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	Operations at Structure Fires
	Related Policies: 

Accountability Procedures; SCBA; Rapid Intervention Teams; ICS; Incident Clock; Water Supply Tactical Options

	This policy is for internal use only and does not enlarge an employee’s civil liability in any way. The policy should not be construed as creating a higher duty of care, in an evidentiary sense, with respect to third party civil claims against employees. A violation of this policy, if proven, can only form the basis of a complaint by this department for non-judicial administrative action in accordance with the laws governing employee discipline.

	Applicable KY Statutes: 

Applicable KY Regulations: 

	OSHA: 29 CFR 1910.156, 1910.134

	NFPA Standard:  1500, 1561

	Date Implemented:
	Review Date:


Purpose:  To establish safe and effective fire suppression and control activities at structure fires
Policy: It is the policy of this department to provide the most advanced, tactically sound, and safest firefighting operations permissible based upon personnel, apparatus, equipment, and resources available at the time of the incident. It is further the policy of this department to conduct firefighting operations in a manner that recognizes hazards and prevents accidents and injuries.
Scope:  This Standard Operating Procedure (SOP) applies to all personnel operating at structure fires, except for fires for which there is a specific SOP, such as for high rise fires.
Definitions
Company: An engine company, ladder company, water tanker/tender, hose company, brush or wildland company, rescue (heavy rescue, squad) company or emergency medical services (EMS) unit. A company includes the apparatus and the personnel responding on the apparatus. 


Company officer: The officer, acting officer, or senior member in charge of a company or crew.


Crew: A team of members without an apparatus, under the command of a company officer assigned to work together at an incident scene. Crew sizes shall range from three to a maximum of eight members, including the company officer.


Early Stages: That period of time in an emergency prior to the arrival of companies beyond the first alarm assignment.  The “early stages” ends with the arrival of resources not initially dispatched, including special signal or second alarm companies.


Hazardous Area: The area where members might be exposed to a hazardous atmosphere.


Hazardous Atmosphere: Any atmosphere that is oxygen deficient or that contains a toxic or disease producing contaminant


Imminent life-threatening situation: Circumstances where immediate action could prevent the loss of life or serious injury


Initial rapid intervention team: At least two members on scene and available for the rescue of a member or a crew if the need arises


Initial Stages: That period of time in an emergency incident prior to the arrival of a second company/crew on scene


Rapid Intervention Team (RIT): At least four personnel supervised by a company officer, fully equipped with appropriate protective clothing, SCBA and such other specialized equipment as are necessary given the specifics of the operation, located on scene, immediately available for the rescue of a member or company should the need arise


SCBA: Self-Contained Breathing Apparatus


Working Structure Fire: A fire in a structure that requires the use of a 1 ½” or larger fire attack hose line and also requires the use of  SCBA for members entering the hazardous area

General

By necessity, some degree of flexibility must be allowed in most SOPs to provide for unusual or unforeseen situations that are all too common in the fire service.  

SOPs are not intended to deter or in any way detract from the initiative of firefighters, company or chief officers.  Rather they should serve as a framework within which the initiative of all members should be exercised.


A. Safety Considerations


1. Only members who are properly trained and approved by the Fire Chief may engage in structural firefighting operations. Members who engage in interior structural firefighting operations must receive hands-on training at least quarterly.


2. Members operating at structure fires shall maintain company integrity and accountability as required by the SOP on Accountability Procedures.


3. Members operating at structure fires shall wear SCBA as required by the SOP on Self-Contained Breathing Apparatus, and including compliance with the Operational Procedures.


4. Members operating in hazardous areas at working structure fires shall operate in teams of two or more.


a. Team members operating in hazardous areas shall be in communication with each other through visual, audible, or physical means or safety guide rope, in order to coordinate their activities.


b. Team members shall be in close proximity to each other to provide assistance in case of emergency.


c. All teams entering a hazardous area at the working structure fire shall have at least one member equipped with a portable radio capable of communicating with the Incident Commander, the standby members (later the initial rapid intervention team, and rapid intervention team), and the Dispatch Office.


5. In the initial stages of a working structure fire when only one team is operating in the hazardous area, a minimum of four individuals is required, consisting of two individuals working as a team to enter the hazardous area and two individuals remaining outside the hazardous area for assistance or rescue.
6. The standby members shall be responsible for maintaining a constant awareness of the number and identity of members operating in the hazardous area, their location and function, and time of entry.  In addition, one of the standby members shall be permitted to perform other duties outside of the hazardous area, such as apparatus operator, the incident commander, technician or aide, etc.
7. The standby members shall remain in radio, visual, voice or signal line communications with the entry team.
8. Each standby member shall have full protective clothing, protective equipment, and SCBA immediately accessible if the event he/she is required to assist or engage in the rescue of personnel inside the hazardous area.
9. The assignment of any personnel as a standby member shall not be permitted if by abandoning their tasks to assist or perform a rescue they clearly jeopardize the safety and health of any firefighter working at the incident.
10. No one shall be permitted to serve as a standby member when other activities in which they are engaged inhibit their ability to assist in, or perform, a rescue if such were to become necessary, or are of such importance that they cannot be abandoned without placing other firefighters in danger.

NOTE:   Compliance with the above requirement, which is often referred to as the “two-in, two-out” rule, creates a number of operational problems for the first arriving personnel at a working structure fire.  Companies/crews with three members or less CANNOT enter the “hazardous area” until the arrival of additional personnel, except in an “imminent life-threatening situation”. Companies/crews with four members have the option to “split” their crew, making entry with two members, while the remaining two members wait outside the hazardous area.  However, such a practice may violate principles of company integrity and could lead to accountability related problems.  

11. During the initial stages of a working structure fire when only one company/crew is on scene, entry into the hazardous areas SHALL NOT BE MADE until a second company/crew arrives on scene.

EXCEPTIONS:


a. INVESTIGATION MODE:  When companies/crews are dispatched to a building for an alarm activation, investigation, or reported fire, and arrive to find no visible or obvious sign of fire, entrance into the structure shall be permitted, provided a standby member remains outside. 


b. MINOR FIRE, not within the definition of a “working structure fire”.  When companies/crews are dispatched to a building for an alarm activation, investigation, or reported fire, and indications are that the fire is of a minor nature, entrance into the structure shall be permitted, provided a standby member remains outside. 


c. IMMINENT LIFE THREATENING SITUATION: If the first arriving company/crew/personnel finds an imminent life-threatening situation where immediate action could prevent the loss of life or serious injury, entry into the hazardous area shall be permitted without regard to the “two-in, two-out” requirement.


(a) No exception shall be permitted when there is no possibility to save lives.

(b) When actions are taken in accordance with this section, the company officer shall immediately inform the responding chief officer by radio so that necessary support and backup will be provided.


(c) Any such actions taken in accordance with this section shall be thoroughly investigated by the Fire Department Safety Officer with a written report to be submitted to the Fire Chief.

d. FAST ATTACK MODE:  If the company officer of a first arriving company/crew with four personnel deems that the conditions then and there present, warrant making an immediate entry into the hazardous area, the officer may split his/her crew into a 2 person entry team, and a 2 person standby team.  Such a tactical option may be appropriate when a significant delay is anticipated before the arrival of the next responding company/crew.


12. The “two-in, two out” requirement does not prevent a first arriving company/crew at a working structure fire, from making preparations to enter the hazardous area, including donning protective clothing, donning SCBA, performing reconnaissance, forcing entry, and stretching hoselines into the structure (although not into the hazardous areas). In addition, defensive operations from outside the structure may be initiated from a safe distance.


13. Upon the arrival of the responding Chief Officer, the Chief shall be briefed by the company officer as to the deployment of personnel, companies and/or crews. In the event the company officer is inside the structure or otherwise unable to brief the Chief, the standby member shall brief the Chief as to the disposition of personnel to that point.


14. Once a second company is assigned to or is operating in the hazardous area, the incident shall no longer be considered to be in the “initial stages”, and at least one initial rapid intervention team  (IRIT) shall be required.  It is the Incident Commander’s responsibility to ensure that this requirement is met.


15. During any Mayday or firefighter rescue operation, each crew/company shall remain intact for accountability purposes.


B. Risk Management
1. At all times while operating at structure fires, the Incident Commander shall integrate risk management into the regular functions of incident command.


2. The Incident Commander shall apply the following basic risk management principles:


a. Activities that pose a significant risk to the safety of personnel shall be limited to those situations where there is a potential to save endangered lives.

b. Activities that are employed to protect property shall be conducted in such a way as to recognize the inherent risks they pose to the safety of personnel, and steps shall be taken to reduce or avoid these risks

c. No risk to the safety of members shall be acceptable when there is no possibility to save lives or property.
3. In situations where the risk to fire department personnel is excessive, activities shall be limited to defensive operations.

4. The incident commander shall evaluate the risk to members with respect to the purpose and potential results of their actions in each situation.

5. Risk management principles shall be employed by supervisory personnel at all levels of the incident management system to define the limits of acceptable and unacceptable positions and functions for all personnel at the incident scene.

C.
Initial Rapid Intervention Teams & Rapid Intervention Teams
A. An initial rapid intervention team (IRIT) shall consist of at least two members and shall be available in the early stages of an incident for the rescue of a member or a crew if the need arises. 

B. In the early stages of an incident, the Incident Commander shall ensure that the initial rapid intervention team requirement is satisfied by one of the following:

· On scene members performing other functions but ready to redeploy to perform IRIT functions

· On scene members designated and dedicated as rapid intervention team.
C. In either event, RIT or IRIT members shall have full protective clothing, protective equipment, and SCBA immediately accessible, and their assignment shall not be permitted if by abandoning their tasks to assist or perform a rescue they clearly jeopardize the safety and health of any firefighter working at the incident. No one shall be permitted to serve as an IRIT when other activities in which they are engaged inhibit their ability to assist in, or perform, a rescue if such were to become necessary, or are of such importance that they cannot be abandoned without placing other firefighters in danger.
D. As the incident expands in size or complexity, including any requests for additional companies, the Incident Commander shall ensure that a RIT, or multiple RITs, are provided upon the arrival of these additional companies/crews.
i. RAPID INTERVENTION TEAM: At least four personnel supervised by a company officer, fully equipped with appropriate protective clothing, SCBA and such other specialized equipment as are necessary given the specifics of the operation. The RIT should be located on scene, immediately available for the rescue of a member or company should the need arise. The Incident Commander should specifically designate one or more RITs commensurate with the needs of the situation.  Once designated, RITs should not be deployed for other tasks. 

D. Incident Clock

1. Upon the arrival of the first-arriving company/crews at the scene of a working structure fire, Dispatch shall start an incident clock.

2. Dispatch shall notify the incident commander at every 10-minute interval, and provide the elapsed time since companies/crews arrived on the scene. 

i. EXAMPLE: Dispatch to Command, you are now at 10 minutes elapsed time

3. The elapsed time notification shall continue to be made at 10 minute intervals until the fire is contained (knocked down) or the incident is placed under control (becomes static).
4. The incident commander may cancel the incident clock/elapsed time notifications at any time based on the incident conditions by informing Dispatch to discontinue the incident clock.
E. Tactics
1. Line Selection
The choice of which size line should be used is one of the most important decisions that engine company officers are called upon to make. One tool that may be used to assist officers with this decision, is the National Fire Academy's Fire Flow Formula (see Appendix A). The Fire Flow is the minimum amount of water (in gallons per minute) that must be applied to an area on fire to cause extinguishment.

The importance of the Fire Flow formula is that it allows us to estimate the area of fire that a given sized line will extinguish.  For example, if we assume that a 1 3/4" line flows 150 GPM, the maximum area that can be extinguished with a single 1 3/4" line is 450 square feet, or an area roughly 21' x 21'.

Similarly, if we assume that a 2 ½" line flows 250 GPM, the maximum area that can be extinguished with a 2 ½" line is 750 square feet, or an area roughly 27' x 27'. The maximum area that a master stream appliance flowing 500 GPM can extinguish is 1500 square feet, or roughly 50' x 30'.

GENERAL GUIDELINE
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2. Size Up
a. Upon arrival, the first arriving officer shall give a brief sizeup to Dispatch, including;
· construction

· occupancy

· status of occupants

· visible smoke and fire conditions

· establishing command

EXAMPLE:   Engine 1 to Dispatch, we have a working fire in a three-story wood-frame occupied dwelling. We have a report of children trapped on the second floor, Side Delta.  There is fire showing on the second floor, Side Bravo. Engine 1 is establishing Command.
b. Officers observing any additional pertinent conditions that pose a threat to the safety of firefighters, fire victims, or the prompt containment of the fire, shall report said conditions to Command, utilizing Dispatch as needed to relay the message. This would include:

· Exposures threatened

· Hazardous materials present

· The presence of truss construction

· Structural defects

c. Officers shall incorporate water supply considerations into their sizeup and decisionmaking. The availability of water, quantity of water, and lag time in obtaining water must be factored into all strategic and tactical decisions. In particular, operations in areas without hydrants must be approached much more cautiously and in a calculated manner mindful that rate of application is more important than total gallons available.
EXAMPLE: Assume a fire in a 30’ x 30’ foot single story building is well involved. According to the NFA Fire Flow Formula, the flow required to knock the fire down is 300 GPM ((30 x 30)/3 = 300). In theory the fire could be extinguished using 150 gpms, (300 gpm x 30 seconds).

However, flowing 150 gpms for 3 ½ minutes will deplete 500 gallons of tank water without making much of a difference in the fire. Resupplying the 150 gpm attack line with additional water will not change the thermodynamics, and will waste water. Officers must consider the rate of application when making line selections.

d. Officers shall also incorporate the availability of personnel and resources, including response times, into strategic and tactical decisions.
3. Line Placement
a. The first attack line shall be placed between the fire and the most severe exposure. In this regard, exposures may be lives as well as property.
b. When a life or lives are endangered by a fire, the first line should be placed between the fire and the victims or the victim's means of egress. 
c. When no lives are in danger, the first line should be placed between the fire and the most severe property exposure. Property exposures may be exterior or interior.

d. The selection of which exposure is most severe will vary greatly based upon a number of factors, including construction type, occupancy, fire load, wind/weather and volume of fire. Company officers must exercise their best judgment based upon the standard incident priorities of: 
i. Life safety

ii. Incident Stabilization

iii. Property Conservation

EXAMPLE 1.

· At 0400 hours, a fire starts on the first floor of a vacant 3 story wood frame dwelling and severely exposes an occupied 3 story wood frame dwelling

· The first attack line should cover the exterior exposure to the occupied dwelling

EXAMPLE 2.
 
· At 0400 hours, a fire starts on the first floor of an occupied 3 story wood frame dwelling and severely exposes a vacant 3 story wood frame structure

· The first attack line should cover the life exposure of the original fire building.

e. When covering exterior exposures, engine company officers should consider the use of larger caliber streams.

f. Whenever possible, an aggressive interior attack (offensive mode) shall be made upon the fire, working from the unburned portion of the building toward the area that is burning. This is a rule of thumb and not a mandatory requirement.
g. The first arriving engine company/crew shall inform the Incident Commander of the location to which they have taken their line and are operating (floor and quadrant/side). In the event command has not been passed from the first arriving engine company/crew, the Incident Commander (the officer of the first arriving engine company/crew) shall inform Dispatch, who shall relay the message to the responding Chief Officer, and shall receive an acknowledgment.

EXAMPLE 1:  
Engine 1 to Command, we are operating on the second floor, Side Delta.
Command received Engine 1, you are operating on the second floor, Side Delta. 

EXAMPLE 2

Command to Dispatch, Engine 1 is operating on the second floor, Side Delta.

Dispatch received Command, Engine 1  is operating on the second floor, Side Delta. Chief 1, acknowledge?

Chief 1 Acknowledged, Engine 1 is operating second floor, Side Delta.
h. The first attack line shall remain in the area to which they are initially deployed, until the fire in that area is completely extinguished and the area fully overhauled as necessary. The company officer shall check with the Incident Commander or appropriate Division/Group officer before redeploying.

EXAMPLE:
Engine 1 to Command, we have completed overhaul on the first floor and are available for redeployment.

i. The second arriving engine company/crew shall be responsible for immediately providing an adequate water supply to the first arriving engine company. In the event that the second called engine company is not the second arriving engine company, then the second called engine company shall be responsible for ensuring that an adequate water supply is immediately provided to the first arriving engine company, before engaging in any other tasks. Water supply should be established pursuant to the SOP on Water Supply Tactical Options.

j. If the building is equipped with a fire department connection (standpipe or sprinkler), the company laying feeders shall ensure that all such connections are properly fed. If additional help is required to carry out this assignment, the company laying feeders shall request such assistance from the Incident Commander.

k. The company providing water supply shall inform Dispatch of this fact, and Dispatch shall receive an acknowledgment from the Incident Commander and the responding chief officer.
EXAMPLE:
Engine 2 to Dispatch, Engine 2 has the hydrant

l. The second attack line shall back up the first attack line, but shall have sufficient hose to operate on the floor above.

m. The officer in command of the second attack line must report to the officer of the first attack line and make sure that the first attack line can hold.

n. If the officer of the first attack line indicates that the first attack line will hold, and there are no other fire exposures on or below that level, the second attack line shall re-deploy to the floor above the fire, provided another attack line has not already been deployed to that floor.

i. EXCEPTION:  At all cellar fires, the second attack line shall be committed to operations in the cellar, or shall be positioned at the bottom of the cellar stairs to protect the means of egress of the first attack line. Redeployment of the second attack line to any other assignment shall be at the discretion of the Incident Commander.

o. Provided there are no other fire exposures on or below the fire floor, the third attack line shall be taken to the floor above the fire, with sufficient hose to operate on the next floor. The officer in charge of the third attack line should consider using an alternative means of egress if the first two attack lines used the same entrance. This will avoid a situation where three lines are all in the same stairwell/entrance.

LESSON LEARNED: REMOVE ALL KINKS FROM HOSE LINES.  Kinks restrict flow in much the same way as a hose clamp. All personnel operating at a fire scene share a responsibility for removing kinks in hose line where ever, and when ever, encountered.

p. The officers of the second and third attack lines shall inform the Incident Commander of the location to which they have taken their line and are operating (floor and quadrant/side). All attack lines shall remain in the area to which they deploy, until the fire in that area is completely extinguished and the area fully overhauled as necessary. Each engine company officer shall check with the Incident Commander or appropriate Division or Group officer before redeploying.

LESSON LEARNED: DO NOT GO BY FIRE.  When members are advancing into a building, it is critical that they do not pass fire in their haste to reach their objective. Many times fire in hallways, stairways or rooms off hallways is knocked down quickly, and members advance without fully overhauling the area or extinguishing the fire. The result is that fire may break out behind or below the members, trapping them. 

q. All additional attack lines shall be deployed at the direction of the Incident Commander.

r. Overcrowding of stairways and/or corridors behind an attack hose line must be prevented. Company officers (as well as Division/Group supervisors when assigned) shall be responsible for ensuring that the area behind attack hose lines is not blocked by additional personnel.

4. Apparatus Placement
a. At fire scenes, engine companies shall position their apparatus so as to provide maximum access for ladder companies. Additional responding companies shall not block the access of incoming ladder companies to the fire building from either direction. Access must also be maintained for arriving and transporting EMS units.

b. The first arriving engine company shall be positioned in a tactically correct location for fire attack purposes. 
c. Additional responding engine companies not being utilized to pump or lay feeders, should be positioned and parked at tactically correct locations that will allow them to lay additional feeders should the need arise, without blocking access to the fire building.

d. The first arriving ladder company should be positioned to remove severely exposed victims visible from the exterior of the building.  

e. Each of the ladder companies responding on the first alarm should be positioned so as to allow the aerial device to access the roof AND at least two sides of the building whenever feasible.

5. Ladder Companies
a. The first arriving ladder company officer shall determine the ventilation profile of the structure and ensure that all tactical decision-making takes into account:
i. The impact of wind velocity and direction on fire conditions

ii. The need for ventilation versus the need to limit the fire’s access to oxygen

b. The first arriving ladder company officer shall thereafter direct operations of the company in accordance with the following tactical objectives:
i. Remove severely exposed victims visible from the exterior of the building, 

ii. Examine the entire exterior of the building for victims trapped at windows, fire escapes, roofs, porches, balconies, etc.

iii. Provide roof ventilation and/or horizontal ventilation
· Ventilation should not be provided if it will contribute to fire spread. 
· Ladder company officers must actively consider and evaluate the potential for a wind-driven fire scenario as well as a back-draft. 
· Roof teams that identify hazards such as lightweight wood-truss, bowstring truss, any other type of truss construction, or excessive weight on the roof, shall immediately inform the Incident Commander.
· Serious consideration should be given to assigning additional personnel in addition to the crew of one ladder company to assist with the ventilation of a flat roof.
· Ventilation must be coordinated with engine company hoseline advance

iv. Perform forcible entry for engine companies as required.
i. Perform search and rescue operations on the fire floor or location of most severely exposed victims

ii. Perform search and rescue operations on the floor or floors above the fire

iii. Perform additional ventilation as needed

iv. Perform overhaul as needed

v. Raise ground ladders as needed

vi. Perform salvage as needed

c. The second arriving ladder company shall accomplish the tactical objectives not otherwise completed by the first arriving ladder company.
d. The second arriving ladder company officer shall also examine the exterior of the building for victims at the windows, fire escapes, roofs, porches, balconies, etc.;

e. Communication between the ladder companies is critical in order for all required tasks to be accomplished. Of particular importance are timely messages relating to critical tasks.  For example, if the most efficient method of achieving roof ventilation would be to have the second due ladder company approach from a particular direction (e.g, overhead obstructions or apparatus placement prevent the use of the first in ladder's aerial), then this information should be transmitted immediately.  

6. EMS Company
a. Unless directed otherwise by the Incident Commander, the first arriving EMS company shall designate and establish an EMS/Rehab Group and EMS/Rehab area.  This EMS/Rehab area will provide for the following:
i. Triage and initial treatment of patients

ii. Rehab and medical monitoring of firefighters
iii. Access for additional EMS units, if transportation is necessary

iv. Access and placement of the Air Supply Unit and Canteen Unit adjacent to the Rehab area.
b. The EMS/Rehab Group shall maintain strict accountability for any personnel injured and/or transported to the hospital. Under no circumstances shall a firefighter be transported from the scene without the knowledge and consent of the EMS/Rehab Group supervisor.
c. The EMS/Rehab Group supervisor shall not leave the scene for any reason, including to transport.

d. The EMS/Rehab Group shall maintain accountability for all personnel in rehab.

e. The EMS/Rehab Group shall track the identity and condition of all victims treated and transported from the scene, including the medical facility to which the victims are transported.

f. The EMS/Rehab Group shall track the identity of all personnel assisting in the treatment and transport of victims or firefighters.

7. Overhaul and Salvage
a. Overhaul operations consist of searching for and extinguishing hidden or remaining fires; placing the building, its contents, and the fire area in a safe condition; determining the cause of the fire; and recognizing and preserving evidence of arson.  Salvage operations consist of those methods and procedures that further reduce fire, water and smoke damage during and after fires.

b. Safety Considerations

i. Self-Contained Breathing Apparatus.  Toxic fumes are almost always present during overhaul. These fumes come from such sources as smoldering wood and fabrics, decomposing insulation, pesticides, deteriorating polyvinyl chloride (PVC), plastics, and other hazardous materials present in the area. Toxic gasses such as hydrogen cyanide and carbon monoxide are abundantly present during overhaul due to partially extinguished and smoldering materials.

ii. Use of SCBA during overhaul is essential for ensuring firefighter health and safety. SCBA shall be worn "by all members inside a fire building while firefighting operations are taking place, until the fire is extinguished and the area has been thoroughly ventilated with fresh air."

c. Structural Integrity

i. Weakened structures are commonly encountered during overhaul, due to consumption of structural elements by the fire, damage from firefighting operations, and the added weight of water used to fight the fire (see Appendix B).

ii. Holes in floors or stairs should be marked or barricaded, or else covered with an appropriately strong object, such as a door, plywood or a ladder.

iii. Command should be informed immediately of any unsafe condition inside the building, and should announce the unsafe condition over the radio for all operating personnel to hear. 

d. The location and extinguishment of hidden fire has serious firefighter safety implications. Company officers must make sure the area in which they are operating is fully overhauled as appropriate, before being reassigned.

e. Fatigue is a primary cause of injuries to firefighters during overhaul. Firefighters involved in rescue and fire attack operations should be relieved of overhaul responsibilities as soon as possible.

f. Control of the utilities (including gas, water and electric) shall be at the discretion of the incident commander.

8. Determining the Cause of the Fire

a. Any possible ignition sources or significant conditions that may have contributed to the cause of the fire, should be preserved for the fire investigators. This may require delaying overhaul, or exercising extra care not to disturb such evidence.

b. During debris removal, careful observation of should be made for any evidence of arson that might be present. If evidence is found, the area should be left intact until the arrival of the fire investigator, provided it will not result in extension of the fire.

9. Salvage

a. Salvage operations remain one of the most essential services provided by firefighters. Victims of fire recognize and appreciate the efforts of firefighters to protect their belongings, especially irreplaceable items. Commonly overlooked irreplaceable items include photographs, photo albums, scrap books, books, letters, paintings, and personal memorabilia. 

b. Salvage work is generally the responsibility of ladder companies, and begins on the floor below the fire, or areas adjacent to the fire on the fire floor. However, when computers or other valuable electronic equipment is present (particularly in businesses), salvage activities should begin in such areas due to the risk of extremely high losses associated with smoke and water damage.

10. Restoring the Premises

a. After the fire is extinguished, precautions shall be taken to reduce the hazards in the building for occupants and neighbors, to the extent such can be done with the equipment and materials on hand.

b. The building should be checked for dangerous conditions that may pose a threat to occupants who will take possession after the fire, as well a neighbors or passersby.  Any dangerous conditions in the area should be mitigated, including:

i. Broken glass in windows that may fall out

ii. Loose boards, gutters and soffits hanging from upper floors

iii. Chimneys or walls that are in danger of falling

iv. Loose slate shingles

c. If the danger cannot be eliminated, the area affected is to be clearly marked with fire line tape or other suitable method to warn occupants and/or neighbors of the danger.  

d. If the integrity of the structure is in question, the Building Inspector's Office should be notified. 

e. If the structural problems pose a threat to occupants or persons outside the structure, the Building Inspector's Office should be asked to send a representative to the scene.
11. Releasing the Premises and Securing the Building

a. Releasing the premises back to the owner is usually the last step in firefighting activities.  This simple yet formal procedure should be done by the Incident Commander in the presence of a witness, and should include warnings about any dangerous conditions known to exist on the premises.

b. Firefighters should assist the owner or occupant in securing the building whenever such is necessary due to the extent of the fire and/or collateral firefighting damage. Openings that would allow intrusion by unauthorized persons or by the elements if left unsecured, should be secured to the extent possible under the circumstances, given the materials on hand. 

c. If the owner or occupant of the structure cannot be located, and the building cannot be secured to its pre-fire condition, the police department should be requested to maintain security until the arrival of a responsible party.

F.
Construction Types
1. Wood-Frame Construction
WOOD FRAME CONSTRUCTION:  Exterior walls, bearing walls and partitions, as well as roofs and floors (including their support systems) are wholly or partly made of wood or similar combustible material.

BALLOON FRAME CONSTRUCTION:  A wood frame construction method in which wood studs run two or more stories high, from the foundation to the eave line. At the floor line, a board called a "ribbon board" (or "ledger board") is nailed to the studs, and is where the floor joists rest. The result is open vertical channels from the cellar to the attic through which fire and heat can spread. While some balloon frame buildings have fire stopping at each floor level, others do not.

Fires in balloon frame buildings are characterized by rapid vertical fire spread once the fire enters a void space. Prompt ventilation of the roof, combined with rapid deployment of companies to the upper floors is required at such fires.

PLATFORM FRAME CONSTRUCTION. In platform frame construction, the first floor is built as a platform, upon which is then built the walls for the next story. Another platform is then erected atop of these walls, and so on. The studs of each floor only extend up to the next floor, thus eliminating natural vertical openings for fire to travel. However, fire may still spread vertically through pipe chases, duct work, around chimneys, openings for wiring, etc.

LIGHTWEIGHT WOOD TRUSS CONSTRUCTION. Lightweight wood-truss construction is an engineered construction method that utilizes small dimensional lumber in a truss design. Most modern builders use trusses because of their inherent advantages: Trusses are light weight, inexpensive, and have the ability to carry loads over a longer distance without intermediate support, allowing for greater open areas. 

Light weight wood truss construction poses a severe hazard to firefighters during a fire. The structural members are typically much smaller than the dimensional lumber the truss replaces. In addition, gusset plates are used to hold truss members together. These gusset plates do not provide the same level of attachment as nailing, and during fire conditions can be expected to fail early. The result is that lightweight wood trusses will fail in as little as five to ten minutes of exposure to fire. Trusses may be found in roofs, as well as floors. A similar construction feature known as "wooden I-beams" that replace wood joists in floors, should also be treated as having an early collapse potential.

THE FOLLOWING STANDARD OPERATING PROCEDURE SHALL BE FOLLOWED AT ALL STRUCTURES CONTAINING LIGHTWEIGHT WOOD-TRUSS OR WOODEN I-BEAM CONSTRUCTION.

a. Advanced fires in lightweight wood truss structures or structures with wooden I beams, where the fire has already entered the truss voids and has begun consuming the structure of the building, shall be approached strictly from the defensive mode, provided the life safety considerations of occupants have been addressed.

b. Contents fires in lightweight wood truss structures or structures with wooden I beams, shall be approached cautiously, but offensively. 

i. If after entering the structure, firefighters discover that the fire has communicated to the truss voids and is consuming the structure of the building, and the immediate application of water does not completely extinguish the fire, all members shall evacuate the structure and a defensive mode shall be assumed, provided the life safety considerations of occupants have been addressed.

c. Company officers shall be alert to identify the presence of lightweight wood truss construction and/or wooden I-beams at all structure fires, and communicate this information to command immediately using Emergency Traffic, as well as information on the progress of the fire. 
d. Where occupant life safety outweighs concerns of structural integrity, Command shall ensure that additional resources are requested to serve as RITs and for EMS purposes.

WOOD FRAME CONSTRUCTION IN GENERAL

The presence of void spaces presents a potential hazard to firefighters in wood frame construction. Firefighters have been trapped on the upper floors of buildings when fire erupted out of a void space below them that was not properly overhauled. It is critical that void spaces in which fire could be burning, be opened and properly overhauled.

Members must be alert to distinguish between wood frame buildings with a brick veneer and "ordinary" construction.

2. Ordinary Construction
ORDINARY CONSTRUCTION: Building in which the exterior bearing walls are masonry, with wood-joisted floors and roofs. It was a very common construction method prior to recent times. It's principle limitation is that the maximum distance that wood joists can span without the need for supports is 25 feet. Newer construction types allow builders to exceed this distance to provide for wide open floor space without the need for interior walls or columns.

Ordinary construction may be found in a variety of occupancies, including residential apartment buildings, office buildings, and in commercial and industrial areas. Ordinary construction poses a number of hazards to firefighters:

a. Many ordinary buildings are old and at risk of early collapse.
b. Many have undergone several renovations creating potential structural problems. 
c. Large combustible void spaces are present in which a significant fire can develop undetected to firefighters searching for the source of smoke and suddenly erupt.
d. Cast iron columns as well as steel columns, may be present, and may fail during a fire. Such failures often happen where the column connects to the remainder of the structure.
e. Steel beams may be present and push exterior masonry walls out when heated.
f. Braced walls are a basic sign that a masonry wall is in distress. This is signaled by the presence of stars, plates, or straps designed to tie the building together. Commonly unprotected steel cable (failure temperature of 800 degrees F.) is used to tie opposite walls together.
g. Parapet walls, as well as canopies and awnings are commonly attached to such buildings and may be deteriorated with age and exposure to weather.  Under fire conditions, canopies and/or awnings may cause a wall to collapse without warning.

3. Heavy Timber Construction
HEAVY TIMBER OR MILL TYPE CONSTRUCTION: Exterior bearing walls are of masonry, with columns and beams made of heavy timber. Floors and roofs are generally made of wood.

Heavy timber buildings have generally fared well over the years during fires. Many are sprinklered. Most do not have any void spaces

The problems presented to firefighters by heavy timber construction are:

a. The connections between the columns, beams, floors and walls may be a weak spot that fails in a fire before the heavy timbers actually burn through.

b. The open floor design facilitates rapid fire extension.

c. Fires in heavy timber buildings often produce high radiant heat upon reaching fully involvement, present severe exposure problems.

d. Mill buildings may have excessive floor loads as well as high fire loads

e. Mill buildings may be extremely large structures. Definite consideration should be given to the use of guide ropes for interior firefighting in these types of structures. Firefighters should also attempt to access these buildings at a point as close to the fire as possible, in order to minimize the risk of becoming lost or disoriented, shorten evacuation routes in the event a withdrawal is necessary, and to prevent long hose lays through crowded or partitioned factory workspaces.

Strict accountability must be maintained at all time for all personnel

Consideration should be given to the use of two companies as a team to deploy a single 2 1/2" handline for interior attacks where the fire is remote from the exterior entrance to the building.

4. Noncombustible Construction
NONCOMBUSTIBLE CONSTRUCTION: All walls, partitions, and structural members are of non-combustible, or limited combustible, materials. However, these materials do not have to have any degree of fire resistance, and may fail after a relatively brief exposure to fire conditions: 

STEEL   Steel is a principle component of non-combustible construction, but may commonly be found in other type of construction as well. When unprotected, steel has a number of characteristics that are of concern to firefighters:
a. At ordinary fire temperatures (about 1000 degrees F), substantial elongation of  steel can occur that may weaken, damage, or topple walls.
b. If steel cannot elongate because the ends are restrained in place, it may buckle or turn, compromising other building components.

c. When heated to temperatures above 1300 degrees F., the strength of steel is reduced dramatically, and steel members may fail. Cold-drawn steel (such as steel cables or steel tendons) may fail at temperatures of only 800 degrees F.
d. At fires, heated steel should be cooled with fire streams as quickly as possible. The cooling effect of water will draw elongated steel back to its original dimensions, or if deformed, freeze it in it present position. 

STEEL BAR JOISTS  The use of exposed, unprotected steel bar joists is a common construction material in non-combustible construction. Such bar joists (actually a type of truss) may fail within 5 to 10 minutes of exposure to a contents fire below.

METAL DECK ROOF. A metal deck roof consists of metal sheets laid over steel bar joists. The sheets are crimped together (and many use corrugated metal) making a joint which is not gas tight. The outer layer of roofing material is gas tight, while sandwiched between are insulation and layers of roofing felt, adhesives, sealants and/or rubberized membranes.

During a routine contents fire in a building with a metal deck roof, heat from below vaporizes combustible products in the roofing material. Because the exterior membrane is gas tight, the combustible vapors seep downward through the joints in the metal deck. When the vapor mixes with air on the underside of the roof, it ignites. Such a fire burns under the roof, heating additional adjacent roof areas, which in turn generates more combustible vapors, thereby spreading the fire. A metal deck roof fire thereby becomes self-sustaining, independent of the original fire, spreading rapidly in all directions along the underside of the roof. Unfortunately, many sprinkler systems are not capable of effectively applying water to the underside of a metal deck roof fire.

There are only 2 possible tactics for successfully stopping a metal deck roof fire.

a. Apply water in large quantity (preferably from portable deck guns) to underside of unburned portions of the roof to cool the roof and prevent more combustible vapors from being produced.

Deck guns should be positioned under unburned sections and directed ahead of the leading edge of flames or smoke.

NOTE:  A ladder pipe or tower ladder stream directed downward onto a metal deck roof is useless in stopping a metal deck roof fire. While at some point flames will break through the roof and portions of the roof will collapse, the leading edge of the fire burning on the under side of the roof will be a great distance beyond the collapse area. However, an elevated stream that can reach the underside of the unburned roof may do some good in stopping the fire.

NOTE:  Consideration should be given to deploying salvage covers on stock when appropriate at such fires.

b. Trench cut a 3 to 6 foot wide path of roofing material, removing the layers of built-up roofing material (but not necessarily the corrugated steel) for the entire width of the building. This trench cut should be made well ahead of the fire, so as not to risk firefighters lives working on a roof that has been weakened by heat/fire. Trench cuts through corrugated steel roofs are so labor intensive that without multiple properly staffed ladder crews available early into a fire, they are not a feasible tactical option. Removing the combustible roof covering and insulation may stop the spread of fire.  Hoselines may be necessary to cool the exposed corrugated steel to preventing it from conducting fire across the opening.
5. Fire Resistive Construction
FIRE RESISTIVE CONSTRUCTION:  Structural members including walls, partitions, columns, floors and roofs are of non-combustible or limited-combustible materials, and have fire resistance ratings of between two and four hours.

Fire resistive buildings have a greater ability to resist structural damage from fire than any other type of construction type.

The problems most likely to be encountered in fire resistive construction are:

a. Access problems. Steel doors often set in masonry walls can make forcible entry difficult.

b. Concrete floors, walls and roof tend to retain heat from contents fires, making ventilation and extinguishment difficult.

APPENDIX A

NATIONAL FIRE ACADEMY FIRE FLOW FORMULA

The formula is as follows



Length  x  Width / 3  = Base Fire Flow Required






    to extinguish the area on fire

The base fire flow provides the amount of water necessary to extinguish a single floor of the given dimension that is 100% involved. To arrive at the total required fire flow for a building the following additional matters must be considered:



a.
Add 25% of the base fire flow for each floor above




the fire floor, up to a maximum of 5 floors



b.
Add 25% of the base fire flow for each external




exposure



c.
Multiply the base fire flow times the number of 




floors actually involved



d.
Multiply the base fire flow by the percent 




involvement where applicable

If a one story building 30' by 50' was fully involved in fire, the required fire flow would be calculated as follows:


30 x 50/3 = 1500/3 = 500 GPM.

Flows less than this amount will generally not be able to  extinguish the fire regardless of how long they are applied, until the fire begins to run out of fuel. However, fire flows that approach the required fire flow may make some headway toward darkening down the fire.

APPENDIX B

COLLAPSE POTENTIAL OF WATER

Water from fire streams can accumulate on floors and roofs of buildings already weakened from fire damage. The weight of the water (8.35 pounds per gallon) can create a dangerous condition independent of any other structural problems that may exist. When combined with structural damage from the fire and fire suppression activities, the potential for collapse is great.

EXAMPLE:  A roof that is 20 feet by 50 feet, with 6 inches of water accumulated on it, has a superimposed load of 31,250 lbs.

NOTE: This is the weight/volume/gallonage that a single 500 GPM master stream applies in just 7-8 minutes. A 500 gpm stream adds 4175 pounds per minute to the structure.
EXAMPLE: A room that is 10 feet by 12 feet with 4 inches of water accumulated, has a superimposed load of 1,875 lbs.
LESSON LEARNED: The superimposed load that water from fire streams can create, can also pose a collapse potential even when there is little or no visible water accumulation. This can occur when water soaks into a porous substance, such as a plaster ceiling, that can collapse with a devastating impact on personnel.
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