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Career, Technical, & Agricultural Education







PATHWAY:  
Firefighting
COURSE:  

Applications of Firefighting
UNIT 5: 

PS_AFF_5 Fire Behavior
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Annotation: 
Upon successful completion of this course, students will have received orientation and preparation for entry level positions in the fire service, including the opportunity to sit for the Firefighter 1 National Professional Qualifications certification test. 


**Teacher’s Note: This unit should be a review unit as the material was covered in a previous unit.
Grade(s):  

	
	9th

	
	10th

	x
	11th

	x
	12th


Time:  

3 Hours
Author: 
Captain Jeff Alberts; adapted with permission from Fundamentals of Firefighting, Second Edition by Jones and Bartlett
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.
[image: image2.jpg]% FOCUS STANDARDS




GPS Focus Standards: 
PS-AFF-5. Classify fire behavior in terms of chemistry, characteristics, and methods of extinguishment. Students will: 
a. Describe the chemistry of fire using the tetrahedron model. 

b. Identify the three states of matter. 

c. Explain how fires can spread by conduction, convection and radiation. 

d. Analyze the stages of fire progression to include ignition, growth, fully developed and decay. 

e. Compare and contrast the causes and characteristics of flameover, flashover, thermal layering and backdraft. 

f. Describe the process of reading smoke. 

g. Distinguish characteristics of solid-fuel, liquid-fuel, and gas-fuel fires. 

h. Demonstrate proper extinguishment procedures for solid-fuel, liquid-fuel, and gas-fuel fires. 

i. Assess the causes and effects of a boiling liquid, expanding vapor explosion (BLEVE). 

j. Given a scenario, analyze the characteristics of a room-and-contents fire through each of the four phases. 
GPS Academic Standards:
ELA9W1: The student produces writing that establishes an appropriate organizational structure, sets a context and engages the reader, maintains a coherent focus throughout, and signals closure. The student 
a. Establishes a clear, distinctive, and coherent thesis or perspective and maintains a consistent tone and focus throughout. 
b. Selects a focus, structure, and point of view relevant to the purpose, genre expectations, audience, length, and format requirements. 
ELA9W3:  The student uses research and technology to support writing. 
a. Formulates clear research questions and utilizes appropriate research venues (i.e. library, electronic media, personal interview, survey) to locate and incorporate evidence from primary and secondary sources. 
SC1:           Students will analyze the nature of matter and its classifications. 
a. Relate the role of nuclear fusion in producing essentially all elements heavier than helium. 
b. Identify substances based on chemical and physical properties. 
c. Predict formulas for stable ionic compounds based on balance of charges.

SC6: 
Students will understand the effects of motions of atoms and molecules in physical and chemical processes. 
a. Compare and contrast atomic/molecular motion in solids, liquids, gases, and plasmas. 
b. Collect data and calculate the amount of heat given off or taken in by chemical or physical processes. 
c. Analyze change of energy during change of state. 

MM2P1: 
Students will solve problems (using appropriate technology). 
b. Solve problems that arise in mathematics and in other contexts. 
c. Apply and adapt a variety of appropriate strategies to solve problems. 

MM2P4: 
Students will make connections among mathematical ideas and to other disciplines. 
a. Recognize and use connections among mathematical ideas. 
b. Understand how mathematical ideas interconnect and build on one another to produce a coherent whole. 
c. Recognize and apply mathematics in contexts outside of mathematics.

MM3A2: 
  Students will explore logarithmic functions as inverses of exponential functions. 
d. Understand and use properties of logarithms by extending laws of exponents. 
g. Explore real phenomena related to exponential and logarithmic functions including half-life and doubling time.

MM4A3:
 Students will investigate and use the graphs of the six trigonometric functions. 
a. Understand and apply the six basic trigonometric functions as functions of real numbers. 
                                d. Apply graphs of trigonometric functions in realistic contexts involving periodic phenomena.
.
National / Local Standards / Industry / ISTE: 

National Fire Protection Association (NFPA) 1001 Firefighter I Training and Skills
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Enduring Understandings: 
In order to safely and efficiently control a fire emergency situation, it is necessary to understand and consider all of the factors that affect and influence fire behavior.  There are five different classes of fires and each class requires specific extinguishment agents and methods.  The consequences of applying the wrong extinguishment agent to certain classes of fires can be detrimental.  Students will be able to identify and explain the distinct four phases through which a typical fire will pass from ignition to decay, as well as the critical flashover point between the growth and fully developed phase, where all combustible materials ignite.
Essential Questions: 
· How does applying water to a fire actually extinguish it?
· What additional factors can make interior fires especially hazardous? 
· Why should fire fighters be concerned about thermal balance?
· What are the warning signs of a flashover?
· What is the best means of preventing a flashover?
· Why consider indicators of a potential backdraft or flashover?

Knowledge from this Unit:  
Students will:
· Describe the chemistry of fire using the tetrahedron model. 

· Identify the three states of matter. 

· Explain how fires spread by conduction, convection and radiation. 

· Examine the stages of fire progression. 

· Restate the causes and characteristics of flameover, flashover, thermal layering and backdraft. 

· Discuss the process of reading smoke. 

· Classify fire behavior in terms of chemistry, characteristics, and methods of extinguishment.

· Compare characteristics of solid-fuel, liquid-fuel, and gas-fuel fires. 

· Outline the cause and effects of a boiling liquid, expanding vapor explosion (BLEVE). 

· Examine the characteristics of a room-and-contents fire through each of the four phases. 

Skills from this Unit: 
Students will be able to:
· Demonstrate proper extinguishment procedures for solid-fuel, liquid-fuel, and gas-fuel fires. 

· Analyze the characteristics of a room-and-contents fire through each of the four phases. 

· Predict the pattern of fire progression given varying factors.
· Develop a plan for preventing a flashover.
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Assessment Method Type:
	
	Pre-test

	x
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

_x_ Unit test

	x
	Group project

	
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Lab Book
__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	x
	Subjective assessment/Informal observations

	
	_x_ Review Questions
_X_ Observe students working with partners

_x_ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	x
	Dialogue and Discussion

	
	_x   Student/teacher conferences
_x_ Partner and small group discussions

_x_ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	x
	Constructed Responses

	
	_x_ Chart good reading/writing/listening/speaking habits

_x    Application of skills to real-life situations/scenarios

	x
	Post-test


Assessment Attachments and / or Directions: 
• Fire Behavior Exam
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•
LESSON 1: Fire Behavior

1. Identify the standards. Standards should be posted in the classroom.
PS-AFF-5. Classify fire behavior in terms of chemistry, characteristics, and methods of extinguishment. Students will: 
a. Describe the chemistry of fire using the tetrahedron model. 

b. Identify the three states of matter. 

c. Explain how fires can spread by conduction, convection and radiation. 

d. Analyze the stages of fire progression to include ignition, growth, fully developed and decay. 

e. Compare and contrast the causes and characteristics of flameover, flashover, thermal layering and backdraft. 

f. Describe the process of reading smoke. 

g. Distinguish characteristics of solid-fuel, liquid-fuel, and gas-fuel fires. 

h. Demonstrate proper extinguishment procedures for solid-fuel, liquid-fuel, and gas-fuel fires. 

i. Assess the causes and effects of a boiling liquid, expanding vapor explosion (BLEVE). 

j. Given a scenario, analyze the characteristics of a room-and-contents fire through each of the four phases. 

2. Review Essential Questions. Post Essential Questions in the classroom.
· How does applying water to a fire actually extinguish it?
· What additional factors can make interior fires especially hazardous? 
· Why should fire fighters be concerned about thermal balance?
· What are the warning signs of a flashover?
· What is the best means of preventing a flashover?
· Why consider indicators of a potential backdraft or flashover?

3. Identify and review the unit vocabulary. Terms may be posted on word wall.
	Atom
	Backdraft
	Black Fire

	Boiling  Liquid, Expanding Vapor Explosion (BLEVE)
	Box
	Chemical Energy

	Class Fires A-D
	Class K Fires
	Combustion

	Conduction
	Convection
	Decay Phase

	Electrical Energy
	Endothermic
	Exothermic

	Fire
	Fire Tetrahedron
	Fire Triangle

	Flame Point (Fire Point)
	Flameover (Rollover)
	Flammability Limits

	Flashover
	Fuel
	Fully Developed Phase

	Gas
	Growth Phase
	Ignition Phase

	Ignition Temperature
	Laminar Smoke Flow
	Liquid

	Lower Flammable Limit (LFL)
	Matter
	Mechanical Energy

	Oxidation
	Plume
	Pyrolysis

	Radiation
	Smoke
	Smoke Color

	Smoke Density
	Smoke Velocity
	Smoke Volume

	Solid
	Thermal Column
	Thermal Layering

	Thermal Radiation
	Turbulent Smoke Flow
	Upper flammable Limit (UFL)

	Vapor Density
	Volatility
	


4. Access and review the Fire Behavior Lecture Outline.  Use the pre-lecture activity to motivate students about learning the logistics, details and skills needed to assess fire behavior and safely control a fire emergency.
5. Present the Fire Behavior PowerPoint and use the Fire Behavior Lecture Outline to provide commentary, explanation, and additional detail throughout the presentation.  The lecture outline is broken down into sectional topics that coincide with specific slides in the PowerPoint.  Each section provides detailed information that should be explained to the students as they follow along with the presentation.  

6. Refer to the summary and post-lecture sections of the Fire Behavior Lecture Outline.  Initiate class discussion to assess the students’ understanding of the material.  Lead the class through the wrap-up activities.
7. Print and distribute pages 1-3 of the Fire Behavior Exam and refer to page 4 as an answer key.  Have students complete the assessment.  It is up to the instructor whether or not students may use their notes.  
•
ATTACHMENTS FOR LESSON PLANS

Fire Behavior Lecture Outline
Fire Behavior PowerPoint


Fire Behavior Exam

•
NOTES & REFLECTION: 

This unit was adapted from chapter 20 of the Fundamentals of Firefighting, Second Edition by Jones and Bartlett.  There is additional information and activities, including skill drills and review that can be accessed from the associated website.  Refer to the link below:

http://www.firefighter.jbpub.com/fire_fighter_in_action.cfm?chapter=20&step=2
Note these activities require students to have access to the internet.
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Web Resources:
www.usfa.gov
www.firefighternearmiss.com
www.dhs.gov
www.fema.gov
Materials & Equipment: 
• Computers with Internet Access
• Projection Equipment
• Text Books 
• Writing utensils and paper
21st Century Technology Used: 
	X
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	x
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	X
	Website
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