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Fire risk analysis has two components—the probability of occurrence and the consequence of the occurrence.  The purpose of this document is to address the consequence analysis using reasonably credible fire scenarios.  The use of reasonably credible fire scenarios is one way to address the probability of occurrence in that historical experience has indicated that the scenarios are reasonably likely to occur.

Each of the fire scenarios described herein include the failure of the automatic sprinkler system.  It should be recognized that this is not a complete risk analysis; but rather one that deals with events that may occur should the automatic sprinkler system fail to control the fire.  The scenarios have been developed due to the apparent emphasis that the topic as being considered by the ICC Code Technology Committee is related to the code requirements in buildings that are protected throughout with an automatic sprinkler system.  The approach contained herein can be used as an example of how the ICC Code Technology Committee could develop a methodology to evaluate the concept of balanced fire protection.


The ICC Performance Code for Buildings and Facilities™ indicates that fire protection systems shall be designed with the reliability necessary to meet the performance objectives for the project.  In addition, the Code required the determining of the “magnitude of the event.”  A fire scenario involving the failure of an automatic sprinkler system may fall into a different magnitude of event category than would be assigned to a similar scenario in which the automatic sprinkler system is assumed to operate effectively.  As such, the Code would allow a different level of damage to be tolerated but the level of damage would still need to fall into the category as assigned by Table 303.3.


In the NFPA process, a minimum set of fire scenarios has been defined when the performance design approach is utilized.  One such fire scenario (Design Fire Scenario 8
) requires a fire originating in ordinary combustibles in a room or area and in which each passive or active fire protection system is independently rendered ineffective.  The four fire scenarios described herein represent such scenarios but as previously noted are limited to scenarios involving the failure of an automatic sprinkler system.  An Annex note indicates that it may not be possible to meet fully the goals and objectives when a key system is not available but similar to the ICC approach, the consequence of such an event should still be evaluated.

The SFPE Engineering Guide to Performance-Based Fire Protection also addresses the concept of fire protection system availability and reliability.  Availability, as defined in the Guide, addresses the concept that the system may not always be operational.  Reliability, as defined in the Guide, addresses the concept that the system may not always perform as designed or intended.  The Guide indicates that both should be considered in identifying design fire scenarios.

Using the following four scenarios as examples, the ICC Code Technology Committee could evaluate the level of performance provided by the prescriptive code requirements based on an analysis of reasonable credible fire scenarios.  The following scenarios are intended to be examples and not an all inclusive list of fire scenarios.  The ICC Code Technology Committee could develop a list of reasonably credible fire scenarios that could be evaluated qualitatively or quantitatively for the purposes of evaluating the concept of balanced fire protection.
Potential Reasonably Credible Fire Scenarios

1.
Mercantile 
A display of plastic commodities is ignited inside a tenant store of a three-story covered mall building.   The automatic fire sprinkler system protecting the store either fails to operate or fails to control the fire.  Occupant and fire department notification are achieved by activation of a smoke detector in the mall provided to actuate the smoke-control system.
Consideration should be given to the following code modifications:

· An additional 200 ft. of exit access travel is permitted within the mall.
· Tenant separation is not required between the tenant space and the mall.
· It is common for design professionals to halt fire growth upon activation of the sprinkler system for purposes of designing the smoke control system (909.9.4).
· The mall may be of any type of construction other than Type V.
As such, the non-rated structural system could be exposed to a post flashover fire in the tenant space.  The smoke control system may not be able to handle the quantity of smoke produced by such a fire since it was designed to control the smoke of a fire that is controlled by the sprinkler system.

2.
Educational
A storage closet with combustible storage inside is intentionally set on fire inside a locker room of medium size high school.  Although the building is protected with an automatic sprinkler system, the sprinkler system either fails to operate or fails to control the fire.  The fire goes undetected until someone notices smoke coming from the locker room.
Consideration should be given to the following code modifications:

· At best, the separation between the locker room and the corridor would be a partition designed to resist smoke with a self-closing door.  If the storage room itself was protected with such an enclosure, there are no requirements regarding the separation between the locker room and the corridor.

· If each classroom has a direct exit to the outside and the building is one-story in height, the building could be of unlimited area provided it is not Type V or Type IIIB construction.  Otherwise, the building height and area could be increased as permitted by Chapter 5.

· There is no requirement for separation of a corridor from other spaces.

· Travel distance can be increased to 250 feet, even when corridors are not separated from adjacent spaces.
· If the building is two stories in height, unprotected convenience stairs are permitted.

· Class C interior finish materials are permitted throughout except for exit enclosures.  Class A textile materials would be permitted on walls and ceilings.

3.
Assembly Occupancy
A cooking fire on a range in the kitchen of a medium sized restaurant gets out of control and is not controlled by the automatic sprinkler system (which could also be used to protect the kitchen cooking equipment).  The kitchen is not required to be separated from the public areas.
Consideration should be given to the following code modifications:

· Manual fire alarm boxes are not required and therefore there is no way to activate the building fire alarm system other than by the one pull station required near the control panel.

· There is no requirement to separate the exit access corridors from other spaces.
· Travel distance can be increased to 250 feet, even when the corridors are not separated from adjacent spaces.

· If the building is two stories in height, unprotected convenience stairs are permitted.

· Depending on the type of Assembly occupancy, the building may be unlimited in area.  Otherwise, the building height and area could be increased as permitted by Chapter 5.

· Class C interior finish materials are permitted in rooms and spaces and Class B materials elsewhere.  Class A textile materials would be permitted on walls and ceilings.

4.
Business Occupancy
A fire originates in a storage room in a high-rise business occupancy.  The storage room is separated from adjacent spaces by a partition that is continuous to the underside of the ceiling above.  The building is protected by an automatic sprinkler system but the sprinkler system fails to control the fire.  Doors to the exit stairways are locked from the stairway side but are arranged to unlock upon activation of the fire alarm system or by a manual action from the fire command center.

Consideration should be given to the following code modifications:

· The storage room is not required to be separated from adjacent spaces by a fire barrier or fire partition.  Since the building is protected by an automatic sprinkler system, the storage room is separated by a partition designed to resist the passage of smoke.  The partition includes glazing that does not have a fire protection or fire resistance rating.

· Manual fire alarm boxes are not required and therefore there is no way to activate the building fire alarm system other than by the one pull station required near the control panel.

· There is no requirement to separate the exit access corridors from other spaces.

· Travel distance can be increased to 300 feet, even when the corridors are not separated from adjacent spaces.

· Until the fire alarm system is activated, possibly by an occupant using the two-way communication system in the stairway (403.12.1), the stair doors remain locked.

· Smoke dampers are not required at the penetrations of vertical shafts.

· Elevator lobby enclosure is not required since the corridors are not required to have a fire resistance rating.

· Unprotected escalator and stairway openings are permitted to connect an unlimited number of stories.
General Comments Regarding Glazing:
1. At times sprinklers are used to provide some degree of “resistance” with glazing assemblies.  It should be noted that if the sprinkler system fails, the “resistance” provided by the wetted glass assembly may no longer be provided.  This is not intended to address the atrium separation; but rather, instances where sprinkler protected glazing assemblies are considered to be equivalent to a fire resistance rated wall assembly.

2. At time sprinkler actuation can create thermal stresses in a glazing assembly that will cause the glass to fail.  Therefore, if the glass assembly is intended to resist the passage of smoke (as often required for sprinklered buildings, the resistance to smoke spread may be compromised.

The paper was prepared for the ICC Code Technology Committee on behalf of representatives of the fire-rated glazing industry.
� Section 5.5.3.8, Life Safety Code®, Quincy, MA:  National Fire Protection Association.
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