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Why?

Historical Basis

 Model Building Code of Canada

 Egress (Exit Width and Occupant Load)

 Building Size (Height and Area Limits)

 Spatial Separation

Overview
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Why do we need an understanding of the historical 

basis of today’s code requirements?

 Understand intent of code requirements

 Clarity

 Consistent interpretation

 Facilitates alternative solutions

 Basis to develop code change

Why?
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NATIONAL BUILDING CODE 

OF CANADA

General History
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Historical Basis – Model Code
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Historical Basis – Model Code

 A model code was desired to unify construction 

practices across Canada

 Development of a National Model Building Code 

was first contemplated in Canada in the 1920's, 

abandoned due to limited resources to complete 

work.

 Large amount of work completed in the United 

States relative to a US model code from 1910 to 

1935.

 Administrative Committee formed in 1932 by the 

National Research Council of Canada
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Historical Basis – Model Code

 Development of Canadian Model Code re-initiated 

in 1937. Recommendation at that time:

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.

 First Edition of a Canadian Model Code: 1941 

NBCC

 Substantially based on US model codes

 13 editions since 1941 NBCC
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ANALYSIS APPROACH

General History
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› Implicit Risk: What is/was the risk that initiated 

the development of the specification(s)?

› Mitigating Measures: What knowledge, capability, 

materials and methods were considered in 

mitigating the risk?

› Acceptable Risk: To what level is/was the risk 

mitigated?

Approach
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EGRESS

General History
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Exit Width – Acceptable Solution, Objective, 

Functional Statement

 Clause 3.4.3.2.(8): The minimum width of exits shall 

conform to Tables 3.4.3.2.A and 3.4.3.2.B – generally 

1100 mm.

 Clause 3.4.3.2.(1)(c): The aggregate width of 9.2 mm per 

person for stairs

 Objective [OS3.7]: To limit the probability that a person 

in or adjacent to the building will be exposed to an 

unacceptable risk of injury due to hazards caused by 

persons being delayed in or impeded from moving to a 

safe place during an emergency

 Functional Statement [F10]: To facilitate the timely 

movement of persons to a safe place in an emergency



www.jensenhughes.comwww.jensenhughes.com

Exit Width – Intent Statement

 Intent: to limit the probability that exits will be of 

insufficient width to permit efficient egress in an 

emergency situation, which could lead to delays in 

the evacuation or movement of persons to a safe 

place, which could lead to harm to persons.

 How do you develop an Alternative Solution for 

exit width based on this?

An effort must be made to demonstrate that an alternative 

solution will perform as well as a design that would satisfy 

the applicable acceptable solutions in Division B.

 How do we demonstrate “as well as”?
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Exit Width – Purpose

 Delay?:

• What is the delay relative to?

• What does the building code consider in terms of a value for 

delay?

 Moving?
• How do we quantify “moving”. Speed, distance?

 Safe place?:

• The building code does not define “safe place”; however, 

exit facility, adjacent building and public thoroughfare could 

be interpreted as safe.

• Is safe an ultimate term or a function of the growth and 

development of a fire?

 Need to establish original basis for development to 

answer these questions
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Exit Width – Historical Basis

 2010 NBCC: Width Per Person Basis:

 1985 NBCC: Metric Unit Width Basis:

550 𝑚𝑚 (22 𝑖𝑛)

60 𝑃𝑒𝑜𝑝𝑙𝑒
= 9.17 ൗ𝑚𝑚

𝑃𝑒𝑟𝑠𝑜𝑛
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Exit Width – Historical Basis

 1953 to 1977 NBCC: Imperial Unit Width Basis:

 1941 NBCC: Unit Width Basis
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Exit Width – Historical Basis

 The 1941 NBCC exit requirements based on 1935 

“Design and Construction of Building Exits” –

National Bureau of Standards in the US:
1941 NBCC

1935 Design and Construction of Building Exits
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Exit Width – Historical Basis

 The exit width requirements in the 1935 “Design 

and Construction of Building Exits” are based on 

studies conducted in the United States between 

1900 and 1930 relative to occupant flow.

 1935 “Design and Construction of Building Exits” 

based on “Building Exits Code”, now called NFPA 

101, “Life Safety Code”

 The first edition of the “Building Exits Code” was 

issued in 1927, following NFPA Life Safety 

Committee deliberations since committee inception 

in 1913

 Why was the Life Safety Committee formed?
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Exit Width – Historical Basis

 Shirtwaist Factory Fire, 

New York City, 1911.

 Exits locked

 146 workers dead

 Lead to Formation of 

Factory Investigation 

Committee, 1911.

 Initiated NFPA Life Safety 

Committee in 1913
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Exit Width – Historical Basis
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Exit Width – Historical Basis

 Initially a need to evacuate occupants from 

factory buildings within specific time period (3 

minutes).

 Emptying time increased for increasing building 

height.

 Exit width based on stair capacity and flow to 

meet emptying time based on multiples of the 22 

inch unit width

 Several methods suggested for adequate 

evacuation:
• Provide adequate stair capacity

• Provide horizontal exit to available floor area.

• Combination of the above two methods.
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Exit Width – Historical Basis



www.jensenhughes.comwww.jensenhughes.com

Exit Width – Historical Basis

 Where does the 22 inch unit width come from?

 1792 – Troop Formations: known values for troop 

formation widths rationalized for evacuating 

occupants



www.jensenhughes.comwww.jensenhughes.com

Exit Width – Historical Basis
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Historical Basis - Quantification

 Unit exit width confirmed based on statistical 
analysis of egress

 Results of exit flow analysis indicate:

• 45 People/min for each 550 mm unit exit width for stairs
• 60 People/min for each 550 mm unit exit width for doors

 Combining the values above with the limit to the 
number of occupants per unit of exit width (i.e., 60 
People/550 mm stair/door width:

• 1.33 minutes to clear a floor area based on stair capacity
• 1.00 minutes to clear a floor area based on door capacity

 1.00 to 1.33 minutes to clear a floor area assumes 
that a floor area is becoming untenable within that 
time period
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Occupant Load – Historical Basis

 Large loss of life in barracks and hospitals

 Florence Nightingale proposed minimum 

volumetric space per person 1860’s

 Ventilation requirements a function of:

• room dimensions,

• external and internal temperatures,

• number of occupants in the room,

• the time the room is occupied, and

• the use of the room.

 Max von Pettenkofer – developed cubic limits for 

various occupancies as a function of exhaled 

carbonic acid
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Occupant Load – Historical Basis (Ventilation)

Business Building

100 ft2
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Occupant Load - Elevator Service

 Required an understanding of maximum occupant 

load

 Bolton - office occupancies:
• Existing ventilation requirements as basis for calculation

• Confirmed calculation through statistical analyses of 

highest density offices in the City of New York
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Occupant Load - Elevator Service: Ventilation and 

Statistics
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Occupant Load - Building Exits Code (Life Safety 

Code)

 Committee on Safety to Life 

established occupant loads 

on a statistical basis for 

Mercantile, School and 

Office Buildings.
• 1918 to 1924: developed as a 

set of graphs and tables

 Developed complicated tables 

of egress relative to occupant 

loads, building height, 

protective features
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Occupant Load - Building Exits Code (Life Safety 

Code)
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Occupant Load - Building Exits Code (Life Safety 

Code)

 1924: developed an occupant load formula to 

replace tables to simplify egress analysis.

 1925: customization of the occupant load formula 

for Institutional Buildings.

 1927: occupant load of Assembly Buildings 

established based on a combination of number of 

seats and floor area basis.

 1934: egress analysis simplified into basic table 

of values
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Occupant Load - Life Safety Code
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Occupant Load - Modern Building Codes

 1935: “The Design and Construction of Building Exits”

 1941: “National Building Code of Canada”
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Exit Width – Historical Basis Considerations

 Exit width requirements were established based on 
the perceived risk of death by fire at that time

 Do they still apply today?

 Risk of death by fire in 1910’s versus today has 
been significantly reduced given:

• Improved material performance and limits on surface 
finishes

• Advanced detection and notification technology
• Increased use of sprinklers
• Advances in fire department apparatus and capabilities
• Greater understanding of fire growth and development
• Advances in building design beyond that intended by these 

early codes
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Exit Width – Alternative Solution 

Considerations

 Delay/Impeded?:

• What is the delay relative to?

• Development of untenable conditions resulting from fire

• What does the building code consider in terms of a value for  

delay?

• 1:00 to 1:20 minutes for fire floor assuming untenable 

conditions occur within that period of time affecting the 

entire floor area (for a standard floor)

• 3 minute building emptying time for lower buildings, up to 7 

minutes for higher buildings

• Compartment fire development, flashover and full room 

involvement were not fully understood in the early 1900’s 
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Exit Width – Alternative Solution 

Considerations

 Safe place?:

• The building code does not define “safe place”; however, 

exit facility, adjacent building and public thoroughfare could 

be interpreted as safe

• Is safe an ultimate term or a function of the growth and 

development of a fire?

• The building code developed the concept of safe relative to 

the industry understanding of fire development in the early 

1900’s (i.e., physically or spatially separated from the 

location of the fire such that the products of the fire will not 

impact on safety, or outside the building)

• These concepts were based on the assumption of the 

Building as the unit of control
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BUILDING SIZE

(HEIGHT AND AREA LIMITS)

General History

37
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Building Size – Acceptable Solution Example

 2012 BCBC:

 Where do these limits come from?
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 3.2.2. – Requirements that a building be of 

noncombustible construction.

 Applies to portion of Code text: “… the building 

referred to in Sentence (1) shall be of 

noncombustible construction …”

 F02: To limit the severity and effects of fire or 

explosions.

 OS1.2: fire or explosion impacting areas beyond its 

point of origin

Building Size – Objective, Functional Statement 

and Intent Statements
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 Intent:

To limit the probability that combustible 

construction materials within a storey of a 

building will be involved in a fire, which could 

lead to the growth of fire, which could lead to the 

spread of fire within the storey during the time 

required to achieve occupant safety and for 

emergency responders to perform their duties, 

which could lead to harm to persons or damage 

to the building.

Construction Type Objectives, Functional 

Statements and Intent Statements
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Building Size - Great Fire of Rome in 64 AD
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Building Size - Great Fires of London in 1135 and 

1212
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Building Size – Early Times Implicit Risk

 Conflagrations in 1087 and 1135 resulting in 

destruction of most of the City of London

 Majority of buildings at that time were constructed 

of wood, roofed with straw.

 High building density

Implicit Risk: Fire spread from building to building resulting in conflagration.

Mitigation: Stone wall between houses: 3 feet thick (party wall/firewall)

Intended

Result:
Limit fire spread to individual buildings (primarily houses)
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London – Great Fire: 1666
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Building Size – London 1666 to 1774 Implicit Risk

 Implicit Risk Considerations

Implicit Risk:
• Fire spread from building to building resulting in 

conflagration.

Mitigation:

• Brick or stone wall between houses: 13 inches thick and 18 

inches above the roof (party wall/firewall)

• Brick or stone exterior walls

Intended

Result:
• Limit fire spread to individual buildings (primarily houses)
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Building Size – London 1850’s Implicit Risk

60 ft

60 ft

60 ft
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London – Tooley Street: June 22, 1861
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Building Size – London 1873 Implicit Risk
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Building Size – London: 1774 to 1873

 Implicit Risk Considerations

Implicit Risk:

• Single buildings (warehouses) increasing in size resulting in 

fire size beyond the capability of the responding fire 

department.

• Increased potential for conflagration.

Mitigation:
• Containment by limiting height/volume assuming fire service 

intervention

• Height of 60 to 65 ft and cubic capacity of 216,000 cubic feet.

Intended

Result:
• Limit fire spread to individual buildings.
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Building Size –USA 1872 to 1930’s Implicit Risk

 Great Fire of Chicago – October 10, 1871

 Great Fire of Boston – November 9, 1872

 These fires called attention to the substandard 

conditions of construction in cities across the United 

States
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Building Size –USA 1872 to 1930’s Implicit Risk

 “Standard Building” and associated limits based on 

insurance rating system:

• Defined building characteristics upon which insurance rates 

could be set

• Deviations from the standard resulted in higher rates

• Improvement of the standard resulted in discounted rates

 Variations to the “Standard Building” features were 

later quantified in greater detail
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Building Size –USA 1872 to 1930’s Implicit Risk

 New York Board of Fire Underwriters – January 

1873: “Standard Building” height and area limits

Note that the 

volumetric limit based 

on an area of 5,000 ft2

and height of 60 feet is 

300,000 ft3. This was 

the limit for existing 

warehouses in the City 

of London
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Building Size –USA 1872 to 1930’s Implicit Risk

 Rationale for limits:
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Building Size –USA 1872 to 1930’s Implicit Risk

Lot Size:

25 ft x 100 ft

2,500 ft2

Buildings 

covering multiple 

lots (typically 2)

5,000 ft2
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Building Size –USA 1872 to 1930’s Implicit Risk

 Insurance rating system modifiers:

Feature Modifiers

Occupancy: A function of hazard level (experiential)

Type of Construction: Fireproof and non-fireproof

Accessibility Number of building sides facing a street

Sprinklering: Gradual recognition of benefit with 

increased reliability

Area: Incremental increases/decreases as a 

function of area

Height: Incremental increases to a threshold 

level of 7 storeys then significant 

increases
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 Insurance rating schedule translated into regulation

 Published by the National Board of Fire 

Underwriters in 1905

 Base area: 5,000 ft2

 Area modifiers:

• Occupancy

• Height

• Type of construction

• Streets Facing

• Sprinklers

Building Size –USA 1872 to 1930’s Implicit Risk
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Building Size –USA 1872 to 1930’s Implicit Risk

 Implicit Risk Considerations

Implicit Risk:
• Fire size beyond the capability of the responding fire 

department

• Significant property loss

• Increased potential for conflagration

Mitigation:
• Height of 5 to 6 storeys (50 to 60 ft) and base area of 5,000 

square feet

• Increases in height and area based on type of construction, 

occupancy, streets facing and sprinklering

Intended

Result:
• Limit fire spread to individual buildings.
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Building Size – Canada 1941 to 1965 NBCC 

Implicit Risk

 1941 NBCC: height and area limits substantially 

based on limits from a model US Model Code

 1953 NBCC: height and area limits, balancing of 

risk associated with conflagration and occupancy 

hazards
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Building Size – Canada 1941 to 1965 NBCC 

Implicit Risk

 1960 NBCC:

• Height and area limits changed from table format to 

“spelled-out” format

• Types of construction reduced from 7 types to 

“combustible” and “noncombustible”
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Building Size – Canada 1990 to 2010 NBCC 

Implicit Risk

 1990 NBCC: 3 to 4 Storey (Sprinklered) 

combustible construction – Group C

 1995 NBCC: 3 to 4 Storey (Sprinklered) 

combustible construction: Groups D and E

 1995 NBCC: Sprinkler and streets facing factor 

combined (2 x 1.5 = 3)
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Building Size – Canada 1941 to Current Implicit 

Risk

 Implicit Risk Considerations

Implicit Risk: • Inadequate evacuation

• Full building involvement

• Fire size beyond the capability of the responding fire department

• Collapse of high buildings 

• Increased potential for conflagration

Mitigation:

• Height of 6 storeys (50 to 60 ft) and area limits as a function of 

occupancy, type of construction, fire-resistance, streets facing and 

sprinklering.

• Maximum area of 5,000 square feet for basements in buildings 

otherwise sprinklers would be required.

• Maximum area of 10,000 square feet for floor areas in high buildings 

otherwise sprinklers would be required.

Intended

Result:
• Combustible buildings: Limit fire spread to building

• Noncombustible buildings (no rating): Limit fire spread to building

• Noncombustible buildings: Limit fire spread to storey
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Building Size - Summary

 Occupancy: Fuel load/occupant evacuation

 Construction Type: Contributes to the fire?

 Area – total controllable fire size

• Combustible construction: assumed entire structure could 

be involved.

• Noncombustible construction: assumed only single storey 

could be involved.

 Height – access

• Combustible construction: potential external attack

• Noncombustible construction: primarily internal attack

 Mitigation: access, sprinklering
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 Has capability improved?

 Have design and 

construction practices 

improved?

 Have material properties 

and capabilities 

improved?

 Has industry knowledge 

of fire science improved?

 Is a Building the proper 

unit of control?

Building Size - Considerations
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SPATIAL SEPARATION

General History
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Great Fire of Rome in 64 AD
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Great Fire of London in 1666
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Great Fire of Vancouver in 1886
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“Invisible Heat”
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 Early History of Development of Requirements

• Limits

• Insurance Rating Schedule

• Setbacks

 These requirements were challenging to enforce and 

typically city-specific

 Needed a better “building independent” system

Overview

69
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 Based on St. Lawrence 

burn tests:

• Six 2-storey dwellings of 

similar size and layout 

and two larger structures 

(school and community 

hall)

• One dwelling test 

eliminated due to 

problems

• Current table values 

primarily based on 

results from Test No. 5

St. Lawrence Burns
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Burn Setup
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Ignition
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Notification of Test Start
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Burn No. 5
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Burn No. 5 Observations

(482 ºC)
Flashover ~ 600 ºC

Additional fuel source

Flame Front
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Burn Results
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 Radiation Source (Windows)

• Actual: Significant flame extension out windows

• Regulation: Window area theorized as the only source 

of radiant heat for purposes of simplification

Conversion into Regulations - Source

77
Actual Regulation
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Conversion into Regulations - Source
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Conversion into Regulations - Source
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 Peak Heat

• Actual:

– Burn No. 5 peak heat values of 29 to 40 cal/m2·s (1214 

to 1675 kW/m2)

– Burn No. 4 peak heat values of 16 to 18 cal/m2·s (670 to 

754 kW/m2) – [approx. ½ Burn No. 5 values]

• Regulation:

– Building separations associated with peak heat not 

practical.

– Assume fire department intervention when peak heat 

reaches approx. ¼ highest values measured.

– Heat at 10 to 11 minutes for Burn No. 5

– Approx. 356 kW/m2

Conversion into Regulations – Peak Heat
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Conversion into Regulations – Peak Heat

8.5

8.5 cal/m2·s 

= 356 kW/m2
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 Acceptable heat flux at a target (Target Criteria): 

• 12.5 kW/m2

• Ignition of wood by open flame

• Autoignition of wood ~ 30 kW/m2

 Target criteria expressed as a ratio of target heat 

flux and peak heat

• High hazard (combustible lining) - Table 3.2.3.1.C

𝜙𝑐 =
12.5 𝑘𝑊/𝑚2

356 𝑘𝑊/𝑚2 = 0.035

• Low hazard (noncombustible lining) - Table 3.2.3.1.B

𝜙𝑐 =
12.5 𝑘𝑊/𝑚2

1
2 × 356 𝑘𝑊/𝑚2

= 0.07

Conversion into Regulations – Target Criteria
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 Flame Front

• Actual: Varied 2 to 7 ft within first 10 minutes

• Regulation: For simplification – 6 ft

Conversion into Regulations – Flame Front

Burn No. 5, Flame Front @ ~16 

minutes – approx. 15 feet



www.jensenhughes.comwww.jensenhughes.com

 Equation (unsprinklered):

% 𝑜𝑝𝑒𝑛𝑖𝑛𝑔𝑠 = 100
𝜙𝑐
𝜙

𝜙𝑐 = 0.07 𝐴, 𝐶, 𝐷, 𝐹3 𝑜𝑟 0.035 (𝐸, 𝐹1, 𝐹2)

𝜙 =
2

𝜋

𝐴
𝑆

𝐴
𝑆
+ 4

𝑎𝑟𝑐𝑡𝑎𝑛
𝐴 𝑆

𝐴
𝑆
+ 4

+
𝐴 𝑆

𝐴 𝑆 + 4
𝑎𝑟𝑐𝑡𝑎𝑛

𝐴
𝑆

𝐴 𝑆 + 4

𝐴 =
ℎ 𝑤

𝑑2

𝑑 = 2 (𝐿𝐷 − 0.9144)

𝑆 =
ℎ

𝑤
𝑜𝑟

𝑤

ℎ
,𝑤ℎ𝑖𝑐ℎ𝑒𝑣𝑒𝑟 𝑖𝑠 𝑔𝑟𝑒𝑎𝑡𝑒𝑟

Table Equation - Unsprinklered
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 Equation (sprinklered):

% 𝑜𝑝𝑒𝑛𝑖𝑛𝑔𝑠 = 100
𝜙𝑐
𝜙

𝜙𝑐 = 0.14 𝐴, 𝐵, 𝐶, 𝐷, 𝐹3 𝑜𝑟 0.07 (𝐸, 𝐹1, 𝐹2)

𝜙 =
2

𝜋

𝐴
3

𝐴
3
+ 4

𝑎𝑟𝑐𝑡𝑎𝑛
𝐴 3

𝐴
3
+ 4

+
𝐴 3

𝐴 3 + 4
𝑎𝑟𝑐𝑡𝑎𝑛

𝐴
3

𝐴 3 + 4

𝐴 =
ℎ 𝑤

𝑑2

𝑑 = 2 (𝐿𝐷 − 0.9144)

Table Equation - Sprinklered
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 Spatial Separation in the National Building Code

Table 3.2.3.1.B
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Summary

 Current codes are not entirely based on current 

technology or relevant fire data

 An understanding of the origin of current code 

requirements provides:

• Clarity, uniform interpretation and a general 

understanding of the risk the requirements are 

intended to limit.

• Facilitates development of alternative solutions and 

supports code changes
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Contact
Keith Calder

+1 604-295-3422

kcalder@jensenhughes.com

For More Information Visit

www.jensenhughes.com

QUESTIONS?
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