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Fire Ground Survival

Chapter 1:
Preventing the Mayday


Presenter
Presentation Notes
Instructor notes:

For the highest quality presentation using the enclosed CD and DVD follow these instructions:

Insert CD and download all PowerPoint presentations onto desktop.
Use PowerPoint's on desktop for presentation.
Insert DVD containing all videos.  Leave DVD in drive throughout presentation.
Minimize PowerPoint presentation when slide indicates: Open DVD Video File: “Roof Collapse”.  
Access videos on DVD using main menu when prompted by slide instructions.

Within this chapter there are 7 videos that must be shown using files on the DVD.  They are:

Roof Collapse (slide 15)
Reading Smoke – Volume (slide 30)
Reading Smoke – Velocity (slide 31)
Reading Smoke – Density (slide 32)
Reading Smoke – Color (slide 33)
Reading Smoke – Interior (slide 37)
NIST Iowa Fire (slide 59)
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Students will be able to explain how each of these methods
helps prevent a Mayday:

Pre-planning.

Size up.

Reading smoke.

Interior layout size up.
Room orientation.

Crew continuity.

Air management.
Deciding to go defensive.


Presenter
Presentation Notes
Instructor Notes:

Preventing a Mayday involves many different aspects of fire fighting.  It begins with Pre-planning, runs through all the other preventive skills you see listed and ends with deciding to go defensive.  

Research by NIOSH shows that each of these skills can contribute to your success or failure in preventing a Mayday and will strongly affect the outcome of any actual Mayday situation.  

Thorough familiarity with–and habitual use of–each of these skills can help you avoid becoming a fire fighter in trouble in a Mayday situation.
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Preventing a Mayday:

« Begins well before the call is received from dispatch.

e Begins during training of fire fighters as new hires.

« Continues every shift a fire fighter arrives at the station.
* Must consciously occupy a fire fighter’s thoughts.


Presenter
Presentation Notes
Instructor Notes:

What do we mean by “preventing a Mayday?”  We mean anticipating, planning, and training so that you are aware of the kinds of things that result in a Mayday situation, and know the best ways to avoid them. This is a continuous process, not a one-time or last minute thing.

It begins well before the call is received from dispatch through an ongoing process of pre-planning to anticipate how to fight fires in the various structures in your district.

For new fire fighters, preventing a Mayday begins during their training as new hires.  We have to teach recruits how to recognize possible Mayday situations, and how to prevent them proactively.

For all fire fighters it continues on every shift they arrive at the station. We have to remind incumbent fire fighters–our experienced hands–to anticipate Maydays and have a plan to prevent them.

Preventing a Mayday is an ongoing process that must consciously occupy a fire fighter’s thoughts. You need to anticipate potential problems before they happen.
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Examples of critical conditions or causes that may lead to
fatalities or near misses:

e They are operating off the hose line and lose their “lifeline” to
the exterior.

e They fail to monitor their SCBA air consumption and run out of
air.
 They get separated from their partner or are operating alone.

e They tunnel vision on the task at hand and fail to maintain an
awareness of the larger fire event and how it might affect
them.


Presenter
Presentation Notes
Instructor notes:

Aside from unexpected collapse and entrapment, fire fighters most often find themselves in trouble because of:
 
 They tunnel vision on the task at hand and fail to maintain an awareness of the larger fire event and how it might affect them,
 They are operating off the hose line and lose their “lifeline” to the exterior
 They fail to monitor their SCBA air consumption and run out of air
 They get separated from their partner or are operating alone

In order to stay safe and not get into a Mayday situation, fire fighters must stay on the hose line, or closely oriented to it, closely monitor their SCBA air supply and get out before they run out of air, as well as staying connected with their partner/team. Listening to radio traffic and what’s going on about the fire ground improves situational awareness. Assessing their continued situation for changing conditions also improves situational awareness and safety. Fire fighters should never push the safety envelope.
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Pre-fire planning can increase survivability by allowing
companies to:

Analyze construction elements in their districts.
Anticipate building compromise.

Discuss strategies.

Recognize potential response problems.

Most importantly, the pre-plan can provide clues
to where and when a building may fail.


Presenter
Presentation Notes
Instructor notes:

To increase survivability, departments must become familiar with their response districts. Pre-planning allows companies to see construction elements, discuss strategies, and recognize potential response problems. Most importantly, the pre-plan can provide clues to where and when a building may fail and thus prevent a Mayday situation. Ultimately, this knowledge allows personnel to anticipate building compromise during fire involvement so fire ground safety is maintained. The following are elements of a comprehensive pre-plan:
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e Construction Type.

 Fuel Loads (Heat Release of Fuels).

 Overhead Weight (HVAC, Tanks, Billboards,
etc.).

* Building History.

« Derelict Buildings.


Presenter
Presentation Notes
Instructor notes:

A comprehensive pre-plan should address all of these elements, each of which has played a significant role in a fatality fire:

Construction type. It can make a big difference.�
Fuel loads can determine the amount of heat released by the fire.�
Overhead weight. What’s up there just waiting to fall on you?�
Building history. What’s happened to this building in the past?  Is it structurally compromised?�
Derelict buildings. These are often potential fire sites–and they are always potential Mayday hazards.�
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i Construction Type

One of the most critical findings during a pre-plan is that of
building construction.

Conventional > Protected

Lightweight >< Unprotected
AN CERN 2



Presenter
Presentation Notes
Instructor notes:

One of the most critical findings during a pre-plan is that of building construction, and most importantly roof construction.
Roof construction consists of two basic types:

Conventional construction uses regular timber or metal beams
 
Lightweight construction uses truss systems 

These construction types can also be further classified as protected and unprotected:
 
Protected construction has a one-hour fire rated covering
 
Unprotected construction means the structural members are fully exposed
 
The most dangerous construction is that of unprotected lightweight. Buildings of this type must be identified on the pre-plan. While all construction types are subject to collapse, the potential for rapid failure of fire-damaged truss systems means that fire fighters are exposed to the hazards of collapse and entrapment much earlier into an incident.
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Presenter
Presentation Notes

To further your understanding of building construction visit this site to view the presentation on Structural Stability of Engineered Lumber in Fire Conditions.  This presentation is hosted by Underwriters Laboratories and will provide you with information about building construction that can prevent you from experiencing a Mayday. 

http://content.learnshare.com/courses/73/187716/player.html


http://content.learnshare.com/courses/73/187716/player.html
http://content.learnshare.com/courses/73/187716/player.html
http://content.learnshare.com/courses/73/187716/player.html
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What do you know about
light-weight truss

construction?

e 25 LODDs |

 Collapse in 6to 8 R 1Y
minutes. "’

» Collapse can occur at _ '
time of arrival. B


Presenter
Presentation Notes
Instructor notes:

Lightweight Truss Systems
Between 1997 and 2008 NIOSH investigations reported 25 fire fighters died in unprotected lightweight truss collapse events related to roof or basement truss systems failures. A total of 11 injuries also occurred in these fatal incidents. Additionally, from 2005 – 2006, the National Near Miss Reporting system reported 20 near misses related to unprotected lightweight truss systems. Considering the Near Miss Reporting System is relatively new, and it is a self reporting system, it is likely there are far more near miss incidents occurring than presently listed.
 
These truss systems are inherently dangerous and must be considered high risk.

Tests of unprotected lightweight truss systems by NIST and UL have determined that once an unprotected lightweight “I-joist “ was exposed to fire, the truss system collapsed in only 6 minutes.  Similar tests conducted in Phoenix by NIOSH of lightweight roof trusses determined collapse occurred in only 8 minutes.
 
What these tests mean to fire fighter survival is that roof or basement collapse will occur about the time you arrive on the fire scene.

If we plot the expected time from fire detection to the 9-11 call, through fire company response time, arrival on scene, and stretching hose lines, the total will typically equal or exceed the imminent collapse time of an unprotected lightweight truss system. 

That means the roof of the building or the floor over the basement could collapse just about the time fire fighters are entering the building.
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* Fire Iin concealed spaces leads to truss collapse.

 TIC (Thermal Imagining Camera) reliability reading heat
In concealed spaces.



Presenter
Presentation Notes
Instructor notes:

The picture is a four-story building outside of Austin, Texas, where the floors and roof are constructed with lightweight trusses.

In a building like this, fire in the concealed spaces can progress rapidly, creating a significant hazard to fire fighters through truss collapse. 

Early recognition of this threat is critical to fire fighter safety.  Recognition is made difficult, however, because a thermal imaging camera does not reliably read the heat in a concealed space.
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e Trusses fall at the connectlon pomts
 More connection points = more failure points.


Presenter
Presentation Notes
Instructor notes:

More lightweight features…trusses with gang nail plates.  Plates sink into wood only 3/8” and fail rapidly when impacted by fire.  Fires impacting lightweight trusses only have minutes before they collapse.

A rule to remember about lightweight trusses is that , the more connections, the more failure points, and the less time to put out the fire.

Company and Chief officers must keep track of time when on scene so they know when to give the order to dis-engage.
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More connection points = less time to fight the fire before
failure and collapse.


Presenter
Presentation Notes
Instructor notes:

You are looking at lightweight metal trusses with lots of connections.  Lots of connections mean less time to fight the fire before failure and collapse.

Know what kind of construction you are facing.

Keep track of time.
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No ridge board = light weight truss

Companies must visit construction sites during all phases of
construction.


Presenter
Presentation Notes
Instructor notes:

More lightweight construction.  Notice roof trusses.  No ridge board is a good indicator of a lightweight truss.  Open web floor joists.  

Companies must visit construction sites during different phases of building to become familiar with building construction.
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. Small/Localized truss fallure IS just as dangerous
as Large/System truss failure.

e Research the location of the contents.


Presenter
Presentation Notes
Instructor notes:

Fire resulting from an electrical problem can run un-impeded through the open web joists, weakening the truss system and eventually completely failing.  Fire fighters should consider sounding floors as they make their way through any occupancy.  Treat the floor as a roof, and anticipate fire underneath you.


ﬁﬂn

¥ N nght welght |
U\ Truss Systems

Gl pnﬁ"-"

Open DVD Video File: “Roof Collapse”



Presenter
Presentation Notes
Instructor notes:

Lightweight roofs can fail with little or notice.  Fire fighters must continually size-up the roof by cutting inspections holes.  Ventilation holes must not be performed directly over the fire in a building with a lightweight roof.

These fire fighters said they felt the roof getting spongy and made the decision to run for the wall.  No one got hurt.

TO VIEW VIDEO:  Open DVD Video File “Roof Collapse”
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Fuel Loads

All of the contents in a building add fuel to the fire and can
Influence the rate and spread of the fire.

DO NOT ENTER buildings where fire fighters
can be trapped by a rapidly advancing fire.


Presenter
Presentation Notes
Instructor notes:

The contents stored in a building add fuel to the fire and actually can determine the rate of spread of the fire.

By knowing the fuel load of the structure, the company officer can make informed deployment decisions to ensure personnel do not enter buildings where they may become trapped by a rapidly advancing fire.
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Overhead Weight

A pre-plan must identify the amount of weight
carried on a roof and to what extent the roof
construction will support that weight.
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Presenter
Presentation Notes
Instructor notes:

A pre-plan must identify the amount of weight carried on the roof. Overhead weight includes HVAC, tanks, excessive roofing material, and billboards. This overhead weight becomes an increasingly important factor the longer the fire burns. 

Roof collapse caused by the failure of the roof construction supporting an HVAC system can cause a Mayday situation. 
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Overhead weight increases the potential for roof collapse

GRO

DO NOT ENTER light-weight truss
structures supporting overhead weight if
the building Is on fire.


Presenter
Presentation Notes
Instructor notes:

One example occurred at a restaurant fire in Texas in February 2000, at which two career fire fighters died following a partial roof collapse in a McDonald’s restaurant.

The fire fighters died while performing an interior fire attack, using a one-and-three-quarter inch hose line inside the building, when the roof collapsed. 

When they did not come out following an interior evacuation call by the Incident Commander, the IC ordered additional fire fighters into the building to search for the victims. Victim Number One was located, removed from the building, and transported to a nearby hospital where he was pronounced dead. Victim Number Two was later located and pronounced dead at the scene.

The roof system was made of lightweight wood trusses, consisting of two-by-four-inch and two-by-six-inch lumber connected with metal gusset plates.  The total span of the trusses over most of the structure was just over forty-seven feet. There were no interior load-bearing walls. 

The trusses were placed two feet on center with two-by-eight-inch lateral bracing. The exterior roof system consisted of five-eighths inch plywood sheathing with fiberglass asphalt built-up roofing. A false roof or parapet was built around the entire roof. A total of five HVAC units–three ten-ton units and two five-ton units–and several vents were located on the roof.  The interior ceiling of the building was suspended one foot from the trusses, using suspended ceiling panels. It was poised to fall soon after the fire reached it.

Do not enter lightweight truss structures supporting overhead weight if the building is on fire.




Fire Fighter Fatality Investigation
and Prevention Program

Death in the
line of duty...

A Summary of a NIOSH fire fighter fatality investigation

February 7, 2001

Restaurant Fire Claims the Life of Two Career Fire Fighters - Texas

SUMMARY

On February 14, 2000, a 44-year-old male and
a 30-year-old female, both career fire fighters,
died in a restaurant fire. At 0430 hours, Central
Dispatch received a call from a civilian who
reported that fire was emitting through the roof
of the restaurant. Medic 73 was first to arrive

companies that there was visible fire emitting
through the roof. The Captain on Engine 76
radioed dispatch reporting that he and his crew
were going to complete a “fast attack” (enter
the structure with a 1%4-inch hoseline and knock
down the fire with the water from their engine).
Approximately 2 minutes later, Ladder 76
{Captain, FAQ, and one fire fighter) arrived on
the scene and the Captain assumed Incident
Command (IC). After making forcible entry,
the victims entered with a 1%-inch hoseline
as their Captain finished donning his gear.
Shortly after, the Captain entered the structure,

Photograph by R. Harris.

Restaurant Fire in This Incident

met up with his crew, and then exited the
structure to assist with the advancement of their
hoseline. Engine 73 (Captain, FAO, and two
fire fighters) arrived on the scene and one fire
fighter entered the structure with a 1%-inch
hoseline. He stretched the hoseline past the

http://www.cdc.gov/niosh/fire/reports/face200013.html

on. After meeting up with a fire fighter on the
end of the line, the Captain exited and reentered
the structure a second time. As he followed
the line, debris began to fall and there was
visible fire throughout the middle section of
the kitchen (see Diagram 1). Soon after,
District 10 (District Chief) arrived, completed
a size-up, and assumed command. Due to the
heavy fire he observed, he requested all
companies convert to a defensive attack and
evacuate the structure. At this point the middle
roof section (over the kitchen) of the building
had collapsed. An interior evacuation took
place, and neither of the victims exited. The
IC sent several fire fighters inside to search for

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program is to determine factors that cause or contribute
to fire fighter deaths suffered in the line of duty

Identification of causal and contributing factors enable
researchers and safety specialists to develop strategies for
preventing future similar incidents. To request additional
copies of this report (specify the case number shown in the
shield above), other fatality investigation reports, or further
information, visit the Program Website at:

http:/iwww.ede.gov/niosh/firehome. html

or call toll free 1-800-35-NIOSH



Presenter
Presentation Notes
Instructor notes:

NIOSH report of February 2000, Texas restaurant fire where 2 fire fighters were killed.

Click on link to go to NIOSH report.

http://www.cdc.gov/niosh/fire/reports/face200013.html
http://www.cdc.gov/niosh/fire/reports/face200013.html
http://www.cdc.gov/niosh/fire/reports/face200013.html

Fire + light-weight truss + overhead weight =
EARLY COLLAPSE


Presenter
Presentation Notes
Instructor notes:

HVAC’s on the roof are hazardous when the structural members underneath weaken due to flame impingement.  If it’s lightweight, air on the side of caution and anticipate fire involvement in the trusses until proven otherwise.
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Building History

A pre-plan must identify
renovations and previous
fires that buildings have
undergone.



Presenter
Presentation Notes
Instructor notes:

Older buildings may have undergone several renovations over the years and may have been damaged by previous fires. Company Officers and Chief Officers must recognize the dangers of these types of buildings, the unknowns of which can lead to a Mayday. Many fire fighters have been injured and killed in structures that integrated major renovation work. 
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o Click on reports to open NIOSH report

‘Sudden Floor Collapse Claims the Lives of Two Fire Fighters and Four Are
Hospitalized with Serious Burns in a Five-Alarm Fire--New York

SUMMARY
On June 5, 1998, a call came into fire dispatch 1k the rear of the second floor of
reporting : in the om - a 2 collapsed, trapping five fire f

nferno on the first floor. NIOSH
were dispatched, and upon arrival. Engine 332 investiga : 3 to minimize the
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A summary of a NIOSH fire fighter fatality investigation November 6, 2007

Floor Collapse at Commercial Structure Fire Claims the Lives of One
Career Lieutenant and One Career Fire Fighter - New York
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Roof Collapse Injures Four Career Fire Fighters at a Church Fire-
Arkansas
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Presenter
Presentation Notes
Instructor notes:

NIOSH reports where building history played a role in a fire fighter fatality.  

NIOSH LODD Report - New York Fatal Fire June 5, 2008 http://www.cdc.gov/niosh/fire/reports/face9817.html

NIOSH LODD Report - New York Fatal Fire August 27, 2006 http://www.cdc.gov/niosh/fire/reports/face200627.html

NIOSH LODD Report - Arkansas Church Fire December 28, 2000 http://www.cdc.gov/niosh/fire/reports/face200103.html


http://www.cdc.gov/niosh/fire/reports/face9817.html
http://www.cdc.gov/niosh/fire/reports/face9817.html
http://www.cdc.gov/niosh/fire/reports/face200627.html
http://www.cdc.gov/niosh/fire/reports/face200627.html
http://www.cdc.gov/niosh/fire/reports/face200103.html
http://www.cdc.gov/niosh/fire/reports/face200103.html
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Derelict Buildings

Knowing that a building Is
abandoned and In disrepair
can assist with determining
fire ground tactics.

DO NOT ENTER derelict and abandoned brtjildi'ngs.


Presenter
Presentation Notes
Instructor notes:

Company officers and chief officers must identify buildings that are abandoned and in disrepair, because this can help determine fire ground tactics. Fire fighters should enter these structures only when people are known to be inside. Commanders should use defensive operations when these buildings are vacant. 
Two examples where fire fighters were killed at unoccupied structures can be found in NIOSH reports F2002-20 MO and F2005-09 TX. 

At a vacant  two-story commercial brick structure with all windows and doors boarded up, two career fire fighters died in May, 2002, after becoming lost and running out of air. �
In February 2005, a career captain died when he was trapped by a partial roof collapse in a residential structure fire. The house was vacant, in dilapidated condition, and known to be a “crack house.”  �
Do not enter derelict and abandoned buildings.
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Derelict BUIIdlngS

LODDs

Missouri — May 3, 2002 Houston — Feb. 19, 2005

http://www.cde.gov/niosh/fire/reports/face200509.html

E G

http://www.cdc.gov/niosh/fire/reports/face200220.html

Defehsivé ‘ex'te_rior fire attack is the correct tactic for
derelict and abandoned buildings.


Presenter
Presentation Notes
Instructor notes:

At a vacant  two-story commercial brick structure with all windows and doors boarded up, two career fire fighters died in May, 2002, after becoming lost and running out of air. 
NIOSH LODD Report - Missouri Fatal Fire http://www.cdc.gov/niosh/fire/reports/face200220.html�
In February 2005, a career captain died when he was trapped by a partial roof collapse in a residential structure fire. The house was vacant, in dilapidated condition, and known to be a “crack house.” 
NIOSH LODD Report - Houtston, TX Fatal Fire http://www.cdc.gov/niosh/fire/reports/face200509.html

Defensive exterior fire attack is the correct tactic for derelict and abandoned buildings



http://www.cdc.gov/niosh/fire/reports/face200220.html
http://www.cdc.gov/niosh/fire/reports/face200509.html

Size up Is an assessment of the
situation that must occur on all
Incidents.

Four Components of Size up:
il

2. Location and Extent of the fire s
3. |
4. Life Hazard

Construction

Occupancy

360° view — self or assign to someone else



Presenter
Presentation Notes
Instructor notes:

Size up is a critical fire ground survival task that must be performed on any incident. The size up is an assessment of the situation, for use by the Incident Commander (IC), so informed decisions can be made on the mode of attack for the operation. After the initial size up has been performed, the IC must assess the risk vs. benefit to decide if an interior attack or an exterior defensive operation should be performed.

The overriding benefit of any fire operation is to preserve life—fire fighter and civilian. The risk vs. benefit analysis must take into account the safety of the fire fighters vs. the probability that civilian lives can be saved in the current fire situation. Fire fighters should risk very little to save a building and/or contents only.

The 4 critical components of size up are:
Construction 
Location and Extent 
Occupancy
Life Hazard
These components are best assessed when a 360 degree sized-up is made.  If the IC can’t make it around the building, assign others who can.  Keep updated on the status of all size-up components.
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Helps the fire fighter make the
decision to enter or exit a
structure


Presenter
Presentation Notes
Instructor notes:

All personnel arriving on scene have responsibility to size up the building.  This includes reading smoke to determine what’s burning, where it’s burning, how long it’s been burning, and how hot it is burning. 

Fire fighters must examine the smoke carefully. The decision to enter or exit the structure, is based in part on these characteristics of smoke: volume, velocity, density and color.
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Reading Smoke

1. Volume
2. Velocity
3. Density
4. Color


Presenter
Presentation Notes
Instructor notes:

The 4 characteristics of smoke are:

Volume
Velocity
Density
Color

Each characteristic must be evaluated as approach to the building is made.  Each characteristic will be studied more closely in the following slides.


Reading Smoke

* Would you enter a building full
of smoke?

* Would you enter a building full
of propane?


Presenter
Presentation Notes
Instructor notes:

A building full of smoke is just as dangerous as a building filled with propane.  As yourself these questions:

Would you enter a building full of smoke?
Would you enter a building full of propane?


Reading Smoke

Propane Smoke/CO

Flammable Range
2.1% - 9.6% 12.5% - 74%

lgnition Temperature

920° F-1120" F 1128° F

lgnition Source
?27?7? Yes

A building filled with smoke Is just as dangerous as a
building filled with propane.


Presenter
Presentation Notes
Instructor notes:

Compare propane and smoke.

Conclusion…A building full of smoke is just as dangerous as a building filled with propane.

The next 5 videos are provided by Dale Pekel and give an excellent overview of reading smoke.


Reading Smoke - VOLUME

Open Video File: “Reading Smoke — Volume”

e Amount of smoke
showing

e Relative to the size
of the structure
(box)

 Indicates how much
fuel has off gassed

e \Volume or heat
pushed?



Presenter
Presentation Notes
Instructor Notes:

Volume is the quantity of smoke. Quantity of smoke can determine quantity of fuel burning.
Large volumes of smoke require large volumes of water to cool the smoke filled space and burning fuel.

Quantity of water must overmatch BTU’s of fire to successfully extinguish the fire.  Line selection and placement must be based on quantity of water needed to cool the heated space and extinguish the fire.

TO VIEW VIDEO:  Open DVD Video File “Reading Smoke – Volume”
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§ 'Reading Smoke - VELOCITY

Open Video File: “Reading Smoke — Velocity”

=T

* The speed of the smoke

e |s based on comparing
the smoke venting from
like size openings

e Can help identify where
the fire Is located now
and where it's going next


Presenter
Presentation Notes
Instructor Notes:

Velocity is the second attribute when it comes to reading smoke. Velocity is the speed of the smoke and typically the faster the smoke is moving and the taller the smoke column, the closer you are to the seat of the fire. The velocity of the smoke can indicate what compartment or room the fire is currently in and where it’s extending to next. This can help you anticipate fire progression and in turn establish your action plan.

The key to evaluating velocity is to compare the smoke venting from like sized openings – Such as similar sized windows, doors, floor and roof seams and breaches in the building. 

It’s very important to determine if the Box or Compartment is absorbing heat (laminar flow) OR radiating heat (turbulent flow). Heat pushed (turbulent) smoke maintains its speed and usually rises higher. Volume pushed (laminar) smoke may vent with speed, but will typically slow down quickly. Volume pushed smoke tells you the box or compartment is still absorbing heat but can no longer contain the smoke - While heat pushed/turbulent smoke is a tell tail sign of an impending flashover! The box or compartment can no longer absorb anymore heat and conditions are rapidly deteriorating - The smoke appears much more agitated and volatile as compared to laminar/volume pushed smoke. Recognizing the difference is key to effective tactical decision making and firefighter safety.

TO VIEW VIDEO:  Open DVD Video File “Reading Smoke – Velocity”
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_ : _ _ e MOST IMPORTANT ATTRIBUTE!
Open Video File: “Reading Smoke — Density”

LT ik

 Tells you how much “Fuel” is
present

* The thicker the smoke the
more likely a hostile fire event
will occur and the more
dangerous and explosive that
event will be

« Continuity of fuel increases
this risk. A flashover in one
room can ignite all the smoke
In the building!



Presenter
Presentation Notes
Instructor Notes:

Density is considered the most important attribute when it comes to reading smoke. Density is the thickness of the smoke and the thicker the smoke the more fuel is present. Density gives you insight on the likely hood of hostile fire event occurring and how dramatic or explosive that event could be. 

Density pertains to the continuity of fuel – In other words, if a room/compartment were to flashover in one area of the structure/box it could ignite all the smoke in the building at once. This can be the same for a Smoke Explosion or Backdraft as well. 

TO VIEW VIDEO:  Open DVD Video File “Reading Smoke – Density”
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Open Video File: “Reading Smoke — Color” » Stage of heating /
Filtration of smoke

* Fire location -
Rarely indicates
material burning

 Amount of flaming

» Helps tie together
and confirm
Information
previously obtained



Presenter
Presentation Notes
Instructor Notes:

Color can be considered the least important attribute when it comes to reading smoke, but it can help confirm information you have already obtained and tie everything together. In some cases it can indicate the seat of the fire and collapse potential. 

Color can also indicate how long the fuel has been burning and/or the distance the smoke has traveled to the outside. Smoke that has travelled a distance will cool and change from black, to brown, to gray.

a. Gray/white smoke exiting with high velocity indicates a hot fire where the smoke has traveled a distance. 
 
b. Brown smoke is mid-to-late-heating and is produced by burning unfinished wood products.
  
c. Black smoke indicates the fire has been burning for a while. Black, dense smoke is a precursor to flash over, ventilate and flow water

TO VIEW VIDEO:  Open DVD Video File “Reading Smoke – Color”
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White Smoke

603'5 Reading Smoke - COLOR

» First determine the Volume
& Velocity — Compare
iInformation with the size of
the structure and the vent
openings

» Slow venting smoke can
Indicated initial stage
heating

» Fast moving smoke
Indicates heat, but the
smoke has traveled a
distance


Presenter
Presentation Notes
Instructor Notes:

White smoke can indicate one of 3 things: Initial stage heating - All combustibles with give off white smoke (or their moisture) when FIRST exposed to RADIANT heat. This it typically identified by slower moving (laminar) smoke. The volume again is dictated by the size of the structure/box or room/compartment and what’s burning. 

If you observe fast moving white or light gray smoke it’s an indicator that the smoke is heat pushed but has traveled a distance - Depositing the soot and carbon (darker particles) on ceilings, walls or restricted openings before venting from the structure.

White or gray fast moving smoke can also be a positive sign - Attack teams are knocking down the fire, creating steam conversion and displacement of the smoke. Taking in the big picture and analyzing all the attributes of smoke will allow you to better process the incident at hand. 
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Brown Smoke

* Brown smoke occurs during
mid to late stage heating of
Unfinished wood

* Observing brown smoke
venting from void spaces in the
floors, walls, ceilings or roof is
an indicator that structural
components are being heated
and compromised— Be on
guard for collapse!



Presenter
Presentation Notes
Instructor Notes:

Brown smoke occurs during mid to late stage heating of unfinished wood. Observing brown smoke venting from void spaces including floor and roof seams can be an indicator that heat has reached the load bearing components of the structure and are starting to weaken the building – It’s a warning sign of potential collapse! -Especially when dealing with light weight construction. 
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Black Smoke

e Seeing black thin fast moving smoke venting
from a specific location indicates clean
burning and that the fire is nearby


Presenter
Presentation Notes
Instructor Notes:

Thin black smoke that has velocity behind it can be an indicator that the fire is nearby. You may notice this type of smoke venting from the back or side of the building that you can not completely see. It’s telling you that fire has or will be shortly venting from that location of the structure. It’s an indicator of high heat and clean burning. The hotter the fire and cleaner the burn, the lower amount of smoke is produced – Smoke is fuel and if it’s burned off you’ll see less of it. That’s why active fire is not always a bad thing and why under ventilated fires can be so dangerous. 
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Presenter
Presentation Notes
Instructor Notes:

Reading smoke continues when inside the building.  Fire fighters must recognize the change in temperature and smoke conditions to determine engagement vs. disengagement.  When you are on the inside fire fighters should consider burn time, building construction, and synthetic fuel involvement.  These items are critical in determining when to keep going, or when to get out.

If ventilation and cooling are not controlling heat…BACK OUT! 

TO VIEW VIDEO:  Open DVD Video File “Reading Smoke – Interior”
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Think
* Prior knowledge * Windows e Floor plan
e Information from < Layout of the e Doorways
Dispatch room e Furniture

 Mental images


Presenter
Presentation Notes
Instructor notes:

Prior knowledge of a building may allow responding fire fighters to make tactical decisions on how to search the building safely while en route. Anticipate what you expect to find inside. Consider the types of rooms, hallways, furniture, doorways, and windows that will be present. In a residential building, fire fighters should anticipate that, if the front door were entered they would likely be in the entry hall or living room. From here they should enter a hallway, bedrooms, a kitchen, dining room, bathroom, and maybe a closet. Fire fighters must anticipate encountering furnishings. The mental imaging must also include the location of windows. Knowing where a window is located can prevent a Mayday, since it may be the only egress available for escape.


Interior Size Up

Inside

Fire fighters must orient themselves to the
interior of the building:

 Map the location of each room.
 Identify furniture pieces and their location.

« Remember types, locations and sizes of
doorways.


Presenter
Presentation Notes
Instructor notes:

Once inside the building, fire fighters must continue to perform a size-up.  They must recognize their surroundings by feel if they can’t see.  Preventing a Mayday means:

 Mapping the location of each room
 Identifying furniture pieces and locations
 Remembering types, locations, and sizes of doorways

Running through the structure and not recognizing these things will not prevent a Mayday situation, but may create one.  
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Stay oriented at all times so
you can get out of the
building If conditions
deteriorate:

 Know where you are.
 Know how you got there.
 Know how to get out.



Presenter
Presentation Notes
Instructor notes:

Staying oriented is critical to being able to get out of the building if conditions deteriorate. The basics of room orientation all fire fighters must know at all times are:
 
1.Where are you?
2. How did you get there?
3. How will you get out?

Staying oriented can prevent a Mayday situation.  If you know how to get out, you will not get lost.
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Room Orientation

* Fire fighters work In
pairs.

* Fire fighters exit in
pairs.

« Company officeris
able to see, touch or |
hear all members of |

the crew. ol



Presenter
Presentation Notes
Instructor notes:

In order to maintain a high level of safety, crews must go in together and come out together.   No single fire fighter should be permitted to enter OR exit alone. Crew continuity means the officer (or team leader) must be able to see, touch, or hear ALL other members (or partner). If these are absent, crew continuity doesn’t exist and there may be an impending Mayday situation for a lost fire fighter. It’s important that all crew members discipline themselves to stay closely connected with the team.

Staying oriented can prevent a Mayday situation.  If you know how to get out, you will not get lost.
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Fire departments should have a written Air Management
Policy that, at a minimum:

* Requires individual fire fighters to monitor and report
their air supply to their officers at specific intervals.

» |dentifies an acceptable air supply that should be
remaining when a fire fighter exits a building.

* Meets or exceeds the SCBA manufacturer’s
recommended usage guidelines.


Presenter
Presentation Notes
Instructor notes:

Fire departments should have a written Air Management Policy that, at a minimum:

Requires individual fire fighters to monitor and report their air supply to their officers at specific intervals – When will this be done?  Train fire fighters to monitor their own air when they enter a room, go up or down stairs, etc.  Fire fighters must be trained to be conscious of their air usage and supply remaining.
Identifies an acceptable air supply that should be remaining when a fire fighter exits a building – Running out of air unexpectedly is preventable.  Fire fighters must be trained when they must remove themselves from the hazardous environment.
Meets or exceeds the SCBA manufacturer’s recommended usage guidelines – At the least, the policy should meet the training requirements for the federal, state and manufacture.
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 Underwent a revision in 2006. It now
mandates that fire fighter’'s be out of the
IDLH area before the low air alarm
activates.


Presenter
Presentation Notes
Instructor notes:

Two new National Fire Protection Association (NFPA) Standards affect SCBA operations. The 2006 edition of NFPA 1404, Standard for Fire Service Respiratory Protection Training states “…a fire fighter should exit before consumption of reserve air begins”. The intent is for the fire fighter to always have reserve air in case the planned exit is blocked or there is an unexpected delay in exiting. This reserve air component is consistent with fire department SCUBA dive teams which have for decades applied a standard to surface with at least 500 pounds of reserve air. Note: Since the introduction of SCBA to the fire service, consumption of reserve air was never intended for operational use.
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How do fire fighters perform
more work with a limited air
supply?

Fitness and Training
Increased cardiovascular
fitness, muscular strength and
endurance allows fire fighters

to perform arduous tasks while | &
consuming less air.



Presenter
Presentation Notes
Instructor notes:

Fire fighters must perform physically demanding tasks for extended periods of time with the limited air supply they carry on their backs. Sometimes fire fighters must perform several tasks quickly to locate victims, extinguish the fire, or ventilate the structure. A general principle of fire fighting is that the more tasks needing completion, the more air required. So how can a fire fighter perform more work with a limited air supply?
 
The answer to this question is fitness and training. Increased cardiovascular fitness, coupled with muscular strength and endurance, allows the fire fighter to perform arduous tasks while breathing less air, thus conserving air for more tasks later on. If a fire fighter wishes to complete more tasks with the same bottle of air, they must improve their fitness level. Professional skill training will also improve work efficiency. By improving technique, a fire fighter conserves energy while performing tasks. The less effort required for a task, the less air consumed, and the more air available for other tasks.
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A Operations If: _
* Pressurized smoke exiting the structure.

« Smoke coming from the walls of the structure.

e Truss roof assemblies exposed to fire upon arrival.
* Fire self-venting from the roof of the structure.

e Two or more floors involved with fire.

* Any factor likely to destabilize the structure.


Presenter
Presentation Notes
Instructor notes:

The decision to go defensive and is correct of any off the following conditions exist:

 Pressurized smoke exiting the structure
 Smoke coming from the walls of the structure
 Truss roof assemblies exposed to fire upon arrival of the fire department
 Fire is self-venting from the roof of the structure
 Two or more floors involved with fire
 Any factor that is likely to destabilize the structure during the time that fire fighters will be working inside


o E mergency Evacuation

N

On emergency evacuations, Brannigan states:

By nature and training, fire fighters are
aggressive and often resist orders to back out.
The overall gravity of the situation may not be
apparent to those fighting the fire. “We’ve got a

good shot at the fire” is often an excuse for
delay. The authors know of no fire department
that drills on immediate evacuation. This is a
critical oversight.

Companies Must Practice Backing Out
Building Construction for the Fire Service 4th Ed. Pg 5, Introduction, Watch your language



Presenter
Presentation Notes
Instructor notes:

EMERGENCY EVACUATION
Evacuation from a building is far from easy.  When an interior attack crew enters a structure, their objective is to locate and extinguish the fire.  In the best cases they achieve that objective.  However, the objective is not always achieved.  Sometimes the crew must back out to save themselves and avoid a Mayday.  We are trained to extend a hose line into a building to find the fire, but are we trained to evacuate when we recognize conditions changing?  On emergency evacuations, Francis Brannigan stated:
 
By nature and training, fire fighters are aggressive and often resist orders to back out.  The overall gravity of the situation may not be apparent to those fighting the fire.  “We’ve got a good shot at the fire” is often an excuse for delay.  The authors know of no fire department that drills on immediate evacuation.  This is a critical oversight.   Companies must practice backing the line out in order to prevent a possible Mayday.
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Four personnel with
one apparatus
operator at panel,
two fire fighter’s on

or most experienced
fire fighter just
behind the fire
fighter at the tip.



Presenter
Presentation Notes
Instructor notes:

Fire fighter at the tip:  officer or most experienced fire fighter communicates decisions to this fire fighter at the tip.

Officer or most experienced fire fighter is right behind the fire fighter at the tip.

Fire fighter 10 feet behind the officer assists with advancement of the hose line around obstacles.

Last firefighter maintains a viable egress and monitors conditions inside from a safe vantage point outside.  His sole responsibility is the safety of the personnel on the hose line.

When ordered to back out, each person on the hose line is responsible for ensuring the person adjacent to them is on the hose line and exiting safely.  This requires quick and orderly action, discipline.

Give consideration to the person on the tip, because they might lose control of the nozzle.
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As hose line is
extended further,
more fire fighter’s
are added ensuring
each egress is
protected.



Presenter
Presentation Notes
Instructor notes:

As the hose line is extended deeper into a structure, more fire fighters must be added to further protect the egresses and to assist with hose line advancement.

This requires discipline.  Most fire fighters want to be at the tip in control of the hose stream.  However, there are other important tasks that must be performed to be sure the tip makes it to the fire.  Fire fighters must be staggered along the length of the hose line assisting with advancement.  Fire fighters should also be located at the doorways, or areas where the hose line could get caught, or hung up, thus preventing further advancement. When ordered to evacuate, consider leaving the hose line in place and following it out to the pump.




Contributing Factors to Fire Fighter LOD Injuries
All Categories

Undefined
Other 6%

8%

Cluster 4
30%

Clusters 1 & 4
5%
Clusters2 & 4
6%

Cluster 1
8%

Cluster 3

11% Cluster 2
26%

Cluster 4: Decision Making, Lack of Communication,
Standard Operating Guidelines / Procedure Breach,
Protocol Breach, Human Error, Lack of Situational Awareness


Presenter
Presentation Notes
Instructor notes:

All fire fighters are responsible for maintaining awareness of changing conditions.  Worsening conditions, such as an increase in heat, smoke banking down walls, or the off gassing of furnishings should alert you that it’s time to exit the building. 

In a study completed by the IAFF in August 2008, they found that Situational Awareness, and other Human Factors were the most prevalent causes of injuries in fire fighters from several large fire departments.  Situational Awareness was the most common cause in most age groups, ranks, and years of experience.  This data demonstrates that having more experience, and more rank, does not necessarily mean you will be able to identify danger more readily.   
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* Preventing a Mayday requires all

personnel to communicate what
they see and identify conditions
that indicate immediate
disengagement.



Presenter
Presentation Notes
Instructor Notes:

All fire fighters are responsible for maintaining awareness of changing conditions.  Worsening conditions, such as an increase in heat, smoke banking down walls, or the “off-gassing” of furnishings should alert you that it’s time to exit the building. 

Monitoring radio traffic may also alert you to worsening conditions on the fire ground.  You should never hesitate to abandon a position and exit the building if conditions worsen. 
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Hose lines must be _
In place attacking ‘,-.__ i
the fire before the e 1
search of the floor A
above the fire can
be conducted
safely.

240 Seconds (4 min.)


Presenter
Presentation Notes
Instructor notes:

Fire fighters must recognize that the amount of heat released from burning fuels plays a significant role in fire and smoke spread.  Rapid fire growth due to synthetic fuels requires fire fighters to exercise caution when responding to a common building fire.  Research performed by Underwriters Laboratories has found that synthetic fibers have a higher release rate than natural fibers. 

Today’s fires are contained in buildings that are better enclosed to improve energy efficiency.  These same buildings contain more synthetic-based furnishings than ever before.  These factors contribute to rapid fire growth and hazardous smoke conditions.  As these fires grow, smoke rapidly fills the occupancy thus making it difficult for fire fighters to locate the fire.

The result of deciding to search above the fire floor, before having hose lines in place to fight the fire, has been numerous Mayday situations. Some of these have ended with fire fighter deaths.  Preventing these situations requires fire fighters to properly identify the location of the fire, so hose streams can be appropriately positioned to prevent further fire spread.

Hose lines must be in place attacking the fire before a search of the floor above the fire can be conducted safely.
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NIST Study, December 22, 1999 lowa Duplex Fire:

Three fire fighters lost their lives.
e Two story unit with smoke and fire.
e Children trapped.

* Fire conditions changed from tenable to lethal in
approximately 60 seconds.


Presenter
Presentation Notes
Instructor notes:

Post incident analysis of fire fighter fatality incidents by NIST have confirmed how quickly fires progress to create deadly conditions in enclosed structures. On December 22, 1999 a two story duplex fire in Iowa claimed the lives of 3 fire fighters. The fire was reported by a 911 caller at 08:24 with information of 3 children trapped inside. Upon arrival fire fighters found white to dark brown smoke coming from a single unit of a 2 story 2 unit duplex. The critical event in this fire was found to be the onset of flashover conditions in the kitchen. Within 60 s after the flashover occurred in the kitchen, the flames had spread through the dining room, living room and up the stairway where fire fighters were searching for the children.
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Presenter
Presentation Notes
Instructor notes:

View form the A-side/Front of the structure.  Upon arrival fire fighters found a resident holding a child on the front porch cover.  A police officer on scene positioned a ladder to rescue the resident.  Fire fighter victim # 1 entered front door and placed the 1 ½” line  in the front room.  2 additional fire fighters, victims # 2 and # 3 entered the structure and continued searching for more victims.  2 children were found and one required CPR.  CPR and transport provided by IC and police officer.  A 4th fire fighter entered the structure to find the hose had burned through.

It is believed that the three victims were hit with a thermal blast of heat before the handline burned
through.
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Presenter
Presentation Notes
Instructor notes:

Fire started in the kitchen on the stove.  The kitchen is located in the rear of the structure or C-side.  Fire extended out the window and up the walls.  Heat and smoke travelled throughout the structure rapidly while fire fighters were inside searching for victims.
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First Floor

stairs up
to second floor
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.



Presenter
Presentation Notes
Instructor notes:

First floor layout of unit involved. Fire fighters entered on the A-side, through the front door (left side of diagram where porch is located). Fire originated on the stove in the kitchen (C-side). One fire fighter was found in the living room.  FF Victim # 2 was found in the living room after the burst hoseline was discovered by the 4th fire fighter inside the front door.
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second floor hall

-

bedroom 3

bedroom 1

FF Victim #3

bedroom 2



Presenter
Presentation Notes
Instructor notes:

Second floor layout of unit involved. Hot gases and fire extended up stairwell. One fire fighter was found on the second floor near the stairwell and another in bedroom 1.  
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Presenter
Presentation Notes
Instructor notes:

Fire investigation found high heat from floor to ceiling in kitchen.
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Presenter
Presentation Notes
Instructor notes:

Fire investigation found high heat from floor to ceiling in stairwell where FF’s were searching for more victims.  FF Victim # 1, the first FF in the structure was found at the top of the stairwell.  This shot is taken just inside the front door.
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Open Video File: “NIST lowa Fire”
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Presenter
Presentation Notes
Instructor notes:
 
Video on left are from the B-side and video on right are from the D-side.  

An FDS model scenario was developed to best represent the actual building geometry, material thermal properties, and fire behavior based on information and photographs from ATF. 

The FDS calculations that best represent the reported fire conditions indicate that a fire originating on the kitchen stove spread through the house resulting in flames that engulfed the stairwell to the second floor within approximately 9 minutes from the start of flaming ignition on the stove.

The critical event in this fire was the onset of flashover conditions in the kitchen. Within 60 s after the flashover occurred in the kitchen, the flames had spread through the dining room, living room and up the stairway.

TO VIEW VIDEO:  Open DVD Video File “NIST Iowa Fire”
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NIOSH Recommendations:

 Hose lines in place while search Is
conducted.

e |nterior conditions communicated to IC.
e |C to remain in command.

http://www.cdc.gov/niosh/fire/reports/face200004.html



Presenter
Presentation Notes
Instructor notes:

Changing conditions is sometimes difficult to recognize by fire fighters engaged in search and rescue. Fire fighters are sworn to save lives and protect property. Saving lives is the hallmark of what fire fighters do. In a fire where there is a known rescue, fire fighters are required to use their vision and sense of feel to search for victims in limited visibility. At the same time, fire fighters must recognize changing conditions so they know when fire conditions are reaching flash over conditions.

Sensing changing conditions is even more challenging due to the speed by which these changes occur. NIST scientists found conditions of the Iowa fire changed from tenable to fatal in approximately 60 seconds. Compounding the difficulty in recognizing the changing conditions, could also have been due to the fire fighters pre-occupation with rescue.

The NIOSH report F2000-04 (www.cdc.gov/niosh/fire/reports/face200004.html), includes several recommendations so this type of incident may be avoided in the future. Paramount to prevention is: 1.)Having hose lines in place while search is conducted, and 2.) Having fire fighters not engaged in the rescue of victims communicate changing conditions to fire fighters conducting search and rescue. 3.) IC to remain in command.

http://www.cdc.gov/niosh/fire/reports/face200004.html
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