Firefighter I

Ventilation


Chapter 11
Ventilation
Lesson Goal
After completing this lesson, the student shall be able to identify reasons and needs for various types of ventilation within a structure, distinguish which types of ventilation are most effective to varying situations, and perform duties related to ventilating a structure following the policies and procedures set forth by the authority having jurisdiction (AHJ).
Objectives

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


1.
Describe reasons for fireground ventilation. (NFPA® 1001, 5.3.11, 5.3.12)

2.
List considerations that affect the decision to ventilate. (NFPA® 1001, 5.3.11, 5.3.12)

3.
Discuss factors that are taken into account when deciding the need for ventilation. (NFPA® 1001, 5.3.11, 5.3.12)

4.
Discuss vertical ventilation. (NFPA® 1001, 5.3.12)

5.
List safety precautions to observe when undertaking vertical ventilation. (NFPA® 1001, 5.3.12)

6.
List warning signs of an unsafe roof condition. (NFPA® 1001, 5.3.12)

7.
Discuss roof coverings and using existing roof openings for vertical ventilation purposes. (NFPA® 1001, 5.3.12)

8.
Discuss ventilation considerations for various types of roofs. (NFPA® 1001, 5.3.12)

9.
Describe trench or strip ventilation. (NFPA® 1001, 5.3.12)

10.
Explain procedures for ventilation of a conventional basement. (NFPA® 1001, 5.3.12)

11.
List factors that can reduce the effectiveness of vertical ventilation. (NFPA® 1001, 5.3.12)

12.
Discuss horizontal ventilation. (NFPA® 1001, 5.3.11)

13.
Discuss considerations for horizontal ventilation. (NFPA® 1001, 5.3.11)

14.
Distinguish between advantages and disadvantages of forced ventilation. (NFPA® 1001, 5.3.11)

15.
Discuss negative-pressure ventilation. (NFPA® 1001, 5.3.11)

16.
Discuss positive-pressure ventilation. (NFPA® 1001, 5.3.11)

17.
Compare and contrast positive-pressure and negative-pressure ventilation. (NFPA® 1001, 5.3.11)

18.
Describe hydraulic ventilation. (NFPA® 1001, 5.3.11)

19.
List disadvantages to the use of hydraulic ventilation. (NFPA® 1001, 5.3.11)

20.
Explain the effects of building systems on fires or ventilation. (NFPA® 1001, 5.3.11, 5.3.12)

21.
Ventilate a flat roof. (NFPA® 1001, 5.3.12, Skill Sheet 11-I-1)

22.
Ventilate a pitched roof. (NFPA® 1001, 5.3.12, Skill Sheet 11-I-2)

23.
Ventilate a structure using mechanical positive-pressure ventilation. (NFPA® 1001, 5.3.11, Skill Sheet 11-I-3)

24.
Ventilate a structure using horizontal hydraulic ventilation. (NFPA® 1001, 5.3.11, Skill Sheet 11-I-4)
Instructor Information

This is the lesson covering ventilation for the Firefighter I course. The purpose of this lesson is to provide the student with an understanding of the need for ventilation as well as the different types of ventilation. This lesson also provides guidelines for ventilating varying types of structures. Specific procedures for ventilating a building are taught in this lesson. 
Important instructor information is provided in shaded boxes throughout the lesson plan. Carefully review the instructor information before presenting the lesson. Use this lesson to initiate discussion on ventilation in the fire service. 
This chapter has four skill sheets related to ventilation. Review the skills evaluation checklists for these skills prior to teaching this lesson. Ensure that all needed equipment is prepared before students practice the skills or are evaluated. To review more in-depth photographs and graphics of the skills, refer to the IFSTA Firefighter I and II Skills Handbook.
Methodology

This unit uses lecture, discussion, and skills practice. The level of learning is application.
Estimated Total Time: 9 hours 55 minutes
Classroom teaching/written evaluation:
5 hours 55 minutes

Skills Practice:





4 hours



	Time
	Section/Activity
	Pages

	15 min.
	Section I: Introduction to Chapter 11
	

	60 min.
	Section II: Fireground Ventilation
	543-556

	30 min.
	Section III: Vertical Ventilation
	556-560

	30 min.
	Section IV: Roof Conditions and Vertical Ventilation
	560-567

	15 min.
	Section V: Other Types of Vertical Ventilation
	567-568

	10 min.
	Section VI: Effectiveness of Vertical Ventilation 
	568-570

	30 min.
	Section VII: Horizontal Ventilation
	570-572

	60 min.
	Section VIII: Forced Ventilation
	573-578

	15 min.
	Section IX: Effects of Building Systems on Fires or Ventilation
	579

	15 min.
	Section X: Summary and Review
	

	15 min.
	Chapter 11 Quiz
	

	60 min.
	Chapter 11 Test
	

	4 hours
	Skills Practice
	


Audiovisuals

· Visuals 11.1 to 11.119 (PowerPoint® Presentation)
Evaluation

· Chapter 11 Quiz 
· Chapter 11 Test
· Skill Sheets 11-I-1 through 11-I-4
Section I: Introduction to Chapter 11
15 min.
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INTRODUCTION TO CHAPTER 11
A. Lesson goal
Instructor Note: Briefly review the lesson goal. Emphasize the purpose of the unit is to familiarize the students with ventilation and its use.
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Chapter 11 lesson goal — After completing this lesson, the student shall be able to identify reasons and needs for various types of ventilation within a structure, distinguish which types of ventilation are most effective to varying situations, and perform duties related to ventilating a structure following the policies and procedures set forth by the authority having jurisdiction (AHJ).
B. Objectives
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Describe reasons for fireground ventilation. 
2. List considerations that affect the decision to ventilate. 
3. Discuss factors that are taken into account when deciding the need for ventilation. 
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Discuss vertical ventilation. 
5. List safety precautions to observe when undertaking vertical ventilation. 
6. List warning signs of an unsafe roof condition. 
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Discuss roof coverings and using existing roof openings for vertical ventilation purposes. 
8. Discuss ventilation considerations for various types of roofs. 
9. Describe trench or strip ventilation. 
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Explain procedures for ventilation of a conventional basement.
11. List factors that can reduce the effectiveness of vertical ventilation. 
12. Discuss horizontal ventilation. 
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Discuss considerations for horizontal ventilation.

14. Distinguish between advantages and disadvantages of forced ventilation. 

15. Describe negative-pressure ventilation. 
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Discuss positive-pressure ventilation. 
17. Compare and contrast positive-pressure and negative-pressure ventilation. 
18. Describe hydraulic ventilation. 
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List disadvantages to the use of hydraulic ventilation.
20. Explain the effects of building systems on fires or ventilation.
21. Ventilate a flat roof. (Skill Sheet 11-I-1)

22. [image: image10.png]Fireground Ventilation

|Life Safety Reasons for
I

o Increases firefighter safety by reducing
interior temperature, increasing visibility

* Reduces chance of firefighters receiving
steam burns when water applied

(Continuec)

Firefighter T
11-10




Ventilate a pitched roof. (Skill Sheet 11-I-2)

23. Ventilate a structure using mechanical positive-pressure ventilation. (Skill Sheet 11-I-3)

24. Ventilate a structure using horizontal hydraulic ventilation. (Skill Sheet 11-I-4)
Section II: Fireground Ventilation
60 min.
II. Fireground ventilation
Instructor Note: The purpose of this section is to introduce students to ventilation and why it is used on the fireground. Relate examples of incidents in which ventilation was successfully used. 

Instructor Note: Remind students that while it is important for them to understand the theory and practice of tactical ventilation, they are not likely to be required to decide if ventilating a burning building is necessary or how or where to ventilate the building. These decisions are the responsibility of those in Command of the operation.
pp. 543-547
Objective 1 — Describe reasons for fireground ventilation.
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Life safety
1. Increases firefighter safety by reducing the interior temperature and increasing visibility
2. Reduces the chance of firefighters receiving steam burns when the water is applied to the fire by providing an escape path for the steam when water is vaporized
Instructor Note: Emphasize that firefighters should never direct a hose stream into a ventilation opening before the fire has been controlled. Doing so may compromise ventilation efforts and put interior crews in serious danger.
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Reduces the likelihood of sudden and hazardous changes in fire behavior such as flashover and backdraft
4. Simplifies and expedites search and rescue operations by removing smoke and gases that endanger trapped or unconscious occupants 
B. [image: image13.png]Fire Spread Control Reasons for
Fireground Ventilation

I
o Effective ventilation
— Reduces rate of smoke layer development

— Can reverse process of smoke layer
development

— Reduces rate at which fire will spread over
area

(Continuec)

Frefighter 1 %
ik



Fire attack and extinguishment

1. Permits firefighters to more rapidly locate the fire and proceed with extinguishment when effective ventilation improves visibility inside a burning building
2. When a ventilation opening is made in the upper portion of a building, a chimney effect occurs. 
a. If this opening is made directly over a fire, it tends to localize the fire.
b. If it is made elsewhere, it may contribute to fire spread by drawing the fire through uninvolved areas toward the ventilation opening. 
c. Ventilation must be closely coordinated with fire attack. 
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Fire spread control

1. Effective ventilation
a. Reduces the rate of smoke layer development

b. Can reverse the process of smoke layer development by exhausting more smoke from the structure than the fire is producing
c. Reduces the rate at which fire will spread over an area by providing an escape path for the rising heated gases
2. Even with proper ventilation, if the fire is not extinguished soon after ventilation is completed, the increased supply of fresh air will feed the fire and allow it to grow and spread into attic and concealed spaces.
3. Ventilation should occur only after hoseline crews are ready to move in and attack the fire.
D. Reduction of flashover potential
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Flashover
a. The transition between the growth and the fully developed fire stages

b. As an unventilated interior fire burns and flames, smoke, and hot gases extend across the ceiling, heat radiates back down until combustibles in the room are heated to their ignition temperatures. 
c. Once their ignition temperatures are reached, the contents of the entire room will ignite almost simultaneously.
2. [image: image16.png]Reduction of Flashover Potential
Reasons for Fireground Ventilation

o If fire producing significant amount of
smoke and heat but limited by available
oxygen, ventilating room may cause
rapid ignition of hot fire gases in upper
layer, initiating flashover

Frefighter 1 %
it



Ventilation helps to prevent flashover from occurring by removing or reducing the heat before it reaches the levels required for mass ignition. 
3. Opening a single door or window may not remove enough smoke and heat to prevent a flashover. 
Instructor Note: Remind students that they must remain aware that ventilation can increase the potential for flashover.
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If a fire is producing a significant amount of smoke and heat, but is limited by the available oxygen, ventilating the room may cause a rapid ignition of the hot fire gases in the upper layer, which could initiate a flashover.
Instructor Note: There are several incident investigation reports (listed below) available from NIOSH. All involve firefighters being killed or injured due to improper ventilation, which resulted in a flashover. Consider reviewing one of these reports with the students as a strategy to reduce the risk of flashover. 


   MACROBUTTON HtmlResAnchor http://www.cdc.gov/niosh/fire/reports/face200312.html

   MACROBUTTON HtmlResAnchor http://www.cdc.gov/niosh/fire/reports/face200043.html

   MACROBUTTON HtmlResAnchor http://www.cdc.gov/niosh/fire/reports/face200023.html
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Reduction of backdraft potential

1. When a fire is confined in a compartment and it does not break a window or burn through to the outside, the fire will reduce the oxygen level in the room until flaming combustion is no longer possible.

2. If an air supply (which provides necessary oxygen) is introduced by firefighters opening doors or windows, a violent deflagration (backdraft) occurs. 
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To prevent backdraft conditions from developing or to direct the deflagration harmlessly, carefully controlled ventilation must be provided. 
4. In most cases, the safest way to vent a building with backdraft potential is vertically.

5. Signs of a potential backdraft

a. Confinement and excessive heat

b. Smoke-stained windows

c. Smoke puffing at intervals from the building 

d. Pressurized smoke coming from small cracks

e. Little visible flame from the exterior of the building

f. Black smoke becoming dense gray-yellow 

Ask Students: Do you know of any examples of fires in which backdraft occurred?

Briefly discuss the answers with students. Emphasize that ventilation can be used to lessen the chances of backdraft occurring.
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Property conservation

1. Rapid extinguishment of a fire reduces damage caused by water, heat, and smoke. 
2. Timely and effective ventilation helps firefighters extinguish interior fires faster and more efficiently. 
3. Smoke may be removed from burning buildings by natural or mechanical means. Ventilation usually reduces smoke damage.

a. Natural ventilation involves opening doors and windows to allow natural air currents to move smoke and heat out of the building. 
b. Mechanical ventilation involves the use of fans. 
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When smoke, gases, and heat are removed from a burning building, the fire can be confined to a specific area. 
5. If there are sufficient personnel on scene, effective salvage operations can be initiated outside the immediate area of the fire even while fire control operations are being conducted. 

pp. 547-548
Objective 2 — List considerations that affect the decision to ventilate.
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Considerations affecting ventilation
1. Is there a need for ventilation at this time? 

2. Where is ventilation needed? 
3. What type of ventilation should be used? 
4. Do fire and structural conditions allow for safe roof operations? Has the roof been weakened by the fire? Are there heavy deadloads on the roof? Is the roof covered with snow and ice? 

5. Are the Vent Group personnel sufficiently trained and equipped to ventilate this building under these circumstances? Do they have the necessary training and experience? Do they have the tools needed?

pp. 548-556
Objective 3 — Discuss factors that are taken into account when deciding the need for ventilation.
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Life safety hazards

1. The first consideration is safety of firefighters and building occupants, which includes people, pets, and livestock. 
Ask Students: What are some says to determine if there are occupants still inside the building? 
Briefly discuss the answers with students. Discuss ways of determining if building occupants are inside, such as asking other neighbors for occupants’ schedules and tendencies.
2. Life hazards in a burning building are generally lower if the occupants are awake. 
3. If the occupants were asleep when the fire developed and are still in the building, a number of possibilities must be considered: 
a. The occupants may have been overcome by smoke and gases – some may still be alive; others may have perished. 
b. They might have become lost in the building. 
c. They may be alive and taking refuge in their rooms because their doors were closed. 
d. Timely and effective ventilation will facilitate search and rescue operations. 
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Depending on fire conditions, ventilation may be needed before search and rescue operations begin; if conditions warrant, the fire may need to be attacked first. Sometimes both must be performed simultaneously.

5. Hazards from the accumulation of smoke and gases in a building 

a. Visual impairment caused by dense smoke
b. Presence of toxic gases

c. Lack of oxygen

d. Presence of flammable gases

e. Possibility of backdraft

f. Possibility of flashover
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Visible smoke conditions
1. Smoke accompanies most ordinary forms of combustion, and it differs greatly with the substance of the materials being burned.
2. Density of the smoke increases with the amount of suspended particles.
3. Smoke conditions vary according to how burning has progressed.
a. A developing fire must be treated differently than one in the decaying phase; some fires in their early stages of development may give off smoke that is not very dense.

b. As burning progresses and the fire exceeds the ventilation available, the combustion process becomes less efficient, resulting in increased quantities of unburned fuel in the form of gases and soot particles (darker and thicker smoke).

c. A large volume of very dense smoke may hide the fact that the structure itself has become involved with fire, reducing its structural integrity.

Instructor Note: Remind students that it is important to remember that smoke is fuel that has not ignited.
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The building involved

1. In addition to the location of the fire within the building, the building’s age, type, and design must be considered in relation to the best ways to ventilate it. 
2. Other factors to be considered include the following:

a. Number and size of wall openings

b. Number of stories, staircases, elevator shafts, dumbwaiters, ducts, and roof openings

c. Availability and involvement of exterior fire escapes and exposures
d. The extent to which a building is connected to adjoining structures
e. The type of roof construction 

f. Built-in fire protection systems
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If the results of preincident planning have been documented and stored in a way that makes them available to officers on the fireground, they may provide valuable information that will affect ventilation decisions. 
4. High-rise buildings

a. The danger to occupants from heat and smoke is a major consideration.
b. Buildings may be occupied by hospitals, hotels, apartments, or business offices.
c. Fire and smoke can spread quickly through pipe shafts, stairways, elevator shafts, air-handling systems, and other vertical and horizontal openings. These openings contribute to a stack effect.

d. Hot smoke and fire gases travel upward through a building until they reach the top of the building or they are cooled to the temperature of the surrounding air.

Instructor Note: Refer students to Figure 11.11 on page 550 of the manual for a visual description of the stack effect.

e. When equalization of temperature occurs, the smoke and fire gases stop rising and stratify within the building.

f. Ventilation

i. Must be carefully coordinated to ensure the safest and most effective use of personnel, equipment, and extinguishing agents

ii. Must be accomplished horizontally with the use of mechanical ventilation devices and the heating, ventilating, and air-conditioning (HVAC) systems in the buildings

iii. Protective breathing equipment will be in great demand, and the ability to provide large quantities of replacement SCBA cylinders must be addressed.
g. Top ventilation 

i. Must be considered during preincident planning

ii. In many buildings, only one stairwell penetrates the roof; this vertical “chimney” can be used to ventilate smoke, heat, and fire gases from various floors while another stairway is used as the escape route for building occupants.

iii. Doors on uninvolved floors must be controlled so that occupants don’t accidentally enter the involved stairway as they are evacuating.
Instructor Note: Discuss with students the fact that many elevator shafts penetrate the roof, and in some cases may be used for ventilation.
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Basements and windowless buildings
1. Without effective ventilation, access into the basement is difficult because firefighters have to descend through the worst heat and smoke to get to the seat of the fire.
2. The following features impede attempts at natural ventilation
a. Access to the basement may be via interior or exterior stairs, exterior windows, or hoistways.

b. Many outside entrances to basements may be blocked or secured by iron gratings, steel shutters, wooden doors, or combinations of these for protection against weather and for security.
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Many buildings have windowless wall areas; windows are an important consideration for ventilation.

4. In some cases, creating the openings needed to ventilate a windowless building may delay the operation for a considerable time, allowing the fire to gain headway and flash over or create backdraft conditions.

5. Ventilating

a. Can be difficult, and the problems involved vary depending on size, occupancy, configuration, and type of material from which the building is constructed

b. Windowless buildings usually require mechanical ventilation.
c. Most buildings of this type are automatically cooled and heated through ducts, which are more likely to cause the spread of heat and fire.
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Location and extent of the fire
1. First-arriving units must determine the size and extent of the fire as well as its location.

2. Severity and extent of the fire depend upon a number of factors including the following:
a. Type of fuel and the amount of time it has been burning

b. Installed fire detection and suppression devices

c. Degree of confinement
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The phase to which the fire has progressed is a primary consideration in determining ventilation procedures.
4. Ways that vertical fire extension occurs: 

a. Through stairwells and elevators shafts by direct flame contact or by convected air currents 
b. Through partitions and walls and upward between the walls by flame contact and convected air currents
c. Through windows or other outside openings where flame extends to other exterior openings and enters upper floors (commonly called lapping or exterior flame spread) 
d. Through ceilings and floors by conduction of heat through beams, pipes, or other objects that extend from floor to floor
e. Through unprotected floor and ceiling openings where sparks and burning material fall through to lower floors or when flames and hot gases spread to upper floors 

f. By the collapse of floor and roof assemblies
g. Through voids, duct work, and concealed spaces
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Selecting the place to ventilate

1. The ideal situation is one in which firefighters have as much information as possible about the fire, the building, and the occupancy. 
2. Many factors have a bearing on where to ventilate. Some of these factors include the following:

a. Availability of existing openings such as skylights, ventilator shafts, monitors, and hatches that access the fire area 
b. Location of the fire and the direction in which the incident commander wishes it to be drawn

c. Type of building construction

d. Wind direction

e. Extent of progress of the fire and the condition of the building and its contents

f. Indications of potential roof collapse

g. Effect that ventilation will have on the fire

h. Effect that ventilation will have on exposures

i. Hose crew’s state of readiness to enter and begin the fire attack
j. Ability to protect exposures prior to actually opening the building 
3. Before ventilating a building

a. Adequate resources (personnel and equipment) must be ready because the fire may immediately increase in intensity when the building is opened.
b. These resources may be needed for both the building involved and other exposed buildings. 
c. If wind direction permits, entrance should be made into the building as near the fire as possible. 
d. Charged hoselines should be positioned at the entry point so that an interior attack can be started as soon as the building is ventilated. 
e. Charged hoselines should also be in place at critical points of exposure to prevent the fire from spreading.
Instructor Note: Discuss the fact that ventilating in the WRONG location can have negative consequences. Selecting the proper area to ventilate is important.

Ask Students: Why is it important for ventilation to be coordinated with other operations such as fire attack? 

Briefly discuss the answers with students. Explain that ventilation must be coordinated to ensure that crews are in place to attack the fire and can gain entry into the structure once ventilation has been accomplished. Ventilation without coordination can result in firefighter injuries and unnecessary extension of the fire. 

Section III: Vertical Ventilation
30 min.
III. Vertical Ventilation
Instructor Note: The purpose of this section is to cover vertical ventilation. Provide students with photographs of vertical ventilation being used appropriately, if possible.
pp. 556-558
Objective 4 — Discuss vertical ventilation.
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Vertical ventilation

1. Opening the roof or existing roof openings for the purpose of allowing heated gases and smoke to escape to the atmosphere
2. Firefighters must understand the basic types and designs of roofs. 

3. To maximize their safety and effectiveness during vertical ventilation operations, firefighters must know how the roofs in their response areas are constructed. 
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During preincident inspections:

a. New construction projects — Observe and document the types of roof construction and roof coverings being used.
b. Existing construction — Look for roofs to which extra insulation has been added. 
c. Look for the use of lightweight building materials. Lightweight roofs consisting of wooden I-beam or lightweight truss construction are more susceptible to early roof collapse if involved in fire than roofs of more conventional construction. 
d. Information gathered during preincident planning, if properly documented, can alert firefighters to potential problems during vertical ventilation operations. 

5. [image: image35.png]Likelihood of Roof Collapse
During Vertical Ventilation
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The likelihood of roof collapse is affected by a variety of factors. 
a. Volume of fire
b. How long the fire has been burning
c. Type of construction
d. Level of protection (assembly rating)
e. Load on the roof
Instructor Note: Stress that significant fire burning in the roof area of any structure with engineered trusses can cause roof collapse with little or no warning.
6. [image: image36.png]Responsibilities During Vertical
Ventilation — Officer in Charge
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Vertical ventilation can be undertaken after the officer in charge has completed the following:
a. Determined that vertical ventilation can be done safely and effectively
b. Considered the age and type of construction involved

c. Considered the location, duration, and extent of the fire

d. Observed safety precautions

e. [image: image37.png]Responsibilities During Vertical

Officer in Charge
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Identified escape routes

f. Selected the place to ventilate

g. Moved personnel and tools to the roof
7. [image: image38.png]Responsibilities During Vertical
Ventilation — Leader on Roof
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Responsibilities of the leader on the roof include the following:
a. Ensuring that the roof is safe to operate on (sounding, visual observation)

b. Ensuring that only the required openings are made

c. Directing efforts to minimize secondary damage (damage caused by fire fighting operations)

d. Coordinating the crew’s efforts with those of the firefighters inside the building

e. [image: image39.png]Responsibilities During Vertical
Ventilation — Leader on Roof
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Ensuring the safety of all personnel who are assisting in the opening of the building

f. Ensuring that the team leaves the roof as soon as their assignment is completed
pp. 558-560
Objective 5 — List safety precautions to observe when undertaking vertical ventilation.
B. [image: image40.png]Safety Precautions During
Vertical Ventilation
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Safety precautions
1. Check the wind direction with relation to exposures.

2. Work with the wind at back or side to provide protection while cutting the roof opening.

3. Note the existence of obstructions or excessive weight on the roof. 

4. [image: image41.png]Safety Precautions During
Vertical Ventilation
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Provide a secondary means of escape for crews on the roof.
5. Ensure that main structural supports are not cut while creating a ventilation opening.

6. Guard the opening to prevent personnel from falling into it.

7. [image: image42.png]Safety Precautions During
Vertical Ventilation
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ventilation complete
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Evacuate the roof promptly when ventilation work is complete.

8. Use lifelines, roof ladders, or other means to prevent personnel from sliding and falling off the roof.
Instructor Note: Remind students that roof ladders are not intended to be used on fire-weakened roofs. They are only meant to prevent slipping from a steep or slippery roof.

9. Make sure that a roof ladder (if used) is firmly secured over the peak of the roof before operating from it.

10. [image: image43.png]Safety Precautions During
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Exercise caution when working around electric wires and guy wires.

11. Ensure that all personnel on the roof are wearing full PPE including SCBA, and that they are breathing SCBA air. 

12. Keep other firefighters out of the range of those who are swinging axes and operating power saws.

13. [image: image44.png]Safety Precautions During
Vertical Ventilation

I
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Caution axe users to beware of overhead obstructions within the range of their swing.

14. Start power tools on the ground to ensure operation but make sure they are shut off before hoisting or carrying them to the roof. Make sure that the angle of the cut is not toward the body.
15. Extend ladders at least three to five rungs above the roof line and secure the ladder. 
16. [image: image45.png]Safety Precautions During
Vertical Ventilation
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When operating from aerial ladder platforms, the floor of the platform should be even with or slightly above roof level.

17. Check the roof for structural integrity (by sounding) before stepping on it and continue sounding it throughout the operation; do not jump onto a roof.
Instructor Note: Refer students to the information box on page 560 of the manual for more information on sounding a roof.
18. [image: image46.png]Safety Precautions During
Vertical Ventilation
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Always walk on bearing walls and strongest points of roof structure whenever possible – both before and after ventilating.

19. Ensure that ceilings are punched through to enhance ventilation.
Section IV: Roof Conditions and Vertical Ventilation
30 min.
IV. Roof conditions and vertical ventilation

Instructor Note: The purpose of this section is to cover roof conditions and vertical ventilation. Emphasize that safety must always be a priority and that if a roof is unsafe, firefighters should NOT be on it. 
p. 560
Objective 6 — List warning signs of an unsafe roof condition.
A. [image: image47.png]Unsafe Roof — Warning Signs
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Warning signs
1. Melting asphalt

2. “Spongy” roof (a normally solid roof that springs back when walked upon) 
Instructor Note: Remind students that some roofs are spongy without fire involvement. Firefighters should know the roofs in their district.
3. Smoke coming from the roof

4. Fire coming from the roof
Instructor Note: Stress that firefighters should always work in groups of at least two, but with no more personnel that absolutely necessary to get the job done.
Ask Students: What should you do if you are assigned to ventilate a roof and find warning signs present?  

Briefly discuss the answers with students. Emphasize that the firefighter must immediately inform Command or their supervisor and inform them of the situation. Firefighters should not proceed onto the roof until receiving further directions.
pp. 560-561
Objective 7 — Discuss roof coverings and using existing roof openings for vertical ventilation purposes.
B. [image: image48.png]Existing Roof Openings
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 Rarely in best location/large enough
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Roof coverings

1. The part of the roof exposed to the weather

2. Types that may be found

a. Wooden shakes or shingles

b. Imitation shakes or tiles made of molded metal or rubber

c. Composition shingles or roll roofing

d. Terracotta or concrete tile

e. Slate

f. Synthetic membrane

g. Blown-on foam

h. Built-up tar and gravel surface

3. Some are susceptible to ignition from sparks and burning embers; others are not.
4. Some have a coating of insulating material installed over them, making them thicker and harder to penetrate.

C. [image: image49.png]Existing Roof Openings
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Existing roof openings
1. Sometimes used for vertical ventilation purposes 

2. Rarely in the best location or large enough for adequate ventilation

3. Usually supplement holes that have to be cut

4. [image: image50.png]General Ventilation
Considerations for Roofs
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Scuttle hatches

a. May be metal or metal-clad wood

b. Often do not provide an adequate opening for ventilation purposes

5. Skylights

a. If containing ordinary window glass, glass panes can be removed or broken out

b. If containing wired glass, Plexiglas acrylic plastic, or Lexan® plastic, panes are difficult to shatter but may be removed by dismantling part of the frame
6. Monitors

a. Sides may contain glass or louvers made of wood or metal

b. If side panels are hinged, the latch can be forced and the panel opened

c. If top is not removable, at least two sides should be opened to create required draft
7. Ventilating shafts

8. Penthouse or bulkhead doors — May be forced open in the same manner as other doors of the same type; doors should then be blocked open or removed
pp. 562-567
Objective 8 — Discuss ventilation considerations for various types of roofs.
D. [image: image51.png]Flat Roofs
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General considerations

1. A square or rectangular opening is easier to cut and easier to repair after the fire.

2. One large opening is much better than several small ones.

Instructor Note: Show students photos or examples of each type of roof as it is discussed. If possible, show photos of the different types of roofs being ventilated.

E. [image: image52.png]Flat Roofs

* May/may not have slight slope for
drainage

* Frequently penetrated by chimneys,
vent pipes, etc.
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Flat roofs

1. Commonly found on commercial, industrial, and apartment buildings

2. Also common on many single-family residences

3. [image: image53.png]Flat Roofs
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May or may not have a slight slope to facilitate drainage

4. Frequently penetrated by chimneys, vent pipes, shafts, scuttles, and skylights

5. May be surrounded and/or divided by parapets
6. [image: image54.png]Pitched Roofs

I

* Among most
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May support water tanks, HVAC equipment, antennas, and other obstructions that may interfere with ventilation operations

7. Structural part — Generally similar to construction of a floor assembly consisting of wooden, concrete, or metal joists covered with sheathing or decking

8. Decking

a. May be sheets of plywood or oriented strand board (OSB), planks butted together, or corrugated material

b. Commonly covered with a layer of insulation and a waterproofing material and then mopped with hot asphalt roofing tar. 
c. Finishes:
i. Pea gravel or other similar material is broadcast over the surface.
ii. May be finished with roll roofing or a synthetic membrane

iii. Thin layer of reinforced or lightweight concrete could also be poured

iv. Precast gypsum or concrete slabs could be set within metal joists

9. The materials used in flat-roof construction determine what equipment will be necessary to create ventilation openings in it.

F. [image: image55.png]Pitched Roofs

© Shed roofs — Pitched along one edge
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o Most involve rafters/trusses

* Have more pronounced downward
slope than flat; may be steep
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Pitched roofs

1. Among the most common are those elevated in the center along a ridge with a roof deck that slopes down to the eaves along the roof edges.

2. [image: image56.png]Pitched Roofs

* Procedures for opening similar to flat
roofs; precautions must be taken to
prevent slipping

* Some types may require different
opening techniques
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Shed roofs are pitched along one edge and the deck slopes down to the eaves at the opposite edge.

3. Most pitched-roof construction involves rafters or trusses that run from the ridge to the top of the outer wall at the eaves level.

4. Pitched roofs have a more pronounced downward slope than flat roofs, and in some cases may be quite steep.
5. [image: image57.png]Arched Roofs

« Can span large open areas unsupported
by pillars/posts

* One type uses bowstring trusses ~ (Contineed)
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Procedures for opening these roofs are similar to those for flat roofs except that additional precautions must be taken to prevent slipping.
6. Some types may require different opening techniques. For example:

a. Slate and tile roofs may require no cutting; they can be opened by removing the individual pieces or using a sledgehammer to smash the slate or tile pieces and the boards that support them.

b. Metal roofs can be sliced open with an axe or rotary saw and peeled back.

Instructor Note: Explain that many firefighters have lost their lives when trussed roofs failed. A good rule to follow is that when a significant amount of fire exists in the truss area of a roof structure, firefighters should not be on or under a truss roof and interior crews should be evacuated – go defensive!

G. [image: image58.png]Arched Roofs
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Arched roofs

1. Can span large open areas unsupported by pillars or posts
2. One type is constructed using bowstring trusses

a. The lower chord of bowstring trusses may be covered with a ceiling to form an enclosed cockloft or attic space; these concealed spaces can hide a fire in progress long enough for the fire to seriously weaken the truss system.
b. Bowstring trusses weakened by fire create a very dangerous situation for firefighters working either above or below the roof system.

3. [image: image59.png]|Precast Concrete Roofs
I
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Lamella or trussless arched roofs
a. Lamella roofs

i. Made up of relatively short boards of uniform length, which are beveled and bored at the ends where they are bolted together at an angle to form an interdependent network of structural members

ii. Exert a horizontal reaction in addition to the vertical reaction on supporting structural components, which causes a need for supports of buttresses or tie rods or both

iii. The same operational and safety considerations apply to Lamella roofs as bowstring truss roofs.
b. Another trussless arched roof type
i. Uses massive arches of steel, concrete, or laminated wood buttressed into the ground at each end

ii. Arches are connected to each other by horizontal members called purlins.
iii. Rafters between the purlins support roof decking.
iv. A hole of considerable size may be cut or burned through the roof without causing collapse of the roof structure.
4. Procedures for cutting ventilation openings are the same as for flat or pitched roofs except that there is no ridge over which to hook roof ladders, and the curvature of the roof prevents roof ladders from lying flat against the roof.
H. Concrete roofs
1. [image: image60.png]Precast Concrete Roofs
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Precast concrete roofs

a. Can be fabricated off-site and hauled to the construction site ready for use, so are in widespread use

b. Available in many shapes, sizes, and designs

c. Some use lightweight material made of gypsum plaster and portland cement mixed with aggregates; lightweight precast planks are manufactured from this material, and the slabs are reinforced with steel mesh or rods.
d. [image: image61.png]|Poured-In Place Concrete Roofs
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Lightweight concrete roofs are usually finished with roofing felt and a mopping of hot tar to make them watertight.

e. Extremely difficult to break through, and opening them should be avoided whenever possible

f. Existing roof openings should be used to vertically ventilate buildings with heavy concrete roofs.
2. [image: image62.png]Poured-In Place Concrete Roofs

I
* Relatively easy to penetrate

* Some can be penetrated with hammer-
head pick or power saw with concrete
blade

* Heavier roofs require jackhammer/
diamond-tipped chain saw

Frefighter 1 %
ks



Poured-in-place roofs

a. Some lightweight concrete roof decks are poured in place over permanent form boards, steel roof decking, paper-backed mesh, or metal rib lath.
b. [image: image63.png]| Metal Roofs
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Relatively easy to penetrate

c. Some can be penetrated with a hammer-head pick or power saw with concrete blade.
d. Heavier concrete roofs will require the use of a jackhammer or diamond-tipped chain saw.

I. [image: image64.png]Metal Roofs
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Metal roofs

1. Made from several different kinds of metal and constructed in many styles

2. [image: image65.png]Metal Roofs

I

* Except when covered with lightweight
concrete, seldom covered with roofing
material

* Metal cutting tools/power saws with
metal cutting blades must be used to
open

(Continuec)

Firefighter 1 %
%



Light-gauge steel roof decks can be supported on steel frameworks or laid over an existing roof for security.
3. Light-gauge cold-formed steel sheets are used primarily for the roofs of industrial buildings.
4. [image: image66.png]Metal Roofs
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Except when covered with lightweight concrete, corrugated galvanized sheet metal and aluminum are seldom covered with a roofing material, and the sheets can usually be pried from their supports.

5. Metal cutting tools or power saws with metal cutting blades must be used to open metal roofs.

6. [image: image67.png]Ventilation)
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Often penetrated by roof openings such as skylights or hatches

7. Older buildings may have roofs that are made of large pieces of sheet metal laid over skip sheathing; these can be opened by cutting with a power saw, axe, or large sheet-metal cutter.
Ask Students: What are some examples of occupancies in your area? How would these occupancies need to be addressed when ventilating the building?

Briefly discuss the answers with students. Emphasize the importance of firefighters being aware of the buildings in their community.

Section V: Other Types of Vertical Ventilation
15 min.
V. Other types of vertical ventilation

Instructor Note: The purpose of this section is to cover other types of vertical ventilation. Provide students with examples of where these types of ventilation may be used in your local area. 
p. 567
Objective 9 — Describe trench or strip ventilation.
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Trench ventilation (also called strip ventilation)
1. Used to stop the spread of fire in a long, narrow structure
2. [image: image69.png]Conventional Basement
Ventilation

o In absence of built-in
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Performed by cutting a large opening, or trench, that is at least 4 feet (1.2 m) wide and extends from one exterior wall to the opposite exterior wall
a. The opening must be created ahead of the advancing fire because the cut must be completed before the fire front reaches that point.
b. Otherwise, the fire will simply burn past the unfinished trench cut and continue to spread throughout the building and endanger firefighters on the roof. 
3. In many cases, a large ventilation opening (sometimes called a heat hole) is cut between the trench cut and the fire. Its purpose is to vent as much of the heat and flames as possible before they reach the trench cut.  
pp. 567-568
Objective 10 — Explain procedures for ventilation of a conventional basement.
B. [image: image70.png]Conventional Basement
Ventilation
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In the absence of built-in vents from the basement, heat and smoke from basement fires will quickly spread upward into the building.
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Basement ventilation can be accomplished several ways:

1. If the basement has ground-level windows or even belowground-level windows in wells, horizontal ventilation can be employed effectively. 
2. If these windows are not available, interior vertical ventilation must be performed. 
a. Natural paths from the basement, such as stairwells and hoistway shafts, can be used to evacuate heat and smoke provided there is a means to expel the heat and smoke to the atmosphere without placing other portions of the building in danger. 
b. As a last resort, a hole may be cut in the floor near a ground-level door or window, and the heat and smoke can be forced from the hole through the exterior opening using fans.
Section VI: Effectiveness of Vertical Ventilation
10 min.
VI. Effectiveness of Vertical Ventilation

Instructor Note: The purpose of this section is to cover the effectiveness of vertical ventilation. Emphasize that vertical ventilation MUST be monitored and done effectively. 
pp. 568-570
Objective 11 — List factors that can reduce the effectiveness of vertical ventilation.
A. [image: image72.png]Factors Reducing Effectiveness
of Vertical Ventilation
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Factors that can reduce the effectiveness of vertical ventilation.

1. Improper use of forced ventilation
2. Indiscriminant window breaking

3. Fire streams directed into ventilation openings

4. Breaking skylights
5. [image: image73.png]Horizontal Ventilation
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Explosions

6. Burn-through of the roof, a floor, or a wall

7. Additional openings between the attack team and the upper opening

Section VII: Horizontal Ventilation
30 min.
VII. Horizontal ventilation

Instructor Note: The purpose of this section is to cover horizontal ventilation. Provide students of examples when horizontal ventilation may be appropriate. 
p. 570
Objective 12 — Discuss horizontal ventilation.
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Horizontal ventilation 
1. The venting of heat, smoke, and gases through horizontal openings such as windows and doors
2. Structures that lend themselves to the application of horizontal ventilation 

a. Buildings in which the fire has not involved the attic area
b. Involved floors of multistoried structures below the top floor, or the top floor if the attic is uninvolved

c. Buildings so weakened by the fire that vertical ventilation is unsafe

d. Buildings with daylight basements 

e. Buildings in which vertical ventilation is ineffective (cold smoke fires)

3. [image: image75.png]Horizontal Ventilation
Considerations — Exposures
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Many aspects of vertical ventilation also apply to horizontal ventilation; however, a different procedure must be followed in horizontally ventilating a room, floor, cockloft, attic, or basement. 
4. Besides direct flame contact, some of the ways by which horizontal extension occurs inside a structure are as follows:

a. Through wall openings by convected air currents

b. Through corridors, halls, or passageways by convected air currents

c. Through open space by radiated heat or by convected air currents

d. In all directions by explosions or flash fires

e. Through walls and interior partitions by direct flame contact

f. Through walls by conduction of heat through beams, pipes, or other objects that extend through walls
pp. 570-572
Objective 13 — Discuss considerations for horizontal ventilation.
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Weather conditions

1. Must always be considered when setting up horizontal ventilation
2. Although wind is not the only weather phenomenon that can affect horizontal ventilation, it has the most potential influence — Wind can either aid or hinder horizontal ventilation. 
3. Wind direction 
a. Windward — The side of the building the wind is striking 
b. Leeward — Opposite of windward 
4. Setting up natural horizontal ventilation
a. The entry opening must be made on the windward side of a burning building, and the exit opening on the leeward side. This makes the maximum use of the natural wind currents. 
b. When there is no wind, natural horizontal ventilation is less effective, but the buoyancy of the hot fire gases and the pressure caused by the fire will continue to force smoke out of the openings. 
c. In other instances, natural horizontal ventilation cannot be used because of the danger of wind blowing toward an exposure or increasing the intensity of the fire.
Ask Students: What are some other weather conditions that should be considered before performing horizontal ventilation? 

Briefly discuss the answers with students. Give examples of any other conditions that may affect horizontal ventilation.
C. Exposures

1. [image: image77.png]Horizontal Ventilation
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Exposure considerations
a. Internal exposures — Include the building occupants and any uninvolved rooms or portions of the building
b. External exposures
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Because horizontal ventilation does not release heat and smoke directly above the fire:

a. Some routing is necessary. 
b. The routes by which the smoke and heated gases would travel to exit the building may be the same corridors and passageways that occupants need for evacuation. 
c. Horizontal ventilation may block the escape of occupants, so the effects of horizontal ventilation on rescue and exit requirements must be considered. 
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Because horizontal ventilation causes heat, smoke, and sometimes fire to be discharged below the highest point of the building:

a. There is also the danger that the rising gases will ignite portions of the building above the exit point. 
b. They may be drawn into open windows or attic vents above the exit point. 
c. [image: image80.png]Advantages of Forced
Ventilation

* Supplements, enhances natural
ventilation

* Ensures more control of air flow
* Speeds removal of contaminants
* Reduces smoke damage

* Promotes good public relations
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They may ignite the eaves of the burning building or adjacent structures.
d. Unless it is done for the specific purpose of aiding in rescue, a building should not be ventilated until charged hoselines are in place at the entry point. 
e. Ideally, charged hoselines should also be ready at the intermediate point where fire might be expected to spread, and in positions to protect other exposures.
D. [image: image81.png]Disadvantages of Forced
Ventilation

I

* May cause fire to intensify, spread
* Depends on power source

* Requires special equipment
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Daylight basement ventilation

1. Daylight basements

a. Occur in homes built on a slope
b. Finished basements with large exterior windows, and usually one or more exterior doors 
c. Generally easier to ventilate than conventional basements 
2. Opening the exterior door or doors, breaking out the large windows, or both will provide adequate ventilation to allow an aggressive fire attack from the interior. 
E. [image: image82.png]Negative-Pressure Ventilation
(NPV)
I

 Oldest type of mechanical forced
ventilation techniques — Using fans to
develop artificial circulation/enhance
natural ventilation

 Fans placed in windows, doors, roof
vent openings to exhaust smoke, heat,

gases
(Continiec)
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Precautions against upsetting horizontal ventilation

1. Opening a door or window on the windward side of a burning building prior to first creating a ventilation exit opening on the leeward side may pressurize the building, intensify the fire, and cause the fire to spread to uninvolved areas. 
2. Firefighters should take advantage of air currents established by horizontal ventilation. 
3. If the established currents are blocked by a firefighter or other obstruction in the doorway, the positive effects of horizontal ventilation may be reduced or eliminated.
Section VIII: Forced Ventilation
60 min.
VIII. Forced Ventilation

Instructor Note: The purpose of this section is to cover forced ventilation. Show students examples of the fans used in forced ventilation.
p. 573
Objective 14 — Distinguish between advantages and disadvantages of forced ventilation.
A. [image: image83.png]Negative-Pressure Ventilation
(NPV)
I

* NPV operations

— Fan should be positioned to exhaust in
same direction as prevailing wind

—Technique uses wind to supply fresh air

—If prevailing wind too light, fans can be
positioned on windward side of structure to
blow air into building

(Continuec)
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Advantages of forced ventilation
1. Supplements and enhances natural ventilation

2. Ensures more control of air flow

3. Speeds the removal of contaminants

4. Reduces smoke damage

5. Promotes good public relations
B. [image: image84.png]Negative-Pressure Ventilation
(NPV)
I

* Flow of smoke, other gases to exit
opening should be kept straight as
possible

* Avoid opening windows near exhaust
fan because this can reduce efficiency

* Remove all obstacles to airflow

(Continuec)
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Disadvantages of forced ventilation

1. May cause a fire to intensify and spread

2. Depends upon a power source

3. Requires special equipment

pp. 574-575
Objective 15 — Describe negative-pressure ventilation.
C. [image: image85.png]Negative-Pressure Ventilation
(NPV)
I

Do not allow intake side of fan to
become obstructed

* When ventilating potentially flammable
atmospheres, only exhaust fans with
intrinsically safe motors, power cable
connections should be used

(Continuec)
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Negative-pressure ventilation (NPV)
1. Describes the oldest type of mechanical forced ventilation techniques — using fans (smoke ejectors) to develop artificial circulation or enhance natural ventilation to expel smoke from a structure
2. Fans are placed in windows, doors, or roof vent openings, to exhaust the smoke, heat, and gases from inside the building to the exterior.

3. [image: image86.png]Negative-Pressure Ventilation
(NPV)
I

 Exhaust fans should be turned off when
moved; carry by handles

* Before starting exhaust fans, be sure no
one near blades; other materials not in
position to be drawn into fan

 Discharge stream of air should be

avoided
(Continied)
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NPV operations
a. The fan should be positioned to exhaust in the same direction as the prevailing wind. 
b. This technique uses the wind to supply fresh air to replace that which is being expelled from the building. 
c. If the prevailing wind is too light to be effective, fans can be positioned on the windward side of the structure to blow air into the building while the fans on the other side exhaust the smoke and other combustion products from the building.

4. [image: image87.png]Positive-Pressure Ventilation

(PPV)
I

 Forced ventilation technique that uses
high-volume fan to create slightly
higher pressure inside than that outside

* As long as pressure higher inside
building, smoke within building forced
through ventilation exit opening
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If the open areas around a smoke ejector are not properly sealed:

a. Air can recirculate back into the building. 
b. Atmospheric pressure pushes air back through the open spaces in the doorway or window and pulls the smoke back into the room. 
c. This recirculation is called churning, and it reduces ventilation efficiency. 
d. To prevent churning, cover the open area around the fan with a salvage cover or other material.

5. [image: image88.png]Positive-Pressure Ventilation
(PPV)
I

 Location where PPV set up is entry
point
—Once location selected, create exit opening
opposite
- Size of exit opening varies with size of
entry opening, capacity of blower
- Exit opening may be window/doorway

(Continuec)
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The flow of smoke and other gases to the exit opening should be kept as straight as possible. 
6. Avoid opening windows or doors near the exhaust fan because this action can greatly reduce ventilation efficiency. 
7. Remove all obstacles to the airflow. 
8. [image: image89.png]Positive-Pressure Ventilation
(PPV)
I

* Once exit opening created

- Blower placed 4-10 feet (1.2-3 m) outside
open entry point

—Smoke then expelled from exit opening

—To maintain positive pressure inside,
important that no other exterior doors/
windows are opened during operation

(Continuec)
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Do not allow the intake side of the fan to become obstructed by debris, curtains, drapes, or anything else that can decrease the amount of intake air.

9. When ventilating potentially flammable atmospheres, only exhaust fans equipped with intrinsically safe motors and power cable connections should be used. 
10. [image: image90.png]Positive-Pressure Ventilation
(PPV)
I

* By selectively opening, closing interior
doors and exterior windows, it is
possible to pressurize one room/area at
a time

* Several considerations for using PPV to
ventilate multistory building

* Requires good fireground discipline,
coordination, tactics (Continec)
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Exhaust fans should be turned off when they are moved, and they should be carried by the handles provided for that purpose. 
11. Before starting exhaust fans, be sure that no one is near the blades and that clothing, curtains, or draperies are not in a position to be drawn into the fan. 
12. The discharge stream of air should be avoided because of debris that may be picked up and blown by the venting equipment.

pp. 575-578
Objective 16 — Discuss positive-pressure ventilation.
D. [image: image91.png]Positive-Pressure Ventilation
(PPV)
I

* Main problem in aboveground
operations — Coordinating opening,
closing of doors in stairwell

* To control openings/pressure leaks, put
one person in charge of pressurizing
process

(Continuec)
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Positive-pressure ventilation (PPV)
1. Forced ventilation technique that uses a high-volume fan to create a slightly higher pressure inside a building than that outside
2. As long as the pressure is higher inside the building, the smoke within the building is forced through the ventilation exit opening to the lower-pressure zone outside.

3. [image: image92.png]Positive-Pressure Ventilation
(PPV)
I

* To ensure effective PPV operation
—Take advantage of existing wind
— Make certain cone of air from blower
covers entire entry opening
— Reduce size of area being pressurized to
speed up process by selectively opening,
closing interior doors

(Continuec)
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The location where PPV is set up is called the entry point. 
a. Once that location is selected, an exit opening must be created opposite the entry point. 
b. The size of the exit opening varies with the size of the entry opening and the capacity of the blower used. 
c. The exit opening may be a window or doorway. 

4. [image: image93.png]Positive-Pressure Ventilation
(PPV)
I

* To ensure effective PPV operation
— Keep size of exit opening in proportion to
entry opening
— Avoid creating horizontal openings by
breaking glass/removing doors
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Once the exit opening has been created
a. A blower is placed about 4 to 10 feet (1.2 m to 3 m) outside the open entry point so that the cone of air from the blower completely covers the doorway opening. 
b. The smoke is then expelled from the exit opening distant from the entry point that is the same size as or slightly smaller than the entry opening. 
c. To maintain the positive pressure inside, it is important that no other exterior doors or windows are opened during the positive-pressure ventilation operation. 

5. [image: image94.png]Advantages of PPV Compared to

NPV
I

« Firefighters can set up PPV without
entering smoke-filled environment

* PPV usually effective with horizontal or
vertical ventilation

* Removal of smoke, heat more efficient
with PPV

(Continuec)
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By selectively opening and closing interior doors and exterior windows, it is possible to pressurize one room or area at a time. 
Instructor Note: Explain to students that in some cases, the process of removing cold smoke after a fire has been extinguished can be accelerated even more by positioning a negative-pressure fan in the exit point.
6. Using PPV to ventilate a multistory building 
a. It is best to apply positive pressure at the lowest point through the use of one or more blowers. 
b. The positive pressure is then directed throughout the building by opening and closing doors until the building is totally evacuated of smoke. 
c. If a single fan cannot provide enough flow, an additional PPV blower can be set up on an upper floor. 
d. Smoke can then be systematically removed one floor at a time (starting with the floor most heavily charged with smoke) by selectively opening exit points. This is accomplished by either cross-ventilating fire floors or directing smoke up a stairwell and out the stair shaft rooftop opening. 
e. Fans or blowers larger than those typically carried on an engine or ladder truck are also available for use in multistory and large-volume buildings. 
7. PPV requires good fireground discipline, coordination, and tactics. 
Instructor Note: Remind students that when performing PPV, the air being forced into the structure could cause a flare up of fire conditions. A handline should be in place and ready to be used.

8. [image: image95.png]Advantages of PPV Compared to

NPV
I

® Placement of fans does not interfere
with ingress/egress

 Cleaning, maintenance of fans for PPV
less than those for NPV

* PPV effective in all types of structures
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The main problem in using PPV in aboveground operations is coordinating the opening and closing of the doors in the stairwell being used to ventilate the building. 
9. To control openings or pressure leaks, put one person in charge of the pressurizing process. It is helpful to use portable radios and to have firefighters patrol the stairwell and hallways.

10. [image: image96.png]Advantages of PPV Compared to

NPV
I

* Heat, smoke may be directed away

from unburned areas/paths of exit with
PPV

* Exposed buildings can be pressurized
by PPV to reduce fire spread
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To ensure an effective PPV operation

a. Take advantage of existing wind conditions.

b. Make certain that the cone of air from the blower covers the entire entry opening. 

c. Reduce the size of the area being pressurized to speed up the process by selectively opening and closing interior doors.

d. [image: image97.png]Disadvantages of PPV

I
 Intact structure required

 Interior carbon monoxide levels may be
increased if exhaust from fans allowed
to enter

 Hidden fires may be accelerated, spread
throughout building
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Keep the size of the exit opening in proportion to the entry opening.

e. Avoid creating horizontal openings by breaking glass or removing doors. 

pp. 574-578
Objective 17 — Compare and contrast positive-pressure and negative-pressure ventilation.
E. [image: image98.png]Hydraulic Ventilation

I

* May be used in situations where other
types of forced ventilation unavailable

* Used to clear room or building of

smoke, heat, steam, gases after fire
controlled

(Continuec)

Frefighter 1 %
frt



Advantages of positive-pressure ventilation compared to negative-pressure ventilation 

1. Firefighters can set up PPV without entering the smoke-filled environment.

2. PPV is equally effective with either horizontal ventilation or vertical ventilation because it merely supplements natural ventilation currents.

3. Removal of smoke and heat from a structure or vessel is more efficient with PPV.

4. [image: image99.png]Hydraulic Ventilation

* Uses air movement created by fog
stream to help draw products of
combustion out of structure
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The velocity of air currents within a building is minimal and has little, if any, effects that disturb the building contents or smoldering debris. Yet, the total exchange of air within the building is faster than using NPV alone.

5. Fans powered by internal combustion engines operate more efficiently in clean, oxygen-rich atmospheres.

6. [image: image100.png]Performing Hydraulic Ventilation

* Fog stream set on wide fog pattern that
covers 85-90 percent of window/door
opening from which smoke will be
pushed out

* Nozzle tip should be at least 2 feet (0.6
m) back from opening

e Larger the opening, faster the process
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The placement of fans does not interfere with ingress or egress.

7. The cleaning and maintenance of fans used for PPV is significantly less than those needed for NPV fans.

8. PPV is effective in all types of structures or vessels, particularly at removing smoke from large, high-ceiling areas where NPV is ineffective.

9. [image: image101.png]Disadvantages to Hydraulic
Ventilation

I

* May increase amount of water damage
 Drain on available water supply

o If freezing, increase in ice on ground

o Firefighters operating nozzle must
remain in heated, contaminated area

* Operation may be interrupted when
nozzle team leaves to replenish air
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Heat and smoke may be directed away from unburned areas or paths of exit with PPV.
10. Exposed buildings can be pressurized by PPV to reduce fire spread into them. 

F. [image: image102.png]Building Systems

I

* Many modern buildings have built-in
HVAC systems

* Systems can significantly contribute to

spread of smoke, fire throughout
structure
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Disadvantages of positive-pressure ventilation 

1. An intact structure is required.

2. Interior carbon monoxide levels may be increased if the exhaust from fans driven by internal combustion engines is allowed to enter.
3. Hidden fires may be accelerated and spread throughout the building.
Ask Students: In what types of fires do you think PPV would be more effective? In what types of fires will NPV work better? 

Briefly discuss the answers with students. If possible, give students scenarios and have them decide which type of ventilation should be used. 
p. 578
Objective 18 — Describe hydraulic ventilation.

G. [image: image103.png]Building System Operations

o Systems designed to shut HVAC system
down automatically when smoke/fire
detected in ducts
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Hydraulic ventilation
1. May be used in situations where other types of forced ventilation are unavailable

2. Used to clear the room or building of smoke, heat, steam, and gases after a fire has been controlled
3. [image: image104.png]Fire Personnel

© Should check combustibles adjacent to
ductwork for fire extension due to
conduction
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Uses the air movement created by a fog stream to help draw the products of combustion out of the structure

H. [image: image105.png]Smoke Control Systems

I

* Many other buildings equipped with
built-in smoke control systems

* Designed to confine fire to as small an
area as possible

o Achieve confinement by automatic
closure of doors, partitions, windows,

fire dampers
(Continied)
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To perform hydraulic ventilation:

1. A fog stream is set on a wide fog pattern that will cover 85 to 90 percent of the window or door opening from which the smoke will be pushed out.

2. The nozzle tip should be at least 2 feet (0.6 m) back from the opening.

3. The larger the opening, the faster the ventilation process will go.

p. 578
Objective 19 — List disadvantages to the use of hydraulic ventilation.

I. [image: image106.png]Smoke Control Systems

© Usually have system diagram in same
location as control panel; panel should
indicate where alarm originated, which
automatic closers activated
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Disadvantages to the use of hydraulic ventilation
1. There may be an increase in the amount of water damage within the structure.

2. There will be a drain on the available water supply. This is particularly crucial in rural fire fighting operations where water shuttles are being used.

3. In freezing temperatures, there will be an increase in the amount of ice on the ground surrounding the building.

4. The firefighters operating the nozzle must remain in the heated, contaminated atmosphere throughout the operation.

5. The operation may have to be interrupted when the nozzle team has to leave the area to replenish their air supply.
Section IX: Effects of Building Systems on Fires 
15 min.
                  or Ventilation
IX. effects of building systems on fires or ventilation


Instructor Note: The purpose of this section is to cover the effects of building systems on fires. Discuss that building systems are not often the first thing that is thought about in structural fires but that they can have a large impact on fire behavior. 
p. 579
Objective 20 — Explain the effects of building systems on fires or ventilation.

A. [image: image107.png]Summary

* Ventilating a burning building allows heat,
smoke, and other products of combustion to
escape to the atmosphere. It also allows
clear, cool air to be drawn into the building.
This allows firefighters to see better, locate
victims easier, and find the seat of the fire
sooner. It also limits fire spread and channels
the heat and smoke away from any trapped

victims. (Continuec)

Frefighter 1 ‘k‘i
frikin



Building systems

1. Many modern buildings have built-in HVAC systems. 
2. These systems can significantly contribute to the spread of smoke and fire throughout a structure.
B. [image: image108.png]Summary

* To perform horizontal and vertical
ventilation safely and effectively,
firefighters must understand fire
behavior and know the various
ventilation methods. Firefighters must
have a knowledge of roof construction
and how to create ventilation openings
in flat and pitched roofs that have a
variety of coverings.
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Building system operations
1. Usually controlled from a panel in a maintenance and operations center located somewhere in the building, often the basement

Ask Students: Who should operate building systems to assist in ventilation? 
Briefly discuss the answers with students. Explain that only building engineers or maintenance superintendents should operate building systems to assist in ventilation. Incorrect use of these systems can cause severe damage to them and may create a more hazardous condition.
2. Wherever located, there is often a diagram of the duct system in the building along with information on smoke detection and fire suppression systems built into the HVAC ductwork.

3. [image: image109.png]Review Questions

1. What are the reasons for fireground
ventilation?

2. What are the signs of a potential
backdraft?

3. What questions should be asked
when deciding to ventilate?

(Continuec)

Frefighter 1 %
e



These systems are designed to shut the HVAC system down automatically when smoke or fire is detected in the ducts

C. Fire personnel

1. [image: image110.png]Review Questions

I
4. List three factors that help determine
where to ventilate.
5. What is the difference between
horizontal ventilation and vertical
ventilation?

(Continuec)
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Should be familiar with the location and operation of controls that will allow them to shut down the HVAC system when necessary

2. May need to shut the HVAC system down during fire, but clearing the system of residual smoke and restoring it to operation are responsibilities of the building engineer or maintenance superintendent

3. [image: image111.png]Review Questions

I
6. List four safety precautions for
vertical ventilation.

7. What is trench ventilation?

8. Why is conventional basement fire
ventilation important?

(Continuec)
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Should check combustibles adjacent to the ductwork for fire extension due to conduction because the HVAC system may draw fire into the ducts along with the heat and smoke before shutting down

D. Smoke control systems

1. [image: image112.png]Review Questions

9. What structures lend themselves to
the application of horizontal
ventilation?

10. Describe two ways to accomplish
forced ventilation.
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Many other buildings are equipped with built-in smoke control systems. 
2. These systems are designed to confine a fire to as small an area as possible by compartmentalizing the building when smoke or fire is detected

3. These systems achieve confinement by automatic closure of doors, partitions, windows, and fire dampers.
4. [image: image113.png]Horizontal Ventilation

* Venting of heat, smoke, and gases
through horizontal openings

o Certain structures lend themselves to
this application

(Continuec)
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Usually have a system diagram in the same location as the control panel; panel should indicate where the alarm originated and which automatic closers were activated
Section X: Summary and Review
15 min.
X. SUMMARY AND REVIEW
Instructor Note: The purpose of this section is to summarize the lesson and review key points. Answer any questions students may have about the lesson or course in general.
A. Chapter Summary

1. [image: image114.png]Horizontal Ventilation
Considerations — Exposures

* Because heat, smoke, fire can be discharged
below highest point of building (cont.)
— They may ignite eaves of building/adjacent
structures
— Unless for rescue, building should NOT be
ventilated until charged hoselines in place at entry
point

— Charged hoselines should be ready at intermediate
point where fire might spread
(Continuec)
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Ventilating a burning building allows heat, smoke, and other products of combustion to escape to the atmosphere. It also allows clear, cool air to be drawn into the building. This allows firefighters to see better, locate victims easier, and find the seat of the fire sooner. It also limits fire spread and channels the heat and smoke away from any trapped victims.

2. [image: image115.png]Daylight Basement Ventilation
Considerations

I
* Daylight basements
—Occur in homes built on slopes

- Finished basements with large exterior
windows, possibly exterior door(s)

~ Easier to ventilate than conventional

* Opening door, breaking windows, etc.
provides adequate ventilation
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To perform horizontal and vertical ventilation safely and effectively, firefighters must understand fire behavior and know the various ventilation methods. Firefighters must have a knowledge of roof construction and how to create ventilation openings in flat and pitched roofs that have a variety of coverings. 
B. Review questions
1. [image: image116.png]Negative-Pressure Ventilation
(NPV)
I

 If open areas around smoke ejector not
properly sealed
— Air can recirculate into building

— Atmospheric pressure pushes air back
through spaces; smoke reenters room

—To prevent recirculation, cover area around
fan

(Continuec)
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What are the reasons for fireground ventilation?
2. What are the signs of a potential backdraft?
3. What questions should be asked when deciding to ventilate?
4. [image: image117.png]Advantages of PPV Compared to

NPV
I

 Velocity of air currents within building
minimal and minimally disturb building
contents/debris

* Fans powered by internal combustion
engines operate more efficiently in
clean, oxygen-rich atmospheres

(Continuec)
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List three factors that help determine where to ventilate.
5. What is the difference between horizontal ventilation and vertical ventilation?
6. [image: image118.png]Building System Operations

I

© Usually controlled from panel in
maintenance and operations center in
the building

o Wherever located, often diagram of
duct system and information on smoke

detection, fire suppression systems built
into HVAC ductwork
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List four safety precautions for vertical ventilation.
7. What is trench ventilation?
8. Why is conventional basement fire ventilation important?
9. [image: image119.png]Fire Personnel

I

© Should be familiar with location,
operation of controls allowing them to
shut down HVAC system

* May need to shut HVAC system down
during fire; clearing system of smoke,
restoring to operation responsibility of

building engineer or maintenance
superintendent (Continiec)
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What structures lend themselves to the application of horizontal ventilation?
10. Describe two ways to accomplish forced ventilation.
Chapter 11 Quiz Answers


1.
B

2.
A

3.
A

4.
B

5.
B

6.
A

7.
B

8.
A

9.
A

10.
B

11.
Answers should include any three of the following:
· Confinement and excessive heat

· Smoke-stained windows

· Smoke puffing at intervals from the building

· Pressurized smoke coming from small cracks

· Little visible flame from the exterior of the building

· Black smoke becoming dense gray-yellow


12.
Volume of fire  


How long the fire has been burning



Type of construction



Level of protection



Load on the roof

Chapter 11 Test Answers

Objective 1


1.
B

2.
C


3.
B


4.
C

Objective 2


5.
A
Objective 3

6.
D

7.
D


8.
A


9.
C


10.
B

Objective 4

11.
D

12.
A


13.
B


14.
C

Objective 5

15.
B

16.
D

Objective 6

17.
A
Objective 7

18.
A

19.
B

Objective 8

20.
D

21.
C


22.
D


23.
A


24.
A
Objective 9

25.
C

Objective 10

26.
A


27.
C

Objective 11

28.
D

Objective 12

29.
B


30.
C

Objective 13

31.
A


32.
C


33.
B

Objective 14

34.
D

Objective 15

35.
D


36.
B

Objective 16

37.
B

38.
C


39.
B


40.
D

Objective 17

41.
C

Objective 18

42.
A


43.
D

Objective 19

44.
D
Objective 20

45.
D


46.
B
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