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Built Design
and
Climate Change

Climate Change... ...Climate Changed!

Shifts in weather patterns
* Temperature, Winds, Snowfall, Rainfall, &%
Waves, Wildfires “b

Emerging risks for the public, developers,
engineers, architects and the fire service




> Building Codes & Design

- Eﬁétjring L'ife Safety, Health, Accessibility, Environment, Occupancy, Time for
egress :

e Tenability — Obscuration, Toxicity, Temperature
¢ ' Achieved by compartmentation & protective features
e Fire performance of-assemblies does not include wind or pressure differences

— Firefighting outside the compartment
—1The fire building is the compartment in-some cases



Who Has Seen The Wind??

Depends on th;is L;Aoking;nd Why

Fire Service
Fire Conditions & Potentials
Strategy & Tactical implementation

Public Safety & Comfort

P —
TENABILITY NS . Developers, E.ngmeers & Architects o
‘ ) Permits, Structural Loading & Performance, Way Finding
Public Confidence & Liability




Workers’ Report
Critical Injuries:
Forward Avenue Fire

ARC -CN3C Ottawa Fire Services
Incident # 07-8038  February 12, 2007

l.. National Research  Consed national
Council Canada de recherches Canada

Positive Pressure
Ventilation for High-Rise

Buildings
November 2001

Research report 102

—
Date of Issue: August 2002
PPV Highrise Task Group
Authors: G.D. Lougheed Q
P.J. McBride and D.W. Carpenter
AL
PPV Highrise Task Group }'{
Positive Under - An Fire Service Initiative ‘;"
It Is with great pleasure that | welcome you all to this Positive Pressure Ventilation — Highrise <o
Task Group gathering here at the Ontario Fire College in the Town of Gravenhurst
Published by
Institute for Rescarch in Construction ;Sp 'I‘ g‘r;:‘mrl: n'apmuém n's;:‘m?nul:l :::.; :a'cho: ":l g:‘ :;g: sslr:m '“.}'s":::mmvlv.m"“
> ives from Greal lain, Uni lates
National Rescarch Council Canada that service with many highrise bulldings. We hold
Ottawa, Canada various ranks, from fire fighter through deputy chief, and we collectively possess decades of
KI1A OR6 experience and years of service in various within our Itis
this service to the fire community and the public we serve that brings us together to realize the
goals of this Task Group.
utilizes an o the of smoke

Positive pressure
during structural fire fighting operations. The concept of PPV is generally well understood and
practiced by many fire departments across the world. Adherents of PPV are constantly,
researching, developing and applying new methods and equipment in recognition of the tactical
advantages it can provide.

Our objectives are to develop guidance for training officers, chief umceu and fire personnel
through the development of a training note,
strategy for the use of PPV for smoke control and fire suppression In mghﬂse buildings.
To realize these objectives we depend on your and We will
also review a large body of research to help achieve a balanced approach to highrise fire and
life safety when using PPV as a tactic. It is my heartfelt wish that this task group leads us

January 1999 &
. forward in our understanding and use of PPV in Highrise Buildings. ‘@‘0’
T
Finally, | would like to thank you for your interest and commitment to this project, your chiefs for (g
for

allowing you the time to be here and pi g you with and to our
helping to defray some of the costs assoclated with such an undertaking and the Ontario Fire

College for providing us with a place to work, stay and network. | hope you enjoy the conference
and your stay in the Muskokas.

Promoting productive workplaces. ,/ M' 4
through safety and health research /
Sincerely,
! {'Y_.)\S M F

February 2007

Three Fire Fighters Die in a 10-Story High-

Rise Apartment Building - New York
S~ 2 the cooperitoss % NSITITRRTA A HFIRE
Q Ry T Notocy CMHCH SCHL %l

"~ Death in the Line of Duty...A summary of a " mm mw Mc.
NIOSH fire fighter fatality investigation

F99-01 Date Released: August 2, 1999



DATA 2007

i

>

Wildland training manuals dedicate almost
half of their fire behavior chapter to weather
with significant sections on wind.

Structural firefighter training manuals, which
are approximately 1000 pages in length,
dedicate a page or less to the interaction of
wind and structural fire behavior.

NFPA Analysis - 565 Fires — Rated 1 (no wind)
to 5 (wind)

FDNY Experiences — Chiefs Tracy & Norman

NIST Technical Note 1618

Fire Fighting Tactics Under Wind Driven Conditions:
Laboratory Experiments

Daniel Madrzykowski
Stephen Kerber

U.S. Department of Commerce

Building and Fire Research Laboratory
National Institute of Standards and Technology
Gaithersburg, MD 20899

| THE
FIRE PROTECTION
RESEARCH FOUNDATION
SPARTA, ENT OF Coy,
Ae. Homeland £
& Security



Toledo PPV - 2007
Govenors Island — 2008
Chicago — 2009

Tracy - Timeless
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{Two Career Fire Fighters Die in a Rapid Fire Progr:
Searching for Tenants—Ohio

Death in the Line of Duty...A summary of a NIOSH fire |
fatality investigation

Career Probationary Fire Fighter and Captain Die as a Result
of Rapid Fire Progression in a Wind-Driven Residential
Structure Fire - Texas

@

Death in the Line of Duty...A summary of a NIOSH fire fighter
fatality investigation

F2009-11 Date Released: April 8, 2010
Revised on January 4, 2011 to add NPPTL SCBA Evaluation report.

Revised on December 8, 2014 to correct the building construction type.

|

Two Career Fire Fighters Die in a Rapid Fire Progression While
Searching for Tenants—Ohio

Death in the Line of Duty...A summary of a NIOSH fire fighter
fatality investigation

200 We"esley — Toronto 2011 F2014-02 Date Released: April 14, 2015 )
Multiple MayDays 4 Career Fire Fighters Killed and 16 Fire Fighters . ¥
i Commercial Structure Fire - Texas re Fighters Injured at
o
. Death in the Li
Revised June 10, 2008 to clarify Recommendation #2 @ fatalit;':;v:StLil;:t%nDuty...A summary of a NIOSH fire fightar
Career Fire Fighter Dies in Wind Driven Residential Structure
Fire - Virginia
Death in the Line of Duty...A summary of a NIOSH fire f1ghter | @ 0 In the (ine o A é-!g'g
fata“ty lnvestlgatlon A summary of a NIOSH fire fighter fatallty Investigation Morch 2. 2016
Lieutenant and Fire Fighter Die and 13 Fire Fi d
> F2007-12 Date Released: May 16, 2008 Wind-driven Fire inaBrowrnst::e—-Mass;h?shett.ﬁ? —m
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FASNY raises
concerns over fire
service standard

update

¢ bruory The FArefighters Assoctotion of the
d two 14-story Stote of New Yurk (FASNY) hos raised
b st s o objeciions to the Docupotional Sufety
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Why is this still happening?

Fire Dynamics

Governors Island 2008 Boston Beacon Street

March 26t, 2014

e
( 09 ’ Death in the line of duty... mos”.m March 2021
A sum;ary of a NIOSH fire fighter fatality investigation March 2, 2016

Lieutenant and Fire Fighter Die and 13 Fire Fighters injured in a
Wind-driven Fire in a Brownstone—Massachusetts







“SIZE UP” TOOLS — FIRE/WIND?

Ongoing observation and evaluation of factors

that are used for strategic goals and tactical objectives

 COAL WAS WEALTH

* Construction, Occupancy, Area, Life hazard
* Water, Auxillary systems, Street conditions

* Weather, Exposures, Apparatus & personnel, Location, Time, Hazards

* SLI

CE-RS

Size Up

Locate the fire

|dentify & control flow path

Cool the space from safetest location
Extinguish the fire

Rescue

Salvage

* RECEQES

* Rescue

* EXposures

* Containment
* Extinguish

* QOverhaul

* Rescue

* Salvage

DICERS-VO

Detect
Isolate
Confine
Extinguish
Rescue
Salvage
Ventilation
Overhaul



Basic Fire Models

Thin ceiling layer

Neutral plane  Recirculating smoke

g
T

FIGURE 6.4.2.1.1.4  Early Compartment Fire Development.

FIGURE 6.4.2.1.2  Flashover Conditions in Compartment Fire,
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FROM KNOWLEDGE TO PRACTICE




Rapid Fire Development

Temperature of Mixture

Rollover

Fuel
Controlled

/7, Ventiation
\ Controlled

Explosion

Over-pressure Generated

FrROM KNOWLEDGE TO PRACTICE
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Speed effect

Venturi effect

Basic
Urban
Wind
Effects
Are
Not

Taught



Building and
Environmental
Factors

“Topography Spawned Effects”

» Effects caused by variations in
elevation of land and/or buildings
and building geometry.

Can generate significant aerodynamic
effects even in low to moderate wind
conditions such as:

* Pressure zones
* Buffeting

* Rip currents

* Vortices
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Most
Error E |

Likely o= P
Tactic -
Deploying .
Opposite -
Wind
Needlessly
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Situ-Wind-ational
Awareness

CAUTION STRONG

WIND BLOWING !
PAS PA

Weather reports

Vegetation movement — grasses, plants & trees
Flags & wind socks

Wave action — ripples vs. waves

Smoke movement

Door opening forces

Sound — whistling at lobby door or elevator shafts
Signage

VENTILATION PROFILE !



Ventilation Profile

The appearance of the
entire fire building’s
ventilation openings,
showing the flow paths of
any air movement into the
structure as well as smoke,
heat or flame out of the
structure. (rktp > NFPA 1700)

Wind Pressure
NP
N
[ T o

Stack Effect
Buoyancy
Pressure

Air leakage IN/OUT through
elevator and stairwell shafts

Ventilation Air IN
(Mechanical + Pressure)

Air flow IN/OUT
through open
windows

Air intermittently
exhausted OUT using
bathroom/kitchen fans

Natural Air-Leakage
IN/OUT through
enclosure

/

Interior Air-Leakage
between suites/common

areas/floors

Air flow IN/OUT

FrROM KNOWLEDGE TO PRACTICE



VP = BE + SAHF

within a structure

using the, entilation' ' uilding and

nvironmental Factors, along,with the

eat and lame indi_caor,fr
the purpose of strategic and tactical decision
making. |




VP = BE + SAHF

Smoke/Air Flow, Heat and Flame Indicators

* At openings, or within
rooms, the smoke/air flow
flow(s) may be classified as:

**Unidirectional flow
*»*Bidirectional flow
**Dynamic flow

FrROM KNOWLEDGE TO PRACTICE




Vent Profiles
Dynamic Flow

Eccentric - showing from corners of a window, but not from the
centre of the window.

Projected - exiting horizontally from the vent opening.
Inverted - exiting the vent over the bottom of the window-sill.

Hollowed - flames and smoke in an open window, but the
opening is not venting flames or smoke.

Pulsations

«» Puffing - pushing and puffing from an open vent in a
pulsating pattern.

+»  Star Fire - issuing from the building and being flattened
against the building’s surface.



D)=
Smoke/Air Flow,

**Unidirectional Flow:
A flow of smoke/air
single direction.
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VP = BE + SAHF

Smoke/Air Flow, Heat and Flame Indicators

+»* Bidirectional Flow:
A smoke/air flow moving in
opposing directions.

Hot smoke gases

Cold air

FrROM KNOWLEDGE TO PRACTICE




VP = BE + SAHF

Smoke/Air Flow, Heat and Flame Indicators

y |
[ v |
| \

*** Dynamic Flow:
A unidirectional or bidirectional flow of smoke/air that presents
irregular stratification and shape or alternates in direction
(pulsations). (nrpa 1700)

FrROM KNOWLEDGE TO PRACTICE




VP = BE + SAHF

Smoke/Air Flow, Heat and Flame Indicators

Dynamic Flow
— Eccentric

SR,

FrROoM KNOWLEDGE TO
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Dynamic Flow
— Projected
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VP = BE + SAHF

Smoke/Air Flow, Heat and Flame Indicators

Dynamic Flow

— Inverted
— Projected

<«
<«







VP = BE + SAHF

Smoke/Air Flow, Heat and Flame Indicators

Dynamic Flow
— Hollowed

FROM KNOWLEDGE TO PRACTICE




VP = BE + SAHF

Smoke/Air Flow, Heat and Flame Indicators

Dynamic Flow

— Pulsations - Puffing

FROM KNOWLEDGE TO PRACTICE




VP = BE + SAHF

Smoke/Air Flow, Heat and Flame Indicators

Dynamic Flow

— Pulsatlons Starflre




Key To Understanding - Air Geometry




~  Recommendations

_“‘
i

o Hazard Recognition, Assessment & Control
— Education’to Stakeholders

— Individual study =,
typical vs. atypical
— Pre-plan f

Guide for
Structural Fire Fighting




—

i

- Recommendations

o Professional -advocacy

— Code intervention

— Engage wind engineering professionals

— | egislation lobby

Guide for
Structural Fire Fighting




Who Has Seen The Wind?

O\N\—EDGE To
{'\“

?\REFIGH TING
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dynamicfire.mcbride@gmail.com

https://www.firedynamicstraining.ca

THANK YOU!



mailto:dynamicfire.mcbride@gmail.com
https://www.firedynamicstraining.ca/
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