Chapter 5: Fire Behavior


1

Pre-Lecture

I. You Are the Fire Fighter


Time: 5 Minutes


Small Group Activity/Discussion

Use this activity to motivate students to learn the knowledge and skills needed to understand fire behavior.

Purpose

To allow students an opportunity to explore the significance and concerns associated with fire behavior.

Instructor Directions

1. Direct students to read the “You Are the Fire Fighter” scenario found in the beginning of Chapter 5.

2. You may assign students to a partner or a group. Direct them to review the discussion questions at the end of the scenario and prepare a response to each question. Facilitate a class dialogue centered on the discussion questions.

3. You may also assign this as an individual activity and ask students to turn in their comments on a separate piece of paper.

Lecture
I. Introduction


Time: 5 Minutes


Slides: 1-5


Lecture/Discussion

A. Fire is a rapid, persistent chemical reaction that releases both heat and light. 

B. An understanding of fire behavior is the basis for all firefighting operations.

1. Knowing how fire behaves helps fire fighters to determine what tactics to employ.

2. Knowing what goes on physically and chemically to make a fire occur helps fire fighters to learn proper methods of extinguishments.

II. Fire Triangle and Tetrahedron


Time: 25 Minutes


Slides: 6-14


Lecture/Discussion

A. The three basic ingredients required to create a fire form the fire triangle:

1. A combustible fuel

2. Oxygen in sufficient quantities

3. A source of heat

B. Adding a fourth factor, chemical chain reactions, forms the fire tetrahedron.

1. A self-sustaining series of chemical chain reactions must occur to keep a fire burning.

C. Methods of Extinguishment

1. The four basic extinguishment methods are:

a. Cool the burning material.

b. Exclude oxygen from the fire.

c. Remove fuel from the fire.

d. Break the chemical reaction.

2. Each method removes an essential ingredient from the fire triangle or tetrahedron

3. Cooling the burning material with water is the most common extinguishments method.

D. Fuel

1. What is actually being burned by the fire.

2. Individual fuels are classified as solids, liquids, or gases.

3. Combustion reaction actually occurs when the fuel is in a gas or vapor state.

4. Solids

a. Maintain a definite shape

b. Most fuels are solids, but only gases burn.

i. Solids must be converted to gases before they burn.

ii. As the solid heats up, pyrolysis releases individual molecules into the atmosphere where they mix with oxygen and combust.

c. Surface to mass ratio (STMR)

i. Fuels with a higher STMR combust more easily and rapidly.

ii. The larger the surface area, the faster the rate of combustion

5. Liquids

a. Do not have a definite shape; assume the shape of their container

b. Vaporization occurs as a liquid fuel is heated, releasing molecules of fuel from the surface into the gaseous state where they mix with oxygen and combust.

c. Liquids with a high surface to volume ratio combust more easily and rapidly.

6. Gases

a. Have neither shape nor volume and expand indefinitely.

b. Oxygen molecules and fuel molecules mix freely and come into direct contact with each other

c. Need very little energy to ignite

d. The ratio of fuel to air must be within a certain range for combustion to occur.

E. Oxygen and Oxidizing Agents

1. Oxygen must combine with the fuel for combustion to occur.

a. When a fire has consumed most of the oxygen available in the area, the fire will die down until more oxygen is introduced.

b. If no more oxygen is available, the fire will go out.

2. Materials that are classified as oxidizers will support the combustion of other materials, even if no oxygen is present.

F. Heat

1. Heat is required to ignite a fire.

2. The energy required to create heat comes from many sources:

a. Mechanical energy

i. Created when two materials rub against each other to create friction

b. Chemical energy

i. Created by a chemical reaction

c. Electrical energy

i. The greater the flow of electricity and the greater the resistance of the material, the greater the amount of heat produced.

G. Chemical Chain Reaction

1. The fourth factor required to maintain a self-sustaining fire

2. Chain reactions continue to occur as long as there is an adequate supply of fuel and oxygen and sufficient heat.

3. Interrupting this chain reaction extinguishes the fire.

a. Introducing other chemicals can do this.

III. Chemistry of Combustion


Time: 5 Minutes


Slides: 15-16


Lecture/Discussion

A. Exothermic reactions result in the release of heat energy.

B. Endothermic reactions absorb heat or require heat to be added.

C. Combustion is a very rapid, self-sustaining process that combines oxygen with another substance and results in the release of heat and light.

D. Oxidation is the process of chemically combining oxygen with another substance to create a new compound.

1. Rusting is an example of a slow oxidation process.

E. Combustion produces changes in the physical state of matter of the materials involved (the fuel).

1. Rapid, self-sustaining process that combines oxygen with another substance and results in the release of heat and light.

F. Pyrolysis is the decomposition of a material caused by external heating.

1. Eventually enough heat can be produced to cause combustion.

IV. Products of Combustion


Time: 20 Minutes


Slides: 17-20


Lecture/Discussion

A. The chemical reaction of the burning process alters the composition of the fuel and produces new substances.

B. Specific products of combustion released will depend on:

1. Fuel being burned

2. Temperature of the fire

3. Amount of oxygen available

C. Very few fires consume all of the available fuel.

1. This results in incomplete combustion and a variety of by-products.

D. Smoke

1. The airborne products of combustion are referred to as smoke and include three major components:

a. Particles

b. Vapors

c. Gases

2. Inhalation of smoke can cause severe injuries.

3. Particles are solid matter consisting of unburned, partially burned, or completely burned substances.

a. Many smoke particles are very toxic or hot.

4. Vapors are small droplets of liquids suspended in air.

a. Can be oils from the fuel or water applied to the fire during extinguishments

b. Toxic droplets can be dangerous if inhaled, and some can be poisonous if absorbed through the skin.

5. Gases in smoke vary depending on the fuel being burned.

a. Many of the gases liberated during combustion are toxic.

b. Common gases in smoke include:

i. Carbon monoxide

ii. Hydrogen cyanide

iii. Phosgene

V. Heat Transfer


Time: 30 Minutes


Slides: 21-25


Lecture/Discussion

A. Heat is required to ignite a fuel.

B. Once ignited, the combustion process gives off heat, which can ignite other nearby fuels.

C. Heat energy is transferred from a hotter mass to a colder mass.

D. There are three mechanisms of heat transfer:

1. Conduction

2. Convection

3. Radiation

E. Fire spread is often a combination of conduction, convection, and radiation.

F. Conduction

1. The process of transferring heat from one molecule to another

2. Objects that transfer heat well are called conductors.

a. Metals generally conduct heat very well.

3. Objects that transfer heat poorly are called insulators.

a. Fiberglass is a type of insulating material.

G. Convection

1. The movement of heat through a fluid medium such as air or a liquid

2. Convection currents: 

a. Molecules rise as they are heated and then fall as they cool off.

b. A plume of smoke is actually a convection current.

c. Winds can push convection currents in different directions, causing the fire to spread.

3. Convection within a room

a. Hot gases rise to the ceiling.

b. Gases travel horizontally along the ceiling until they hit a wall.

c. If there are no openings for gases to escape:

i. Gases will bank back down the walls, creating a downwardly expanding layer of heated air.

d. If there are openings for gases to escape:

i. Gases will move outside the room of origin to other parts of the building.

ii. Gases will flow toward the highest level of the building through any openings.

iii. Gases will collect under the roof.

e. Superheated gases can be hot enough to ignite other materials.

H. Radiation

1. The transfer of heat in the form of an invisible wave

2. Heat radiated to a nearby structure (an exposure) can ignite it

3. The effect of radiation is not seen or felt until the radiation strikes an object and heats the surface of the object.

4. Radiated heat can pass through glass windows and ignite objects in other buildings.

VI. Characteristics of Liquid Fuel Fires


Time: 15 Minutes


Slides: 26-28


Lecture/Discussion

A. Fires involving liquid fuels have different characteristics than fires involving solid fuels.

B. A liquid must be converted to a vapor before it will burn.

1. As liquid is heated, molecules break away from the surface (evaporation).

2. At the boiling point, the liquid will continually give off vapors in sustained amounts and, if held at that temperature for long enough, will eventually turn into a gas. .

3. There is a minimum (the lower flammable limit) and a maximum concentration (the upper flammable limit) of vaporized fuel molecules that must be present for any vapor to be ignited.

4. Most flammable liquids can generate enough vapors to be ignited well below their boiling point.

C. Three conditions must be present for a vapor and an air mixture to ignite:

1. Fuel and air mixture must be within the flammable limits

2. An ignition source with enough energy to ignite the vapors

3. Enough sustained contact between the ignition source and the fuel-air mixture to transfer the ignition energy

D. Flammability of a liquid is defined in terms of three temperatures:

1. Flash point

a. The lowest temperature at which a liquid produces a vapor

2. Flame point (or fire point)

a. The lowest temperature at which a liquid produces enough vapor to support a small flame for a short period of time

3. Ignition temperature

a. The temperature at which the fuel-air mixture will spontaneously ignite

VII. Characteristics of Gas Fuel Fires


Time: 20 Minutes


Slides: 29-33


Lecture/Discussion

A. Vapor density and flammability limits describe the characteristics of flammable gases and vapors:

1. Vapor density

a. The weight of a gaseous fuel

b. A gas with a vapor density of less than 1.0 will rise to the top of a confined space or rise into the open atmosphere.

c. A gas with a vapor density greater than 1.0 is heavier than air and will settle close to the ground.

d. Knowing the vapor density allows fire fighters to predict whether the danger of ignition is near the floor or ceiling of a room or space.

2. Flammability limits

a. Mixtures of flammable gases and air will burn only when they are mixed in certain concentrations.

b. Too little fuel (vapor) in the mixture:

i. Not enough fuel to support combustion

ii. Too lean

c. Too much fuel (vapor) in the mixture:

i. Not enough oxygen present to support combustion

ii. Too rich

d. These lower and upper flammable (or explosive) limits set the range where combustion will occur.

B. Boiling-Liquid, Expanding-Vapor Explosion (BLEVE)

1. BLEVEs can occur when a tank storing liquid fuel under pressure is exposed to fire or excessive heat.

a. Fire heats up the liquid in the tank, causing it to generate more vapors.

b. Internal pressure rises.

c. The tank ruptures catastrophically.

d. Liquid fuel is immediately released.

e. Liquid is at or above its boiling point and immediately turns into a rapidly expanding cloud of vapor that ignites into a huge fireball.

2. BLEVEs can injure and even kill fire fighters and civilians.

a. Fireballs are created when the fire ignites the rapidly expanding vapors.

b. Large pieces of the tank are propelled great distances.

VIII. Classes of Fire


Time: 20 Minutes


Slides: 34-40


Lecture/Discussion

A. Fires are classified according to the type of fuel that is burning.

B. A fire can fit into more than one class.

C. The five classes of fires are:

1. Class A

2. Class B

3. Class C

4. Class D

5. Class K

D. Extinguishing agents are classified to match the type(s) of fires they extinguish.

E. Class A Fires: 

1. Involve ordinary solid combustible materials such as:

a. Wood

b. Paper

c. Cloth

2. Extinguishing agents:

a. Water is most frequently used because it is plentiful and efficient in absorbing large quantities of heat.

F. Class B Fires:

1. Involve flammable or combustible liquids such as:

a. Gasoline

b. Kerosene

c. Oils

d. Paints

e. Tar

2. Extinguishing agents:

a. Foam creates a barrier to separate the fuel and the oxygen.

b. Carbon dioxide is applied as a smothering agent to exclude oxygen.

c. Dry chemicals interrupt the fire’s chain reactions.

d. Water mist is sometimes used.

G. Class C Fires:

1. Involve energized electrical equipment

2. The underlying fuel is often Class A or Class B.

a. Special classification is required due to the hazards of electricity.

3. Extinguishing agents:

a. Carbon dioxide and dry chemical agents are common extinguishing agents because they do not conduct electricity.

b. The use of water is not advised.

i. Be sure to shut off power to equipment before applying water.

H. Class D Fires:

1. Involve burning metals such as:

a. Sodium

b. Potassium

c. Lithium

d. Zirconium

e. Magnesium

f. Aluminum

2. Extinguishing agents:

a. Special salt-based extinguishing powders are available.

b. Dry sand is another option.

c. Do not use water.

i. Many metals are water-reactive!

I. Class K Fires:

1. Involving combustible cooking media found in commercial kitchens such as:

a. Cooking oils

b. Grease

2. Class K designation is new and coincides with a new classification of Class K extinguishing agents.

IX. Phases of Fire


Time: 20 Minutes


Slides: 41-46


Lecture/Discussion

A. As a typical fire progresses, it will pass through four distinct phases, unless the process is interrupted.

B. The four phases of fire are:

1. Ignition

2. Growth

3. Fully developed

4. Decay

C. Ignition Phase

1. Fuel, heat, and oxygen are present.

2. Fuel is heated to its ignition temperature.

D. Growth Phase

1. Additional fuel becomes involved in the fire.

2. As more fuel is ignited, the fire grows larger.

3. Convection currents draw more air to the fire.

4. Hot gases collect at the ceiling and begin to bank downward.

5. The fire will continue to grow as long as oxygen and fuel are present.

E. Flashover 

1. All combustible materials in a room ignite at once.

2. Temperatures can reach 1000ºF in a matter of seconds.

3. Flashovers are deadly to fire fighters and victims.

F. Fully Developed Phase

1. All combustibles have ignited.

2. Heat is being produced at the maximum rate.

3. Oxygen is consumed very rapidly.

4. Fire will burn openly as long as fuel and oxygen are available.

G. Decay Phase

1. The fire is running out of fuel.

2. Intensity will reduce as fuel is consumed.

3. When all fuel is consumed, the fire will go out.

X. Characteristics of an Interior Structure Fire


Time: 30 Minutes


Slides: 47-57


Lecture/Discussion

A. Interior fires have a number of characteristics with which the fire fighter must be concerned.

B. In interior fires, the fire is fully or partially contained within a building.

C. The building acts as a box, keeping heat and the products of combustion inside.

D. Room Contents

1. Many fires in buildings burn the contents of the structure, but do not involve the structure itself.

2. Most modern rooms are heavily loaded with materials made of plastics and synthetic materials.

a. These produce dense smoke that can be highly toxic.

3. Newer upholstered furniture is more resistant to ignition from glowing sources, such as cigarettes, but it has little resistance to ignition from flaming sources.

4. Finishes used on walls and ceilings can burn readily.

a. This can increase the intensity and spread of the fire.

E. Fuel Load and Fire Spread

1. Fuel load is the total quantity of combustible products in a room.

a. Determines how much heat and smoke will be generated.

b. Size, shape, and arrangement of fuel will affect combustibility and fire spread.

F. Special Considerations in Structure Fires

1. There are four special conditions that must be understood to extinguish fires safely: flashover, rollover, backdraft, and the thermal layering of gases.

2. Flashover

a. Sudden ignition of all combustible contents of a room.

b. Fire fighters in full protective gear cannot survive a flashover for more than a few seconds.

c. Fire fighters often arrive on scene at about the time that a fire will flashover.

d. Signs of flashover:

i. Dense black smoke with tightly packed curls pushing out of a doorway or window opening under pressure.

ii. Dense smoke fills over one half of a door or window opening into the fire area.

iii. Flameover (or rollover) can be seen.

3. Rollover (Flameover)

a. A warning sign that the fire may soon flashover.

b. Licks of flame ignite momentarily in the upper layers of smoke.

c. Aggressive cooling of the atmosphere, immediate exit, or immediate ventilation is required at this point.

4. Backdraft

a. An explosion that occurs when oxygen is suddenly admitted to a confined area that is very hot and contains large amounts of combustible vapors and smoke.

b. Usually occurs when the fire is smoldering because it has consumed most of the available oxygen in the room.

i. The room is filled with carbon monoxide and other products of combustion.

ii. Sudden introduction of air will explosively feed the fire.

c. Signs of an impending backdraft:

i. Little or no flame is visible from the exterior (the fire is smoldering, not flaming).

ii. Smoke is emanating under pressure from cracks around doors, windows, and eaves.

iii. No large openings in the building such as open doors or windows

iv. “Living fire” is visible—smoke is puffing from the building and being drawn back in so that it looks like it is breathing.

v. Unexplained change in the color of the smoke 

vi. Glass is smoke stained and blackened due to heavy carbon deposits from the smoke.

vii. Signs of extreme heat conditions are present.

d. To prevent backdrafts:

i. Ventilate at a high level to allow superheated gases to escape.

ii. Conduct a well-coordinated fire attack.

5. Thermal Layering and Thermal Balance

a. Gases in thermal balance are allowed to seek their own level.

b. Superheated gases collect near the ceiling.

c. Temperatures are lowest near the floor.

d. The thermal balance can be upset by fire fighters.

i. Water applied to a fire creates steam, which expands and rises.

ii. The steam can displace the hot gases at the top of the room, forcing them down on fire fighters (and victims).

XI. Summary


Time: 5 Minutes


Slides: 58-60


Lecture/Discussion

A. To be a successful fire fighter, you must know about fire behavior.

B. The characteristics of solids, liquids, and gases are different and each has different combustion effects.

C. The fire triangle consists of the elements required to start a fire:

1. Fuel

2. Oxygen

3. Heat

D. The fire tetrahedron consists the elements of the fire triangle and a self-sustaining series of chemical chain reactions.

E. There are five classes of fires, and each class is associated with specific extinguishment agents and actions.

F. Fire fighters must understand how heat is transferred in order to understand how fires propagate.

G. Typical fires pass through four distinct phases:

1. Ignition

2. Growth

3. Fully developed

4. Decay

H. Flashover is the point between the growth phase and the fully developed phase where all combustible materials ignite.

I. Liquid fuel fires, gas fuel fires, and interior fires all have specific characteristics that fire fighters must know and understand if they are to extinguish them efficiently and safely.

J. Four serious conditions associated with interior fires which can threaten fire fighters and trapped victims:

1. Flashover

2. Rollover

3. Backdraft

4. Thermal layering

Post-Lecture

I. Wrap-Up Activities


Time: 40 Minutes


Small Group Activity/Individual Activity/Discussion

A. Fire Fighter in Action 

This activity is designed to assist the student in gaining a further understanding of fire behavior. The activity incorporates both critical thinking and the application of fire fighter knowledge.

Purpose

This activity allows students an opportunity to analyze a firefighting scenario and develop responses to critical thinking questions.

Instructor Directions

1. Direct students to read the “Fire Fighter in Action” scenario located in the Wrap-Up section at the end of Chapter 5.

2. Direct students to read and individually answer the quiz questions at the end of the scenario. Allow approximately 10 minutes for this part of the activity. Facilitate a class review and dialogue of the answers, allowing students to correct responses as needed.  Use the answers noted below to assist in building this review. Allow approximately 10 minutes for this part of the activity.

3. You may also assign these as individual activities and ask students to turn in their comments on a separate piece of paper.

Answers to Multiple Choice Questions

1. Answer A: Because wood pallets are an ordinary solid combustible material, this fire is considered a Class A fire.

2. Answer B: During the growth phase of a fire, additional fuel becomes involved in the fire. As more fuel is ignited, the size of the fire increases and the visible plume reaches the ceiling. The convection flow begins to draw additional air into the fire. With this additional air and more fuel becoming involved, the fire grows in intensity. Hot gases from the plume flow across the ceiling toward the four walls of the room. This is the point where thermal layering begins. The hotter air collects at the top of the room and banks down, while the cooler air stays closer to the floor. During this growth phase, the fire will continue to grow, as long as there is enough oxygen available and the fuel source is maintained.

3. Answer C:  Flameover occurs prior to flashover, flames can often ignite momentarily within the upper layers of smoke.  These are hot gases igniting in the upper thermal layer.

4. Answer A: The instructor used water to cool the fire. The water absorbs the heat of the fire as it is turned into steam.
B. Technology Resources

This activity requires students to have access to the Internet. This may be accomplished through personal access, employer access, or through a local educational institution. Some community colleges, universities, or adult education centers may have classrooms with Internet capability that will allow for this activity to be completed in class. Check out local access points and encourage students to complete this activity as part of their ongoing reinforcement of firefighting knowledge and skills.

Purpose

To provide students an opportunity to reinforce chapter material through use of online Internet activities.

Instructor Directions

1. Use the Internet and go to www.FireFighter.jbpub.com. Follow the directions on the web site to access the exercises for Chapter 5.

2. Review the chapter activities and take note of desired or correct student responses.

3. As time allows, conduct an in-class review of the Internet activities and provide feedback to students as needed.

4. Be sure to check the web site before assigning these activities, as specific chapter-related activities may change from time to time.
II. Lesson Review


Time: 15 Minutes

          Discussion


Note: Facilitate the review of this lesson’s major topics using the review questions as direct questions or overhead transparencies. Answers are found throughout this lesson plan.
A. What is the difference between the fire triangle and the fire tetrahedron?

B. How does applying water to a fire extinguish it?

C. What is combustion?

D. What are the primary components of smoke?

E. How does heat transfer occur?  What are the three methods of heat transfer?

F. What is meant by the term flammability limits?

G. What is a BLEVE and how does one occur?

H. What are the four classes of fires and the primary extinguishing agents and actions for each class?

I. What are the five phases of a fire and what are the primary concerns associated with each phase?

J. In general, how does a fire spread (propagate) throughout a structure?

K. Why should fire fighters be concerned about thermal balance?

L. What are the warning signs of a flashover?

M. What is the best means of preventing a flashover?

N. What are the warning signs of a backdraft?

O. What is the best means of preventing a backdraft?

III. Assignments


Time: 5 Minutes


Lecture

A. Advise students to review materials for a quiz (determine date/time)

B. Direct students to read the next chapter in Fundamentals of Fire Fighter Skills as listed in your syllabus (or reading assignment sheet) to prepare for the next class session.
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