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Instructor Guide

	Topic

Time
Materials

Motivation

Objective

Overview

	The Collapse potential of Engineered Wood I-Beam, exposed to fire, presents an extreme danger to firefighters.

Two hours 


Appropriate Audio Visual.  Optional: “Dangers of Engineered Wood I-Beam Construction” video (DVD) in the Firefighter Life Safety Resource Kit, Volume 3.     

Firefighters have been killed when floors supported by Engineered Wood I-Beams have collapsed during the early stages of fire suppression.

The firefighter will demonstrate a general knowledge of the hazards and risks associated with buildings utilizing Engineered Wood I-Beams.

1. Engineered Wood I-Beams 
2. Case Studies of LODD (NIOSH)

3. Pre-incident Identification

4. Hazards & Risks (Risk/Benefit)

5. Operational Decision Making

6. Review 



Engineered Wood I-Beams
· The firefighter shall be able to identify the hazards to firefighters for fires occurring in structures constructed with light weight building components, specifically engineered wood “I” beams. 

· The firefighter shall be able to identify structures that are most likely to be constructed utilizing light weight building components and specifically engineered wood “I” beams.

· The firefighter shall be able to conduct a “Risk/Benefit Analysis” for fires occurring in structures constructed with light weight building components, specifically engineered wood “I” beams. 

· Identify procedures, policies, and practices that can improve the safety of firefighters dealing with fires in structures constructed with light weight building components, specifically engineered wood “I” beams. 

· This drill is aimed primarily at company level officers or firefighters who may be responsible for the initial size-up and directing suppression efforts at building fires. The drill should be conducted as an interactive discussion so that everyone can benefit from the information shared.

I ENGINEERED WOOD I-BEAMS

Engineered wood I-beams are structural components comprising of top and bottom flanges, which may be solid or laminated wood, united with a plywood or Oriented Strand Board (OSB) web of various depths separating them.  They are primarily used for floor systems but can be found in some roof applications. They are manufactured up to 60’ in length for applications where open floor spaces are desired. A cross section resembles the shape of a steel I beam which lead to its name.

A Development

1 First developed in 1969 

2 Cost and performance drove the development of wood I-joists
3 Designed to provide “open” floor spaces
4 Once only considered for “high-end” residential markets
B Prevalence

1 Used in nearly 50% of new residential construction

2 Rising cost of solid sawn lumber has made the wood I-beam floor system affordable.

3 Ease of installation reduces labor cost.

C Hazard

1 The collapse potential of engineered wood I-beams exposed to fire presents an extreme danger to fire fighters.

II CASE STUDIES 

A On August 13, 2006, a 55-year old male career firefighter died after falling through the floor at a residential structure fire.

1 The structure was built in 1999, and was a two-story, single family residence of ordinary construction which encompassed approximately 3,500 square feet of living area above grade and 2,100 square feet below grade. 
2 The floors of the structure involved in this incident consisted of a lightweight wooden parallel-chord truss system and engineered wooden “I” beams
3 The origin of the fire was located in a section of unfinished basement that was approximately 750 square feet.

4 The IC requested the victim and another fire fighter to conduct a primary search of the first floor approximately 7 minutes after arrival of the first Fire Department units. The victim and injured fire fighter finished donning their equipment and made entry through the front door. Both firefighters went to their knees due to zero visibility. They sounded the ceramic tile floor and took one crawling step forward and heard a loud crack and then they both fell through the floor into the basement. The basement area exploded into a fireball when the floor gave way sending them into the basement. The victim fell into the room of origin. 

B On June 25, 2006, a 34-year-old male volunteer Deputy Fire Chief died after falling through a failed section of floor in a residential structure fire.

1 The one-story ranch-style residential structure was approximately 2,000 sq. ft. (main floor) in size, and it was built in 2004 of wood-frame construction. There was a partial unfinished basement of approximately 1,200 sq. ft. The exterior was finished with horizontal vinyl siding. The main level flooring system was comprised of pre-engineered I-joists that measured 26’ in length x 18” deep, with 3 ½” flanges.

2 The victim was the first to arrive on-scene in his POV at approximately 1438 hours. Initial size-up indicated that there was nothing apparent, and the victim radioed to incoming units to slow, but continue their response. (Note: there was heavy rain in the area at this time). After completing his size-up, the victim discovered that the windows in the front of the house were darkened, and upon his opening the front door, heavy smoke rolled out.

3 The victim and another firefighter made entry at the front door with a 1 3/4” pre-connected hand line for search/rescue and to search for the seat of the fire. A section of the floor just to the left of the front door had already given way. Once inside to the right approximately 6 feet, the team realized the floor under them was very hot and “spongy.” At the same time, the conditions inside the structure became untenable, with intensifying heat and “zero visibility” as a result of thick, black smoke. Within 30-45 seconds of making entry, and about 4-5 minutes after arrival, the victim informed the firefighter that they were going to evacuate. 

4 The victim stayed at the front entrance to attack the fire through the hole in the floor just to the left of the entrance and sent the firefighter to retrieve an additional hose line and lights. 

5 An arriving command officer found the hose going down through a hole in the floor just inside the main entrance and discovered the victim had fallen through the hole.

6 The victim was found unresponsive. The initial crew experienced great difficulty in moving the victim. After approximately 20 minutes crews were able to remove the victim. Immediate medical treatment was provided, and an ambulance transported him to the hospital, where he was pronounced dead.

C On January 26, 2007, a 24-year-old male volunteer fire fighter died at a residential structure fire after falling through the floor which was supported by engineered wooden I-beams

1 The structure was built in 2004, and was a two-story, single family residence of ordinary construction which encompassed approximately 2,200 square feet of living area above grade and 2,200 square feet below grade.

2 The floors of the structure involved in this incident consisted of a lightweight wooden truss system of engineered wooden “I” beams. 

3 The victim’s crew had advanced a handline approximately 20 feet into the structure with zero visibility. They requested ventilation and a thermal imaging camera (TIC) in an attempt to locate and extinguish the fire. The victim exited the structure to retrieve the TIC, and when he returned the floor was spongy as conditions worsened which forced the crew to exit. 

4 The victim requested the nozzle and proceeded back into the structure within an arm’s distance of one of his crew members who provided back up while he stood in the doorway. Without warning, 15 minutes after arrival, the floor collapsed sending the victim into the basement. 

5 Crews attempted to rescue the victim from the fully involved basement, but a subsequent collapse of the main floor ceased any rescue attempts. The victim was recovered later that morning.

III PRE-INCIDENT IDENTIFICATION

A New Construction

1 Nearly half of all new residential construction utilize Engineered wood I-beams

2 Engineered wood I-beams and other truss floor components are the norm for wood construction.

3 Residential buildings built after 1990 are suspect for Engineered wood I-beams or some type of truss floor system

(a) Parallel cord

(b) Open web bar joist composite

B Fire Departments should inspect new construction to identify floor construction types. The presence of truss construction and engineered wood I-beams should be recorded.

C The pre-incident plan should be the foundation for decision making during an emergency situation and provides important data that will assist the incident commander in developing appropriate strategies and tactics for managing the incident – NFPA 1620 Recommended Practices for Pre-Incident Planning
D Where possible, Computer Aided Dispatch Systems should include information which can be transmitted to responding personnel to alert of dangerous conditions such as light weight and/or truss construction.

E Fire Departments should work with State and Local Building Code authorities to require markings to indicate the presence of light weight and/or truss construction.

IV HAZARDS & RISKS (RISK/BENEFIT)

A Engineered wood I-beams burn rapidly due to a very high surface-to-mass ratio characteristic of kindling. 

Just as a common truss, engineered wood I-beams substitute geometry for mass to support the intended load. Engineered wood I-beams rely on their depth for stability and allow for a reduction of material (mass) to carry the intended load. A reduction in mass means faster burn time and less time to structural failure.

B Adhesive may fail in heat

Just as a common truss, engineered wood I-beams are dependent on the bonds of its composite parts for stability. Adhesives used in engineered wood I-beams can quickly lose strength and integrity when damaged and weakened by heat exposure and flame impingement.

C Structural integrity can be compromised by improper cutting or “notching” of structural members during construction.

The “engineered” strength of the wood I-beam is dependent on proper installation which may not be assured in construction practice. 

D Greater spans then conventional solid sawn construction.

A distinct building advantage of engineered wood I-beams is they may span up to 60’ with out additional support. This lends itself to faster installation and less costly building material. What this means to fire a fighter is a collapse may involve a larger area or the entire floor. 

E Risk/Benefit 

· Fire fighters will take significant risk to save a known life 

· Fire fighters will take a calculated risk, and provide for additional safety, to save valuable property or reduce the potential for civilian and firefighter injuries 

· Firefighters will take no risk to their safety to save what is already lost. 

There is no benefit to extinguishing a burning truss, including engineered wood I-beams! A burned truss is a ruined truss, there is no repair. Often times the entire floor must be replaced. Fires involving the structural components of buildings built with wood truss systems, including engineered wood I-beams are most often a total loss.

“Aggressive” interior operations in these buildings should be limited to instances where civilian lives are imperiled or where it can be determined that only the contents of the building are on fire (room & contents).

Tactics based on sawn (solid) joist floors will kill fire fighters if used on buildings with truss floors” Brannigan – Building Construction for the Fire Service – 3rd edition

V OPERATIONAL DECISION MAKING

A No reliable time limit exists for how long fire fighters should operate under or on truss floors or engineered wood “I” beams that are exposed to fire.

Fire fighters should never rely solely on time-to-failure data to initiate fire ground procedures. Continual evaluation of the fire ground conditions, with emphasis on size-up and structural integrity, is necessary to ensure that suppression is carried out safely.

B At least three scenarios can occur in which fire fighters suffer fatalities and injuries while operating at fires involving truss roof or floor systems [Dunn, 1992}

1 While fire fighters are operating above a burning roof or floor truss, they may fall into the fire as the sheathing or the truss system collapses below them.

2 While fire fighters are operating below burning truss floor or roof structures, the trusses may collapse onto them.

3 While fire fighters are operating outside a building with burning trusses, the floor or roof may collapse and cause a secondary wall collapse.

C A thermal imaging camera (TIC) can be a useful tool for initial size up and for locating the seat of or extent of a fire.

D Basement fires pose significant risks to firefighters and can be considered a “common dominator” for FF death and injuries

Basements are often unfinished leaving the trusses immediately exposed to direct flame impingement. Unfinished basement lack interior walls that provide for some collateral support.

E Firefighters should not be on top or underneath structural components that are burning.

1 When it is determined that the building’s trusses have been exposed to fire, any fire fighters operating under or above them should be immediately evacuated

F Decision and actions kill firefighters not structural components.

VI REVIEW

Engineered Wood I-Beams

Engineered Wood I-Beams 

Case Studies of LODD (NIOSH)

Pre-incident Identification

Hazards & Risks (Risk/Benefit)

Operational Decision Making

REMOTIVATION:   

A review of case studies through the NIOSH website confirms that firefighters are being killed as a direct result of wooden truss floor systems, including engineered wood I-beams, collapsing during initial suppression activities. Some of these reports indicate collapse in as little as 6 minutes after the arrival of fire suppression forces. The late Francis Brannigan warned us about this danger and we are living his prediction. 

Tactics must change to account for this killer.

Tactics based on sawn (solid) joist floors will kill fire fighters if used on buildings with truss floors” Brannigan – Building Construction for the Fire Service – 3rd edition

	Apply the Drill

(Instructor may use this assignment to assess  comprehension and mastery of skills presented)

References

Additional Resources 


	Most Line-of-Duty-Deaths (LODD) are predictable and preventable. 

Review NIOSH reports of incidents involving floor collapse. Through group discussion, determine what could have been done differently to prevent the LODD.  


NIOSH, Preventing Injuries and Deaths of Fire Fighters 

Due to Truss System Failures. April 2005

Brannigan, Building Construction for the Fire Service, 3rd Edition. 1994

Dunn, Command and Control of Fires and Emergencies, Fire Engineering, 1999

Wood Truss Association – WTCA - http://www.sbcindustry.com/firepro_gateway.php


www.cdc.gov/niosh/fire/
www.sbcindustry.com/firepro_gateway.php
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