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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, Architect, NRC, 1952 to 1976
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Overview
• Learn the history of how and why we have spatial separation 

requirements in our construction codes.
• Explain the principles of how radiated heat may lead to the spread of 

fire from one building to another or between fire compartments.
• How the Tables were developed
• Discuss the impacts of concentrated openings
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A Short History



Conflagration
• A great and destructive fire; the burning or blazing of a large extent or 

mass of combustible matter, e.g. of a town, a forest, etc. 
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Great Fire of London 1666
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Great Fires of Chicago and Boston: 1871 and 1872
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99

Great Fire of Toronto: 1904



Great Fire of Vancouver: 1886

10



Canadian Conflagrations to 1918

• Halifax – 1750

• Quebec – 1759

• Montreal – 1765

• Montreal – 1768

• Montreal 1803

• Quebec – 1815

• Fredericton – 1825

• Quebec – 1834

• St. John – 1837

• Quebec – 1845

• St. John – 1845

• Quebec – 1846

• Toronto – 1849

• Montreal – 1849

• Montreal – 1850

• Halifax – 1850

• Montreal – 1852

• Quebec – 1854

• Montreal 1857

• Halifax – 1861

• Quebec – 1862

• Quebec – 1865

• Quebec – 1866

• Petrolia, ON – 1867

• Hull, PQ – 1870

• Quebec – 1870

• Saguenay, PQ – 1870

• Ottawa – 1874

• Quebec – 1876

• St. Johns, PQ – 1876

• Montreal – 1856

• St. Hyacinthe, PQ – 1876

• St. John – 1877

• Quebec – 1881

• Vancouver, BC – 1886

• Toronto – 1890

• Toronto – 1895

• Windsor, NS – 1897

• New Westminster, BC – 1898

• Ottawa-Hull – 1900

• Montreal – 1901

• Sydney, NS – 1901

• Ottawa – 1903

• St. Hyacinthe, PQ – 1903

• Toronto – 1904

• Victoria – 1904

• Three Rivers, PQ – 1908

• Fernie, BC – 1908

• Campbellton, NB – 1910

• Northern Ontario – 1911

• Ottawa - 1916

• Northern Ontario – 1916

• Halifax - 1917
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Science and Code 
Development in Canada



Mechanisms of Heat Transfer – Review
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Radiant Heat Transfer and Fire Spread
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Challenges with Early Fire Limits
• Early History of Development of Requirements

• Limits Calgary 1913:

• These requirements were challenging to enforce, maintain, restrictive and 
city-specific

• Needed a better “building independent” system
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Canada– 1941 NBC Spatial Separation Table
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Post-War UK “Physics-Based” Approach (1950s)
• National Building Studies, London, 1950
• Spread of fire from one building to another can occur through one or 

a combination of the following factors:
• Flying brands
• Convection
• Radiation

• Flying brands and convection addressed through protective 
construction

• Radiation is significant for larger fires (i.e., full building involvement)
• Ignition considerations 
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Shift Toward Physics-Based Spatial Separation 
1953 NBC
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Distance vs. Protection – 1953 NBC
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Building-Independent Approach – 1953 NBCC
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Incorporating Openings – 1953 NBCC
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Table Development



St. Lawrence Burns – Jan/Feb 1958
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• St. Lawrence Burn Tests (Aultsville Ontario):
• Six 2-storey dwellings of similar size and layout and 

two larger structures (school and community hall)
• One dwelling test was eliminated due to problems
• Current table values are primarily based on results 

from Test No. 4 and 5
• Fire Service response based on Test No. 5



Do Fires Burn Hotter and Faster Today?
• Modern homes: more energy-dense contents (plastics, synthetics)
• Past homes:

• Lower energy density contents
• But combustible room linings → faster compartment fire spread

• Fire dynamics have shifted:
• Today → more content-driven fires
• Past → more lining-driven fires

• Flashover times remain similar to studies from the 1940s–50s
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Burn House – Test Setup
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Burn House – Ignition
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Burn House – Start the Clock
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St. Lawrence Burns: Results
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Configuration Factor as the Starting Point
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From Test Data to Code – Early Challenges
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From Test Flames to Regulatory Openings
• Radiation Source (Windows)

• Actual: Significant flame extension 
out windows

• Regulation: Window area theorized 
as the only source of radiant heat 
for purposes of simplification

• High Hazard: ~2.4 x Opening Area
• Low Hazard: ~1.2 x Opening Area

Actual Regulation

T ~ 1000 °C T > 1000 °C
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Converting Test Results into Practical Regulations
• Actual:

• Burn No. 5 peak of 29 to 40 cal/cm²·s (1214 to 1675 
kW/m²)

• Burn No. 4 peak ½ Burn No. 5 values
• 1000 °C black body radiator

• 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
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Establishing the Benchmark Exposure Value

8.5

8.5 cal/cm2·s 
= 356 kW/m2

~40 cal/cm²·s
= 1,675 kW/m²
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Defining Target Criteria for Fire Spread

• Acceptable heat flux at a target (Target Criteria): 
• Ignition of wood with piloted (  ) source: 12.5 kW/m²
• 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 

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

𝜙஼ =
𝑞̇"

𝐸
=

12.5 𝑘𝑊 𝑚ଶ⁄

356 𝑘𝑊 𝑚ଶ⁄
= 0.035

𝜙஼ =
𝑞̇"

𝐸
=

12.5 𝑘𝑊 𝑚ଶ⁄
ଵ
ଶ
356 𝑘𝑊 𝑚ଶ⁄

= 0.07

q" = 𝜙𝐸 = 𝜙𝑒𝜎𝑇ସ
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Accounting for Flame Extension in Regulations

• Flame Front
• Actual: Varied 2 to 7 

ft within first 10 
minutes

• Initial simplification:
• High hazard – 7 ft
• Low hazard – 5 ft

• Regulation: For 
simplification – 6 ft 
(~1.8 m)

Burn No. 5, Flame Front @ ~16 minutes – approx. 15 feet
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Conceptual Model for Flame Front

Flame Front 
Distance

Property Line

Total Distance

Limiting Distance

Exposing 
Building 

Face
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Mirror Boundary Condition – Modern Context
• Appendix Note A-3.2.3.:

• “based on the assumption that the 
exposing building faces of adjacent 
buildings are of similar size and 
configuration, and are equidistant 
from the shared property line. 
Where buildings are of different 
sizes, the smaller building may be 
subject to a higher heat flux in the 
event of a fire compared to the 
larger building”
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Grey Radiator Approximation
• As a simplification, exposing the opening considered a “grey radiator”:

• The “grey radiator” approximation is reasonable and approaches actual 
physics at increasing separation distances

=
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Table Equation – Unsprinklered
% 𝑜𝑝𝑒𝑛𝑖𝑛𝑔𝑠 = 100

𝜙஼

𝜙

𝜙஼ = 0.07 𝐴, 𝐶, 𝐷, 𝐹3  𝑜𝑟 0.035 𝐸, 𝐹1, 𝐹2
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Tables: Unsprinklered
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Table Equation - Sprinklered

% 𝑜𝑝𝑒𝑛𝑖𝑛𝑔𝑠 = 100
𝜙஼

𝜙

𝜙஼ = 0.14 𝐴, 𝐵, 𝐶, 𝐷, 𝐹3  𝑜𝑟 0.07 𝐸, 𝐹1, 𝐹2
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ℎ ȉ 𝑤

𝑑ଶ

𝑑 = 2 ȉ 𝐿𝐷 − 1.8288
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Tables: Sprinklered
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Interpolation
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Concentration of Openings



Opening Clustering
• “Grey radiator” approximation breaks down where unprotected 

openings are clustered and at short separation distances
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Impact of Clustered Openings on Radiant Heat
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Key Takeaways
• The spatial separation Code requirements are based on science
• Still include assumptions, approximations, and simplifications
• Important to understand these when defining comfortable boundaries
• Examples of assumptions/simplifications:

• Based on one test
• High winds on test day
• Pressed paperboard interior lining accelerated fire spread
• Flashover reached in ~5 minutes
• Wind direction and crib location created ideal cross-ventilation
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Final Thoughts
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=
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Thank you!
• Jeremy Bender, Project Consultant
• Senez Consulting Ltd.
• jbender@senezco.com
• www.senezco.com
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