ARKANSAS  FIRE  ACADEMY

FIREFIGHTER  I  AND  FIREFIGHTER  II

LESSON PLAN, PART II, TEACHING GUIDE

BUILDING  CONSTRUCTION

___________________________________________

FIRE  AND  EMERGENCY  EQUIPMENT  ADVERTISERS

___________________________________________

 ARKANSAS  FIRE  ACADEMY

FIREFIGHTER  I  AND  FIREFIGHTER  II

LESSON PLAN, PART II, TEACHING GUIDE

BUILDING CONSTRUCTION

INTRODUCTION







Time:  5 Min.
ATTENTION:

Fire-safe construction can only become a reality when it begins on the drafting board.  Unfortunately, buildings are often designed without regard for fire safety, leaving those responsible for fire suppression vulnerable.  Because safety is paramount in fire fighting operations, all firefighters need to have a thorough understanding of building construction.

REVIEW:

In our last lesson, we discussed Loss Control.

OVERVIEW:

In this lesson, we will discuss construction terminology, various building characteristics, and general fire behavior and safety concerns associated with building construction.  We will also look at dangerous and hazardous building conditions created by fire and fire suppression activities, effects of fire and fire suppression on building materials, and indicators of building collapse and hazards associated with truss and lightweight construction.

MOTIVATION:

Fire fighting and its tactics are constantly being challenged due to various conditions and environments created by building construction materials and designs.  Although, newer buildings are more likely to have fire-safe construction, most building construction components increase the chances of firefighter injury or death.  To prevent fireground mishaps firefighters must understand how different features of a building can serve or hinder suppression operations.

TRANSITION:

Let’s begin our lesson by discussing construction terminology and various building characteristics.

BODY








TIME:  5 Hr.  50 Min.

PRESENTATION:

18. BUILDING CONSTRUCTION

a. Without reference, define construction terminology, the types of construction, and safety concerns with each type of building construction with an overall minimum 70% accuracy.

(1) Types of Building Construction

(a) Construction classifications are based on:

1 The type of materials used in the construction.

2 The fire-resistance rating requirements of certain structural components.

(b) Five Construction Classifications

1 Type I (fire resistive) construction.

a Provides structural integrity during a fire.

b Structural members, including walls, columns, beams, floors, and roofs are made of noncombustible or limited combustible materials.

c Fire-resistive compartmentation provided by partitions and floors tend to retard fire spread through the building.

d Allows time for occupant evacuation and interior fire fighting.

e Primary hazards are the contents of the structure.

f In this type of construction, firefighters are able to launch an interior attack with greater confidence than in buildings that are not fire resistant.

g Confinement of the fire to a certain area can be compromised by openings in partitions and improperly designed and dampered heating and air-conditioning systems.

2 Type II (noncombustible or limited combustible) construction.

a Similar to fire-resistive construction except that the degree of fire resistance is lower.

1 Has a fire-resistance rating on all parts of the structure to include exterior and interior load-bearing walls and building materials.

2 Materials with no fire-resistance rating may be used in limited quantities.

b Fire protection concerns:

1 Building contents.

2 Heat buildup from a fire can cause structural supports to fail.

c Potential problem:

1 The type of roof on the building.

2 Often have flat, built-up roofs that contain:

a Combustible felt.

b Insulation.

c Roofing tar.

3 Fire extension to the roof can eventually cause the entire roof to become involved and fail. 

3 Type III (ordinary) construction.

a Exterior walls and structural members of noncombustible or limited combustible materials.

b Interior structural members, including walls, columns, beams, floors, and roofs are completely or partially constructed of wood.

c Wood used in these members is of smaller dimensions than those required for heavy timber construction.

d Primary fire concerns:

1 The problem of fire and smoke spreading through concealed spaces between:

a Walls.

b Floors.

c Ceiling.

2 Heat may be conducted to these concealed space through finish materials such as:

a Drywall.

b Gypsum board.

c Plaster.

3 Heat can also enter the concealed spaces through holes in the finish materials.

4 Heat, smoke, and gases may then spread to other parts of the structure.

5 If enough heat is present, fire may burn within concealed spaces and feed on combustible construction materials in the spaces.

6 These hazards can be reduced considerably by placing firestops inside these spaces.

4 Type IV (heavy timber) construction.

a Exterior and interior walls and their associated structural members are made of noncombustible or limited combustible materials.

b Other interior structural members, including beams, columns, arches, floors, and roofs, are made of solid or laminated wood with no concealed spaces.

1 This wood must have dimensions large enough to be considered heavy timber.

2 These dimensions vary depending on the particular code being used.

c Type IV construction was used extensively in old:

1 Factories.

2 Mills.

3 Warehouses.

d Rarely used today except occasionally in churches.

e Primary hazards is the massive amount of combustible contents presented by structural timbers and contents of the building.

f Heavy timbers remain stable for long periods under fire conditions but they give off tremendous amounts of heat and pose serious exposure protection problems.

5 Type V (wood-frame) construction.

a Exterior walls, bearing walls, floors, roofs, and supports made completely or partially of wood or other approved materials of smaller dimensions that used in Type IV construction.

b Commonly used to construct the typical single-family residence.

c Presents almost unlimited potential for fire extension within the building of origin and to nearby structures.

d Firefighters must be alert for fire coming from doors or windows extengin to the exterior of the structure.

(2) Effects of Fire on Common Building Materials

(a) Wood

1 Used in various structural support systems.

2 May be used in:

a Load-bearing walls - support structural weight.  Most exterior walls are load bearing.  Some interior walls can also be load bearing. 

b Nonload-bearing walls - do not support structural weight.  Partition walls (simply divides two areas within a structure) are examples of nonload-bearing walls.

3 Reaction of wood to fire conditions depends mainly on two factors:

a Size of the wood.

1 Smaller the size, the more likely it is to lose structural integrity.

2 Smaller pieces can be protected by drywall or gypsum to increase their heat or fire resistance.

3 Larger pieces of wood retain much of their original structural integrity even after extensive fire exposure.

b Moisture content of the wood.

1 Affects the rate at which it burns.

2 Wood with high moisture content doesn't burn as fast as wood that has been cured or dried.

3 Fire retardants

a May be added to wood to reduce the speed at which it ignites or burns.

b Are not always totally effective in reducing fire spread.

4 Water used as an extinguishing agent

a Doesn't have a substantial negative effective on the structural strength of wood construction materials.

b Applying water minimizes damage by stopping the charring process which reduces wood's strength.

5 To ascertain structural integrity, check wood studs and structural members for charring.



(b) Masonry

1 Includes bricks, stones, and concrete.

2 Commonly used for fire wall assemblies (all components needed to provide a separating fire wall that meets the requirements of a specified fire-resistance rating).

a Components include the wall structure, doors, windows, and any other opening protection.

b May be used to separate two connected structures and prevent the fire from spreading from on structure to the other.

c Can also divide large structures into smaller portions, containing a fire to one particular portion of the structure.

3 Cantilever walls - free standing walls commonly found on large churches and shopping centers.

4 Block walls

a May be load bearing.

b Most brick and stone walls are veneer walls, which are decorative and usually attached to the outside of some type of load-bearing frame structure.

5 Masonry is minimally affected by fire and exposure to high temperatures.

a Bricks rarely show any signs of loss of integrity or serious deterioration.

b Stones may spall or lose small portions of their surface.

c Blocks may crack but usually retain most of their strength and structural stability.

d Mortar between bricks, blocks and stones:

1 May be subject to more deterioration.

2 Should be checked for signs of weakening.

6 Rapid cooling

a May occur when water is used as an extinguishing agent.

b May cause bricks, block or stone to spall and crack.

1 Common problem when using water to extinguish chimney flue fires.

2 Water causes flue liner or firebricks to crack.

c Masonry products should be inspected for signs of this damage after extinguishment has been completed.

(c) Cast Iron

1 Rarely used in modern construction.

a Typically found only in older buildings.

b Commonly used as an exterior surface covering (veneer wall).

2 Stands up well to fire and intense heat situations.

3 May crack or shatter when rapidly cooled with water.

4 Primary concern:

a Bolts or other connections can fail.

b Causing large, heavy sections of metal to come crashing down.

(d) Steel 

1 Primary material used for structural support in modern building construction.

2 Steel structural members elongate (stretch) when heated:

a 50 ft beam may elongate as much as 4 inches when heated from room temperature to about 1,000o F.

b If restrained from movement at the ends, it buckles and fails somewhere in the middle.

3 The failure of steel structural members can be anticipated at temperatures near 1, 000o F.

a Temperature at which a steel member fails depends on may variables:

1 Size of the member.

2 Load it is under.

3 Composition of the steel.

4 Geometry of the member.

4 From a firefighting perspective, firefighters:

a Must be aware of the type of steel members used in a particular structure.

b Need to determine how long the members have been exposed to heat.

c Should consider that elongating steel can push out load-bearing walls and cause collapse.

d Water can cool member reducing the risk of:

1 Failure.

2 Collapse.

(e) Reinforced Concrete

1 Concrete internally fortified with steel reinforcement bars or mesh, giving the  material the compressive strength of concrete and the tensile strength of steel.

2 Does not perform well under fire conditions:

a Loses strength.

b Spalls.

3 Heating may cause failure of the bond between the concrete and the steel.

4 Firefighters should look for cracks and spalls in reinforced concrete surfaces that indicate:

a Damage has occurred.

b Strength may be reduced.

(f) Gypsum

1 An inorganic product from which plaster and plasterboards are constructed.

a Has a high water content which requires a great deal of heat to evaporate.

b Has excellent heat-resistant, fire-retardant properties.

2 Commonly used to provide insulation to steel and wood structural members less adapted to high heat situations.

3 In areas where gypsum has failed, structural members behind it will be subjected to higher temperatures and could fail.

(g) Glass/Fiberglass

1 Glass

a Not typically used for structural support.

b Used in sheet form for doors and windows.

c Wire reinforced glass may provide some thermal protection.

d Conventional glass is not an effective barrier to fire extension.

e Heat glass may crack and shatter when struck by a cold fire stream.

2 Fiberglass

a Typically used for insulation purposes.

b Glass component is not a significant fuel.

c Materials used to bind the fiberglass may be combustible and can be difficult to extinguish.

(3) Firefighter Hazards Related to Building Construction

(a) Primary Objectives of Understanding Building Construction and Materials Principles

1 To apply that information to the fireground.

2 Monitor building conditions for signs of structural instability.

3 Any problems noted should be reported to incident command personnel.

(b) Dangerous Building Conditions

1 Two primary types of dangerous conditions

a Those that contribute to the spread and intensity of the fire.

b Those that make the building susceptible to collapse.

2 Fire Loading

a Fire load - the maximum heat that can be produced if all combustible materials in a given area burn.

b Heavy fire loading - the presence of large amounts of combustible materials in an area of a building.

c Arrangement of materials in a building

1 Directly affects fire development and severity.

2 Must be considered when determining the possible duration and intensity of a fire.

d Heavy content fire loading

1 One of the most critical hazards in commercial and storage facilities.

2 May quickly override the capabilities of a fire sprinkler system (if present).

3 May cause access problems for fire fighting personnel.

e Most effective defense against these hazards is proper inspection and code enforcement procedures.

3 Combustible Furnishings and Finishes

a Contribute to fire spread and smoke production.

b Major factors in the loss of many lives in fires.

c Most effective defense against these hazards is proper inspection and code enforcement procedures.

4 Roof Coverings

a Final outside layer that is placed on top of a roof assembly.  Includes:

1 Wood and composite shingles.

2 Tile.

3 Slate.

4 Tin.

5 Asphaltic tar paper.

b Combustibility of roof surfaces is a basic concern to the fire safety of an entire community.

1 Some of earliest fire regulations in U.S. related to combustible roof-covering issues.

2 These roof coverings caused several conflagrations.

c Wood shake shingles

1 Even when treated with fire retardant, can significantly contribute to fire spread.

2 A particular problem in wildland/urban interface fire situations.

3 Must use aggressive exposure protection tactics.

5 Wooden Floors

a Wood framing, floors and ceilings also contribute to a building's fire load.

b Prolonged exposure to fire may weaken them and increase the chances of collapse.



6 Large, Open Spaces

a Contribute to the spread of fire throughout a building.

b May be found in:

1 Warehouses.

2 Churches.

3 Large atriums.

4 Common attics or cocklofts.

5 Theaters.

c Proper vertical ventilation is essential for slowing the spread of fire.

7 Building Collapse

a Results from damage to the structural system of the building caused by the fire or fire fighting operations.

b Some buildings, because of their construction and age, are more inclined to collapse than others.

1 Buildings with lightweight or truss construction.

2 Older buildings that have been exposed to weather and have been poorly maintained.

3 Wooden structural components in older structures may dehydrate to the point that their ignition temperature decreases and their flame spread characteristics increase.

4 Information on building age and construction type

a Should be obtained when conducting inspections.

b Documented in pre-incident plans.

c The longer a fire burns in a building, the more likely it will collapse.

1 Fire weakens structural support system until it cannot hold the weight of the building.

2 Time it takes for this to happen varies with:

a Fire severity.

b Type of construction.

c Presence or absence of heavy industrial machinery on upper floors or on the roof.

d General condition of the building.

d Indicators of building collapse:

1 Cracks or separations in walls, floors, ceilings, and roof structures.

2 Evidence of existing structural instability such as tie rods and stars that hold walls together.

3 Loose bricks, blocks, or stones falling from the building.

4 Deteriorated mortar between masonry.

5 Walls that appear to be leaning.

6 Structural members that appear distorted.

7 Fire beneath floors that support heavy machinery or other extreme weight loads.

8 Prolonged fire exposure to structural members.

9 Unusual creaks and cracking noises.

10 Structural members pulling away from walls.

11 Excessive weight of building contents.

e Fire fighting operations also increase the risk of building collapse.

1 Improper vertical ventilation can result in cutting structural supports.

2 Water used to extinguish a fire adds extra weight to a structure.

f Immediate safety precautions if building collapse is imminent or even possible.

1 All personnel operating within should immediately evacuate.

2 Collapse zone should be set up around the building's perimeter.

a Zone should be equal to one and a half times the building's height.

b No personnel or apparatus should be allowed to operate in the zone except to place unmanned master stream devices.

c One these devices are in place, personnel should immediately retreat to an area outside the collapse zone.

(c) Lightweight and Truss Construction Hazards

1 Lightweight construction 

a Most commonly found in:

1 Houses.

2 Apartments.

3 Small commercial buildings.

b Two most common types:

1 Lightweight metal trusses / lightweight steel trusses are made from a long steel bar that is bent at a 90-degree angle with flat or angular pieces welded to the tope and bottom.

2 Lightweight wood trusses

a Constructed of 2- x 3- or 2- x 4-inch boards that are connected by gusset plates.

b Gusset plates - small metal plates (usually 18 to 22 gauge metal) with prongs that penetrate about 3/4 inch into the wood.

3 Lightweight metal and wood trusses will fail after 5 to 10 minutes of exposure to fire.

a Steel trusses - 1,000oF is the critical temperature.

b Gusset plates in wood trusses will fail early when exposed to heat.

c Trusses may be protected with fire-retardant treatments, however most are not protected at all.

4 Wooden I beams

a Also used in lightweight construction.

b Have fire characteristics similar to wood trusses.

c Similar precautions should be used.

5 Bowstring trusses

a Found in virtually every community.

b Used in buildings with large open spaces such as:

· Car dealerships.

· Bowling alleys.

· Factories.

· Supermarkets.

c Often easily denoted by their rounded appearance, though many appear otherwise.

6 All trusses are designed to work as an integral unit.

a Some are in tension (vertical and horizontal stresses that tend to pull things apart).

b Others are in compression (vertical and horizontal stresses that tend to press things together).

c One thing common to all trusses - if one member fails, the entire truss is likely to fail.

d Once an entire truss fails - usually the truss next to it fails.

e Domino principle soon takes over until total collapse occurs.

7 Truss-containing buildings exposed to fire conditions for 5 to 10 minutes

a Should not be entered.

b Crews should not go onto the roofs.

(d) Construction, Renovation, and Demolition Hazards

1 Risk of fire rises sharply when construction, renovation, or demolition is being performed on a building.

a Contributing factors brought by building contractors and their associated equipment:

1 Additional fire load.

2 Ignition sources.

a Open flames from torches.

b Sparks from grinding or cutting processes.

2 Buildings under construction

a Subject to rapid fire spread when partially completed.

1 Many protective features like plasterboard are not yet in place.

2 Exposed wood framing 

3 Lack of doors or other measures that would normally slow fire spread.

3 Buildings being renovated, demolished or abandoned

a Also subject to faster than normal fire growth.

b Potential problems:

1 Breached walls.

2 Open stairwells.

3 Missing doors.

4 Disabled fire protection systems.

c Potential for sudden building collapse during fire condition is a serious consideration.

d Arson is a factor at construction or demolition sites because of easy access into the building.

e Renovating old building is becoming more popular.

1 Due to rising costs of new construction.

2 Hazardous situations may arise because occupants and their belongings may remain in the building while construction continues.

3 Fire detection or alarm systems may be taken out of service.

4 Exits can easily be blocked:

a Debris.

b New construction materials.

c Equipments.

5 Block exits prevent the egress of persons from the building in an emergency.

CONCLUSION







Time:  5 Min.

SUMMARY:
In this lesson we discussed construction terminology, various building characteristics, and general fire behavior and safety concerns associated with building construction.  We also looked at dangerous and hazardous building conditions created by fire and fire suppression activities, effects of fire and fire suppression on building materials, and indicators of building collapse and hazards associated with truss and lightweight construction.

REMOTIVATION:

Although, newer buildings are more likely to have fire-safe construction most building construction components increase the chances of fire fighter injury or death.  To prevent fireground mishaps firefighters must understand how different features of a building can serve or hinder suppression operations

ASSIGNMENT:

N/A.  Continue with the next lesson.

CLOSURE:

Unfortunately, buildings are often designed without regard for fire safety leaving those responsible for fire suppression vulnerable.   Because safety is paramount in fire fighting operations, all firefighters need to have a thorough understanding of building construction.
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