LESSON 13 

BUILDING CONSTRUCTION

OUTLINE

Objectives

Introduction

Types of Building Construction (NFPA 1001: 3-3.11)

Mechanics and Materials of Building Construction (NFPA 1001: 
3-3.9, 3-3.11, 4-3.2)

Fire Effects on Common Building Construction Materials (NFPA 1001: 3-3.11, 4-3.2)

Occupancy versus Type of Construction

Hazards Associated with Structure Fires (NFPA 1001: 3-3.9, 
3-3.11, 4-3.2)

Lessons Learned

Key Terms

Review Questions

Suggested Readings

CLASS ASSIGNMENT

Prior to this lesson:
Read Firefighter's Handbook, Chapter 13, 
pages 321-344

Length:
3 hours

Equipment/Supplies:
Course outline


Transparency masters--Chapter 13


PowerPoint Presentation--Chapter 13


Overhead projector, slide projector, or LCD display

OBJECTIVES

After completing this lesson, students should be able to:

· List and define five types of building construction.

· List and define five items that are structural members.

· Identify five effects fire has on common building materials.

· Identify three hazards during fire suppression operations in buildings with truss construction.

· List five hazards of building construction associated with fire suppression operations.

· List five indicators of structural failure or collapse during fire suppression operations.

INTRODUCTION

Firefighter's Handbook, pages 323-324

Time: 15 minutes
Key Points

· For successful fire suppression strategy and tactics, the firefighter must have a knowledge and understanding of building construction.

· It is important to be aware that the firefighter may not always know what construction alterations have been made to a structure when trying to fight a fire.

· Many firefighters have lost their lives working inside structures.

· Firefighters need to develop a better understanding of how these things called "structures" operate.

· There is one constant: firefighters often die as a result of structural failure during fire scene operations.

· Fire-resistance ratings, occupancy classifications, and means of egress are essential building code provisions that allow a building occupant time to escape.

· Firefighters must understand that the time limits for fire-resistive constructions are established in a laboratory.

· Once assembled as a building, these elements burn differently in the real-world setting.

· The laboratory ratings of relatively small samples of building units cannot be relied on in real-life fire situations.

TYPES OF BUILDING CONSTRUCTION

Firefighter's Handbook, pages 324-331

Time: 30 minutes
Key Points

· The definitions of building construction have relatively universal applications in the United States.

· Firefighters must check with the building officials or code used to determine building construction.

· Many buildings include several types of construction, some or all of which may not conform in dangerous details to the five standard categories.

· Instructor's note: Refer students to page 325 in the Firefighter's Handbook for a chart on Types of Construction from NFPA 220.

Type I: Fire-Resistive Construction

· This type of structure has structural members of approved noncombustible or limited combustible materials with a rating to withstand the effects of fire and prevent its spread.

· These construction elements are steel encased in a large mass of reinforced concrete to provide protection from the effects of fire.

· The fire-resistive requirements for this type of construction are 3 to 4 hours, depending on the specific structural member.

Type II: Noncombustible Construction

· These structures are those that do not qualify as Type I constructions.

· Noncombustible buildings may have many combustible features.

· Noncombustibility does not indicate any designed resistance to collapse.

· Protected noncombustible structures have certain columns and beams protected to keep the sprinkler system from collapsing.

Type III: Ordinary Construction

· In this type of structure, the exterior walls and structural members that are portions of exterior walls are of approved noncombustible or limited combustible materials.

· Interior structural members are entirely or partially made of wood.

Type IV: Heavy Timber Construction

· In this type of construction, the exterior and interior walls are structural members with portions of the walls made of approved noncombustible or limited combustible materials.

· Other interior structural members shall be made of solid or laminated wood without concealed spaces.

Type V: Frame Construction

· This type of construction has the exterior walls and interior structural members entirely or partially made of wood or other approved combustible material.

· The material is smaller than the requirements for Type IV construction material.

Factory-Built Construction

· Factory-built construction, usually mobile or modular residences, may be considered Type V wood frame construction.

· To get an educated understanding, one has to look further into code requirements and building construction principles and practices.

· Buildings with Type I construction are required to have a fire-resistance rating of 2 to 4 hours.

· To protect structural steel, concrete, masonry, or gypsum products are utilized to help the steel last the required time.

· Type II constructions are also noncombustible, but without the 3- to 4-hour fire resistance rating requirements.

· When Type II constructions require a 1-hour rating, this is accomplished through a spray-on coating or gypsum board.

· Type III constructions usually consist of exterior masonry walls.

· The thickness of the walls is based on the required fire-resistance rating.

· Modern styles of Type III structures may be seen in "strip malls" and consist of lightweight materials, such as engineering wood trusses.

· Type IV construction consists of masonry load-bearing walls that are 12 to 24 inches thick.

· The interior structural members are made of wood.

· The most common type of heavy timber construction is seen in mill-type constructions.

· Modern styles of Type IV construction are masonry wall structures and laminated wood members found in churches and gymnasiums.

· Type V construction is the most common type of construction firefighters deal with.

· Wood framing is done in several ways.

· Balloon and western/platform are the two most common types of wood framing.

· Balloon frame constructions have vertical channels going from floor to floor, allowing fire to travel uninterrupted.

· In a western, or platform, frame construction, each level or story is built on a platform providing fire stopping.

· Another type of wood frame construction is post and beam.

MECHANICS AND MATERIALS OF BUILDING CONSTRUCTION

Firefighter's Handbook, pages 332-333

Time: 30 minutes
Key Points

· Firefighters need a basic understanding of how a building works.

· The engineering design of a structure is what makes the building stay in place for its life expectancy.

· The weight of the building and the weight the structure must be able to resist is called loading.

· There are various types of loads that firefighters should be familiar with:

· Concentrated load--A load applied to a small area.

· Dead load--The weight of the building materials and any part of the building permanently attached or built-in.

· Design load--A load the engineer planned for or anticipated in the building design.

· Undesigned load--A load neither planned for nor anticipated.

· Distributed load--A load applied equally over an area.

· Fire load--All the parts or contents of a building that will burn.

· Live load--The weight of all material and people associated with but not part of a structure.

· Impact load--A load that is in motion when it is applied.

· Axial load--A load passing through the center of the mass of the supporting element, perpendicular to its cross section.

· Eccentric load--A load perpendicular to the cross section of the supporting element that does not pass through the center of mass.

· Torsion load--A load parallel to the cross section of the supporting member that does not pass through the long axis.

· Compression--A force that tends to push materials together.

· Tension--A force that pulls materials apart.

· Shear--A force that tends to break materials by causing its molecules to slide past each other.

· A building is designed to allow for these loads and the forces that they create to pass through the structure to the foundation.

· All structures resist failure under normal conditions. However, under fire all structural members will weaken and fail.

· Construction type, building age, safety factors incorporated in the design, structural alterations, previous damage, and the length of time the building is exposed to fire determine the amount of time before structural failure.

FIRE EFFECTS ON COMMON BUILDING CONSTRUCTION MATERIALS

Firefighter's Handbook, pages 334-336

Time: 25 minutes
Key Points

· Steel, concrete, masonry, and wood are the basic materials used for structural support and finishes.

Steel

· Steel is a mixture of carbon and iron ore heated and rolled into structural shapes that have excellent tensile and compressive strengths.

· The primary use of steel is for structural members such as beams, girders, large trusses, lintels, and columns.

· Steel loses its strength as temperatures increase.

· Steel is also an excellent conductor of heat.

Concrete

· Concrete is a mixture of portland cement, sand, gravel, and water that has excellent compressive strength when it cures.

· Because of its dense mass, concrete is often used as a fire-resistive protection for structural steel.

· All concrete contains some moisture and continues to absorb moisture as it ages.

· The moisture expands as it reacts to fire and the heat causes the concrete to crack or spall.

· Concrete tends to absorb and contain heat rather than conduct it.

Masonry

· Masonry is a common term that usually refers to brick, concrete block, and stone work.

· It may be used either as a veneer or as a load-bearing wall.

· Masonry units and the mortar mix have excellent compressive strengths, but the joint and the mortar mix are the weakest part of the wall or unit.

· Mortar joints have little sheer or tensile strength and are subject to failure from lateral loads.

· Masonry load-bearing walls are most commonly found in ordinary construction.

Wood

· Wood is probably the most common building material in use today.

· Wood may be cut and shaped to fix many requirements or glued together to span long distances.

OCCUPANCY VERSUS TYPE OF CONSTRUCTION

Firefighter's Handbook, page 336

Time: 10 minutes

Key Points

· Most buildings, without the effects of weather or human beings, would probably last for an indefinite time period.

· Occupancy creates the fire load. Everything in the building that will burn contributes to the fire.

· Many building codes specify the type of building construction based on occupancy classification, or what the building will be used for.

· Occupancies are commonly broken down into residential, commercial, business, industrial, and educational.

· Each type of occupancy has a number of hazards that the firefighter must understand.

HAZARDS ASSOCIATED WITH STRUCTURE FIRES

Firefighter's Handbook, pages 336-342

Time: 30 minutes
Key Points

· At one time, structural firefighting was classified as the most hazardous occupation in the United States.

· The suburban or rural single-family home may now be a clandestine drug laboratory.

· The increasing costs of construction are forcing design professionals to find lighter and cheaper methods of construction.

· Contractors may take short cuts to save time and money.

· Firefighters face the hazards of structural firefighting from three different arenas:

· Type of construction and conditions that will lead the fire to spread.

· Change in building occupancy.

· Unknown design error, construction mistakes, or alterations.

Structural Collapse

· When responding to an incident, each firefighter must be aware of the potential for a collapse.

· Firefighters must know their response area and look for potential structural failures in all buildings.

Truss Construction

· From an engineering and design standpoint, the truss is a sound structural element.

· For firefighters, this type of construction presents many problems.

· The potential for collapse for a truss structure is always there.

· Regardless of the type of truss construction, they are all dangerous.

· The usual cause of collapse of open web steel joist is the amount of heat generated by the fire in a structure.

· Steel joists are made of lightweight steel, usually angles, and present a large surface area to absorb the heat of a fire.

· When conducting operations in buildings with unprotected steel joists, ventilation and hose stream application are critical.

Wood Trusses

· In addition to wood trusses weakening like steel, they will also burn, adding to the fire load.

· Most wood trusses are built with light-gauge steel gusset plates that penetrate the wood and distort the wood material holding them in place.

· There are also many factors during the handling and construction of trusses that can have an effect on their strength and stability.

Void Spaces

· The use of trusses also creates a large void space in a structure.

· The areas between the top and bottom chords of a truss are open, which allow fire to spread rapidly.

· Wood trusses add to this problem by supplying a large fuel load in the void space.

Roof Structures

· In Type III ordinary and Type V wood frame constructions, the roof style will take various shapes and forms.

· The problems presented by these roof structures are the framing system and void space created.

· Both allow for a large column of fire to develop, causing a structural collapse or fire extension to occupied areas of the structure.

Engineered Wood Structural Members

· These members may be a wood I beam with 2 3 3 inch flanges and a 3_8-inch structure board web.

· This type of structural member is very similar to truss construction because it presents a large combustible surface area and will fail in the early stages of fire.

Parapet Walls

· A parapet is the projection of a wall above the roofline of a building.

· These are usually of masonry construction and commonly found in buildings of Type III construction.

· As a free-standing masonry wall, it has no lateral support and is an extreme collapse hazard.

· Collapse may be caused by the failure of the roof structure, which results in pulling the wall in or pushing it out.

· An external load, such as a sign or electric service reacting on a wall weakened by the fire conditions, may cause the collapse of a parapet.

Synthetic Materials

· Modern construction practices rely heavily on the use of synthetic materials.

· These materials, especially plastics, present a very high fire load.

· Synthetics are found in both interior and exterior finish work, furnishings, and even some structural elements.

· Synthetic materials also produce large amounts of toxic gases.

FIRE-RESISTIVE AND NONCOMBUSTIBLE CONSTRUCTION (TYPES I AND II)

· There are several problems associated with fire suppression in this type of construction:

· Unprotected openings in fire rated assemblies allow smoke and fire to spread vertically and horizontally in the building.

· Fire-resistance rated construction failed when exposed to continuous fire.

· Modern office landscaping adds a large fire load to noncombustible construction.

· Long-duration fires and fires of high intensity will cause structural failure in this type of construction.

· Operations in this type of structure require large numbers of firefighters and special training, tactics, and appliances.

ACTIVITIES

Time: 30 minutes

1.
Ask students to think of items that should be observed upon approaching the scene that may indicate structural failure.

2.
Have students think of structures in their area that may be of concern to firefighters.

3.
Record the students' answers on a dry erase board or on newsprint.

4.
Review the answers with the class.

5.
Ask students if they have any questions.

WRAP-UP

Time: 10 minutes

Key Points

· Firefighters must know and understand building construction.

· There are five common types of construction.

· Truss construction is dangerous to firefighters because trusses collapse under fire conditions.

· Firefighters need to be aware of the numerous hazards associated with structure fires.

Assignment

· Read Chapter 14 in Firefighter's Handbook, pages 345-387

· Optional: Complete Firefighter's Handbook Workbook, Chapter 14

Instructor Preparation

PowerPoint Presentation--Chapter 14

Transparency masters--Chapter 14

Overhead projector, slide projector, or LCD display

Instructor's note: Assistant instructors, floor ladders, an extension ladder, and truck apparatus (if available) will be needed for the ladder skills found in the next lesson.

