How Effective is a Passive Fire Protection System?

By Kevin J. Kelly, P.E., National Fire Sprinkler Association, Inc.  
There are limited credible methods of accurately projecting true passive barrier performance in the face of fire without detailed forensic on-site analysis.  This degree of detailed fire scene analysis is not occurring nor is it expected to occur in the future.  Often the fire damages critical evidence to determine if the passive system was properly installed or if it failed.  Therefore, the best we can do is rely on available data provided by the NFIRS and NFPA Datashop.  Following are current statistics (August 2005) on fire sprinkler performance published by the National Fire Protection Association (NFPA).  These vital statistics on sprinkler performance also include statistical data on non-sprinkler protected properties.  

The effectiveness of passive fire protection in fires in non-sprinklered buildings can be evaluated from information on the extent of flame damage from NFPA/NFIRS data.  The extent of flame damage is recorded under the following categories:

Confined to the object of origin

Confined to part of room or area of origin

Confined to the room of origin

Confined to the fire-rated compartment of origin

Confined to the floor of origin

Confined to the structure (building) of origin

Extended beyond the structure of origin

The categories confined to the object of origin and confined to part of room or area of origin have been excluded from the database.  These are cases where the fire was controlled by human intervention or the fire burned itself out but remaining confined to the object or area of origin.  These particular cases do not test the integrity of passive fire protection systems.  The removal of these fires from the database results in a more accurate picture of the effectiveness of passive fire protection systems.  
The remaining categories can be considered as passing or failing depending on a worst-case or a best-case scenario.  
In the best-case scenario, if the fire was confined to the room of origin, or confined to a fire-rated compartment of origin, or confined to the floor of fire origin, then the passive system was assumed to be successful in confining the fire.  If the fire extended beyond the structure of origin or involved the entire building (confined to the structure of origin) then the passive system failed to contain the fire.  Furthermore, an assumption was made that approximately 1/2 of the buildings in this database did not actually have “passive fire protection features” and therefore the failure rates have been decreased 50% to reflect the fact that these buildings could probably perform better then the statistics would indicate.  

In the worst-case scenario, the three elements; confined to the floor of origin, confined to the structure (building) of origin, and extended beyond the structure of origin would be an indication of a fire barrier failure.  Adding confined to the floor of origin would create a worst-case situation.  The two elements confined to the room of origin and confined to the fire-rated compartment of origin could be considered as a successful fire stop.
 
Successful Performance of Passive Systems

                                                     
Worst Case    
Best Case

Health Care/Correctional Properties

60%

86%

Apartment Properties



47% 

81%

Hotel and Motel Properties


 
51%

81%

Educational Properties


 
50%

79%

Store Properties




25%

72%

Office Occupancies




30%

72%

Residential Properties


 
31%

71%

One- and Two-family Dwellings

 
28%

69%

Public Assembly Properties


 
28%

68%

Manufacturing




26%

66%

Storage





8%

55%
The failure of a passive system could be caused by fire doors being blocked open, unacceptable penetrations through fire barriers or improper firestopping methods.  These are just some of the examples of potential failures of passive systems.  Having discussed this with experienced fire fighters it is recognized that the passive failure rates are consistent with those encountered in real fire scenarios.  

Caution must be used when comparing the success rates of passive and active systems.  The measure of the successful performance of an active system compared to the successful performance of a passive system will be drastically different.  The successful performance of a sprinkler system indicates that the fire was controlled by the sprinkler system.  The successful performance of a passive system indicates that the fire damage did not extend beyond a room, a fire-rated compartment, a floor, or the building itself.  A fire which has been successfully controlled by a sprinkler system will result in much less property damage than a fire which has been successfully contained by a passive system.  

The concept of allowing designers and developer to choose between the installation of fire sprinklers or installing additional passive fire protection has been successful for many years and will continue to be a successful option.  There may be a need for increased levels of fire protection regardless of cost for certain categories of buildings.  The decision to have additional levels of fire protection should be made on a hierarchy concept for buildings.  In other words, some buildings may require additional fire protection based on their value, importance of use, and the ability to protect the occupants.  The public should have the option to choose a cost effective and successful fire protection package for their buildings.  Sprinklers are a unique product that can detect a fire, contain a fire, and control that fire.  Often, additional fire protection features may be needed, but a sprinkler system has outstanding performance at a reasonable cost.  
