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This presentation is conceptual and intended to be presented 
by GHL. Application of concepts to a specific  project must be 
confirmed by a specific GHL/client agreement.

This presentation is copyright GHL Consultants Ltd and all 
rights are reserved.

Copyrights and Limitations
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GHL Consultants Ltd
800 – 700 W Pender St

▪ Founded in 1992 

▪ Building Code Consultants / Certified Professionals

▪ Code reviews – assisting clients and authorities 

▪ Fire engineering services

– Performance-based fire engineering design

– Risk analysis

– Legal / expert opinion 
3
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37 Technical Staff including

▪ 15 Professional Engineers

▪ 5 Professional Licensee Engineering

▪ 12 Engineers with MASc or M Eng in Fire Safety Engineering (3 in 

progress)
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S. Claire Yuan, MASc, P Eng, CP

Associate, GHL Consultants Ltd  Email:  cy@ghl.ca 

▪ BASc, University of Alberta, Chemical Engineering

▪ MASc, University of Waterloo, Mechanical Engineering - Fire Protection Program

– Thesis: Challenges Faced in Application of Fire and Life Safety Design in Current 
Canadian Building Code http://hdl.handle.net/10012/19114

▪ Technical Committee – CSA O86 Engineering Design in Wood

▪ Performance Based Design and Code Change Proposal

– Human Behavior – Atrium Evacuation

– Spatial Separation – Sprinkler Performance

– Mass Timber Research
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BRIEF HISTORY OF BUILDING CODE
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Where it All Begins

The Great Wall of China 
(7th Century BC)

The Great Pyramid of Giza
(26th Century BC)

Taj Mahal
(Completed by 1643)
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Brief History of Building Code

Hammurabi’s Code 
(1792 BC)

Recommended Building 
Code in US (1905)

NBCC 1941

A Building Code for Small 
Municipalities 1951

NBCC 1953

NBCC 2020

Great 
Fire of 
Rome 
(64AD)

Great 
London 

Fire 
(1666)

Great 
Chicago 

Fire 
(1871)

Great 
Baltimore 

Fire 
(1904)

San 
Francisco 

Conflagration 
(1906)

5 – Year 
Update 
Interval

National Building Code of Canada - NBCC
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Current Canadian Building Code Framework

Prescriptive-based 
design

Performance-based 
design

▪ Specific and quantitative 
requirements 

▪ Straightforward and simple 
applications

▪ Limited flexibility

▪ Specific and quantitative solutions

▪ Objectives and functional statements

▪ Support alternative designs with 
limitations on quantitative comparison

▪ Focus on overall building design

▪ Objectives and functional 
statements

▪ Flexible for design team but 
difficulties in approvals

Objective-based 
design
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Current Canadian Building Code Framework

Prescriptive-based 
design

“Requirements”

Performance-based 
design

▪ Specific and quantitative 
requirements 

▪ Straightforward and simple 
applications

▪ Limited flexibility

▪ Specific and quantitative solutions

▪ Objectives and functional statements

▪ Support alternative designs with 
limitations on quantitative comparison

▪ Focus on overall building design

▪ Objectives and functional 
statements

▪ Flexible for design team but 
difficulties in approvals

Objective-based 
design

NBCC 1960 
(Attempted)

NBCC between 1960s and 1990s
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Current Canadian Building Code Framework

Prescriptive-based 
design

Performance-based 
design

▪ Specific and quantitative 
requirements

▪ Straightforward and simple 
applications

▪ Limited flexibility

▪ Specific and quantitative solutions

▪ Objectives and functional statements

▪ Support alternative designs with 
limitations on quantitative comparison

▪ Focus on overall building design

▪ Objectives and functional 
statements

▪ Flexible for design team but 
difficulties in approvals

Objective-based 
design

“Prescriptive Solutions”

NBCC 1960 
(Attempted)

NBCC between 1960s and 1990s NBCC since 2005
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Current Canadian Building Code Framework

Prescriptive-based 
design

Performance-based 
design

“Scientific Design”

▪ Specific and quantitative 
requirements 

▪ Straightforward and simple 
applications

▪ Limited flexibility

▪ Specific and quantitative solutions

▪ Objectives and functional statements

▪ Support alternative designs with 
limitations on quantitative comparison

▪ Focus on overall building design

▪ Objectives and functional 
statements

▪ Flexible for design but difficulties to 
establish acceptable level of 
performance

Objective-based 
design

NBCC 1960s 
(Attempted)
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Current NBCC Framework

This presentation focuses on the building 
design with respect to Fire and Life Safety.

Division B
Prescriptive 
Acceptable 
Solutions

Division C
Administrative 

Provisions

Division A
Compliance 
Objectives 

and 
Functional 
Statements
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Current NBCC Framework
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Current NBCC Framework
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CHALLENGES IN APPLICATION OF NBCC
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1970s and Before

▪ Lack of building fire safety measures

▪ High reliance on firefighting 

▪ Realization of excessive fire deaths

17
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Fire Safety Measures Since 1980s

▪ Fireblocking and Firestopping

▪ Smoke alarms

▪ Automatic detection 

▪ Sprinkler

▪ Monitored and supervised systems

18
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Balance

▪ Is the current level of fire safety 

prescribed in code:

‒ appropriate

‒ too low

‒ too high

▪ How does it fit into current societal 

concern around affordability and 

sustainability? 

19
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Three Case Studies

Atrium Design
Evacuation

Spatial Separation between Buildings Exposed Mass Timber Elements

Photo credit: @GHLPhoto credit: @WikipediaPhoto credit: @UBC
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Five Parameters 

Reliability

Design 
Practicality

Guidance for 
Compliance

Economic 
Impact

History and 
Scientific 

Background

Public 
Safety



G
H

L

© Copyright GHL Consultants Ltd.  Distribution and reproduction by permission only.

22

▪ Need appropriate designer and reviewer in the interest of 
public safety

Different Levels of Experience
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CASE STUDIES
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Three Case Studies

Atrium Design
Evacuation

Spatial Separation between Buildings Exposed Mass Timber Elements

Photo credit: @GHLPhoto credit: @WikipediaPhoto credit: @UBC
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Exposed Mass Timber Elements

▪ Simplified to focus on exposed mass timber 
elements only

▪ 3 storey, Group C, 3500m2, sprinklered

▪ This material is not recognized in NBCC 2020

Exposed Mass Timber Elements

This case study is codified in 
BCBC’s 2024 EMTC provisions
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Division B and Alternative Solutions

This case study is codified in 
BCBC’s 2024 EMTC provisions
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Division B Intent 
A picture containing text

Description automatically generated

Photo credit: @GHL

file://ghl-van-ss1/ELC/Shared/Projects/PRJ/80/8000 - MTDFTP – Mass Timber Demonstration Fire Test Project/Recordings/Preliminary Edited Footage/Burn 1.mp4
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Performance of Solutions - Reliability
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Fault Tree Analysis 
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Conclusions
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Spatial Separation

▪ Simplified to focus on spatial separation 
of building face in one direction

▪ Division B Solutions and one Alternative 
Solution are presented

▪ To highlight important considerations 
that arise in current spatial separation 
designsSpatial Separation between Buildings
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Spatial Separation
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Division B Intent 

33



G
H

L

© Copyright GHL Consultants Ltd.  Distribution and reproduction by permission only.

34

Division B Solutions

Photo credit: @TGP.Fire.Rated

Fire Rated Glazing at 
Exterior 

Fire Shutters at Exterior or

Photo credit: @TGP.Fire.Rated
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Alternative Solution 
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Summary of Solutions

Fire Rated Shutters

Sprinkler System with backup tank and 
secondary pump
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Performance of Solutions

▪ History and Scientific Background – Division B Solutions

- Based on unsprinklered residential 
Test 5 results from 1950s

- Assumptions were made and 
results was simplified for available 
design at time.

- Some Division B solutions are 
excessively simplistic

- Arbitrary factor of 2 for sprinklersPhoto credit: @BOABC
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Performance of Solutions

▪ Scientific Background – Alternative Solution

- Improved sprinkler systems

- Reduced radiation by >95%

- Appropriate radiation calculations 

Photo credit: @Glass.on.Web
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Risk Assessment – Fault Tree Analysis

39
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Performance of Solutions

▪ Reliability

Photo credit: @Glass.on.Web

Fire Rated Shutters Sprinkler with back up tank etc
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Performance of Solutions

▪ Reliability - Earthquake

Photo credit: @Glass.on.Web
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Reliability - Earthquake

Fire Rated Shutters

Sprinkler with back up tank etc

<
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Economic Impact

Division B Solutions Alternative Solution

Fire Rated Shutters Fire Rated Glazing Sprinklers + Tank

Total Area 
require 

protection
2649.5m2

Total Area 
require 

protection
2649.5m2 Tempered 

Glazing
Typical

# of fire 
shutters 
(15m2)

180

Cost per m2 $12,850.00

Sprinklers Typical

Cost per 
piece

$25,000.00
Extra Pump + 

Tank
$50,000.00 - 
$250,000.00

Material Cost $ 4,417,000 Material Cost $ 34,028,000 Material Cost $ 250,000.00
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Design Practicality

Sprinkler and tank have a culture of 
regular maintenance → high reliability

Inaccessible and typical poor 
maintenance over 50-year life of the 
building 
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Guidance for Compliance – inconsistency in Code

Credit: @NFPA 80A

Credit: @VBBL.2019
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Performance of Solutions

$ 34,028,000.00 $ 250,000.00

Sprinkler with backup tank
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Atrium

▪ Simplified to focus on occupant evacuation

▪ Only considering Division B Solutions

▪ Reference case to identify important 
design factors during appropriate Division 
B application

▪ Also to demonstrate considerations should 
be made during alternative solution 
development

Atrium Design
Evacuation
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Division B Solution
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Atrium – Division B Solution
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Atrium – Performance of Division B Solutions

▪ History and Scientific Background

▪ Reliability

▪ Economic Impact

▪ Design Practicality

▪ Guidance for Compliance
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Atrium – Performance of Division B Solutions

▪ History and Scientific Background

▪ Reliability

▪ Economic Impact

▪ Design Practicality

▪ Guidance for Compliance



G
H

L

© Copyright GHL Consultants Ltd.  Distribution and reproduction by permission only.

CONCLUSION
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Looking Forward

“We shape our buildings;
thereafter they shape us.”
Winston Churchill
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Conclusions

▪ NBCC intents are qualitative and challenging for innovation, economics 
and sustainability

▪ Scientific gaps and lack of documentation in NBCC

▪ Outdated knowledge and tools within NBCC

▪ Inconsistency in NBCC leading to complexities

▪ Fail to recognize the local risks such as earthquakes in Division B Part 3

▪ Lack of guidance for appropriate design and review for innovative 
solutions
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Quantifying Level of Performance

▪ Statistic Assessment

‒ Canadian Sprinkler Design and Reliability

‒ Canadian Fire Statics reflecting modern design  

▪ Smoke Control Measures – 1% Contaminated Air

▪ Application of seismics risk analysis specific to fire safety design

55
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Potential Framework and Peer Review Process

Division B Designs

Commonly Accepted 

Solutions in lieu of 

individual Division B

Specific Performance 

Design (atrium/mass 

timber, etc)

Full Performance Design

▪ Appropriate Design and Review

Peer Review
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Future Works

▪ Do additional measures in modern design improve the level of 

safety?

▪ Re-assess the decisions of the early codes

▪ Encourage upgrading of the old housing stock pre-1980.

▪ Review Process
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Questions and Comments?
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GHL Consultants Ltd
700 W Pender Street, Suite 800

Vancouver, BC   V6C 1G8

Phone: (604) 689-4449

Email:  cy@ghl.ca    Web: www.ghl.ca 

mailto:cy@ghl.ca
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Thank you
                         

GHL Consultants Ltd
700 W Pender Street, Suite 800

Vancouver, BC   V6C 1G8

Phone: (604) 689-4449

Email:  cy@ghl.ca    Web: www.ghl.ca 

mailto:cy@ghl.ca

