Essentials of Fire Fighting, 6th Edition 

Building Construction

Chapter 4
Building Construction
Lesson Goal
After completing this lesson, the student shall be able to explain how common building materials and construction methods are impacted by fire. The student shall also be able to explain how construction methods of basic building materials can either contribute to, or help control, fire spread.
Objectives

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


1. 
Describe the impact of fire on common building materials. [NFPA® 1001, 5.3.4, 5.3.10, 5.3.12]

2. 
Explain the impact of fire on construction classifications. [NFPA® 1001, 5.3.4, 5.3.10, 5.3.12]

3.
List the main types of occupancy classifications. 


4.
Describe the basic construction of building components. [NFPA® 1001, 5.3.4, 5.3.10, 5.3.12]
Instructor Information

This is the lesson covering building construction for Firefighter I. This lesson describes basic building materials, construction classifications, occupancy classifications and building components. 

Important instructor information is provided in shaded boxes throughout the lesson plan. Carefully review the instructor information before presenting the lesson.

Methodology

This lesson uses lecture and discussion. The level of learning is comprehension.
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Instructor Tools

Interactive Objects allow instructors to present information a piece at a time by clicking on hot spots in a larger image.


[image: image1.jpg]


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

Videos are used as discussion starters or to illustrate a concept or process discussed in the chapter. 
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These are labeled in the Lesson Outline and indicated in the PowerPoint® presentation by the Click image to play arrow on the left side of the slide.
Section I: Building Materials
I. Building Materials
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Objective 1 — Describe the impact of fire on common building materials.
A. Building Materials
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Variety used in construction

2. All react differently when exposed to heat of fire

3. Knowledge of reaction will give an idea of what to expect from a fire in that type of construction
B. Wood
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Most common material used in North America
2. Main component in variety of structural assemblies
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Size and moisture content affect how reacts to fire

a. Smaller dimensions
i. Easier to ignite

ii. Lose structural integrity faster

iii. Protected by gypsum drywall or other insulation
b. Large beams
i. Difficult to ignite

ii. Retain structural integrity even after prolonged exposure to direct flame
4. Moisture content affects burn rate

a. High moisture content – Can be known as green wood
i. Does not ignite readily

ii. Does not burn as fast as kiln dried or dehydrated by exposure to air over long periods of time

b. May be pressure treated with fire-retardant chemicals to reduce ignition and burn speed
i. Not always totally effective in reducing fire spread

ii. Weakens load-carrying ability by as much as twenty-five percent

5. Newer construction contains composite building components and materials

a. Made of wood fibers, plastics, other substances; joined by glue or resin binders
b. Include plywood, particleboard, fiberboard, oriented stand board (OSB)
c. Under fire conditions
i. May be highly combustible

ii. Can produce significant toxic gases

iii. Can rapidly deteriorate

C. Masonry
1. Includes bricks, stones, concrete blocks

2. Brick, stone used to create veneer walls – Decorative covers for wood, metal, concrete block load-bearing walls

3. Minimally affected by fire, exposure to high temperatures
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Signs of deterioration

a. Bricks – Rarely show any signs of loss of integrity, serious deterioration
b. Stone, concrete – May lose small portions of surface when heated, called spalling
c. Concrete blocks – May crack, usually retain strength and structural stability
d. Mortar between bricks, blocks, stone – May degrade by heat, display signs of weakening
D. Metal
1. Used to provide structural support, decorative covering on exterior walls, stairs, door and window frames, ductwork, pipes, and fasteners
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Effect of heat will depend on type of metal and if it is exposed or covered

3. Iron

a. Cast iron
i. Commonly used in 19th Century for structural support beams and columns, stairs, balconies, railings, elevators, facades of buildings

ii. Stands up well to fire, intense heat

iii. May crack or shatter when rapidly cooled with water

iv. During fire, bolts or other connections holding cast iron components can fail – Causing them to fall

v. Failure can also result from bolts rusting through, mortar becoming loose around bolt

b. Wrought iron
i. Used in buildings of early 1800s for nails, straps, tie rods, railings, balconies

ii. Used after 1850 for rail and I‑beams, channels, support columns

iii. Used today for decorations in construction of gates, fences, balcony railings

c. Construction
i. Cast iron – Bolted or screwed

ii. Wrought iron – Usually riveted or welded together

4. [image: image11.png]The effect of heat on metal depends
on the type and exposure.

STEEL

* Used for structural support

« Lengthens when heated

« Failure at near or above
1,000°F (538°C)

* Keys to keep in mind when
firefighting

R
H
i
H
£
H
&

Cont)

. DIFSTA




Steel

a. Uses
i. Primary material used for structural support of large modern buildings

ii. Stairs, wall studs, window and door frames, balconies, railings

iii. Reinforce concrete floors, roofs, walls

b. Structural members lengthen (elongate) when heated
i. A 50 foot (15 m) beams may elongate as much as 4 inches (100 mm) when heated to about 1,000°F (538°C)
ii. If restrained from movement at ends, buckles and fails somewhere in middle
iii. Failure anticipated at temperatures near or above 1,000◦F (538◦C) – Exact temperature varies based on variables
(a) Size of member

(b) Load it is under

(c) Composition of steel

(d) Geometry of member

c. Effect of heat reduced when fireproofing materials used – Such as sprayed-on concrete or sprayed-on insulation
d. When fire fighting
i. Be aware of type of members used in particular structure
ii. Determine how long members have been exposed to heat – Gives indication when failure may occur

iii. Remember critical temperature can be easily reached at ceiling level from rising heat, smoke

iv. Always consider effect of heat on members even if you cannot see

e. Elongating steel can push out load-bearing walls, cause collapse
i. If walls withstand elongation, steel will fail and sag somewhere in middle causing collapse of upper floors, roof

ii. Water can cool structural members and stop elongation – Reducing risk of collapse
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Aluminum 
a. Uses
i. Decorative features – Tower portion of Empire State Building in New York City, NY

ii. Decorative/functional – Roofing, flashing, gutters, downspouts, window and door frames, exterior curtain wall panels

iii. Residential uses – Sun rooms, screened porches, car ports, awnings
iv. Aluminum studs replaced wood in commercial and residential buildings
v. Aluminum framing and support wires support acoustical tile ceilings – Can create entanglement hazard
b. Will be affected by heat more rapidly than steel
6. Other metals – Fail when exposed to excessive amounts of heat
a. Tin – Used to produce metal ceiling tiles, also as roof covering
b. Copper – Found in wiring, pipes, gutters, decorative elements
c. Lead – Found in pipes, flashing, as component of stained or leaded glass windows
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Reinforced Concrete
1. Can be poured in place at construction site or formed into precast sections and transported to site
2. Internally fortified with steel reinforcement bars (rebar) or wire mesh

a. Gives material compressive strength – Ability to withstand pressure on surface
b. Gives tensile strength – Ability to withstand being pulled apart or stretched
3. Under fire conditions

a. Performs well but can lose strength through spalling
b. Cracks and spalling indicate damage has occurred, strength may be reduced
4. Prolonged exposure to chemicals before exposure to fire can cause rebar to corrode and concrete bond to weaken – Reduces time to failure, very important to know occupancy history
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Gypsum
1. Also known as drywall or Sheetrock® – Inorganic product from which plaster and wallboards are constructed
2. Unique high water content 

a. Absorbs great deal of heat as moisture evaporates
b. Gives excellent heat-resistant and fire-retardant properties
3. Breaks down gradually under fire conditions – Commonly used to insulate steel and structural members

4. Where failed – Structural members behind will be subjected to higher temperatures, could fail
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Lath and Plaster
1. Process rather than single material

a. Horizontal wood strips (lath) nailed to wall studs
b. Covered with mixture of plaster to form interior wall finish
2. Generally found in buildings constructed prior to 1950s

3. Wire mesh may be used to replace lath in some houses

4. Can be very difficult to penetrate with axes or hand tools

5. Can also conceal fire within cavity between surfaces

6. May add fuel to fire in form of studs, lath
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Glass/Fiberglass
1. Glass – Not typically used for structural support

a. Sheet form used for doors and windows
b. Block form used for non-load-bearing walls
c. Wire-reinforced may provide some thermal protection as a separation
d. Conventional not effective barrier to fire extension
e. Heated may crack and shatter when struck by cold fire stream
2. Fiberglass – Typically used for insulation

a. Located between interior/exterior walls and between ceilings and roofs
b. Glass component not significant fuel
c. Materials used to bind may be combustible, difficult to extinguish
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Instructor Note: Discuss the Information Box on pages 140-141 of the manual. Highlight the types of insulation commonly found in your jurisdiction. Ask students why it is important to know what types of insulation are present during fire suppression. In your discussion focus on possible health risks that may be present.
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Plastic
1. Used in many forms

a. Exterior – Vinyl siding over older siding, foam insulation panels, other materials
b. Water and sewer pipes – Made from various sizes of plastic pipe and fittings, used to replace lead pipes
c. Decorative uses – Moldings, wall coverings, mantel pieces
2. Most will melt, can contribute to fuel load
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Composite Materials
1. Used more frequently than in the past
2. Manufactured by combining two or more distinctly different materials

3. Results in lightweight materials with high structural strength, resistance to chemical wear, corrosion resistant, heat resistant

4. Materials are cost effective, easy to manufacture

5. Examples

a. Finger-jointed timber — Small pieces of wood joined into longer boards using epoxy resins, glues

b. Laminated timber — Known as plywood or glulam (glue-laminated) wood; sheets of wood used for roof and floor decking, walls, stair treads 

c. Medium density fiberboard (MDF) — Another type of laminated wood product, closer in appearance and strength to hardwood; used for doors and door-surrounds, decorative moldings, rails, skirtings, and cornices

d. Particle board 
i. Made from small particles and flakes generated in the manufacture of lumber; used for exterior and interior wall panels and furniture

ii. Urea formaldehyde is one of glues used to manufacture particle board – Can pose health hazard due to outgassing when heated
e. Synthetic wood
i. Produced in sheets and boards

ii. Manufactured from recycled plastic from liquid containers – Primarily milk bottles
iii. Primarily used for exterior rails, stairs, decks
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Review Question: What impact can fire have on common building materials?
See pages 134-142 of the manual for answers.
Section II: Construction Classifications
II. Construction Classifications
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Objective 2 — Explain the impact of fire on construction classifications.
A. Construction Classifications
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Type is determined by 

a. Architect, structural engineer, contractor

b. Local building codes regulate based on 
i. Intended use – Known as occupancy classification

ii. Structure size

iii. Presence or lack of automatic fire suppression system

c. Materials used in construction, how well materials resist exposure to fire
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Building codes

a. Adopted by authority having jurisdiction (AHJ), amended to meet local requirements
b. May be locally developed or based on nationally accepted codes
c. Two major models in United States
i. NFPA® 5000, Building Construction and Safety Code®
ii. International Code Council’s (ICC) International Building Code® (IBC®)
d. One code in Canada – May be adopted by provincial or local government
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Buildings may be exempt from local codes
i. Factory-built homes, also known as mobile or manufactured – Regulated by Department of Housing and Urban Development
ii. Federal- or State-owned buildings – Such as offices, courthouses, university buildings, postal facilities, other government facilities

iii. Manufactured housing in Canada regulated by Canadian Standards Associations (CSA) and Standards Council of Canada (SCC)

3. Be aware that local AHJs can amend model codes to meet needs

4. Renovations can change structures

a. Can create structures containing more than one construction method – Structure may appear fire-resistive but be vulnerable to rapid fire development
b. May improve fire and life safety through addition of fire alarm systems or sprinkler systems
c. Modifications can create potential hazards for occupants and firefighters
B. United States Construction
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IBC® and NFPA® classify five types of construction

a. Further divided depending on code, construction type
b. Defined by construction materials, performance when exposed to fire
c. Every building composed of
i. Structural frame
ii. Floor construction
iii. Roof construction
2. Type I (Fire-Resistive)

a. Provides highest level of protection from fire development, spread, collapse
b. Structural members composed of noncombustible or limited-combustible materials with high fire-resistive rating
c. Walls, floors, ceilings must be able to resist fire for 3 to 4 hours depending on component
d. Can be expected to remain structurally stable during fire – Considered to be most collapse resistant
e. Reinforced concrete, precast concrete, protected steel frame construction – Meet criteria for Type I
f. Fire walls used to limit fire spread through structures
i. Can be reduced or eliminated when owners, contractors make unprotected penetrations through walls for pipes, wires, ducts

ii. Heat, smoke, flames quickly progress through openings – Spreading fire where otherwise might have been protected

g. Incorrectly referred to as fireproof
i. Structure will not burn – May degrade from effects of fire

ii. Provides structural stability – Combustible materials present may generate sufficient heat over time to compromise structural integrity

h. Conditions that may be present during fire
i. Compartments can retain heat contributing to potential for rapid fire development

ii. Roofs extremely difficult to penetrate for purpose of ventilation due to construction material and design

iii. Windows may be nonoperating, very difficult to open for ventilation

3. Type II (Noncombustible or Limited-Combustible)

a. Composed of materials that will not contribute to fire development or spread
b. Materials do not meet stricter requirements used in Type I – Steel components do not need to be protected for same lengths of time or have same fire-resistance

c. Most common form – Structures with metal framing members, metal cladding, or concrete-block construction of walls with metal deck roofs supported by unprotected open-web joists
d. Fire-resistance rating half that of Type I – 1 or 2 hours depending on component
e. More prone to collapse 
f. Normally used when 
i. Fire risk expected to be low 

ii. Fire suppression and detection systems designed to meet fuel load of contents

g. Noncombustible does not reflect true nature of structure
i. Lower fire-resistive ratings permitted for roof systems, flooring

ii. Fire-resistant metal roof decking may be covered with combustible layers – Can melt and ignite causing second fire

iii. Combustible features included on exterior – Balconies, facades
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Type III (Ordinary Construction)

a. Commonly found in older schools, mercantile, business, residential structures
b. Requires 
i. Exterior walls, structural members be constructed of noncombustible materials

ii. Interior walls, columns, beams, floors, roofs completely or partially constructed of wood

c. Conditions that can affect behavior during fire
i. Voids exist inside wooden channels created by roof and truss systems, between wall studs – Allow for spread of fire unless fire stops installed in void 

ii. May have undergone renovations that contributed to greater fire risk due to creation of large hidden voids above ceilings and below floors


iii. Structural components may have been removed to change configuration open up floor space during renovations – May reduce load-carrying capacity of supporting structural member

iv. Change in building use or occupancy may result in additional loads that building was not designed to carry

v. Prefabricated wood truss systems may be found in new Type III structures – May fail quickly when exposed to fire
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Instructor Note: Discuss the Safety Alert Box on page 146 of the manual. Highlight the types of renovations that may be found in your jurisdiction. Ask students how fire fighters can monitor these types of changes. In your discussion focus on local renovation projects that recruits may not know about.
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Type IV (Heavy Timber/Mill Construction)

a. Characterized by use of large-dimension lumber
i. Dimensions vary depending on building code at time of construction

ii. Generally structural members greater than 8 inches (203.2 mm) in dimension, fire rating of 2 hours

iii. All structural element dimensions adhere to minimum dimension sizing – Other materials not wood must have rating of at least 1 hour

b. Extremely stable, resistant to collapse – Due to sheer mass of structural members
c. When in fire heavy members form insulating effect – Derived from timbers’ char, reduces heat penetration to inside of beam
d. Exterior walls – Constructed of noncombustible materials
e. Interior elements 
i. Constructed of solid or laminated wood with no concealed spaces 
ii. Lack of voids or concealed spaces helps prevent fire travel

f. May include small-dimension lumber glued together to form laminated structural element – Sometimes called glulam
i. Elements extremely strong, commonly found in churches, barns, auditoriums, other large facilities with vaulted or curved ceilings

ii. Beams may fail when exposed to fire – Glue holding together may be affected by heat
g. Conditions that can affect behavior during fire
i. High concentration of wood can contribute to intensity of fire once it starts

ii. Collapse of masonry walls can be caused by loss of structural integrity of timbers

6. Type V (Wood or Stick Frame)

a. Exterior load-bearing walls composed entirely of wood
b. Veneer of stucco, brick, stone may be constructed over wood frame
i. Offers appearance of Type III construction

ii. Provides little additional fire protection or structural support

c. Most common example single-family dwelling, residence – May be multistory apartment building
d. Consists of framing materials that include wood 2 x 4 or 2 x 6 inch (50 mm by 100 mm or 50 mm by 152 mm) studs
i. Northern climates may mandate 6 inch (152 mm) exterior wall cavities for increased insulation

ii. Outside of members covered with variety of materials
Instructor Note: Discuss the list of types of materials that may cover Type V construction on pages 148-149 of the manual. Highlight the types of coverings commonly found in your jurisdiction.
iii. Exterior siding attached by nails, screws, glue – For stucco, spread over lattice attached to framing studs

e. Includes the use of prefabricated wood truss systems in place of solid floor joists – Creates large, open void between floors rather than closed channel system
f. Wood I-beams
i. When used constructed of thin plywood, wood composite glued to 2 x 4 inch (50 mm by 100mm) forming bottom and top truss
ii. May have numerous holes cut to in them to allow for electric, communication, utility lines to be extended through

iii. Under fire conditions fail and burn more rapidly than solid lumber
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Manufactured Structures
1. Structure built in factory, shipped to location to be installed
2. Mobile homes have axle assembly under frame

3. Make up twenty-five percent of all housing sales in U.S.

4. Not required to conform to model building codes – Must conform to U.S. HUD standard similar to Type V construction
5. Fire-resistance will vary depending on age – Those built before 1976 have less fire-resistance than current construction

6. Lightweight building materials

a. Susceptible to early failure in fire
i. Heat produced by contents can cause to ignite or melt rapidly
ii. Contents have same fuel load as in conventional structures
b. Make forced entry easier because walls can be quickly breached
7. May be anchored directly to concrete slab, have open crawl spaces beneath – Crawl spaces provide additional source of oxygen during fire

8. NFPA® analysis shows steady decline of fires in manufactured homes since 1980 – Compares pre 1976 construction (prestandard) to post 1976 (poststandard)
9. Reductions attributed to construction requirements of HUD standard

a. Factory-installed smoke alarms

b. Use of flame-retardant materials in interior finishes

c. Use of flame-retardant materials around heating and cooking equipment

d. Installation of safer heating and cooking equipment

e. Installation of gypsum board rather than wood paneling in interior finishes

f. Factory-installed fire suppression systems (sprinklers)
Instructor Note: Discuss the Information Box on pages 150-151 of the manual. Highlight the types of factory-built homes commonly found in your jurisdiction. In your discussion focus on the specific ways each type of home behaves during a fire.
D. Canadian Construction
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Three types of construction defined by National Building Code of Canada (NBC©)
a. Combustible construction – Construction that does not meet requirements for noncombustible construction
b. Noncombustible construction – Construction in which degree of fire safety is attained by use of noncombustible materials for structural members and other building assemblies
c. Heavy timber construction – Combustible construction in which degree of fire safety is attained by placing limitations on sizes of wood structural methods and thickness and composition of wood floors and roofs; avoids concealed spaces under floors and roofs
d. Specific requirements and limitations on materials used for each type defined within code – Listed in table formats based on occupancy classification, construction type
2. Harsh winter climate, attempts at increasing energy efficiency have led to increased structural collapse potential in Quebec, Canada
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Residential dwellings may be built under design requirements of Novoclimat standard
b. Standard intended to make homes more energy efficient, better insulated
i. Result in almost air-tight structure constructed with smaller dimensional lumber

ii. Air heated and circulated through closed system of heating, ventilation, air conditioning (HVAC) units, thermo-pumps, other devices

c. Structures more likely to fail rapidly under fire conditions
i. Thermal heat and fire gases trapped within compartments, structure

ii. Design makes vertical ventilation more difficult
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Review Question: How are different construction classifications affected by fire suppression?
See pages 144-149 of the manual for answers.
Section III: Occupancy Classifications
III. Occupancy Classifications
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Objective 3 — List the main types of occupancy classifications.
A. Occupancy Classifications
1. Defined by building code and life safety code adopted by AHJ
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Three primary models in North America

a. NFPA® 5000
b. IBC®
c. National Building Code of Canada (NBC®)
Instructor Note: Discuss the Table 4.1 “Comparative Overview of Occupancy Categories” on pages 153-156 of the manual. In your discussion focus on the similarities and differences students can find between the three codes.
B. Single-Use
1. Must meet building code for intended use

2. Examples

a. Office building must meet requirements in Business Occupancy Classification
b. Elementary school must meet requirements of Educational Occupancy
3. Requirements may include exit access, emergency lighting, fire protection systems, construction type, fire separation barriers

4. Generally classified by primary function when structure contains multiple types of uses

a. Furniture manufacturing plant classified as Manufacturing Occupancy – Contains storage of raw materials, finished products, offices, manufacturing
b. May require fire separation walls, fire protection systems to protect one area from other
C. Separated Use
1. Structures that contain multiple occupancies or use groups
2. Must meet requirements for each individual occupancy classification

3. Example – Strip mall

a. Retail outlets – Mercantile Occupancy
b. Offices – Business Occupancy
c. Restaurants – Assembly Occupancy
4. Occupancies may change over time without updating proper fire separations
a. Unauthorized, non-code- compliant penetrations may be made in fire walls – Permit spread of fire and smoke
b. Periodic preincident surveys are important to prevent these conditions
[image: image35.png]REVIEW QUESTION

0

What are the main types of
occupancy classifications?




Review Question: What are the main types of occupancy classifications?
See pages 151-157 of the manual for answers.
Section IV: Building Components
IV.
Building Components
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Objective 4 — Describe the basic construction of building components.
D. Building Components
1. Buildings composed of same components
2. Each component has function, can prevent or contribute to growth of fire
E. Foundations
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Designed to support weight of building and all contents
2. May be shallow or deep

3. Shallow – Extends few feet (meters) into earth around perimeter of structure
a. Sits on footing made from poured, reinforced concrete or concrete blocks
b. First floor constructed on foundation – Takes one of two forms
i. Solid concrete slab

ii. Stem wall with wood or metal joist floor – Creates crawl space between floor, soil below

c. Single-story basements also constructed
4. Deep – Used to support mass of large area or tall building

a. Include piers or pilings driven into soil, drilled shafts, cassions, helical piles, earth stabilized columns
b. Multiple basement levels may rest on piers
c. Specialized systems may be used in earthquake-prone regions
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Floors/Ceilings
1. Form the top and bottom of compartment with walls forming sides
2. Construction varies depending on level

a. At ground level – May consist of concrete slab or floor assembly made up of joists and decking over crawl space or basement

b. Upper floors of multistory building – Consists of joists and decking with ceiling attached to bottom

c. Top level – Consists of ceiling, joists or rafters, roof above

3. Space formed by floor/ceiling or ceiling/roof may contain 
a. Duct work or open return air plenum

b. Electrical or communication wiring

c. Water or natural gas pipes

d. Pipes for fire suppression system
e. Recessed lighting, speakers for audio system may be located above ceiling
f. Fiberglass, cellulose, or foam insulation may be located in space beneath roof or under floors as soundproofing
Instructor Note: Remind students of the information in the NOTE on page 159 of the manual. Discuss if your jurisdiction has this requirement and how it will impact fire suppression activities.
4. May be constructed of combination of materials

a. Floors may be poured reinforced concrete; cellular concrete over metal decking; finished wood, tile, carpet surface over wood subfloor attached to metal or wood joists
b. Ceilings generally gypsum board, tin tiles, or lath and plaster attached to joists, roof trusses, beams
5. In corridors designated as exit or egress pathways 

a. Ceilings have same fire-resistance rating as walls in corridor

b. Material used to cover floors also rated to limit flammability in corridor
c. Rating indicated in hours
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Walls
1. Define perimeter of building, divide it into compartments or rooms

2. Exterior walls may be

a. Wood or metal siding attached to studs, single layer of concrete, concrete blocks, logs
b. Assembly of studs with exterior material on outside and interior coving on inside
3. Wall assemblies

a. Consist of bottom plate, top plate, vertical studs, horizontal braces sandwiched between two surfaces of gypsum or lath and plaster
b. Cavity formed by two surfaces may be dead air space or void; contain some form of insulation
4. [image: image40.png]


Types

a. Load-bearing – Interior and exterior walls that support weight of structure or structural components
b. Non-load-bearing 
i. Walls that only support their own weight

ii. May act as partition wall – Dividing two areas within structure
5. Rating

a. Interior assemblies may be rated for specified fire-resistance time depending on local building code
b. Rated assemblies may be continuous from floor to bottom of next floor
c. Unrated walls may only extend to room ceiling creating open space over multiple rooms
6. [image: image41.png]Fire walls are constructed of a
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Fire walls

a. Constructed of variety of masonry materials – These materials do not burn
b. Intended to provide separation that meets requirements of specified fire-resistance rating
c. Assemblies include wall structure, doors, windows, any other protected openings meeting required protection-rating criteria
d. May be used as party walls to separate two adjoining structures or two occupancy classifications within same structure to prevent fire spread
e. Assemblies can divide large structures into smaller portions; contain fire to particular portion of structure
7. [image: image42.png]Penetrating walls should only be
performed when needed.
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Penetrating walls
a. Exterior and fire walls are most difficult when forcing entry into or escaping area
b. Some interior walls can be, but only to locate hidden fires or create escape path
H. Roofs
1. [image: image43.png]Roofs primarily protect a structure and
its contents from the effects of weather.
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Primary function – Protect structure and contents from effects of weather
a. Shape and construction intended to

i. Provide drainage
ii. [image: image44.png]Roof construction is based on three

main components; one is roof supports.
I




Support weight of accumulations of snow
iii. Resist effects of wind
iv. Insulate interior from external temperature changes
b. Geographic location of structure will influence type and construction

c. Penetrations openings indications of general arrangement of rooms within – Can assist in vertical ventilation during fire
2. Roof types

a. Three prevalent types – Flat, pitched, arched
b. Building may have combination of designs
i. Common styles – Gable, hip, gambrel, shed, mansard, lantern
ii. Less common styles – Sawtooth, butterfly
iii. Can contribute to voids underneath, limit ability of firefighters to access areas under roof

c. Flat roofs
i. Common on commercial, industrial, multifamily residential structures; some single-family 

ii. Generally has slight slope toward outer edge to facilitate drainage

iii. Frequently penetrated by chimneys, vent pipes, shafts, scuttles, skylights

iv. May be surrounded by parapet walls or divided by fire separation walls that extend from foundation to above roof

v. Water tanks, HVAC equipment, antennas, solar panels, signs, other obstructions may be present

d. Pitched roofs – A number of styles
i. Most common – Elevated in center along ridge line with roof deck that slopes done to eaves along edges
ii. Shed roofs – Pitched along one edge, deck slopes to eaves at opposite end

iii. Construction 

(a) Most involves rafters or trusses that run from ridge line to tope of outer wall at eaves level – Made of wood or metal

(b) Decking or sheathing applied at right angles over rafters – May be applied solidly or with boards, planks with space between them (called skip sheathing)

iv. Usually have covering of roofing paper before finish surface laid

v. Finish – May consist of shingles, asphalt roll roofing, metal panels, slate, tile

e. Arched roofs
i. Ideal for some occupancies because can span large open areas unsupported by columns, pillars, posts

ii. Primarily used from late 1800s to mid-1900s

iii. Design depends on exterior walls to support weight of roof

iv. Types – Bowstring, ribbed, diagonal grid (Lamella), pleated barrel

[image: image45.png]Roofs primarily protect a structure and
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Instructor Note: Remind students of the information in the Safety Alert Box on page 163 of the manual. Discuss the importance of knowing how arched roofs contribute to firefighter casualties.
3. Roof construction

a. Roof supports
i. Beams – Sections of lumber located directly under roof decking

(a) Extend from ridge line or pole at peak to each side wall on pitched roof

(b) Extend from wall to wall on flat roof
(c) May be exposed or concealed behind ceiling

(d) Generally made of solid timbers 4 x 4 inch (100 mm by 100 mm) and larger
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Truss assemblies

(a) May be constructed on site or premanufactured and shipped to site

(b) Those constructed on site consist of top and bottom chords and webbing that extend from peak to walls

(c) Ends connected by horizontal joist that has supports between joist and rafters

(d) Assembled using metal gusset plates (gang nails) that penetrate about 3/8 inch (9.5 mm) into the wood
(e) Types – Parallel chords, pitched chord, arched truss, bowstring truss

(f) Parallel chord used to support flat roofs and floor assemblies – May be constructed of wood or metal

iii. Behavior in fire conditions
(a) Solid wood joists tend to lose strength gradually when exposed to fire – Roofs become soft or “spongy” before failure
(b) Soft roof not the only sign of collapse – Plywood or OSB used for sheathing can fail quickly without prior warning

iv. Box beams and I-beams (also known as wide flange beams) used to support flat roofs, floors

(a) Made from plywood and wood truss joints

(b) Provide strength, but thin web portion of I-beam and members used to manufacture truss renders susceptible to early failure in fire

(c) Open web design of truss joists permits rapid spread of fire in directions perpendicular to truss joint

v. Increased use of engineered or lightweight construction and trussed support systems
(a) Engineered construction – Manufactured from smaller pieces of wood or light gauge steel to form trusses that weigh less than traditional systems
(b) Lightweight construction – More common in Type I, Type IV construction; also homes, apartments, small commercial buildings, warehouses

(c) Lightweight steel trusses – Made from long steel chords that are straight or bent by as much as 90 degrees with flat or tubular members in web space
(d) Light weight wooden trusses – Constructed of 2 x 3-, 2 x 4-, or 2 x 6- inch (50 mm by 75 mm, 50 mm by 100 mm, or 50 mm by 150 mm) lumber connected by gusset plates made of wood or metal
vi. Flat roofs supported by open-web steel joists and steel beams – Depending on fuel load unprotected web joists can be expected to fail quickly in fire
b. [image: image47.png]Roof decks are another component in
roof construction.
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Roof decks – Portion of roof between roof supports and roof covering
i. Types in North America

(a) Plywood sheathing

(b) Oriented Strand Board (OSB) 

(c) Wood tongue and groove 

(d) Corrugated metal 

(e) Sprayable concrete encapsulated polystyrene

(f) Reinforced concrete

(g) Double tee preformed concrete

ii. Components

(a) Sheathing

(b) Roof planks or slabs

(c) Purlins

iii. Can act as roof support – Example, concrete deck roofs

iv. Roof covering and deck may be the same – Example, corrugated steel decking

v. Same structural system for floor and roof usually used in multistory building with flat roof
vi. Concrete roofs in North America – Precast and poured-in-place

(a) Precast – Fabricated off-site, hauled to construction site ready for use; widespread in use

(b) Precast can be lightweight material made of gypsum plaster, Portland cement mixed with aggregates – May be referred to as lightweight concrete

(c) Precast planks made from lightweight concrete, reinforced with steel mesh or rods

(d) Usually finished with roofing felt, mopping of tar – Make it extremely difficult to penetrate, ventilate as last resort
c. [image: image48.png]


Roof coverings 
i. Part of roof exposed to weather
ii. Materials include

(a) Wooden shingles or shakes (rough cut wood) 

(b) Molded metal or rubber imitation shingles or tiles 

(c) Asphalt shingles 

(d) Asphalt sheets

(e) Terracotta or concrete tile, slate, synthetic membrane

(f) Blown-on foam

(g) Built-up tar and gravel surface

(h) Metal roof systems or sheets

(i) Composite materials
4. [image: image49.png]Roof penetrations and openings may
indicate the locations of some rooms.




Roof penetrations and openings 
a. Variety of items that provide light, ventilation, access, vapor exhausts, are part of plumbing of HVAC systems
b. May be locked or secured in some manner
c. Types 
i. Scuttle hatches

ii. Skylights

iii. Monitors 

iv. Automatic smoke vents

v. Ventilation shafts

vi. Ventilation fans

vii. Penthouse or bulkhead doors 

viii. 
Chimneys

ix. HVAC exhausts

x. Bathroom vent pipes

xi. Attic vents

xii. 
Dormers

d. Penetrations can indicate location of some types of rooms – Bathrooms, mechanical spaces
e. Possible to gain access to attics through monitors, smoke and attic vents, scuttle hatches, skylights
f. Cockloft possible to use as exit point for some types of ventilation
5. [image: image50.png]Observing the presence of roof
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Roof obstructions – Observing presence can help when structure needs to be ventilated
a. Green roofs – Using roof surface for rooftop garden
i. Take several forms – From potted plants and flower boxes to layer of earth with growing plants covering large area of roof
ii. Constitutes dead load on roof structural system

(a) Layer of earth can vary from few inches (millimeters) to 1 or 2 feet (0.3 m to 0.6 m)
(b) Dead load can vary from 20 pounds per square foot to 150 pounds per square foot (100 kg/sqm to 750 kg/sqm)
(c) Load will be planned for in new construction – Must be analyzed when planned for existing construction

iii. Under fire conditions 

(a) Load can accelerate structural failure

(b) Can interfere with ventilation practices, fire location indicators

iv. Other concerns

(a) Effects of high-velocity winds and uplift wind pressures

(b) Roof drainage which can add weight to roof creating a collapse hazard

(c) Exposure hazard that may be created by dry vegetation on roof

(d) Need for clear space between vegetation and fire walls that penetrate roof

b. Cold roofs
i. Found in cold, snowy climates to prevent ice damming and icicle formation at eaves

ii. Designed to prevent interior heat from escaping into attic space

(a) Requires sheeting layer, membrane to prevent buildup

(b) Above membrane two layers of 1 x 4 inch (25 mm by 100 mm) parallel spacers are installed to create a 3-inch (75 mm) void air space
(c) Second layer of sheeting installed above spacers, followed by roof covering

iii. Can create significant difficulty during vertical ventilation

iv. Structures in cold climates without cold roofs 

(a) More likely to have trusses lined with vapor barrier, covered with at least 12 to 16 inches (300 mm to 400 mm) of insulation
(b) Roof, soffit would have multiple vents

(c) Membrane over roof sheathing provides some insulation – Primary purpose to protect plywood sheathing from moisture
c. [image: image51.png]Observing the presence of roof
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Photovolatic roofs – Solar energy system
i. Cells in panels can be laid on top of or embedded in roof
ii. Represents significant hazard for firefighters

(a) Even when off, panels retain significant amount of electricity

(b) Panels continue to produce power if sunlight available – Even if fire damaged

(c) Not safe to break cells or skylights that are solar powered

(d) Panels present tripping, falling hazard

iii. Safety considerations during emergency conditions
(a) Electrical shock

(b) Inhalation exposure

(c) Falls from roofs

(d) Roof collapse

iv. Crucial to identify during preincident planning

v. Panels may not be visible from ground if building has flat roof
d. Rain roofs
i. Found on commercial buildings, schools, residential structures

ii. Pitched roof placed over older flat roofs – May exist over mobile homes

iii. May be constructed from lightweight metal panels, trusses to form peak or simply a second flat roof surface made from wood and roofing materials

iv. Void created can conceal fire and allow to burn undetected

(a) Trusses exposed to fire weaken increasing potential collapse for both rain and original roof
(b) HVAC units may be hidden adding to collapse potential

v. Ventilating rain roof will not remove smoke until original roof is penetrated

vi. Do not enter void area to cut hole in original roof

(a) You can become trapped in void

(b) You can be overcome by heat and smoke trapped in void

(c) You can fall through weakened original roof

(d) You can be caught in extreme fire condition as heated gases mix with fresh air
e. [image: image52.png]Security measures on roofs and other
areas can cause obstructions as well.
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Security
i. Metal security bars or grilles may be mounted over doors and windows to prevent illegal entry

ii. Will slow entry, create emergency exit hazards, reduce effectiveness of ventilation tactics

iii. Wired glass may be encountered on skylights – Difficult to penetrate, takes time to remove

iv. Other security may be encountered - Example

(a) Shop owner installed iron plates on roof of grocery store

(b) Weight of plates caused roof collapse during fire

(c) Can prevent timely tactical vertical ventilation

(d) Only discovered through preincident surveys
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WARNING!: Unauthorized security modifications create extreme life safety hazards for firefighters.
f. [image: image54.png]Structural modifications should, but do
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Permitted structural modifications
i. Building code requirements are intended to provide occupants with highest level of fire and life safety possible
ii. Permits ensure compliance with building code

iii. Modifications over the life of a structure must meet local building codes and be approved by local official

iv. May include 

(a) Additions to structure 

(b) Removal of non-load-bearing walls or partitions 

(c) Replacement of fire escapes with enclosed stairways 

(d) Sealing windows or doors that are not required for emergency exits
v. Can affect fire fighting operations – Essential to remain aware of all modifications to structures in response area
g. Nonpermitted structural modifications
i. Owners/occupants may make unapproved or nonpermitted modification – Can inhibit effective ventilation, increase risk of fire extension and structural collapse
ii. May include

(a) Removal of load-bearing interior walls

(b) Removal of load-bearing pillars or columns

(c) Removal of roof supports

(d) Increasing dead load by installing HVAC or mechanical equipment on or under roofs or in attic spaces

(e) Storing heavy contents on roof support beams or in attic spaces

(f) Removing or modifying automatic ventilation systems or components

(g) Removing or modifying code-required fire detection and suppression systems

(h) Altering attic spaces into living spaces

(i) Removing fire stops from wall cavities

(j) Installing or altering interior wall arrangements that effect air flow patterns

(k) Removing interior doors or sealing exterior openings

(l) Sealing basement ventilation openings

(m) Penetrating fire walls

(n) Installing unapproved rain roofs over flat roofs

iii. Can only be uncovered through effective and periodic inspection of commercial and industrial occupancies in community

iv. Impossible to monitor or be aware of modification made to single-family residential structures
h. Roof-mounted equipment
i. Present on most commercial, industrial, institutional, educational, and some residential structures
ii. Found in particular on structures with flat roofs

iii. [image: image55.png]Roof-mounted equipment can add a
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Add live load to dead load distributed on roof, increase collapse hazards, add to obstructions that affect ventilation

iv. May also be found on flat roofs under rain roofs

v. Can include 

(a) HVAC units

(b) Water towers

(c) Telecommunications equipment

(i) Telephone towers

(ii) Radio transmission equipment

(iii) Television antennas and satellite dishes
(d) Advertising signs or billboards

(e) Recreation areas

(f) Wind generators

(g) Electrical transformers

(h) Derricks, hoists, and cranes

(i) Winches

(j) Steeples, minarets, spires, and crosses

(k) Electrical lines and weather heads

vi. Can injure or kill firefighters by causing collapse of fire-weakened roof

vii. Must be aware of 

(a) Fire behavior, how it affects building

(b) General design and construction of building
I. [image: image56.png]Stairs provide access to or egress from
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Stairs
1. Provide access to or egress from different levels of structure
2. If part of required means of egress must provide protection for occupants as they travel to safety

a. Called protected or enclosed
b. Built to resist spread of fire, smoke
3. If not required as part of means of egress typically connect no more than two levels – Called access or convenience stairs
4. Can be classified as interior or exterior, depending on location

5. Design or layout may take several forms

6. No longer allowed as required means of egress – Exterior fire escapes, escalators, fixed ladders

7. Protected stairs

a. Interior protected stairs critical components of building life safety system
i. Enclosed with fire-rated construction – Usually either 1- or 2-hour rating

ii. Generally serve two stories or more

iii. Part of required means of egress

b. Primary egress paths from floors above or below ground level
c. Can adversely affect safety of occupants if do not maintain breathable atmosphere
8. Exterior stairs – Either open air or enclosed

a. [image: image57.png]


Enclosed must comply with requirements similar to interior protected stairs
b. Open are naturally ventilated by may be partially enclosed from weather - Typically have at least two adjacent sides open to natural ventilation
9. Fire escapes

a. Open metal stairs and landings attached to outside of building
b. Lowest flight may consist of swinging stair section to limit unwanted access
c. If in place for many years may not be able to support live load during emergency evacuations or fire suppression
d. Usually anchored to building, not supported at ground level
i. Anchor points subject to freeze-thaw cycle, corrosion from pollution and weather, temperature changes

ii. Mortar for anchors may suffer from deterioration or may be originally inadequate for expected load
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Instructor Note: Discuss with students the Safety Alert Box on page 176 of the manual. Share alternative measures they may need to take to enter a structure without using a fire escape.
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Smokeproof stair enclosures

a. May be required by building codes under certain circumstances – Stairs serving high-rise building
i. Must use either active or passive smoke control
ii. Mechanical ventilation system actively keeps enclosure free of smoke – Even when door open to fire floor
iii. Activated by automatic fire/smoke detection equipment – Keeps smoke out by pressurizing shaft
iv. System should be specially designed for particular installation
b. If properly designed, installed, maintained, should allow firefighters to begin suppression operations in one stairwell while occupants use second for escape
11. Unprotected stairs

a. Not protected from fire and smoke
b. Not enclosed with fire-rated construction
c. May serve as path for spread of fire and smoke
d. Will not protect anyone from products of combustion
e. Building codes typically allow use in buildings when connect only two adjacent floors above basement level
f. Sometimes referred to as access or convenience
g. Can be used as part of exit system in two-story building
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Doors 
1. Vary widely in operation, style, design, construction

2. Classified by the way they operate

3. Swinging doors

a. Rotate around vertical axis by means of hinges secured to side jambs of doorway framing
b. May operate on pivot posts supported at top and bottom
c. Can be either single or double leaf
d. May be single acting (swinging in one direction) or double acting (swinging in two directions)
e. Generally required as exit doors in means of egress 
4. Sliding doors

a. Suspended from overhead track, may use steel or nylon rollers
b. Floor guides or tracks usually provided to prevent from swinging laterally
c. Can be designed as surface sliding, pocket sliding, bypass sliding
d. Main advantage – Eliminates door swing that might interfere with use of interior space
e. Pocket sliding door slides into wall assembly – Frequently used in residential units
f. May be used for elevators, power-operated doors in storefront entrances, fire doors used to protect openings not part of means of egress
g. Never allowed as part of means of egress – Slow travel of people through door opening
5. Folding doors

a. Hung from overhead track with rollers or guides similar to sliding door
b. Can be bifolding or multifolding
c. May be found in residential occupancies, places of assembly to divide large conference areas into smaller rooms, as horizontal fire doors
d. Horizontal fire-door assemblies must meet very specific requirements, be tested, listed for use in means of egress
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Vertical doors

a. If opens in vertical plane known as overhead door – Often found in industrial occupancies
i. Can be simple single leaf that is raised in vertical guides along edge of doorway – Can consist of two or more horizontal panels
ii. May consist of interlocking metal slats – Commonly used in factories and warehouses
b. Usually provided with some type of counterbalance to help overcome weight of door – May be weights or springs
c. Can be raised manually, mechanically via chain hoist, power operated
7. Revolving doors

a. Constructed with three or four sections or wings that rotate in circular frame
i. Designed to minimize flow of air through door opening to reduce heating/cooling costs
ii. Prevents movement of hose or equipment into building – Presents problem for firefighters
iii. Crowd of people attempting to flee cannot move through as quickly
b. Wings designed to collapse under pressure and provide unobstructed opening in emergency conditions
i. Old models hold wings in place with chain keepers or stretcher bars between wings

ii. New models use spring-loaded, cam-in-groove hardware

iii. Most employ collapsing mechanism that allows wings to open in book-fold position when pushed in opposite directions

c. Can be classified by style, construction material
i. Material influences effectiveness as fire barrier, degree to which door can be pushed in emergency

ii. Wood – May be panel or flush designs, may contain glass components

iii. Metal – Most used aluminum or carbon steel; may also be stainless steel, bronze, copper

iv. Other – May be manufactured with veneer of hardboard, fiberglass, or plastic

8. [image: image62.png]Wood panel and flush doors are
constructed using similar components.
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Wood panel and flush doors

a. Panel door 
i. Consists of vertical and horizontal members that frame rectangular area
ii. Thin panels of wood, glass, or louvers placed in framed rectangular area

b. Flush door – Also known as slab door
i. Consists of flat face panels that are full height and width of door

ii. Panels attached to solid or hollow core

iii. Can be designed with openings to accommodate glass vision panels or ventilation louvers

iv. In past, constructed of one solid piece or slab of wood

v. Modern construction is wood components finished to present smooth, unbroken surface on both sides

c. Solid-core doors – Formed with interior core of laminated blocks of wood, particleboard, or mineral composition
i. Core covered with two or three layers of surface material, usually plywood

ii. If intended for exterior application where security is concern – Layer of sheet metal may be attached to exterior surface to increase resistance
d. Hollow-core door – Constructed with spacers between face panels to provide lateral support
i. Spacers consist of grid or honeycomb of wood, plastic, or fiberboard

ii. Less expensive, lighter than solid-core

iii. Have minimal thermal or sound-insulating value

iv. Usually used for interior applications

e. Fire barriers
i. Solid-core better than either panel or hollow-core

ii. Can act as significant barrier to fire if closed at time if fire even if not specifically designed as fire door
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Glass doors

a. Used for both exterior and interior applications
b. Found in almost all occupancies
c. Can be either framed or frameless
i. Frameless – Consists of single sheet of glass to which door hardware is attached

ii. Framed – Glass is placed within, surrounded by metal or wood frame with require hardware attached to frame

d. Building codes require to be made of tempered glass that resists breakage
e. May be made of plastics such as Lexan® or Plexiglas®
10. Metal doors

a. Hollow metal can be either panel or flush, normally 1¾ inches (45 mm) thick
b. Flush consists of smooth metal face panels 1/20 inch (1 mm) thick
i. Vertical sheet metal ribs within door spaced 6 to 8 inches (150 mm to 200 mm) apart separate face panels

ii. Sound-deadening material can be placed between ribs

iii. Aluminum flush door usually has core of hardboard and honeycomb-patterned paper

c. Can be constructed of heavy corrugated steel
i. Steel frame supports one or two corrugated sheets

ii. Has interior core material such as Styrofoam®
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Fire doors

a. Protect openings in fire-rate walls
b. When properly maintained and operated, very effective at limiting spread of fire and total fire damage
c. Differ from ordinary doors in construction, hardware, extent to which they may close automatically
d. To qualify as rated fire door
i. Entire assembly must pass test by third-party testing agency – Includes door, hardware (hinges, latches, locks, etc), door seal, frame

ii. Assembly certified as single unit for specified time

iii. Identified by label 

(a) Includes door type, hourly rating, identifying logo of testing laboratory

(b) May be painted over in course of building maintenance

e. Construction and operation depends on type of occupancy, amount of space around door opening, required fire-protection rating for door
i. Most constructed of metal, may roll, slide, swing into place when released

ii. Special types available for freight and passenger elevators, service counter openings, security, dumbwaiters, chute openings

f. Rolling steel fire doors 
i. Overhead rolling door commonly used to protect opening in fire wall at industrial occupancy or wall separating buildings into fire areas

ii. May be used on one or both sides of opening

iii. Cannot be used on any opening required to be part of means of egress

iv. Constructed of interlocking steel slats with other components – Releasing devices, governors, counterbalance mechanism, wall guides

v. Ordinarily closes under force of gravity when fusible link melts – Motor driven available
g. Horizontal sliding fire doors
i. Often found in old industrial buildings

ii. Usually held open by fusible link – Slide into position along track by gravity or force of counterweight

iii. Constructed with several different materials

iv. Cannot be used to protect openings in walls required as parts of means of egress

v. Common type is metal-covered, wood-core

(a) Core provides thermal insulation, sheet metal protects wood from fire

(b) Vent hole usually provided in sheet metal to vent gases of wood decomposition

(c) Metals used – Steel, galvanized sheet metal, terneplate (metal composed of tin and lead)

(d) Terneplate doors may be called tin-clad doors – Metal used is not pure tin
h. Swinging fire doors
i. Commonly used in stairwell enclosures or corridors that require fire door
ii. Disadvantage of requiring clear space around door to ensure closure

iii. Must remain closed when fire occurs to perform function

iv. Can be either automatic or self-closing

(a) Automatic – Normally held open, closes automatically when operating device activated

(b) Self-closing – Normally closed, will return to closed position if opened and released

v. To close detection device must first sense fire or smoke from fire

(a) Simplest device is fusible link that melts from heat of fire

(i) Advantages – Inexpensive, relatively rugged, easy to maintain

(ii) Disadvantages – Depends on heat from fire to operate, slower to operate than devices that react to smoke

(b) Smoke detector device

(i) Advantages - Door closes more quickly, permits easy testing of fire door

(ii) Disadvantages – Costs more, requires periodic cleaning, must be properly positioned 

K. [image: image65.png]Window construction uses the same
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Windows
1. Construction

a. Frame – Members that form perimeter of window, fixed to surrounding wall or other supports
b. Sash – Framed unit that may be included within window frame, may be fixed or movable
c. Frame – Composed of sill, side jamb, head jamb
d. Sill – Lowest horizontal member of window frame, supports weight of hardware and sash
e. Glass – Known as glazing
i. May be single-, double-, or triple-glazed – One thickness of glass, two thicknesses separated by inert gas, or three thicknesses separated by voids filled with gas

ii. May have retracting shades located in void

2. [image: image66.png]Movable windows come in a variety of
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Fixed windows – Nonoperable 
a. Consists of frame, glazed stationary sash
b. Used alone or in combination with movable 
c. May be called display windows, picture windows, deadlights
d. May be found in many applications – Over and around doors, in skylights, residential applications, fronts of retail shops
3. [image: image67.png]Movable windows come in a variety of
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Movable windows – Operable 
a. Double-hung
i. Has two sashes that can move past each other in a vertical plane
ii. Commonly used in residential occupancies 

iii. Balancing devices consisting of counterweights, springs, or a spring-loaded coiled tap hold movable sashes at desired position 

b. Single-hung
i. Has only one sash openable
ii. Balancing devices consisting of counterweights, springs, or spring-loaded coiled tap hold movable sash at desired position

c. [image: image68.png]Movable windows come in a variety of
styles, depending on the structure’s
requirements.
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Casement
i. Has side-hinged sash that is usually installed to swing outward 

ii. May contain one or two operating sashes

iii. Can be opened fully by unlatching and pushing or using mechanical window crank for ventilation

d. Horizontal sliding
i. Has two or more sashes of which at least one moves horizontally within window frame 

ii. In three-sash design, middle sash is usually fixed; in two-sash unit, one or both sashes may be movable

e. [image: image69.png]Movable windows come in a variety of
styles, depending on the structure’s
requirements.
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Awning
i. Has one or more top-hinged, outward-swinging sashes that are opened by unlatching and pushing or using mechanical window crank 

ii. Permits the window to be open during rain

iii. Hopper windows similar in design to awning windows except are hinged at bottom.

f. Jalousie 
i. Includes large number of narrow overlapping glass sections swinging outward 

ii. Individual pieces of glass are about 4 inches (100 mm) in width – Glass sections are supported at ends by an operating mechanism 

iii. Popular architecturally because amount of opening can be varied for ventilation without admitting rain 
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Projecting
i. Swings outward at top or bottom and slides upward or downward in grooves

ii. Usually is operated by push bar that is notched to hold window in place

h. Pivoting
i. Has sash that pivots horizontally or vertically about a central axis 

ii. Part swings inward and part swings outward when it is opened

iii. Provides full area of the window opening for ventilation
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Security

a. May provide access point to intruders – Means may be provided to increase security
i. Metal bars or screens may be fastened to exterior of window frame or building itself
ii. Metal bars may be fastened to building, embedded in masonry, mounted on hinges and locked with padlocks or other locking devices

b. Security windows available with movable sashes and fixed bars so windows can be open for ventilation while maintaining security
c. In emergency situation
i. Bars or grilles can prevent escaped of trapped occupants or firefighters, can slow access time

ii. Remove or disable to ensure firefighter safety in case of rapid egress
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Review Question: In what ways can building components impact fire suppression efforts?
See pages 158-189 of the manual for answers.
Section V: Summary and Review

V.
SUMMARY AND REVIEW
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Chapter Summary

1. Your safety when fighting fire depends on your ability to know how the building will contribute to and even control the spread of fire.
2. You must also understand the effect fire and heat have on structural components and materials to be able to anticipate results.

M. Review Questions

1. What impact can fire have on common building materials? (134-142)
2. How are different construction classifications affected by fire suppression? (144-151)
3. What are the main types of occupancy classifications? (151-157)
4. In what ways can building components impact fire suppression efforts? (158-189)
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