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Copyrights and Limitations

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.
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= Founded in 1992
» Building Code Consultants / Certified Professionals
= Code reviews — assisting clients and authorities
» Fire engineering services
— Performance-based fire engineering design
— Risk analysis 2 24
— Legal / exypert opinion ":::
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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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Where it All Begins

The Great Wall of China The Great Pyramid of Giza Taj Mahal
(7t Century BC) (26" Century BC) (Completed by 1643)
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Brief History of Building Code

5 — Year NBCC 2020
G.reat Update °
Chlf:ago Interval
Fire
(1871)
Great
Lor!don ]
Fire
(1666) San
" g;:gc';‘;gn A Building Code for Small

Great g Municipalities 1951
Fire of (1906) °®

Rome

(64AD)

Great NBCC 1941
Baltimore
Fire . .
(1904) National Building Code of Canada - NBCC
°® Recommended Building
oo °© Code in US (1905)
Hammurabi’'s Code
(1792 BC)
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Current Canadian Building Code Framework

Prescriptive-based Objective-based Performance-based
design design design
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Current Canadian Building Code Framework

Prescriptive-based
design
“Requirements”

=  Specific and quantitative
requirements

= Straightforward and simple
applications

= Limited flexibility

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

Objective-based

design
“Prescriptive Solutions”

= Specific and quantitative solutions
= Qbjectives and functional statements

= Support alternative designs with
limitations on quantitative comparison

NBCC since 2005
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Current Canadian Building Code Framework

Performance-based

design
“Scientific Design”

= Focus on overall building design

= Qbjectives and functional
statements

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

NBCC 1960s
(Attempted)
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Current NBCC Framework

Division A Division B

Compliance Prescriptive

Objectives cceptable
and Solutions

Functional
Statements

Division C
Administrative
Provisions

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

_!’E_} Proceed with Division B Solubon Procead with Altemative Solution
per Clauss 1.2.1.1.(1)(a) per Clawsa 1.2.1.0.411b)
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Current NBCC Framework

A-1.2.9.0.0MEE)  Code Comphance via Allarmative Solutkong, Shor o desgn Jither from ohe scoopebde solanasss
L M=o B, ikt D ahooubd b vremiad s g " sheriaebve saduibom A pruproticnh of dn Sectnabbes satwiio ol o aic il the
alrermmtive sslucien wlidresses the same sy 3 the applicabls aocvpeable ssbaions i Diesion § and chelr armnbaal nhyeceioes anad

lunc v sisemers. Humover, s the ebgrcinem eod funcitiemal siacememsts s stidely guashiiacive, demuonaaiing comjilasgs

stk them m adadon & o F..l...lll. | Rarretare., O lause 1.2.1.1 .11 4k ddeneilies the prinoede thaa Dilviaion N |-|l|ﬂ'l:1-||;-|| ihe

eI TarTvVE et b PRt A sl allcrnasiog soda i sl mect. Do feany caes, e waigety are il defingd vesy procmaly by Lhe
sivamahls sakimans - ormamby Far lese poscnly than wauld he b caw witk @ imur preimrmanes cads. which wrsdif Fuve guamirama

perinrmanee mpees and presnibel methoads o perdoemanee memaresent b ol smpeees o oilding pefarmanee, Meeertholes
[ [ ¥ [ |
Claine b2 00001 10hE Pmaloes be ear thain am efforr manr S made so dempnsrare ehar an fdensanive solucon will pedoem as well o s

ilasign thar moukd ity chir apydlaahk J.-Ii".]l'll sl miinms i CHviam W = i "l ||||.|_|:||" Liii "dnm el an

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




THO

WA LR W e T TP A S .|..._-

A== ...ww.u. ‘..Ez

TEPV._M_JI‘-@_@E Sl o
SORESTOR, - g
m?.E—MN@M—.ufW P

< . | 51 .|

“J.uuﬂs.mﬁ«m
BaHJM.n ;

.‘.n‘ll'.»

4-,\ h

CHALLENGES IN AI§



1970s and Before

= Lack of building fire safety measures[i -
i
= High reliance on firefighting

= Realization of excessive fire deaths
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Fire Safety Measures Since 1980s

Fireblocking and Firestopping
Smoke alarms

Automatic detection

Sprinkler

Monitored and supervised systems




Balance

» |s the current level of fire safety
prescribed in code:

— appropriate
— too low
— too high

—

= How does it fit into current societal T

concern around affordability and O
sustainability?
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Three Case Studies
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Photo credit: @GHL

Atrium Design Spatial Separation between Buildings Exposed Mass Timber Elements
Evacuation
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Five Parameters

History and

Scientific Reliability
Background

Public
Economic Safety Design

Impact Practicality

Guidance for
Compliance
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Different Levels of Experience

= Need appropriate designer and reviewer in the interest of

ublic safet — ——
P y = kel s s
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Three Case Studies
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Photo credit: @GHL

Atrium Design Spatial Separation between Buildings Exposed Mass Timber Elements
Evacuation
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Exposed Mass Timber Elements

- X - = Simplified to focus on exposed mass timber
elements only

= 3 storey, Group C, 3500m?, sprinklered

= This material is not recognized in NBCC 2020

| This case study is codified in
Exposed Mass Timber Elements BCBC,S 2024 EMTC pTOVISIOnS




This case study is codified in
BCBC’s 2024 EMTC provisions

Division B and Alternative Solutions

Article AMesnative Deaign 122 ABENMTC 32249 3.2.2.50
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Division B Intent
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file://ghl-van-ss1/ELC/Shared/Projects/PRJ/80/8000 - MTDFTP – Mass Timber Demonstration Fire Test Project/Recordings/Preliminary Edited Footage/Burn 1.mp4

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

Spatial Separation between Buildings deS|g ns
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Spatial Separation

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



Division B Intent
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Division B Solutions

or

)

. "Photo credit: @TGP.Fire.Rated
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Alternative Solution

Floar Area
Lprinklers

Floor Area -
Sprinklers

Water Tank

2nd Water Pump : ——

ind Standpipe
Standpipe

LO~3m

ll' B<1.2m
R

g Water
| Curtain

[\ \\ Sprinklers
/ )

Water Pump




Summary of Solutions

Chivision B Salullan

Adbemudiiive Sadadion

Arsa of Cpening without
Frobaction

Ared ol Cipisnaiig with
Protection

Protechion KMelhod

582 .9m¢

2 065.6m’

1h fire rated giazing or
Fire Rated Shutters

2 640 5m”

Sprinkler System with backup tank and
secondary pump

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




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

kel - Arbitrary factor of 2 for sprinklers




Performance of Solutions

= Scientific Background — Alternative Solution

Improved sprinkler systems

Reduced radiation by >95%

Appropriate radiation calculations __]
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Risk Assessment — Fault Tree Analysis
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Performance of Solutions

Division B Alernative Solutlon
Fire Rated Shutters Sprinkler with back up tank etc
Probability of Effectiveness 7% B3% 1o 99%
e ¥ > 4
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Performance of Solutions

= Reliablility - Earthquake




Reliability - Earthquake

Dirvision B

Alternative Schution
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Economic Impact

Division B Solutions

Alternative Solution

Fire Rated Shutters Fire Rated Glazing Sprinklers + Tank
Total Area Total Area Tembered
require 2649.5m? require 2649.5m? PE Typical
. : Glazing
protection protection
# of fire
shutters 180 Sprinklers Typical
(15m2)
Cost per m? $12,850.00
Cost per Extra Pump + | $50,000.00 -
piece $25,000.00 Tank $250,000.00
Material Cost | $ 4,417,000 | Material Cost | $ 34,028,000 | Material Cost | $ 250,000.00
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Design Practicality

mainte

nc
buildin ’

Tt

Inacce}jble and typi
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Guidance for Compliance — inconsistency in Code

263 Expoame Bwiding Where the expoune biglding or stricture i protectsd
thmighout by oo appreved, properly mainfained octomatic sprinkler sstem or ot
aprroved aufamatie fire suppression system of adeqiiate desten far te hazaed mvolved

mo exposnre faezird showld be corskiered fo exist Credit: @NFPA 80A

“In the case of a building that is sprinklered throughous, the automatic sprinkler system
showld control the five to an extent that radiarion to meighbouring butldings shonld be
minimal, Although there will be some radiation effect on a sprinklered building from a fire
i a neighbouring building, the internal sprinkier system should control any fires that might
be ignited in the building and thereby minimize the possibiline of the fire spreading into the
exposed buflding. NFPA 804, “Protection of Buildings from Exterior Fire Exposures,
provides additional information on the possibility of fire spread at building exteriors.”

Credit: @VBBL.2019
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Performance of Solutions

History and Scientific Basis

Alternative Solution
Sprinkler with backup tank

Division B
Fire Rated Shutlers'Glazing
Takes mbd considerabon mona

recent redakosd resgarch Nindings and
development of new technologias

Caka basad on brrmled aipenrmants
withoul Bbes aocound foe tha full

implications of new technology

Reliability (normal fire _ : :
EmMergencies) nra BE% 10 99%

Reliability [post-sarthquake fire _ BEs 1o 98%

ARG
Emergencies) Subject to dasign and site opearation
Approximate Cost Estimation 24 417000007 $ 34,028,000.00 $ 250,000.00
May be allered or damaged and _ -
Design Practicality thus may ot provide full funclion “"E;:';r‘: ﬁﬁﬁ?ﬁ'g'&ms ;ndt;ﬁ;r_lﬂ

wien necchind
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=  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

Atrium Design

Evacuation development

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



Division B Solution

Fire Separation from Atrium

or
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Atrium — Division B Solution

Building Code Typical Building Design
Provision Divigion B Soluticns Coneiing
Artichs 5 7 8 4 Pressunzed wastbulas with doocnways not less than 1 8m

Smoke profechon
of axils and
alevalors

Articka 3,285

Exiling

apart to ba prowdad at any apanings, akvalars serving _
mare than just interconnected flcor space (IFS) and exa | Floor =pace may not be available

ppaning direcily into the atrium. o compansate the provision af
addibonal washbulas
Cir eoof opaning imo tha atnum o meat oumulabve

pubrg] ar ke prowidad wih proteciad floor spaca

Prosida protecied floar area via
- Cumulative axiting wil resull in

- Cumulative exiting Tor all IFS fioors, or unreabste =tair wdib

- Stair treads and landings & not less than G.3m? times | _  Siair treads and landing may
btai occupant loed i IFS, of ot De reasonably used

«  Protected flcor spaces conracting diractly 1o an axit | . Floar space may not ba dasirad
and not lass than 0.5m? of ccocupant lead of aach floor ho compansaba tha pravisan af
in IFS and are separated from IFS By a 2h fire Prolecied floor spaces
sooaratian.
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Atrium — Performance of Division B Solutions

= Reliability




Atrium — Performance of Division B Solutions

= Reliability
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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

= Qutdated knowledge and tools within NBCC

= |nconsistency 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

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



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 ™.

L



Potential Framework and Peer Review Process

= Appropriate Design and Review

— —

Division B Designs Genersl Public T —

e
Commonly Accepted

Bullding Imdustr
Solutions in lieu of a r\\

individual Division B ’ e B

Experiencsd Peragnaal

Specific Performance |

B

Design (atrium/mass Prolessionals

timber, etc) \
Fractical Researcher
\ eer
Full Performance Design -

i —___-‘-
—— Recognized Expari )

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



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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