 a compartiment, area
Tasidential 1 2 limit = 100,000 sq.ft.
If not, area limit
20,000 sguare ft. as as
Business 1 3/h 1 1 1
. for for
zrgantile 2 Lacn storey must have
at least 1 hr. sepa-
— ration.
) 1 If every storey a H 3 6 =
mstrial 3/4 1 compartment, area
limit 50,000 sq. ft.
2 If not, area limit
rage 10,000 sq. ft.
3

dee 6 storey for limiting dimensions.
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D.5 6+ Storeys

6% STUREY BUILDINGS - FIRE SAFETY

i e I 0

(=] o . -
g fire Resistance Required
= Sevarations
@ o i — v , & . Limiting g .
b i 3 g - Compartments Dimensions Combustibles
) i
o = ke 4 &, o
ibove Hth Floor
Asssmbly 374 Limiting Area If accessible
P 50,000 sq. £5.. i
T Rl All floors must be irom cne street
Institutional . , . compartments. e denin
Lo only apt
Below 6th Floor .
Residential Every second floor limited to Solid
o] 2 a compartmnent. - . s
B Limiting area 100 feet. combustible
AR 100,000 sq. ft. .
B ——— s =p pa.Ttl"C-lOtlS
Above 6th Floor If least -
Mercantile 2 2 clmitlng Ares 13 . B
25,000 sq. ft., dimension
I 3/# encsnt nizn hagard
waich is 10,000, aoove 200 feet,
Incustrial 1 1 A1l floors compart.
- Be}ow &th Floeor building must
Linmiting Areas
FENTazE . 50,000 and be sporiaklzsred,
20,0600 (aigh hazard).
3 3 svery second floor
a2 conrartnent.,
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Comparison of Height and Area Values from the 1941 NBCC, 1953 NBCC, 1955
BOCA, 1955 NBFU and 1955 UBC for Ordinary and Wood Frame Constructions
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APPENDIX A-1
COMPARISON OF MUDEL CODF REQUIREMENTS FOR LIMITATION
ON THE HEIGHIS AND AREAS OF ORLINARY AND WOOD
FRAME CONSTROCTIONS IN TYPICAL CONSTRUCTIONS
YCUPANCY CONSTRUCTION NBC '53 NBC 'hit BOCA 155 NEFU 155 UBC 155
Stories Ris. Areas | Storles Rts, Areas | Stories Hts. Areas | Storles Hts, Areas | Stories Hts, Areas
GHOTP A - LSSEMBLY
DIVISION 1 Ordinary NP 2 351 5000 1 20v Looo Lsr 6000 2 10500
500 seats
Wood Frame NP 1 350 3000 WP 35¢ L4000 i1
300 seats
Viood Frame Protected 1 20" 5000
DIVISION 2 Ordinary 2 6000 3 5035;33%300 2 30 6500 Lgr 6000 2 10500
Wood Frame P 1 35 3000 1 20' 3500 350 Looo 1 6000
300 seats
Wood Frame Protected 1 20' 5000
DIVISION 3 Ordinary §P 3 L5t 5000 2 30" 6500 LSt 6000 2 10500
500 seats
Wood Frame NP al 35 3000 1 20" 3500 35' Looo 1 6000
300 seats
VWood Frame Protected 1 20t 5000
DIVISION L Ordinary NP 3 L5r 5000 h5r 7500 L5 6000 2 10500
500 seats
Viood Frame NP 1 35" 3000 351 3000 35v  Looo 1 6000
300 seats -
GROUP B ~ INSTITUTIONAL
DIVISION 1 Ordinary P NP 1 20" 5000 L5t 6000 NP
Wood Frame i NP w 35t Lood NP
Wood Freme Protected 20" 3500
DIVISION 2 Ordinary 2 6000 2 35t 5000 20" 6000 h5* 6000 2 £250
Wood Frame NP 1 35" 3000 NP 351 1002 NP
Wood Frame Protected AL, 20 Looo

Page E-1
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A=2
OCCTPANSY CONSTRUCTION NEC 153 NEC L1 BOCA 155 NEFU '55 UBC 155
Stories Hts. Areas | Stories Hts. Areas | Stories Hts, Areas| Storles Hts, Areas| Stoeries Hts. Areas
GROUP C - RESIDENTTAL
DIVISION 1 Ordinary 2 6000 *3 L5t 5000 3 hor 7500 hsr 6000 3 10500
viood Frame NP 1 35" 5ooo 23 351 hooo 35t Looo 2 6000
Woocd Frame Protected 3 hot 6000
TIVISION 2 Ordinary No limiting 3 ks s000 3 hor 7500 L5 6000 Unlimited
hts. & areas
Wood Frame No 1limiting 3 ho' 5000 24 35' Looo 351 koo Unlimited
hts. & areas
GROUP D - BUSINESS & PERSONAL Ordinary 3 16000 3 b5' 5000 3 LO' 11000 L5 é000 3 1lkoco
SERTICES Wood Frame 2 6000 2 35t 5000 2 30t 6000 35t Looo 2 Booo
Wood Frame Protected 3 Lor 2000
GROUP E - MERCANTILE Ordinary 2 9000 3 L5r 5000 2 30" 7500 L5 6000 3 1L00o
Wood Prame 2 5000 2 35" 5000 1 20" kooo 350 €000 2 8000
Wood Frame Protected 2 30 6000
GROUP F - HAZARDOUS
DIVISION 1 Ordinary NP i s 20" 3500 L5t 6000 1 1375
Wood Frame NP 14 NP 35' L0oO 1 2500
Wood Frame Protected b 20" 3000
DIVISION 2 Ordinary 2 4000 2 35" 5000 L5t 6000 2 L375
Wood Frame NP 1 25' 5000 35t LooO 1 2500
(ROTP G - COMMERCIAL, INDUSTRIAL
AND STORAGE OTHER THAN
FAZARDOTS
DIVISION 1 Ordipary 3 8000 L 551 7500 L5t 6000 2 8750
Wood Frame 2 S0 | 2 35t 5000 35 L00o 1 5000

Page E-2
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“Spelled-Out” Tables
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Z STORRY  TLlLLIWGAS, APPENDIX A-11

e e R b 3% i il i b s it it

Assenpry  Insriromomn Al Azs:o- ol ESALE + WALEIOUSE
ENTIAL  Guciticss + LiGHT ousFod|  STaKAGE 4+ INOPSTRY,

.rc?bfz,pwq' AREA A€ -40,000 39 FLTT Bty -:_\._r,’fg_‘a_-i;'j;_{,_%_’ogq:_,g’:,‘.«j{d o ST ET.
::'I “a , : _-,_' ..- ;';__.._ --_L,-f/ ’ ;o o Fon if‘-.‘ti’--’;:‘auﬁz arca ine 8//aws 1NG €S sTRUCSTION
f}f‘ }:J;t‘t,‘u-;_fu 7R '_.:r':‘.. d‘:,JG 74J.+3'-.UHI§ , "“:(-'-'(;,"O'f'en:!:r‘l?'-s‘ 3y N 8“0[‘?' »
Topmryel o (S are mandl AT — Eyary floor shall be a frno€ 3 GnstrucTion
~Every floor sholl eseal n Fracdct =l s L pasiATION .
consirociron opnraiian | =Coforangs and dallcr vecfical load-hearmé
~Colvmas aned ofhce vevhieal lacl-heuving T 4 4 houkrs {frw'_;-c:;r sfance, ©
anem bevs =2 2 {Eguré']/;rc rocict | T .‘E‘EQ/_- “~ flave§ f-h:""-' rFaseiTance,
- Srery loadl-berteing <lement ond - ch__z_(_ex;jrqrj;uaH;. snoff c’ﬁvaf C;E,qoi 5
MO = fory:_!-.’;u.-_-.mn;‘! wirien it (gi‘cm?'m-mr Gomstrection s\?para'ﬁ"on 7-15' may be
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TaeLE 36
Height and Area Limitations of Buildings According to Classifications of Occupancy and Construction
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8
Type of Construction
ORDINARS,
Major Oceu 7 of Buildi -protected Protected Protected Protected
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iv-1 ) & 400 {1} 2600 uj Ig00T (1) 32,000 (1) 48,000 (1) 64,000 (1) 80,000
Group “G"" Div. g2 (3 Go0e (#] t€o00 (G () se,720 (5| (&) 15,000 {6) 18,000 {6) 24,000 {UN) 32,000
Industrial and Storage| ~ "~ (1} /L0330 (i} 3l 0ce (ip #xooe ) (1) 40,000 (1) 64,000 (1) 80,000 (1) 96,000
. (Z; Sooo G4 15990 (G g 500 i) | _(5) 18,000 {6) 24,000 {UN} 32,000 {UN) 48,000
Div. 3 | (1) 1&0ac (ij48.00e. {1, 75500 (1) 56,000 (1) 96,000 {1} 56,000 (1) 96,000
Group "H” Div. 1 Ecﬂ Ge3e (5) &ooe (5}5) o8t fg | (3) 8000 (6)__2%,000 {(UN)} UN (UN) UN
Accessory *t 6 Zrae. (1j fFecd. (i 27,0090, (1) 24,000 {1) 36,000 {UN) UN (UN) UN

NOTES TO TAELE 3.6:

1. NP means "nmng :
o e T
€N, AN fleors 3nd voof and Thewr supparf shall have Y4
(8. /n fwo -ﬂﬁvey -‘wfd:n‘gsj afl #oorr and raa/r
©). 3/ floovrs and roofs shatl have i haow
2N floo-s Feparalin g duetlrng unifs ancd all rea
©). 31 builsing s crecedeng Twa Storcys m rf;e;;éf shatl ksue floars and rocfs with Y hooy fire resrstance.

shall have

fire reqrsfance.

ermitted": TN means "un&'h;f.i_red '_'1. lF‘[erau or Jetters in brackets reler to storey heights and are sbowd before the maximum permissible areas I squase feet.
T et Fs e v o famsily dwellings. The requirements for separatiam for this acupancy are inchuded in Subsection 3.17.1.
hour Fire reaffance.

3 hour Awe resrslonce ercgwvalen?.

(;rrc resrsfance

s of bueldings caceeding oae slary n ‘n‘;“n‘ a’-{laff have Y haur

Fral é'wfdmf: crceeding cac Terey mheght shotl Avve floors and roafs of nof fessithan ¥, Aoor Fire rersshace
f&?)_ a waaﬁn‘.:; crsecding Two Jfﬂrnr: n 4@;"51’ sdat haye ;ff{;or_r and roqf’ of ma? Jesy han Y baos free resrsSnce

Page G-1

Sereca Consulting Inc.

912046 Building Size Limits | March 19, 2015



	1.0 Executive Summary
	2.0 Introduction
	3.0 Early Times
	3.1 Rome, 390 B.C. to 18 B.C.
	3.2 Great Fire of Rome, 64 A.D.
	3.3 Rome, 98 A.D. to 491 A.D.
	3.4 1189 Assize of Buildings, London
	3.5 Height Limits in the Laws of Edinburgh in the 1600’s to 1800’s
	3.6 Limits in the Building Acts of London, 1666 to Early 1800’s
	3.6.1 The Great Fire of London
	3.6.2 Acts of 1667 to 1774
	3.6.3 Act of 1774
	3.6.4 Bill of 1830
	3.6.5 Act of 1844


	4.0 The Cubic Capacity Concept
	4.1 Act of 1844
	4.2 Act of 1855
	4.2.1 216,000 Cubic Feet
	4.2.2 300,000 Cubic Feet


	5.0 Insurance Rating System and the “Standard Building”
	5.1 Insurance Interests
	5.2 Standard Building
	5.2.1 Building Volume
	5.2.2 Lot Size
	5.2.3 Area Basis

	5.3 Insurance Rating System
	5.3.1 Occupancy
	5.3.2 Type of Construction
	5.3.3 Accessibility (Streets Facing)
	5.3.4 Area
	5.3.5 Height
	5.3.6 Sprinklers
	5.3.7 Rating System Significance


	6.0 Height and Area Limits in Early US City Building Ordinances
	6.1 Washington D.C.
	6.2 Chicago, Illinois
	6.3 New York, New York
	6.4 St. Paul, Minnesota

	7.0 US Model Building Code Development
	7.1 General
	7.2 National Board of Fire Underwriters Model Building Code
	7.2.1 1892 Fire and Building Regulations in Foreign Countries
	7.2.2 1893 Model Code
	7.2.3 1905 Model Code
	7.2.4 1907 Model Code
	7.2.5 1909 Model Code
	7.2.6 1913 Allowable Heights and Areas for Factory Buildings - Ira H. Woolson
	7.2.7 1915 Model Code
	7.2.8 1922 Model Code
	7.2.9 1934 Model Code

	7.3 National Fire Protection Association
	7.3.1 1899 Proceedings
	7.3.2 1904 Baltimore Conflagration
	7.3.3 1906 Proceedings
	7.3.4 1908 Proceedings
	7.3.5 1913 Proceedings
	7.3.6 1914 Proceedings
	7.3.7 1916 Proceedings
	7.3.8 1917 Proceedings
	7.3.9 1918 Proceedings
	7.3.10 1919 Proceedings
	7.3.11 1920 Proceedings
	7.3.12 1921 Proceedings
	7.3.13 1922 Proceedings
	7.3.14 1923 – 1925 Proceedings
	7.3.15 1926 Proceedings
	7.3.16 1927 Proceedings
	7.3.17 1930 Proceedings
	7.3.18 1931 Proceedings
	7.3.19 1933 Proceedings

	7.4 1930 Recommended Minimum Requirements for Fire Resistance in Buildings
	7.5 Building Materials and Structures (BMS92)
	7.5.1 Classification of Building Types
	7.5.2 Fire Severity
	7.5.3 Height Restrictions
	7.5.4 Area Restrictions
	7.5.5 Surveys of Combustible Contents of Buildings
	7.5.6 Fire-Resistance Ratings

	7.6 Method of B.L. Wood
	7.6.1 Height Limits
	7.6.2 Area Limits
	7.6.3 Area Increase - Streets Fronting
	7.6.4 Area Increase – Sprinklering


	8.0 Canadian Height and Area Limitations
	8.1 Canadian City Building Ordinances
	8.1.1 Montreal, Quebec
	8.1.2 Calgary, Alberta
	8.1.3 Hamilton, Ontario

	8.2 Early Model Code Considerations
	8.3 1941 NBCC
	8.4 1953 NBCC
	8.5 1960 NBCC
	8.6 1965 NBCC
	8.7 1970 NBCC
	8.8 1975 NBCC
	8.9 1977 NBCC
	8.10 1980 NBCC
	8.11 1985 NBCC
	8.12 1990 NBCC
	8.13 1995 NBCC
	8.14 2005 NBCC
	8.15 2010 NBCC

	9.0 Implicit Risk Analysis
	9.1 Early Times
	9.2 Area and Cubic Capacity Concept
	9.3 Insurance Rating System and Model Building Codes
	9.4 Canadian Building Size Limits

	10.0 Conclusion and Recommendations
	11.0 Sources of Information

