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 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 how buildings are constructed so that they can predict avenues of fire spread and recognize warning signs of collapse.

Purpose

To allow students an opportunity to explore the significance and concerns associated with building construction.

Instructor Directions

1. Direct students to read the “You Are the Fire Fighter” scenario found in the beginning of Chapter 6.

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: 1-6


Lecture/Discussion

A. Knowing how buildings are built enables fire fighters to:

1. Predict how a fire will spread

2. Make determinations about the structural integrity of a building

3. Recognize warning signs of imminent collapse

B. Fire risks also depend on how a building is used and what it holds.

1. Occupancy:

a. How a building is being used

b. Occupancy classifications indicate who is likely to be inside, how many people, and what they are likely to be doing.

c. Occupancy also indicates what types of hazards the building may hold.

d. Original occupancy classifications may dictate building construction requirements.

2. Contents

a. Vary widely, but are usually closely related to occupancy

b. Similar occupancies can pose different levels of risk.

c. Properties that are identical from the exterior may have different contents that increase or reduce the risks to fire fighters.

II. Types of Construction Materials


Time: 40 Minutes


Slides: 7-18


Lecture/Discussion

A. Fire fighters are concerned with how the properties of construction materials affect fire behavior.

B. Factors that affect the behavior of construction materials under fire conditions include:

1. Combustibility

2. Thermal conductivity

3. Loss of strength with increased temperature

4. Rate of thermal expansion

C. Masonry

1. Includes stone, concrete blocks, and brick

2. Individual components are bonded together with mortar.

3. Inherently fire-resistive

4. Poor conductor of heat

5. Often used to construct fire walls

6. Openings in masonry can allow fire to spread.

7. With prolonged exposure to fire, masonry can collapse.

D. Concrete

1.  A naturally fire-resistive material

2. Poor conductor of heat

a. Used to insulate other building materials from fire

3. Can be used for foundations, columns, floors, walls, roofs, and exterior pavement

4. Strong under compression but weak under tension

a. Embedded steel reinforcing rods are used to strengthen concrete under tension.

5. Can be damaged through exposure to fire

a. Spalling

i. Heat of fire causes moisture in concrete to turn to steam

ii. As steam expands, sections of concrete break off. 

iii. Exposed steel reinforcing rods can be heated to failure in a fire.

E. Steel

1. Strongest building material in common use

2. Strong in both compression and tension

3. Often used in the structural framework of a building to support floor and roof assemblies

4. Resistant to aging and does not rot, but most types will rust if exposed to air and moisture

5. Not fire resistive

a. Will melt at extremely high temperatures (not normally encountered in structure fires)

6. Good conductor of heat

7. Expands and loses strength when heated

a. Beams sag and twist

b. Columns buckle

c. Can cause walls and roofs to collapse

8. Failure depends on the mass of the steel components, the loads placed upon them, and the methods used to connect the steel pieces.

9. Any sign of bending, sagging, or stretching indicates immediate risk of failure.

F. Other Metals

1. Aluminum

a. Often used for siding, window frames, door frames, and roof panels

b. Often melts and drips in fires

2. Copper

a. Primarily used for electrical piping and wiring

b. Sometimes used for decorative roofs, gutters, and down spouts

3. Zinc

a. Primarily used as a protective coating for metals

G. Glass

1. Noncombustible, but not fire-resistive

2. Ordinary glass will break when exposed to flame.

3. Tempered glass is much stronger than ordinary glass and harder to break.

4. Laminated glass is manufactured with a thin sheet of plastic between two sheets of glass.

a. Will usually deform instead of breaking

5. Glass blocks are thick pieces of glass designed to be built into a wall with mortar.

a. Have limited strength

6. Wire glass is made by molding tempered glass with a reinforcing wire mesh.

H. Gypsum Board

1. Very good insulator

2. Also called drywall, sheetrock, or plasterboard

3. Commonly used to cover interior walls and ceilings of residential living areas and commercial spaces

4. Limited combustibility

a. Paper covering will burn, but gypsum itself will not.

b. Often used as a firestop

5. Prolonged exposure to fire will cause failure.

a. Moisture in the material will evaporate, causing deterioration.

6. Not a strong structural material

a. Used mainly for finishing

I. Wood

1. The most commonly used building material

2. Inexpensive to produce, easy to use, and can be shaped into different forms

3. Solid lumber is squared and cut into uniform lengths.

4. Laminated wood consists of individual pieces of wood glued together.

5. Wood panels are produced by gluing together thin sheets of wood.

6. Wood trusses are assemblies of pieces of wood or wood and metal.

a. Often used to support floors and roofs

7. Wooden beams are load-bearing members assembled from individual wood components.

8. Wood is highly combustible.

9. Weakens when heated

a. Can cause, or contribute to, collapse

10. How fast wood ignites, burns, and decomposes depends on:

a. Ignition source

b. Amount of moisture in wood and atmosphere

c. Density of wood

d. Preheating

e. Size and form of wood

11. Fire-Retardant-Treated Wood

a. Wood is impregnated with mineral salts

i. Makes it difficult to ignite

ii. Slows burning

b. Fire-retardant chemicals can weaken wood.

c. Dangerous to stand on roofs made of fire-retardant plywood

J. Plastics

1. Plastics are rarely used for structural support, but can be found throughout a building.

a. Vinyl siding

b. Plastic window frames

c. Foam plastic materials used as insulation

d. Plastic lighting fixtures


2. Combustibility varies with specific plastic type.

3. Many plastics release dense, toxic smoke when they burn.

4. Thermoplastic materials melt and drip when heated.

5. Thermoset materials will lose strength but will not melt when heated.

III. Types of Construction


Time: 30 Minutes


Slides: 19-31


Lecture/Discussion

A. Buildings are classified based on the combustibility of the structure and the fire resistance of its components.

B. Fire resistance refers to the length of time that a building or building component can withstand a fire before igniting.

1. Ratings are stated in hours.

C. Building codes specify type of construction to be used, based upon the height, area, occupancy classification, and location of the building.

D. Type I Construction:  Fire-Resistive

1. Most fire-resistive category of building construction

2. All structural components must be noncombustible.

3. Used in buildings designed for large numbers of people; tall or large buildings; or buildings with special occupancies.

4. Very large buildings are generally required to be “compartmented.”

a. Fire-resistive walls and/or floors should prevent a fire from spreading between compartments.

5. Structural steel framing must be protected from the heat of a fire.

6. Type I building materials should not provide fuel for a fire.

a. Contents will burn, but building should not.

7. A fire in a Type I building can be very hot and difficult to ventilate.

8. Under extreme conditions, a Type I building can collapse.

E. Type II Construction:  Noncombustible

1. All structural components must be made of noncombustible materials.

2. Fire-resistive requirements are less stringent than Type I.

3. Most common in single-story warehouses or factories where vertical fire spread is not a problem.

4. Structural components contribute little or no fuel.

5. Steel is the most common structural material.

a. Steel can be insulated for fire resistance.

6. Fire severity is determined by contents.

a. Structural components contribute little or no fuel.

b. Little interior finish is required.

F. Type III Construction:  Ordinary

1. Used in a wide range of buildings

2. Type III construction is usually limited to buildings of no more than four stories.

3. Buildings have masonry exterior walls, which support the floors and roof structure. 

4. Interior structural components are all constructed of wood.

5. Limited fire resistance requirements for interior construction

6. Key interior structural components may be required to have fire resistance ratings of up to two hours.

7. Two separate fire loads:

a. Construction materials

i. Materials alone can be sufficient fuel to produce a large fire.

b. Contents

i. Most fires originate with the building contents.

8. Fire resistance of interior structural components often depends on the age of the building and local building codes.

9. Exterior walls, floors, and the roof are all connected.

10. Collapse of the interior structure could make freestanding masonry walls unstable and prone to collapse.

G. Type IV:  Heavy Timber

1. Exterior walls of masonry construction; interior walls, columns, beams, floor assemblies, and roof structure of wood.

a. Thick exterior walls are usually brick.

2. Wood used in Type IV is generally heavier than wood used in Type III construction.

a. Provides a higher fire load, but usually has higher fire resistance

b. Once involved in a fire, the structure can burn for hours.

3. No concealed spaces or voids

4. Has been used for buildings as tall as eight stories with open spaces suitable for manufacturing and storage

a. Often used in mill construction

5. New Type IV construction is rare.

H. Type V:  Wood Frame

1. The most common type of construction employed today.

2. All of the major components are constructed of wood or other combustible materials. 

a. Can rapidly become totally involved in fire

3. Often collapse and suffer major destruction

4. Has been used in buildings up to four stories in height

5. Modern construction techniques rely on wooden I-beams and wooden trusses.

a. Just strong enough to carry the required load

b. No built-in safety margin

c. These buildings collapse early and suddenly.

6. Balloon-Frame Construction

a. Popular between the late 1800s and the mid-1900s

b. Assembled with wood studs that are continuous from the basement to the roof 

i. Creates a top-to-bottom path for fire to spread

ii. Fire can “skip” floors

7. Platform Construction

a. Exterior wall studs are not continuous.

b. Floors are built as platforms, which slow the vertical spread of fire.

IV. Building Components


Time: 120 Minutes


Slides: 32-54


Lecture/Discussion

A. Understanding how various components of a building function will improve a fire fighter’s safety.

B. Foundations

1. Ensure that the base of the building is planted firmly in a fixed location, which helps keep all other components connected

2. Modern foundations are usually constructed of concrete or masonry, although wood may be used in some areas.

3. Weak or shifting foundations can cause building collapse.

4. Causes of weak or shifting foundations:

a. Improper construction

b. Shifting soil

c. Earthquakes

C. Floors and Ceilings

1. Fire fighters working inside must rely on the integrity of the floor to support their weight.

a. Floor failure can drop a fire fighter onto a lower floor.

2. In a multi-story structure, fire fighters may be working below a floor, which would fall on them if it collapsed.

3. The floor system influences whether a fire spreads vertically from floor to floor or is contained on a single level.

4. Fire-Resistive Floors

a. In a fire-resistive building, the floor-ceiling system is designed to prevent a fire from spreading vertically.

b. Concrete floors can be self-supporting or supported by a system of steel beams or trusses.

c. If there is a space above the ceiling that is not subdivided by fire-resistant partitions or protected by automatic sprinklers, a fire can quickly extend horizontally across a large area.

5. Wood-Supported Floors

a. Heavy-timber-construction floors found in older buildings 

i. Can often contain a fire for an hour or more before failure

b. Conventional wood flooring consists of solid lumber beams, floor joists, decking, and finish flooring.

i. Burns readily and can fail in as little as 20 minutes

c. Modern construction uses lightweight wood I-beams and trusses.

i. This offers little fire resistance.

d. Can fail or fire can burn through the decking quickly

D. Roofs

1. Weakened roofs pose two dangers to fire fighters:

a. They can collapse on top of fire fighters working under a roof.

b. They can collapse under fire fighters working on top of a roof.

2. Roofs are not designed to be as strong as floors, especially in warmer climates.

a. Fire fighters working on a roof can overload it.

3. Three primary designs: pitched, curved, and flat

4. Pitched Roofs

a. Sloping or inclined surfaces

i. Pitch or angle can vary depending on local architectural styles and climate.

b. Variations include: 

i. Gable

ii. Hip

iii. Mansard

iv. Gambrel

v. Lean-to

c. Roof ladders provide footing and weight distribution for fire fighters.

d. Pitched roofs are usually supported by either rafters or trusses.

i. Rafters are solid wood joists mounted in an inclined position

ii. A truss is a support assembly that uses a system of triangles to make the assembly strong but light.

e. Pitched roofs require some sort of roof covering

5. Curved Roofs

a. Used for large buildings that require large, open interiors.

i. Supermarkets

ii. Warehouses

iii. Industrial buildings

iv. Arenas

v. Auditoriums

b. Usually supported by steel or wood bowstring trusses or arches

6. Flat Roofs

a. Usually found on houses, apartment buildings, warehouses, factories, schools, and hospitals

b. Flat roofs have a slight slope for drainage.

c. Wood support structures use solid wood beams and joists.

i. Lightweight construction techniques employ wood I-beams and trusses.

d. Open-web steel trusses (bar joists) often used to support flat roofs

e. Most flat roof coverings contain highly combustible materials.

f. Ventilation of flat roofs may involve cutting through many layers of roofing.

E. Trusses

1. Triangular geometry creates a strong, rigid structure that can support a load much greater than its own mass.

a. Strength depends on the components of the truss and the connections between them.

2. Trusses are usually prefabricated wood or steel.

3. Widely used in new construction

4. Three types of trusses: parallel chord, pitched chord, and bowstring

5. Parallel Chord Truss

a. Has two parallel horizontal members connected by a system of diagonal and sometimes vertical members

b. Used for flat roofs and floors

6. Pitched Chord Truss

a. Used for pitched roofs

7. Bowstring Truss

a. Has the same shape as an archery bow

b. Used for curved roofs

c. Popular in warehouses, supermarkets, and similar structures

F. Walls

1. Walls are the most visible part of a building.

2. May be constructed of masonry, wood, steel, aluminum, glass, and many other materials

3. Load-bearing walls

a. Provide structural support

b. Support both dead load (building’s weight) and live load (contents)

c. Damaging a load-bearing wall can result in collapse.

d. Can be interior or exterior

4. Nonbearing walls

a. Support only their own weight

b. Can be breached or removed without compromising structural integrity of the building

c. Can be either interior or exterior (when a system of columns supports the building)

5. Specialized walls

a. Party walls

i. Constructed on the line between two properties

ii. Shared by a building on each side

iii. Almost always load-bearing

iv. Often a fire wall

b. Fire walls

i. Designed to limit horizontal fire spread

ii. Extend from the foundation through the roof

iii. Constructed of fire-resistant materials

c. Fire partitions

i. Interior walls that extend from a floor to the underside of the floor above

d. Fire enclosures

i. Fire-rated assemblies that enclose interior vertical openings, such as stairwells, elevator shafts, and utility chases

e. Curtain walls

i. Nonbearing exterior walls attached to the outside of the building

ii. Often serve as the exterior skin of a steel-framed high-rise

6. Solid, load-bearing masonry walls can reach six stories high; nonbearing masonry walls can reach almost any height.

7. Never assume that exterior walls are masonry—many buildings use a veneer that resembles a masonry wall.

G. Doors and Windows

1. Door Assemblies

a. Doors can be used for entry, exit, light, and ventilation.

b. Most doors are constructed of either wood or metal.

c. Hollow-core doors are often used for interior doors.

i. Fire can usually burn through hollow-core doors very quickly.

d. Solid-core doors provide security and some fire resistance.

e. Metal doors are more durable and fire-resistant than wooden doors.

2. Window Assemblies

a. Windows can be used for light, ventilation, entry, and exit.

b. Fire fighters should familiarize themselves with the types of windows frequently used in their area, as windows differ from region to region.

3. Fire Doors and Fire Windows

a. Constructed to prevent the passage of flames, heat, and smoke

b. Must be tested to meet NFPA 80, Standard for Fire Doors and Fire Windows
c. Fire doors and windows are labeled according to their approved-use locations:

i. Class A—Openings in fire walls and in walls that divide a single building into fire areas

ii. Class B—Openings in enclosures of vertical communications through buildings and in two-hour rated partitions providing horizontal fire separations

iii. Class C—Openings in walls or partitions between rooms and corridors having a fire resistance rating of one hour or less

iv. Class D—Openings in exterior walls subject to severe fire exposure from outside of the building

v. Class E—Openings in exterior walls subject to moderate or light fire exposure from outside of the building

d. Fire windows are used when a window is needed in a required fire-resistant wall. 

i. Often made of wired glass

H. Interior Finishes and Floor Coverings

1. Interior finishes are exposed interior surfaces of a building.

2. Different interior finish materials contribute in various ways to a building fire.

3. Fire fighters should know the hazards posed by different interior finish materials.

I. Buildings Under Construction or Demolition

1. Construction or demolition sites pose special problems for fire fighters.

2. In many cases, the fire protection features found in finished buildings are missing.

3. Fire-resistive enclosures could be missing, leaving critical structural components unprotected.

4. Buildings under construction or demolition are often unoccupied for many hours, resulting in delayed discovery and reporting of fires.

V. Summary


Time: 5 Minutes


Slides: 55-56


Lecture/Discussion

A. Fire fighters must understand what materials are used in building construction and how these materials react to heat and fire.

B. There are five types of building construction, each with its own strengths and weaknesses and differing levels of resistance to fire.

C. Buildings contain a variety of parts or components. These components are made from several materials, and each reacts differently to fire.

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 building construction. 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 6.

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 E: In Type V construction, all of the major components are constructed of wood or other combustible materials. Type V construction is often called wood frame construction and is the most common type of construction used today. Wood frame construction is used not only in one- and two-family dwellings and small commercial buildings, but also in larger structures such as apartment and condominium complexes and office buildings up to four stories in height.

2. Answer B: A pitched chord truss is typically used to support a sloping, or pitched, roof. Most modern residential construction uses a series of prefabricated wood pitched chord trusses to support the roof. The roof deck is supported by the top chords and the ceilings of the occupied rooms are attached to the bottom chords. In this way, the trusses define the shape of the attic.

3. Answer B: A load-bearing wall supports a portion of both the building’s weight (dead load) and its contents (live load), transmitting that load down to the building’s foundation. Damaging or removing a load-bearing wall can result in a partial or total collapse of the building. Load-bearing walls can be either exterior or interior walls.

4. Answer C: In a balloon-frame building, the exterior walls are assembled with wood studs that are continuous from the basement to the roof. In a two-story building, the floor joists that support the first and second floors are nailed to these continuous studs. As a result, there is an open channel between each pair of studs that extends from the foundation to the attic. Each of these channels provides a path that enables a fire to spread from the basement to the attic without being visible on the first- or second-floor levels. Fire fighters must anticipate that a fire originating on a lower level will quickly extend through these voids, and should open the void spaces to check for hidden fires and to prevent rapid vertical extension.
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 6.

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 meant by the term occupancy and what clues does the occupancy of a building afford the fire fighter?

B. What types of constructions materials are commonly used today?  What are the pros and cons of each as far as firefighting is concerned?

C. Why are steel members often wrapped in gypsum board?

D. Fire-retardant-treated wood is sometimes cited as a danger to fire fighters.  Why?

E. What concerns do fire fighters have about plastics used in construction?

F. How many types of construction are there, and what are their characteristics?

G. What is the relationship between the occupancy classification and the building construction type?

H. How does fire-resistive construction differ from noncombustible construction?

I. How many types of wood frame construction are there, and what are the critical aspects of each for fire fighters?

J. What is dead load?  What is live load?

K. What are the three basic types of roofs, and what are the critical aspects of each for fire fighters?

L. What is the difference between rafters and trusses?

M. On what type of structure might you encounter a bowstring truss?

N. What is the difference between a load-bearing wall and a nonbearing wall?

O. What is the purpose of a fire wall, and what are the critical features of a fire wall?

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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