Essentials of Fire Fighting, 6th Edition

Tactical Ventilation

Chapter 13
Tactical Ventilation
Lesson Goal
After completing this lesson, the student shall be able to apply tactical ventilation knowledge and practices following the policies and procedures set forth by the authority having jurisdiction (AHJ).
Objectives

Upon successful completion of this lesson, the student shall be able to:


1.
Describe reasons for tactical ventilation. [NFPA® 1001, 5.3.11]

2.
Identify considerations that affect the decision to ventilate. [NFPA® 1001, 5.3.11, 5.3.12]

3.
Explain the critical fire behavior indicators present during tactical ventilation. [NFPA® 1001, 5.3.11]

4.
Define horizontal and vertical ventilation. [NFPA® 1001, 5.3.11]

5.
Explain the means for achieving horizontal and vertical ventilation. [NFPA® 1001, 5.3.11, 5.3.12]

6.
Describe the types of horizontal ventilation. [NFPA® 1001, 5.3.11, 5.3.12]

7.
Describe the types of vertical ventilation. [NFPA® 1001, 5.3.11, 5.3.12]

8.
Recognize other types of ventilation situations. [NFPA® 1001, 5.3.11]

9.
Explain the effects of building systems on tactical ventilation. [NFPA® 1001, 5.3.11, 5.3.12]

10. 
Ventilate using mechanical negative pressure in a window. [NFPA® 1001, 5.3.11, 5.3.12; Skill Sheet 13-I-1]

11.
Ventilate using mechanical negative pressure in a doorway. [NFPA® 1001, 5.3.11, 5.3.12; Skill Sheet 13-I-2]

12.

Ventilate using mechanical positive pressure. [NFPA® 1001, 5.3.11, 5.3.12; Skill Sheet 13-I-3]

13.
Perform horizontal hydraulic ventilation. [NFPA® 1001, 5.3.11, 5.3.12; Skills Sheet 13-I-4]

14.
Demonstrate the procedure for sounding a roof. [NFPA® 1001, 5.3.12; Skill Sheet 13-I-5]

15.
Ventilate using a rotary saw to cut an opening. [NFPA® 1001, 5.3.12; Skill Sheet 13-I-6]

16.
Ventilate using an axe to cut an opening. [NFPA® 1001, 5.3.12; Skill Sheet 13-I-7]

17.
Demonstrate the procedure for opening a flat roof. [NFPA® 1001, 5.3.12; Skill Sheet 13-I-8]

18.
Perform the steps for opening pitched roofs. [NFPA® 1001, 5.3.12; Skill Sheet 13-I-9]

19.
Demonstrate the procedure for making a trench cut using a rotary saw. [NFPA® 1001, 5.3.12; Skill Sheet 13-I-10]
Instructor Information
This is the lesson covering tactical ventilation. This lesson covers types of ventilation, reasons for ventilation, and considerations that should be taken into account when performing ventilation. The lesson also covers the effects of building systems on tactical ventilation.
Important instructor information is provided in shaded boxes throughout the lesson plan. Carefully review the instructor information before presenting the lesson.

This lesson includes ten skill evaluation checklists that assess student ability to perform tactical ventilation. These checklists will allow students to meet the requirements of learning objectives 10-19. 

Methodology

This lesson uses lecture, discussion, and skills practice. The level of learning is application.

Outline Contents

	Section
	Outline Pages
	Text Pages

	Section I: Reasons for Tactical Ventilation
	6
	     732

	Section II: Considerations Affecting the Decision to Ventilate
	11
	734

	Section III: Types of Tactical Ventilation
	26
	742

	Section IV: Effects of Building Systems on Tactical Ventilation
	65
	     763

	Section V: Skill Sheets
	68
	765

	Section VI: Summary and Review
	73
	764


Audiovisuals

· Visuals 13.1 to 13.98 (PowerPoint® Presentation)

· Easel pad and marker, optional 

Evaluation

· Chapter 13 Quiz 

· Chapter 13 Test

· Skill Evaluation Checklists 13-I-1 to 13-I-10 

Presentation Tools

Interactive Objects allow instructors to present information a piece at a time by clicking on hot spots in a larger image.
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Each object is labeled in the Lesson Outline and indicated in the PowerPoint® presentation by a RED arrow in the top left corner of the image. This lets instructors know to use the mouse to explore all of the information on the slide.
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After all of the information is displayed a reset arrow will appear in the bottom right corner of the image. Instructors can use this to remove the text and quiz students on content just covered or simply move on to the next slide.
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To move to the slide after an interactive object, select the Click for next slide arrow on the left side of the slide.

Videos are used as discussion starters or to illustrate a concept or process discussed in the chapter. 
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These are labeled in the Lesson Outline and indicated in the PowerPoint® presentation by the Click image to play arrow on the left side of the slide.
Section I:
Reasons for Tactical Ventilation 
I. Reasons for Tactical Ventilation 

[image: image5.png]Learning Objective 1
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pp. 732-734
Objective 1 — Describe reasons for tactical ventilation.
A. Reasons for Tactical Ventilation
1. Traditional term ventilation; more accurate tactical ventilation
2. [image: image6.png]Tactical ventilation is carefully
planned to achieve the best results.
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Planned, systematic, coordinated removal from a structure of
Heated air

Smoke

Gases

Other airborne contaminants
3. Replace with cooler, fresher air for 
Life safety

Incident stabilization

Property conservation

4. Performed only when fire attack hoselines and teams in place, ready to advance
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Success depends on 
Careful planning

Knowledge of building construction
Knowledge of fire behavior
Systematic application of procedures for removing the contaminants

Coordination with other fireground activities

6. [image: image8.png]Tactical ventilation is performed for
several general reasons.
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General reasons for performing
Reducing interior heat levels

Decreasing rate of fire spread

Reducing potential extreme fire behavior

Improving interior visibility

Improving firefighter efficiency

Improving victim survival potential

Reducing smoke damage and property damage
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Correctly implemented achieve incident priorities
Life safety

Incident stabilization

Property conservation

8. Improperly applied – Results can be traumatic 

Occupants

Firefighters

Physical structure itself

Instructor Note: Discuss with students “The Effect of Fresh Air on an Oxygen Deprived Environment” on pp. 733 of manual.

Discuss why it is important to effectively manage the introduction of fresh air.  
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Life Safety
1. Highest incident priority – Applies to
Occupants who may be trapped in structure

Firefighters who must enter it to locate, rescue them
2. Tactical ventilation improves life safety for firefighters, occupants by
Increasing oxygen concentration

Reducing concentration of toxic products of combustion
Reducing temperature

Increasing visibility to aid in operations
Creating smoke-free paths of egress

C. Incident Stabilization
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Tactical ventilation can be effectively combined with fire attack to stabilize incident
2. Controlling and extinguishing fire – Accomplished in stages
Locating fire

Confining fire to room, area, or structure of origin

Extinguishing fire

D. [image: image12.png]Learning Objective 2

Identify considerations that affect
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Property Conservation

1. When smoke, gases, heat are removed from burning structure, fire can be confined to specific area

2. If sufficient personnel on scene, salvage operations can begin outside immediate area of fire while fire control operations being conducted

3. Tactical ventilation – Increases speed by which you can extinguish interior fires
Reduces fire damage in structure 
Less water will be needed – Less damage to structure, contents
[image: image13.png]Learning Objective 3
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Review Question: What are the reasons for tactical ventilation? 
See pages 732-734 of the manual for answers.
Section II: Considerations Affecting the Decision to 
Ventilate
II. Considerations Affecting the Decision to Ventilate
[image: image14.png]Both occupants and firefighters are at
risk during a structural fire.

Occupants — Life
hazards
» Lower if awake « Visual impairment
» Several » Lack of oxygen
possibilities if « Presence of toxic,
asleep flammable gases
* Rapid fire
development
possible

- DIEST




pp. 734-742
Objective 2 — Identify considerations that affect the decision to ventilate.

Objective 3 — Explain the critical fire behavior indicators present during tactical ventilation.
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NOTE: The incident commander (IC) will make the decision to ventilate the structure. 
A. Risks to Occupants and Firefighters 
1. Occupants – Life hazards

Generally lower if the occupants are awake
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If occupants were asleep when fire developed and are still in building, possibilities

i. May have been overcome by smoke and fire gases – some may still be alive; others may have perished

ii. Might have become lost in the structure

iii. May be alive and taking refuge in their rooms because the doors were closed
2. Firefighters – Hazards expected from accumulation of smoke, fire gases

Visual impairment caused by dense smoke

Lack of oxygen

Presence of toxic gases

Presence of flammable gases

Possibility of rapid fire development

B. [image: image17.png]Various building characteristics should
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Building Construction
1. Single-family residential – Drastically changed over past 50 years
Structure – Increased over 150 percent between 1973 - 2008
Lot sizes – Decreased 25 percent

i. Reducing firefighter access
ii. Increasing potential exposure risks

2. [image: image18.png]Various building characteristics should
be considered when ventilating.
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Residential interior layouts, construction materials changed
Older structure construction
i. Composed of smaller compartments

ii. Windows that could be opened for ventilation

iii. Empty wall cavities that depended on air pockets to provide insulation
Modern single family structure features
iv. Open floor plans

v. High ceilings, atriums

vi. Lightweight manufactured structural components

vii. Sealed windows

viii. Wall cavities filled with synthetic insulation
Construction materials, interior finish of synthetic materials, light composite wood components

ix. Add to fuel load of structure

x. Contribute to creation of toxic gases during fire

xi. Energy efficient designs tend to contain fires for longer period of time – Creating fuel rich environment

xii. Problems magnified in large-area residential structures

3. Commercial, institutional, educational, multi-family residential structures rely on energy conservation measures that
Increase intensity of fire
Make use of tactical ventilation difficult

4. Open plan commercial structures have
High fuel loads in contents
No physical barriers preventing spread of fire and smoke
5. Use of plastics, other synthetic materials dramatically increased fuel load in all types of occupancies
Produce large quantities of toxic, combustible gases

Heat generated escalates rapidly - Can reach extreme temperatures
6. Knowledge of building involved is an asset when decisions concerning tactical ventilation made; can be obtained from 
Preincident plans
Inspection reports

Observation of similar types of structures
7. Building characteristics to be considered

[image: image19.png]Several fire behavior indicators also
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Occupancy classification

Construction type

Floor area and compartmentation

Ceiling height

Number of stories above and below ground level

[image: image20.png]


Number and size of exterior windows, doors, other wall openings

Number and location of staircases, elevator shafts, dumbwaiters, ducts, roof openings

External exposures

Extent to which building is connected to adjoining structures

Type, design of roof construction

Type, location of fire protection systems

Contents

Heating, Ventilation, Air Conditioning (HVAC) system

C. Fire Behavior Indicators

1. [image: image21.png]REVIEW QUESTION
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Smoke – Observations can help obtain a clear picture of interior fire conditions
Volume of smoke discharge
Location of smoke discharge
Smoke color, density, pressure

Movement of smoke
2. Air flow – Movement of air toward burning fuel and movement of smoke out of the compartment
Indicators of air flow

i. Velocity

ii. Turbulence

iii. Direction

iv. Movement of neutral plane

Air flow caused by

v. Pressure differentials inside and outside compartment

vi. Differences in density between hot smoke and cooler air

Air flow follows flow path
vii. Parts – Inlet vent (where air enters), flow path, outlet or exhaust vent
viii. Example – Single open doorway to structure fire

(a) Air inlet is lower portion of doorway – Low pressure below neutral plane

(b) Smoke exhaust is upper portion of doorway – High- pressure area above neutral plane

ix. Other example

(a) Air inlet – Entire open doorway

(b) Smoke exhaust – Roof vent

x. Flow path is connection between inlet and outlet
3. [image: image22.png]First arriving units must determine
size, location, and extent of the fire.

Primary
consideration




Heat
Visual indicators 
i. Blistering paint

ii. Bubbling roofing tar

iii. Crazed glass

Thermal imager or infrared sensor – Scanning buildings with can provide data on internal temperature differences
Determine presence of increased temperatures through touch, feel on skin even at a distance
4. Flame 
Visible – Provides indication of size and location of fire
Effect or lack of effect of fire streams – Indicates size and extent of fire
Visible from outside structure – Allows flame indicator assessment along with ventilation, air flow
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CAUTION: Do not rely solely on the presence or location of flames to assess an incident.

Review Question: How do smoke, air flow, heat, and flame impact fire behavior in a structure? 
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See pages 737-738 of the manual for answers.

D. Location and Extent of the Fire

1. [image: image25.png]Weather conditions will affect what
happens inside a building as well.

Building Other Wind- most

openings conditions important

s DIFSTA



First arriving units must quickly determine fire size, extent, location  
2. Creating tactical ventilation openings in uncoordinated manner can spread fire to uninvolved areas, cut off occupant escape routes 

3. Severity and extent of fire – Dependent on factors
Type of fuel
Amount of time it has been burning
Activation of fire detection and suppression systems
Degree of confinement

4. Phases and burning regime to which fire has progressed – Primary consideration in determining tactical ventilation procedures

E. [image: image26.png]


Type of Ventilation
1. To be safe and effective tactical ventilation must be coordinated with other tactical operations
2. Before orders given

IC must consider effects on fire behavior

Fire attack crews with charged hoselines, search and rescue teams, and exposure protection must be in place 
3. IC determines if ventilation is necessary – When, where, in what form should it be initiated

4. Conditions upon arrival influence ventilation decisions

Incidents may simply require locating and extinguishing fire, ventilating afterward to clear residual smoke from structure

Other incidents require immediate ventilation to enable firefighters to enter building to conduct search and rescue, fire suppression operations

5. Type and means of ventilation must be appropriate for situation

6. Tactical ventilation must be capable of exhausting volume of heat, smoke, toxic gases produced by fire
F. Location for Ventilation
1. Before selecting place – Gather as much information about fire, building, and occupancy
2. Factors that have a bearing on where to ventilate
Location of occupants
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Availability of existing roof openings which access fire area

Location of the fire
Desired air flow path

Type of building construction
Wind direction

Extent of progress of fire

Condition of building and its contents
Indications of potential structural collapse
Effect ventilation will have on fire

Effect ventilation will have on exposures

State of readiness of fire attack crews
Ability to protect exposures prior to ventilating structure

Protecting means of egress, access

G. Weather Conditions

1. [image: image29.png]REVIEW QUESTION
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Building openings allow atmosphere to affect what happens inside building
2. Conditions that affect ventilation

Temperature 
Atmospheric pressure 
Precipitation
Relative humidity 
Wind
3. Wind – Most important influence

Conditions must always be considered to determine proper means, location of ventilation in structures

Wind can blow the fire toward an external exposure, supply oxygen to the fire, or blow the fire into uninvolved areas of the structure

Means selected should work with prevailing wind, not against it
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CAUTION:  A strong wind can overpower the natural convective effect of a fire and drive the smoke and hot gases back into the building.
H. [image: image31.png]Learning Objective 5
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Exposures 
1. Internal – Building occupants, contents, uninvolved rooms/portions
Routing of smoke

i. When ventilation does not release heat and smoke directly above fire, routing of smoke is necessary 

ii. Routes smoke, heated fire gases travel to exit building may be same that occupants need to evacuate, firefighters need for working

Ventilation that causes heat, smoke, and fire to be discharged through wall openings below the highest point of building creates danger

iii. Rising gases will ignite portions of building above exhaust point

iv. Heat and fire gases may be drawn into open windows or attic vents

v. Heat and fire gases may ignite eaves of the building or adjacent structures 

2. External – Structures located adjacent to fire, affected by radiation and direct flame content

Window-mounted air conditioning units or HVAC intake vents
Nearby structures, vegetation can be ignited by convection
Fire drawn into exterior windows or openings
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Staffing and Available Resources

1. Ventilation requires

Personnel

Resources

2. Staffing requirements range 
Two firefighters

Multiple companies 
3. Small structure, ventilation may only require two firefighters
Open doors and windows

Allow fresh air to enter and smoke to exit

4. Ventilation may require additional personnel and companies when it is necessary 
5. Resources needed for tactical ventilation

Forcible entry tools

Power saws

Fans or blowers

Smoke ejectors

Flexible ducts

Stacking and hanging devices

Other support systems

Electrical power cords

Generators

6. As amount and size of ventilation equipment increases, the space on apparatus to store and transport it will increase 
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Review Question: What considerations will affect the decision to ventilate?
See pages 734-742 of the manual for answers.

Section III: Types of Tactical Ventilation
III. Types of Tactical Ventilation 
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pp. 742-744
Objective 4 — Define horizontal and vertical ventilation.


Objective 5 — Explain the means for achieving horizontal and vertical ventilation.
A. [image: image35.png]There are several indicators of the need
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Types of Tactical Ventilation
1. Horizontal – Any technique by which heat, smoke, and other parts of combustion are channeled horizontally out of a structure by way of existing or created horizontal openings such as windows, doors, or other openings in walls
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Vertical – Ventilating at a point above the fire through existing or created openings and channeling the contaminated atmosphere vertically within the structure and out the top 
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Cutting a hole in roof above fire or opening existing roof access doors, scuttles, skylights
Requires horizontal inlet opening at or below level of fire
B. Means to Accomplish
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Natural horizontal ventilation

Opening doors, windows to allow natural air currents and pressure differences to move smoke, heat out

Uses buoyancy of heated smoke and gases to draw them out through roof openings while entraining (pulling or drawing) fresh air into structure
2. Mechanical horizontal ventilation
Uses fans, blowers, smoke ejectors

Most often used for horizontal – May be applied to vertical 

Means involve pulling smoke, fire gases out through an opening or pushing fresh air into structure and displacing smoke, fire gases 

3. Hydraulic ventilation

Uses spray nozzle set on fog pattern to draw smoke out opening

Requires firefighters to operate nozzle within contaminated atmosphere

Disadvantage – Increased water damage to structure if done improperly
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Indicators for mechanical or hydraulic ventilation
Location and size of fire have been determined

Layout of building not conducive to natural ventilation

Natural ventilation slows, becomes ineffective and needs support

Fire burning below ground in structure
Involved area within compartment so large natural ventilation inefficient

Type of building or fire situation dictates its use
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Review Question: What are the basic means used to accomplish ventilation?
See pages 742-744 of the manual for answers.
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pp. 744
Objective 6 — Describe the types of horizontal ventilation.
C. Horizontal Ventilation – Apply to
1. Buildings in which fire has not involved attic or cockloft area

2. [image: image42.png]PPV uses a fan to create slightly
higher pressure inside a structure
than is outside.
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Involved floors of multistoried structures below top floor, or top floor if the attic is uninvolved

3. Buildings so weakened by fire that vertical ventilation is unsafe

4. Buildings with daylight basements

5. Buildings in which vertical ventilation is ineffective

D. [image: image43.png]


Natural Horizontal Ventilation

1. Should work with existing atmospheric conditions, taking advantage of natural air flow

2. Requires no additional personnel or equipment to set up, maintain
3. When directed by IC 

Create exit point first by opening windows, doors on leeward side of structure 

Next – Openings on windward side of structure opened to permit fresh air to enter; forcing smoke toward exhaust openings

4. Only single opening – Vent will serve as both inlet for air and exit for smoke
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Mechanical Horizontal Ventilation

1. Necessary when natural flow of air currents and currents created by fire insufficient to remove smoke, heat, fire gases

2. Negative-pressure ventilation (NPV)  
Oldest type of mechanical ventilation

i. Smoke ejectors used to expel, pull smoke from structure by [image: image45.png]2fe0t (06 )




developing artificial air flow or enhancing natural ventilation

ii. Smoke, fire gases drawn out of structure, fresh air drawn in by fans

Fan/smoke ejector placement

iii. Placed in windows, doors, roof vent openings to exhaust smoke, heat, gases to exterior

iv. Position in openings on leeward side to exhaust in same direction as prevailing wind – Creates lower pressure at inlet allowing fresh air to replace expelled air
Instructor Note: This information correlates with Skill Sheets 13-I-1 and 13-I-2. More information is found at the end of this lesson outline.

v. Properly seal open areas around to prevent air recirculation back into structure

(a) Atmospheric pressure pushes air back through open spaces in doorway or window, pulls smoke back into room

(b) Recirculation reduces efficient ventilation

(c) Prevent by covering open area around fan with salvage cover or other material

vi. Flow of smoke, gases to exhaust opening 
(a) Should be kept as straight as possible

(b) Every corner causes turbulence, decreasing efficient ventilation

(c) Smoke, gases accumulate near ceiling - Ejector should be located near top of opening

vii. Avoid opening windows or doors near smoke ejector — Reduces efficient ventilation

viii. Remove obstacles that reduce airflow
ix. Do not allow intake side of smoke ejector to become obstructed by debris, curtains, drapes — May decrease amount of intake air
Selection and use

x. In potentially flammable atmospheres — Use those equipped with intrinsically safe motors, power cable connections

xi. Must be turned off when moved, carried by handles provided 

xii. Before starting make sure 
(a) No one near blades 
(b) Clothing, curtains, draperies are not in a position to be drawn into fan blades
xiii. Avoid air discharged from fan — May contain debris 
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Positive-pressure ventilation (PPV) – Technique using high-volume fan to create slightly higher pressure inside structure than outside
When pressure higher inside building, smoke forced through openings to lower-pressure area outside

Requires good fireground discipline, coordination, tactics
Instructor Note: Discuss with students the Information Box “Uses of Positive-Pressure Techniques” on pp. 746 of manual. Point out the various ways to apply positive-pressure ventilation.
Types of openings

i. Entry (inlet) opening – Location where fan or blower set up 

ii. Exhaust opening – Point varies with size of entry opening, capacity of blower, and may be a window or doorway 
Once an exhaust opening created – Blower placed outside entry opening
iii. Normal single 3-foot (0.9 m) wide door, distance between door and fan should be 4 to 6 feet (1.2 to 1.8 m) – Distances may be altered for larger door openings
iv. Cone of air must completely cover opening
v. To maintain positive pressure inside – Important to control location, number, size of exterior openings

During post fire suppression

vi. Can be used to ventilate interior compartments by systematically opening, closing interior doors, exterior windows 

vii. Process accelerates removal of heat, smoke from building
In multistory building

viii. Best when applied at lowest point
ix. Applied at ground level with one or more blowers
x. Directed throughout by opening, closing doors until smoke evacuated 

xi. More fans added on upper floors, at entry point if single fan insufficient
xii. Smoke systematically removed one floor at time by selectively opening exit points

(a) Cross-ventilating floors

(b) Directing smoke up stairwell and out rooftop opening

xiii. Larger blowers available for multi-story, large-volume buildings

Instructor Note: This information correlates with Skill Sheet 13-I-3. More information is found at the end of this lesson outline.

Main problem – Coordination of opening, closing doors in stairwell used to ventilate building
To control openings or pressure leaks

xiv. One person in charge of pressurizing process

xv. Use portable radios

xvi. Firefighters patrol stairwell, hallways

For effective PPV operation

xvii. Ensure exhaust opening sufficient to handle air flow

xviii. Monitor operation of PPV fan

xix. Maintain communications between IC, interior attack crews, PPV operator

xx. Take advantage of existing wind conditions

xxi. Make certain cone of air from fan covers entire entry opening

xxii. Reduce volume of area pressurized by selectively opening, closing interior doors
xxiii. Avoid creating unintended horizontal openings
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WARNING! Improperly applied, PPV can change the interior conditions and injure personnel working inside the structure.

4. Advantages of PPV compared to NPV
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PPV blowers can be set up without entering smoke-filled environment

PPV equally effective with either horizontal or vertical ventilation because it supplements natural air currents

Removal of smoke, heat is more efficient

Velocity of air currents is minimal, creates little to no effects that disturb contents or smoldering debris – Total exchange of air within building faster than NPV alone

Fans powered by internal combustion engines operate more efficiently in clean air
Cleaning, maintenance of fans used for PPV significantly less than those needed for NPV fans
PPV effective in all structure types, particularly in large, high-ceiling areas where NPV is ineffective 
Heat, smoke may be directed away from unburned areas or egress paths
Exposed buildings or adjacent compartment can be pressurized, reducing fire spread

5. Disadvantages of PPV

Structure must be intact

Interior carbon monoxide levels may be increased if fan exhaust from fans powered by internal combustion engines is allowed to enter
Hidden fires may accelerate, spread throughout building
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Hydraulic ventilation

Used where other types of forced ventilation unavailable

i. Used to clear room or building of smoke, heat, steam, gases after fire controlled

ii. Uses spray stream from fog nozzle to entrain smoke, gases – Carry out of structure through door or window
(a) Fog nozzle set on wide fog pattern to cover 85 to 90 percent of opening where smoke will be drawn

(b) Nozzle tip at least 2 feet (0.6 m) back from opening

(c) Faster ventilation occurs with larger openings
Instructor Note: This information correlates with Skill Sheet 13-I-4. More information is found at the end of this lesson outline.

Disadvantages 
iii. May increase water damage within structure if done incorrectly

iv. Drain on available water supply – Especially crucial in rural operations where water shuttles used
v. In freezing temperatures – Will be increase in amount of ice on ground surrounding building
vi. Nozzle operators must remain in heated, contaminated atmosphere throughout operation

vii. Operation may have to be interrupted when nozzle team leaves area to replenish air supply
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Review Question: What are the main types of horizontal ventilation? 
See pages 744-749 of the manual for answers.
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Precautions against upsetting horizontal ventilation

Must take care not to upset effects – Opening door on windward side before creating exhaust on leeward may 
i. Pressurize building

ii. Intensify fire 
iii. Cause fire spread

Take advantage of air currents established by horizontal ventilation – Obstruction in established currents may reduce or eliminate positive effects
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Advantages of mechanical ventilation
Supplements, enhances natural ventilation

Ensures more control of air flow
Speeds removal of contaminants

Reduces smoke damage

Promotes good public relations
Benefits confined spaces with low oxygen levels
9. Disadvantages of improper mechanical ventilation

Can cause fire to intensify and spread
Depends upon power source

Requires special equipment 
Requires additional resources, personnel 
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Review Question: How do the advantages and disadvantages of natural, mechanical, and hydraulic ventilation compare to one another? 
See pages 744-751 of the manual for answers.
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pp. 751
Objective 7 — Describe the types of vertical ventilation.

F. Vertical Ventilation

1. Occurs after IC 
Determined need for ventilation
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Determined it can be done safely, effectively

Considered age and type of construction involved

Considered location, duration, extent of fire

Observed safety precautions

Identified escape routes

Selected place to ventilate

Moved personnel, tools to roof
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Presents increased risks

Placing personnel above ground level

Working on both peaked and flat surfaces

Working above fire

Working on roofs that may have been weakened because of age or fire damage
3. IC must assess risks, implement safety precautions, and determine if vertical ventilation must be offensive or defensive
Offensive – Aid in reaching, extinguishing fire

Defensive – Stop spread of fire and contain it in one area of structure
4. [image: image57.png]


Safety precautions

Check wind direction and velocity to determine effect on exposures

i. Work with wind at back or side when cutting roof opening

ii. Protects from heat, smoke, embers
Note obstructions or excessive weight that may contribute to roof collapse
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Provide secondary means of escape for crews from roof

Ensure main structural supports not cut while creating opening
Guard opening to prevent personnel from falling into it
Evacuate roof promptly when work complete or ordered to leave
Use lifelines, roof ladders, other means to prevent personnel from sliding, falling off the roof
Make sure roof ladder firmly secured over roof peak before working
[image: image59.png]Knowing what to expect when
sounding a roof is important.




CAUTION:  Roof ladders are only meant to prevent slipping and are not intended to be used on fire-weakened roofs.
Exercise caution when working around electric wires, solar panels, guy wires
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Ensure all personnel on roof are wearing full PPE including SCBA and breathing SCBA air

Keep firefighters out of range of those swinging axes, operating power saws
Remain aware of overhead obstructions within range of swing

Start power tools on ground to ensure operation – Shut off before hoisting or carrying to roof

When using power saw – Make sure angle of cut is away from body
Extend ground ladders at least three to five rungs above edge of roof or top of parapet wall – Secure to wall or roof
When operating from aerial ladder platforms – Ensure that floor of platform is even with or slightly above roof level
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Check roof for structural integrity before stepping onto it, continue sounding throughout operation
Both before and after ventilating – Walk on load-bearing walls and strongest points of roof structure whenever possible
When roof has been opened – Penetrate ceiling below to enhance ventilation
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WARNING!  Never direct a fire stream into a vertical exhaust opening when interior attack crews are inside the structure because it will force smoke, heat, and steam down on them. 
5. [image: image63.png]A square or rectangle is the most
common opening made in a flat roof.




Sounding the roof

Should be done 

i. Before stepping off ladder, parapet wall, other place of safety onto roof

ii. Especially if obscured by smoke or darkness

How to perform, what to expect

iii. Striking the roof surface with blunt end of pike pole, rubbish hook, axe

iv. May feel solid over structural supports – Tool bounces off surface

v. May feel softer, less rigid between supports

vi. May sound solid over rafter or joist – Producing hollow sound struck between supports

vii. Practice on structurally sound roofs needed to recognize different feeling and sounds of areas
Instructor Note: This information correlates with Skill Sheet 13-I-5. More information is found at the end of this lesson outline.

viii. Several layers of composition shingles or other coverings may not respond to sounding

ix. Tile or slate roofs cannot be sounded – Must be removed to reveal underlying structure

Use preincident planning information to identify buildings with roofs supported by lightweight or engineered trusses – These roofs may fail early in a fire, extremely dangerous to work on or under 
Warning signs of a possible unsafe roof condition

x. Melting asphalt

xi. Spongy roof – Normally solid roof that springs back when walked upon

xii. Smoke coming from roof

xiii. Fire coming from roof
Note: Some roofs are spongy with no fire involvement. Know the roofs in your response area.
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Caution: Work in groups of at least two, but with no more personnel than absolutely necessary to perform the assigned task.

6. [image: image65.png]The tprm:ess for making a trench
cut ollows specific procedures.




Roof-cutting operations
Rotary saws, carbide-tipped chain saws, chain saw with adapted features best for roof-cutting – Faster, less damaging than other tools
Saw operator must

i. Have good footing and maintain control of saw at all times 
ii. Use rubbish hook or Halligan on pitched roof to provide secure foothold

Turn off saw during transportation to or from operation point – Especially when moving up or down ladder

Instructor Note: This information correlates with Skill Sheets 13-I-6 and 13-I-7. More information is found at the end of this lesson outline.
7. Roof ventilation team should be in constant communication with supervisor or IC with team leader 
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Responsibilities of ventilation team leader
Ensuring roof is safe – Sounding, visual observation

Ensuring only required openings made
Directing efforts to minimize secondary damage (damage caused by fire fighting operations)
Coordinating team’s efforts with those of firefighters inside building

Ensuring safety of all personnel assisting with ventilation operations
Ensuring there are two means of egress from roof

Ensuring adequate exhaust opening size

Ensuring the team leaves roof as soon as their assignment completed
9. Before cutting any type of ventilation hole, should cut inspection hole in roof
Used to help determine location of fire and direction of fire located in attic or cockloft
Used in offensive and defensive operations
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Kerf cut inspection hole easiest, fastest to cut
Make single cut using rotary saw, chair saw or axe 

Hole should be width of saw or axe blade

Disadvantage – Fire heat can melt tar or membrane, sealing cut

11. Triangle or “A” cut inspection hole – Provides most reliable condition information
Created from single kerf cut if conditions indicate need

Use rotary or chain saw to cut three overlapping cuts that form triangle or letter “A”

i. First – Diagonal cut from upper left to lower right

ii. Next – Diagonal cut from top of first cut to lower left

iii. Last – Connect two lower ends of previous cuts

iv. Center should fall through – May be necessary to push to free, use tool; NEVER use hand
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Heated smoke, gases, sometimes fire may exit hole
12. Offensive ventilation methods

Involves making opening over seat of fire at or near highest point of roof
Type of exhaust opening and method used will depend on roof type 
Two critical points when cutting exhaust opening
i. Square or rectangular opening is easier to cut and repair after fire

ii. One large opening at least 4 by 8 feet (1.2 m by 2.4 m) much better than several small ones
13. [image: image69.png]


Flat roof

Most common type of opening made in flat roof – Square or rectangular
Openings made between roof trusses or with truss in middle of opening

Use louver cut when truss is in middle of opening
Instructor Note: This information correlates with Skill Sheet 13-I-8. More information is found at the end of this lesson outline.

i. Steps to make louver cut in flat roof
(a) Make initial opening no smaller than 4 by 8 feet (1.2 m by 2.4 m) - Exhaust opening may need enlargement

(b) Identify location of rafters
(c) Make short cuts across top and bottom of rafter; long cuts parallel to either side of rafter
(d) Strike near side to break loose from rafters and pull far side toward you with roof hook
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Pitched roof, shingle-covered

Cut few inches (mm) below peak on leeward side

Always cut exhaust openings at or very near highest point on roof when possible
Work from roof ladder with hooks attached to ridge line 

Work from aerial platform on extremely steep roofs 

Instructor Note: This information correlates with Skill Sheet 13-I-9. More information is found at the end of this lesson outline.

15. Pitched roof, slate or tile-covered
May be attached to solid sheathing or battens with spaces between 

Open by removing individual pieces or using sledgehammer to smash slate, tile pieces

For solid sub roof – Cut hole in manner for pitched roofs

Hole may not be needed in battens if enough space between for ventilation

16. Arched roofs

Same procedure as flat or pitched – Except no ridge to hook ladder

Curvature prevents ladder from laying flat

Before proceeding – Make kerf cut to locate arches, observe truss space, determine fire involvement

Walk on trusses, other strong points only

17. Metal roofs

Thin metal can be sliced open with axe, carbide tip chain saw, rotary saw and peeled back

Thick metal can be opened by metal cutting tool, power saw with metal cutting blades

Industrial buildings – Easier, faster to open skylights, monitors, scuttle hatches

Older buildings

i. May be large pieces of sheet metal laid over skip sheathing
ii. Open with power saw, axe, large sheet-metal cutter

18. Defensive ventilation methods
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Trench cut
i. Strictly defensive 
ii. NOT to be confused or used as offensive vertical ventilation

iii. Used to create fire break to stop fire spread in common attic or large structures

iv. Can be time consuming, physically taxing on personnel

v. Works well in large buildings with common cockloft or attic

IC decides on defensive stance if fire too great to extinguish – Will abandon efforts to save building
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To make trench cut – Opening must be created 

vi. At least 30 feet (9.1 m) ahead of advancing fire, 
vii. Only after offensive vertical ventilation opening made – Allows

(a) Heat and to smoke escape

(b) Trench completion before fire front reaches that point

viii. If offensive opening not made

(a) Fire quickly drawn to and burns past unfinished trench

(b) Continues to spread through building while endangering firefighters on roof
Created by 
ix. Making two parallel cuts extending from one exterior wall to other 
x. Removing roof material between cuts

xi. Pushing ceiling material down 

xii. Distance between cuts
(a) Large enough to prevent fire burning past opening

(b) Small enough to not compromise roof integrity
(c) Cut of 3 to 4 feet (0.9 to 1.2 m) should be sufficient

Instructor Note: This information correlates with Skill Sheet 13-I-10. More information is found at the end of this lesson outline.

Improper trench cut 
xiii. Places firefighters in dangerous position – Working ahead of fire 
xiv. May cause fire to spread more rapidly and potentially destroy entire structure
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Review Question: What are the types of vertical ventilation? 
See pages 751-759 of the manual for answers.

[image: image74.png]High-rise fires are also another type of
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All members must
xv. Plan ahead

xvi. Establish communications between roof ventilation team and IC

xvii. Maintain good communications

xviii. Be aware of the dangers

xix. Have clear understanding of objective
xx. Have charged hoseline present

xxi. Wear full PPE and SCBA

xxii. Have two means of escape from roof that are remote from each other and do not include crossing over cut
xxiii. Assign roof safety officer to observe conditions
xxiv. Cut small inspection holes a few feet from trench on both fire and safe working side 
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Precautions against upsetting established vertical ventilation

Factors that can reduce effectiveness
i. Improper use of mechanical ventilation

ii. Indiscriminant window breaking

iii. Fire streams directed at ventilation openings

iv. Explosions

v. Burn-through of roof, floor, or wall
vi. Additional openings between attack team, upper opening

vii. Improper location of vertical ventilation opening

Not solution to all ventilation problems

viii. May be impractical or impossible

ix. Use other strategies when necessary
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Warning! Do not direct a fire stream into a ventilation opening during offensive interior operations.
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Review Question: What differences are there between horizontal and vertical ventilation? 
See pages 742-759 of the manual for answers.
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pp. 760
Objective 8 — Recognize other types of ventilation situations.
G. Other Types of Ventilation Situations
1. Basement fires
Heat, smoke quickly spreads upward into building unless vents [image: image79.png]Ventilation will have several effects
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installed

Access 
i. Difficult without effective ventilation 
ii. Must descend through rising heat, smoke to get to seat of fire

iii. May be through interior or exterior stairs, exterior windows, hoistways

iv. Outside entrances may be blocked or secured

Ventilation accomplished several ways

v. Horizontal ventilation effective if ground-level windows or below ground-level window wells available

vi. Interior vertical ventilation used if no ground-level windows available

vii. Stairwells, hoistway shafts used to evacuate heat, smoke – Use only if there is means to expel into atmosphere, not endanger other building portions
viii. Last resort – Cut opening in floor near ground-level door or window; force heat, smoke from opening through exterior opening using fans

2. [image: image80.png]Built-in smoke control systems are
designed to confine fire.




Fires in windowless buildings

Complicate operations

Cause delays when creating openings

Problems vary depending on 
i. Size

ii. Occupancy

iii. Configuration

iv. Construction materials

Usually requires mechanical ventilation for smoke removal
v. Can clear smoke through HVAC systems if designed to do so – If not may cause spread of heat, fire
vi. HVAC systems should be brought under fire department control prior to fire operations

Allow systems to work if designed to contain combustion products, operating properly—if not, IC notified, steps taken to control manually
3. [image: image81.png]


High-rise fires

Buildings may contain

i. Hospitals, hotels, apartments, offices

ii. More occupants – Higher life safety considerations
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Tactical ventilation must be carefully coordinated
Personnel required often four to six times greater than typical low-rise building 

Fire, smoke, and toxic gases can spread rapidly through pipe shafts, stairways, elevator shafts, unprotected ducts, other vertical or horizontal openings

iii. Openings contribute to stack effect

iv. Creating upward draft, interfering with evacuation and ventilation

Horizontal smoke spread 
v. Heated smoke, fire gases travel upward until reaching top of building or cooling to temperature of surrounding air

vi. When equalization occurs gases stop rising; will spread horizontally and stratify

Hot gas layer development 
vii. Layers may collect on floors below top floor

viii. Additional heat and smoke forces layers to expand, move upward to building top floor

ix. May occur when vertical exhaust opening not large enough

Tactical vertical ventilation must be considered during preincident planning
x. Usually must be accomplished horizontally with mechanical ventilation, building’s HVAC systems 

Instructor Note: Discuss with students the tactical ventilation example for high-rise buildings on pp. 762 of manual. Point out how the different tactics used help address the problems inherent in stratified smoke.
xi. Many buildings, only one stairwell penetrates roof

(a) Stairwell can be used like a chimney to ventilate smoke, heat, fire gases from various floors

(b) Another stairwell used as escape route for occupants

xii. During a fire, doors on uninvolved floors must be controlled so occupants do not accidentally enter ventilation stairwell as they are evacuating

(a) Before doors on fire floors opened and stairwell ventilated, door leading to roof must be blocked open or removed from its hinges

(b) Preventing door at top of shaft from closing ensures it cannot compromise established ventilation operations

xiii. When ventilating top of a stairwell you are drawing the smoke and heat to you or anyone else in stairwell between fire floor and roof

xiv. When enclosed secondary stairwell used for evacuating occupants, PPV fans should be located at bottom floor to pressurize stairwell, keep smoke from entering

Ventilation fans may be built into top of stairwell to assist
xv. Fans draw smoke from fire floor to top when activated

xvi. Technique may make fire suppression team entry on fire floor from this stairwell difficult

xvii. May need to pressurize stairwells with PPV fans to confine smoke

Note: Under some conditions, elevator shafts that penetrate the roof may be used for ventilation.
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WARNING!  Do not use stairwells or elevator shafts simultaneously for both evacuation and ventilation.
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Review Question: What other types of ventilation situations might firefighters encounter? 
See pages 760-763 of the manual for answers.

Section IV: Effects of Building Systems on Tactical Ventilation
IV. Effects of building systems on tactical ventilation
pp. 763-764
Objective 9 — Explain the effects of building systems on tactical ventilation.
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Effects of Building Systems on Tactical Ventilation
1. Modern buildings have HVAC systems – Can contribute to spread of smoke, fire, toxic gases 
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Systems usually controlled from panel in maintenance, operations center in basement or at ground level

Control panel includes 
i. Building duct system diagram 
ii. Information on smoke detection and fire suppression systems built into HVAC ductwork – Designed shut system down automatically when smoke or fire detected in ducts
Firefighters should be familiar with location, operation of controls to shut down HVAC system 

3. Restoring HVAC system to operation responsibility of building engineer or maintenance superintendent 

4. Ductwork may create additional fire damage 
Through heat conduction through metal

Check combustibles adjacent to ductwork for possible fires created by conduction
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Built-in smoke control systems 
Designed to confine fire to smallest area possible by compartmentalizing building when smoke or fire is detected
Often used in high-rises, shopping malls, buildings with open atria

Methods of compartmentalizing structure – Automatic closing of doors, partitions, windows, HVAC systems

6. Smoke control system may include system diagram in same location as control panel
Panel should indicate where alarm originated, which automatic closers activated

Should only be operated by building engineers or maintenance superintendents

Incorrect use can cause severe damage, create more hazardous [image: image88.png]Learning Objective 16
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conditions

WARNING! Do not attempt to operate building systems that assist in ventilation.
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Review Question: How can a built-in heating ventilation and air conditioning (HVAC) system affect tactical ventilation? 
See pages 763-764 of the manual for answers.

Section V: Skill Sheets


V. SKILL SHEETS
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pp. 765
Objective 10 — Ventilate using mechanical negative pressure in a window.

A. Skill Sheet 13-I-1
1. For this skill sheet, students will perform the skills to ventilate using mechanical negative pressure in a window 

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-1 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 765 of the manual

pp. 766
Objective 11 — Ventilate using mechanical negative pressure in a doorway.
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Skill Sheet 13-I-2
1. For this skill sheet, students will perform skills to ventilate using mechanical negative pressure in a doorway
2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-2 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 766 of the manual

pp. 767
Objective 12 — Ventilate using mechanical positive pressure.
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Skill Sheet 13-I-3

1. For this skill sheet, students will perform skills to ventilate using mechanical positive pressure.

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-3 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 767 of the manual
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pp. 768
Objective 13 — Perform horizontal hydraulic ventilation.

D. Skill Sheet 13-I-4

1. For this skill sheet, students will demonstrate the skills to perform horizontal hydraulic ventilation.

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-4 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 768 of the manual

pp. 769
Objective 14 — Demonstrate the procedure for sounding a roof.

E. Skill Sheet 13-I-5
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For this skill sheet, students will demonstrate the skills to perform the procedure for sounding a roof.

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-5 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 769 of the manual

p. 770
Objective 15 — Ventilate using a rotary saw to cut an opening
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Skill Sheet 13-I-6
1. For this skill sheet, students will perform skills to ventilate using a rotary Ventilate using a rotary saw to cut an opening saw to cut an opening.

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-6 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 770 of the manual

p. 771
Objective 16 — Ventilate using an axe to cut an opening.
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Skill Sheet 13-I-7

1. For this skill sheet, students will perform skills to ventilate using an axe to cut an opening.

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-7 on the curriculum flash drive

3. This checklist corresponds with the information on p. 771 of the manual

pp. 772-774
Objective 17 — Demonstrate the procedure for opening a flat roof.
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Skill Sheet 13-I-8

1. For this skill sheet, students will perform skills to demonstrate the procedure for opening a flat roof.

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-8 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 772-774 of the manual

pp. 775-776
Objective 18 — Perform the steps for opening pitched roofs.
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Skill Sheet 13-I-9

1. For this skill sheet, students will perform the steps for opening pitched roofs.

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-9 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 775-776 of the manual
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pp. 777-778
Objective 19 — Demonstrate the procedure for making a trench cut using a rotary saw.

J. Skill Sheet 13-I-10

1. For this skill sheet, students will demonstrate the procedure for making a trench cut using a rotary saw.

2. This skill sheet can be found in the Skills Evaluation Checklist 13-I-10 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 777-778 of the manual

Section VI: Summary and Review 

VI. SUMMARY AND REVIEW
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Chapter Summary

1. Tactical ventilation of a burning building allows heat, smoke, and fire gases to escape to the atmosphere and also draws fresh air into the building.  

2. Properly applied tactical ventilation allows firefighters to see better, locate victims more easily, and find the seat of the fire sooner.
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Tactical ventilation limits fire spread and channels heat and smoke away from trapped victims; but must be correctly coordinated.

4. Firefighters must understand fire behavior, know various ventilation methods and have knowledge of roof construction and know how to create exhaust openings in all types of roofs that have a variety of openings in order to perform ventilation correctly.
B. Review Questions
1. What are the reasons for tactical ventilation? (732-733)
2. What considerations will affect the decision to ventilate? (734-742)
3. What are the basic means used to accomplish ventilation? (742-744)
4. How do smoke, air flow, heat, and flame impact fire behavior in a structure? (737-738)
5. What differences are there between horizontal and vertical ventilation? (744-760)
6. How do the advantages and disadvantages of natural, mechanical, and hydraulic ventilation compare to one another? (749-751)
7. What are the main types of horizontal ventilation? (744-751)
8. What are the types of vertical ventilation? (751-756)
9. What other types of ventilation situations might firefighters encounter? (760-763)
10. How can a built-in heating ventilation and air conditioning (HVAC) system affect tactical ventilation? (761)
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