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Dear National Fire Academy Student:

Congratulations on being selected to attend the U.S. Fire Administration’s National Fire Academy Evaluating Performance-Based Designs course.  

This 6-day course is designed to provide you with the fundamental knowledge, skills, and abilities to assess performance-based fire safe building designs employing sophisticated computer modeling techniques and alternative designs.  You will be introduced to concepts and technologies that shift building design from traditional prescriptive-based building and fire regulations to strategies where engineers, architects, and designers employ a variety of options to meet specific performance goals.  This class teaches how to evaluate fire modeling programs, not how to conduct modeling.

To be prepared for the first day's class, please download and read the attached journal articles before you arrive.  Your comprehension of this material is essential to your success.

Increasingly, students and instructors are bringing laptop computers to campus.  REMINDER:  You alone are responsible for security and maintenance of your equipment.  The Academy cannot provide you with computer software, hardware, or technical support to include disks, printers, scanners, etc.  There is a limited number of 120 Volt AC outlets in the classrooms.  A Student Computer Lab is located in Building D and is available for all students to use.  It is open daily with technical support provided in the evenings.  This lab uses Windows 2000 and Office XP as the software standard.

Should you need additional information related to course content or requirements, please feel free to contact Mr. Woody Stratton, Acting Fire Prevention Technical Curriculum Training Specialist at 
(301) 447-1380 or email at Woody.Stratton@dhs.gov.
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ABSTRACT

This paper will discuss some of the concerns that the Boston Fire Department has concerning Performance Based Codes and Performance Based Fire Safety Designs.  There will be four areas of concern discussed: 1.  Need for prescriptive rules on methodology; 2.  Acceptable level of safety problem; 3.  Maintenance/Enforcement problem; 4, Training and Education problem.  For each area of concern, the problem will be introduced, examples will be provided, and possible solutions will be proposed.

THE LACK OF PRESCRIPTIVE RULES PROBLEM

The Problem

Performance based designs appear to rely on three sources of information: 1.  A set of objectives (possibly from a performance based code); 2.  A design guide (general rules on documentation and methodology); 3.  Reference material (an engineering handbook).  The problem with the use of this material is that it allows too much flexibility in the selection and use of critical items used in designs.  A code official trying to use these documents to insure the safe design of buildings is analogous to a police officer trying to enforce a safe society by using books on philosophy and theology.  These books may contain valuable information as to how one should conduct affairs but are also useless as a set of enforceable rules.  These books might also be adequate in a society where everyone is well intentioned and are less useful in a society where human nature is less than perfect.

For example, performance criteria.  Like many of the issues before us, are a troubling one for a code official.  This is due to the fact that there is no consensus; the designer has the freedom to choose almost any tenability limits for which they can find a reference source.  In fact, almost every design that we have seen has utilized different tenability criteria.  The obvious reason why this becomes important is because by changing the tenability criteria, the time until untenable conditions may be changed to suit the engineer's needs with respect to the design.  In doing so, one can artificially increase or decrease the available safe egress time.

Example

The two different criteria that were used in the "draft" and "final" version are listed below:

Table 1:  Comparison of Tenability Criteria

	Draft Boston High-Rise Tenability
	Final Boston High-Rise Tenability

	Limits
	Limits

	Upper layer at breathing height, 1.67 m
	Temperature of 150ºC - less than 2 min.

	
	Radiant Flux of 25 kW/m2

	
	CO of 2,000 ppm - less than 5 min.

Visibility - 0.5 OD m"'


The reason for this change was never made clear by the designer but a consequence of the change was a drastic increase in the time available to exit the apartment.  The need to increase the time available to egress the apartment was probably due to the fact that, in the final version,  "reaction time" was taken into account.  In the original "draft" report the Total Evacuation Time (Time to Detection + Egress Time) was less than the ASET (Available Safe Egress Time).  Once a reaction time of 25 seconds was incorporated, at our insistence, into the Total Evacuation Time (Time to Detection + Reaction Time + Egress Time) the Total Evacuation Time often exceeded ASET.  To get around this dilemma, the designers changed the assumptions.  This type of flexibility is convenient for designers but as code officials, we find it troubling.

The engineer used his judgment and- considered all the correct factors as recommended by various design guides.  So, what basis would I have to reject this criteria selection? No rules were broken.  This is important due to the fact that traditionally, when we review plans, we are trying to find out if any rules were broken.  What power do we have to insure safe building if there are no rules?

The proper use of safety factors is another area where there seem to be only general guidelines, as opposed to rules.  It does not appear that any designs or models that we have reviewed are 100% accurate.  As a consequence, it would seem prudent to utilize safety factors to offset the uncertainty.  In actuality, many designs I have seen have not utilized any safety factor.  Others have used safety factors of 1.5.  All of these selections were based on "Engineering Judgment." In the SFPE Handbook, Pauls recommends that "...in relation to the Life Safety evaluation, there should be a factor of safety, especially in view of the incomplete technical grasp of both egress and fire issues at the present." For example, in a conservative approach, the "time available" should be at least twice as long as the "time required." [3] Despite this documented recommendation, one of the designs we reviewed stated: Jake Pauls method of doubling the occupant egress time is not commonly accepted or used for fire engineering analysis.  For almost any engineering analysis you could find someone with an opposite analysis or result.  [4] Do we have the right as a code official to reject this design based on this document?

Solution

We are willing to give designers freedom to choose different designs to achieve the same goal.  However, we see no reason to allow freedom to pick any criteria and make any assumption that they can find a reference for in a technical handbook or peer reviewed journal.  We understand that the occupant characteristics such as egress speed and reaction time as well as hazard criteria selected for an elderly housing complex will differ from the occupancy characteristics and hazard criteria for a high-rise office building.  What we do not understand is why designers have the freedom to choose different occupant characteristics and hazard criteria for the same occupancy.  It would seem to limit designers' freedom to create a prescriptive set of occupant characteristics and hazard criteria for different occupancy classifications.  A guideline such as this would let us know when the assumptions made "break the rules."

We believe that a set of rules can also be developed for the selection of safety factors to deal with the uncertainty inherent in fire models.  Several sources have estimated the accuracy of current methods at 10 to 30 per cent, when used with conservative inputs and within the limitations of the model.  [5,6,7] The problem for code officials is to know when the designer has used the models correctly and even then, the code official does not know if the uncertainty is as low as 10 or as high as 30 per cent.  Fortunately, the ASTM Standard Guide for Evaluating the Predictive Capability of Fire Models - 1994, has a standard to measure this predictability.  This predictability is express as a percentage.  In this guide it has been suggested that the predictive capabilities of a fire model may be expressed as percent accuracy.  Other methods for presenting results of a sensitivity analysis are equally acceptable.  [8]

Utilizing ASTM 1355-92, 1994, the predictive capability of models is suggested to be represented as % accuracy.  This suggestion can be combined with an assumption that a typical safety factor should be approximately 2.  The results are shown in Tables 2 and 3.  Using these charts along with the documentation required by ASTM 1355 provides the code official with a much higher level of comfort than a safety factor whose sole justification is "Engineering Judgment" that is not typically peer reviewed.

Table 2:

Boston Fire Department Safety Factor Chart

Due to Uncertainty for Deterministic Timed Egress Analysis for

Moderate Hazard Occupancies, i.e. Business, Industrial
	
	
	Potential
	Error in ASET
	Calculations

	Potential Error 

Time
	
	10%
	20%
	30%

	in Egress Time 

Ca

ons
	10%
	1.5
	1.75
	2.0

	Calculations
	20%
	1.75
	2.0
	2.25

	
	30%
	2.0
	2.25
	2.5


*Uncertainty Safety Factor = (1+(potential error in ET)/(1-potential error in ASET).

Table 3:  Boston Fire Department Safety Factor Chart Due to

Uncertainty for Deterministic Timed Egress Analysis For High
Risk Occupancies. i.e. Nursing Homes Day Care

	Potential Error

in

in in
	
	Potential Error in ASET Calculations

	in Egress Time
	
	10%
	20%
	30%

	Calculations
	10%
	2.0
	2.25
	2.5

	
	20%
	2.25
	2.5
	2.75

	
	30%
	2.50
	2.75
	3.0


*Uncertainty Safety Factor = (1+(potential error in ET)/(1-potential error in ASET).

The actual rules that are eventually developed could differ from the examples provided here.  The point is that a set of prescriptive rules, that a plans examiner can use in checking the validity of a design will make it much easier for a code official to review designs.
LEVEL OF SAFETY PROBLEM

Many code officials are concerned that without having a given "prescribed level of safety" designers will feel free to submit their own assumptions as to what constitutes an acceptable level as part of their design.  The designer will not only produce a design, the designer would be able to set the criteria against which it will be measured, as well as the level to which those criteria are met.  When a code official disagrees with the designer's choice as to what constitutes an acceptable level of safety, the official will be forced to argue the legal and political concepts as opposed to design issues.  More than once we have found ourselves before state appeals boards facing arguments that had more to do with whether or not the code requirement(s) in question were appropriate, rather than facing arguments on whether the design met the intent of the code.  In fact, after a presentation of a case study at a local chapter of the SFPE, by the designer on several designs reviewed by the Fire Prevention Division, a couple of audience members commented that one area that was never discussed was whether or not the code requirement should have been there in the first place.  The reply was the issue was not raised because it was not a valid issue to raise during a plans review or an appeal of a given plans review.
Examples

The performance codes that I am aware of contain language similar to the following.

Objective.  To protect occupants from injury or illness when evacuating a building during a fire…

Functional Statement.  Buildings shall be designed with safeguards against the spread of fire so that: 1.  Occupants have sufficient time to escape without being overcome by fire and smoke...

Performance Requirements.  Automatic fire suppression systems, when provided as a means to controlling fire growth shall deliver sufficient suppression to suppress a fire (Many other performance requirements are typically listed).

The problem that a code official has in trying to enforce language of this type is that not only are there many different designs that can achieve these objectives, there are many different levels at which the objectives can be met.  Battery powered smoke detectors protect occupants to one level of safety.  Quick response sprinklers and interconnected alarm systems also protect occupants.  On what basis do we reject one level of safety over another? All levels meet the objectives; they do not meet the objectives to the same extent.  This is not a hypothetical concern.  We recently had to argue a case in court in which one of the main arguments being used against us was that a design which relied primarily on detectors was claimed to be equivalent to a prescriptive requirements of the installation of an automatic sprinkler system.  This was due to the interpretation that the design met the same objectives that the prescriptive code was meant to address.
Solution
To provide the flexibility in design with the minimum and prescribed level of safety we would like to propose the following language:
DEFINITION OF REASONABLE LEVEL OF SAFETY

A facility taking a performance approach to meeting the code requirements has reached a "reasonable level of safety" when, at a minimum, the design meets the objectives of the code for all of the people, including fire fighters and property to the same overall levelb that the prescriptive approach intends to protect them.
Exception: In the case where the facility is utilizing a design or approach that is not anticipated by the prescriptive code, the performance approach must meet the objectives of the code providing the level of safety that is intended by the most applicable nationally recognized standard for similar occupant, process or hazard.
a.  In cases where the design analysis identifies areas where the prescriptive code do not meet the objectives of the code by providing a reasonable level of safety, the performance approach must exceed the minimum level prescribed by the code.  This is anticipated to achieve the reasonable level of safety.

b.  For portions of a design that are deterministic, an alternative design will be determined to meet the same overall level of safety when the results or prediction of the analysis produces at least as safe a result as the prescriptive code.  For portions of a design that probabilistic or deterministic design will be determined to meet the same overall level of safety when the result of prediction of the analysis produces an estimate of risk that is lower than the prescriptive code.  Redundancy and reliability of the design options must be analyzed.

Designers seem to be concerned that any text that implies equivalency is merely the "alternative but equivalent" option allowed by the prescriptive codes.  They argue that this text does not encourage alternative designs.  I would argue that it is not the "equivalency" requirement that discourages designs but it is how equivalency is demonstrated and interpreted.  In the past there has been a lack of tools that would demonstrate "equivalency" in a convincing manner.  This is rapidly changing.  In cases where they are designing a building or a process that is anticipated by the prescriptive code, we believe the "alternative but equivalent" approach is adequate.  The new "performance based design" techniques provide plenty of freedom of design within a given approach.  This freedom of design is particularly apparent if one views equivalency as an overall intended level of safety equivalency.  This overall equivalency is different from an item-by-item equivalency that might be required by some code officials.
By defining the acceptable level of safety as the level of safety provided by the prescriptive code, the freedom of the designer to design facilities where this equivalency doesn't exist or where it cannot be demonstrated.  We do not view this as negative since this type of freedom should not be available to the designer.  On the other hard, if by limiting the designers choice of options to ones where equivalency can be demonstrated, the code official has some documented assurance that the intent of the prescriptive code is being met.  This requirement, instead of discouraging innovation could actually encourage it by facilitating the approval of these designs.
The exception is needed to provide the flexibility that new and unanticipated designs or processes need while requiring the final proposed level to have some rational basis to justify it.  The burden to justify why a different level of safety, from the level implied by the prescriptive code should be placed on the, designer.  The designer must also make it clear what the basis is for the level that is proposed.
MANINTENANCE/ENFORCEMENT PROBLEM

Problem

The question that arises as a fire official is: How are the assumptions that are made in an objective based design enforced? Our experience in Boston has shown that these types of designs are connected to a set of assumptions with no redundancies or room for error.  Some of these assumptions are made with respect to people movement and fuel loading with little or no scientific background or statistical analysis.  Furthermore, many times assumptions are made and used outside of the boundaries with which they were derived.  This becomes an issue when managing the use of buildings on a day-to-day basis.  In fact the day-to-day uses, repairs to fire protection equipment and owners’ interests may act retrograde to the engineer's initial design assumptions.  In recognition of these constraints, the Fire Prevention Division of the Boston Fire Department has outlined some issues that we believe must be discussed to illustrate some past failures and propose a path that the engineering, construction and code enforcement community can take.
Examples

In order to outline the concerns clearly, two actual cases will be used.  The first will be a description of the assumptions that were made about an 18,000 seat arena and a high rise residential building and how future use negatively impacted the engineer's original design assumptions.  Although the issues brought forth by these cases are indeed complex, a small cross​ section of the assumptions will be used to illustrate our case.  It should be noted that none of the assumptions in this paper were taken out of context of the boundaries of the argument proposed by the engineer.  In fact, they were critical in their relevance and nature of the overall project.
A submittal for the arena detailed the use of a "fast-fire" (see NFPA 72, Appendix B for explanation) in the ASST-BX model for a design fire.  In part, the modeling was performed to show that an increase in seating and the deletion of an automatic sprinkler system could be allowed.  This was based on the information from the model with respect to untenable conditions.  Setting aside the issue of the use of the model, there were issues raised with the use of a fast-fire.  The result was that the ownership capitulated and proposed the limitation of combustibles in the arena.  Furthermore, the area was to be used for sporting type events and those with a low fuel load only.  During the first weeks of operation of the arena, a concert event was held.  The stage consisted of decorations consisting of 4 stories of flexible polyurethane material.  In addition, there have been other events that use pyrotechnic displays.  This type of use would seem to fall outside the boundaries of the solution that the engineer and owner proposed in order to obtain an increase in occupants and the deletion of an automatic sprinkler system.  In the cases of the polyurethane decorations, no one from the arena notified the fire department nor the building department to determine if this particular use violated the appeals agreement
In the high rise residential building case.  A proposal was made to omit the installation of an automatic sprinkler system at the time of construction.  Instead of an automatic sprinkler system, the ownership proposed that an open balcony be constructed to connect adjacent units so that passage from one to another could be easily accomplished, fire extinguishers be installed in every kitchen and an automatic door closure be installed on the kitchen door.  Over 30 years of use, the fire extinguishers are gone, the kitchens have been remodeled to look modern and the balconies have been enclosed so that passage from either one is impossible.  No one consulted the fire department or the building department to determine if this type of construction and removal of fire protection features were legal modifications.
There are 5 questions and solutions we would like to propose that stem from our experiences and relate directly to the enforcement of assumptions used in an objectively based design.  The questions are:
1.
Where should documentation of assumptions used in an objective based design be kept? We believe that the owner and his agents are ultimately responsible for the maintenance of the documentation used in a performance based design.  This information must remain on site and accessible for use.  In addition, any conditions on the Certificate of Occupancy should be kept at the municipal building department as part of the legal documentation.
2. 
Who should review and approve modifications prior to building permit application? Due to the fact that these types of designs are so assumption driven, any deviations or proposed modifications should be approved by the original engineer of record.  The ramifications of this statement are wide ranging.  However, if an engineer cannot determine if a modification will not adversely impact his assumptions why should the authority having jurisdiction be responsible for the decision.
3.
Who is responsible for maintaining the records and that all the assumptions used in a design are followed? A concept like a Fire Safety Director would seem like a logical choice.  This person would be on site to determine if events or modifications impact the design assumptions used by the engineer.  If the documentation on the design is on site and the individual is qualified to make judgments of this magnitude, we believe that incidents like the arena and the high-rise can be avoided.  These type of events must be avoided if we are to use objective based designs.  We have had experiences with other major property owners in the city that are similar to the fire safety director concept.  These people are onsite to determine if the day to day operation complies with the requirements of the building code and legally sanctioned variances.  However, questions remain if this concept is used.  What level of training is required for this type of person? There is a definite void of information on this topic.  The final issue on this subject is: how does an AHJ site someone for not being qualified?
4.
What happens if the assumptions must be violated due to repair of a fire protection system? We presently manage this type of situation by requiring the owner to make provisions such that an adequate level of protection is provided if a required or non-required fire protection system is impaired.  Many times this requires removal of all combustible material and fire watches that an owner supplies while other cases require temporary water supplied be made with fire department personnel and apparatus.  In any case of severity, the impairment issue is great and must be dealt with as much care as is taken in the initial design phases of construction.
5.
Who submits a status report to the AHJ on the state of the assumptions used in the design? We believe that a status report should be submitted on a frequent basis.  The content of the report would indicate that all assumptions are being followed and include all test data of all the fire protection systems used.  This would range from automatic sprinkler systems to the status of doors with automatic door closures.
It is important that a systems approach be used in objective based designs.  What is ever more important is that a systems approach be take to maintain and determine if compliance exists on a system wide basis.  It is important to explain to individuals that will be using the built environment the importance of the assumptions and how they will impact on occupant safety if they are not followed.  By empowering the user of the built environment with this information, the intentions of the original design and overall level of safety will be realized.  Due to the size and scope of objective based designs, the maintenance of the assumptions by the code official cannot be done alone.  The concept and importance of the fire safety director should be embraced by the fire protection community as a whole.
TRAINING AND ESUCATION PROBLEM

Problem

A problem, which will impede the use of performance-based fire protection design methodologies, is that many code officials, engineers, and architects lack proper training and education about the use of these methodologies.  There are both short and long term implications concerning the training and education problem.  Short-term problems will arise when one tries to obtain the code official's acceptance to use performance-based fire protection design methodologies within the official's jurisdiction and is met with stiff resistance.  As a minimum, if the use of performance-based fire protection design methodologies is permitted, the review process could be very slow as many designs will be subjected to a lengthy appeal and review process due to the code official not being qualified to properly review submitted performance-based designs.  It is worth mentioning that long review periods, in many instances, are attributable to insufficient, inadequate, or misleading information being submitted for review.  Long-term problems will arise due to changes that will occur over time to a building's use, function, and built in fire protection characteristics.  These changes to the building will necessitate a re-review of the original performance-based fire protection design's, objectives, assumptions, and performance criteria.

An improperly trained code official, engineer, or architect will not recognize that the originally approved performance based fire protection design requires additional evaluation because of the changed conditions.  However the long-term problem is also an enforcement problem which is covered in another part of this paper.  Additionally, inadequately trained code officials may also approve unsafe performance-based fire protection designs quickly without rigorous and adequate analysis because the code official would not know the appropriate questions to ask of the designer or even where to go to seek additional information regarding performance-based fire protection designs.  This situation opens up the question as to why a designer is submitting an unsafe design in the first place for a code official's approval.

Another problem area related to training and education is the necessity of a code official, engineer, or architect to exercise judgment when deciding upon the acceptability of a proposed performance based design--in other words what makes a design safe or even more simply stated what is safe design.  Performance based designs utilize many assumptions, performance criteria, and design methodologies, which are many times subjectively chosen by the designer.  For example, a designer may select that a design be deemed safe if the time for occupants to egress a building is less than the time for a hazardous condition to develop such as the height of the bottom of a descending smoke layer to reach a pre-determined level.  Upon thorough analysis the designer may then discover that given the pre-selected design fire scenario and original performance criteria the available safe egress time is not achievable and proceeds to abandon the objective of obtaining a safe egress time using the concept of a descending smoke layer.

The designer then proceeds to use the same design fire scenario in the same building, yet changes the performance criteria to new threshold levels using radiant heat flux, maximum layer temperature, carbon monoxide concentration, and visibility.  Upon re-calculation, the designer now determines that the building occupants will egress prior to the onset of unsafe levels using the new performance criteria.  How can the same building design be deemed unsafe for occupants in one design scenario but safe in another when the only change was different performance criteria? When designers make final selection of their assumptions, performance criteria, and design method and submit them for review to the code official, the code official is obligated to judge their acceptability.  The design and review process is fraught with subjectivity for both the designer and the code official.
Proper training and education of both code officials and designers will address only part of the judgment and subjectivity dilemma.  A prescriptive review methodology for use by code officials could also solve part of the problem concerning a code official and designer's proper use of judgment and design subjectivity.
Examples

Recently, the owner of a high-rise building submitted a performance-based design as an alternative to installing a complete NFPA 13 sprinkler system within the building.  The owner's design team, during the course of review with the code official, made approximately six major changes to their design fire assumptions, two major changes as to the selection of their performance criteria, three major changes concerning their assumptions about human behavior and egress from hazardous conditions, and numerous other changes to the overall design including fire department response times.  Reviewing all of the changes and the final proposal required over 250 hours of review time by the code official.  In this instance, the code official was left with the question of how to accept a proposed performance-based design, which involved such subjective establishment of assumptions, design fires, and performance criteria, by the design team.  A considerable amount of review time was spent by the code official getting educated on the engineering material that was requested of the design team in order to substantiate the analysis and conclusions of their design proposal.
A performance based fire protection design was submitted for an 18,000-seat arena.  The original design was not properly documented or justified by the designer concerning the manual activation of the arena smoke control system and the timed egress analysis of the arena occupants.  In addition, the designer submitted documentation that the arena's stage and floor fuel load would never exceed a certain quantify and hence a certain size fire would never develop based on this fuel loading.  This limitation and its implications were not known by the building owner and were not directly made a condition of the building's certificate of occupancy.  Upon discovery of this matter by the code official at a later date, the arena owner must either eliminate a large portion of his trade show business or take expensive measures in order to ensure occupant safety.

Solution

It is obvious that code officials must obtain some formal type of certification in order to ensure proper evaluation of performance-based fire protection designs.  Many code officials are presently career employees who are qualified by a combination of experience and education.  It is imperative that the instructive portion of a code official's qualifications incorporate training in the review of performance-based designs.  Unfortunately, until this training is more universally, uniformly, and inexpensively provided by inspector associations, universities, model building code groups, SFPE, and the like there is little that can be done on a large scale to help solve the training and education dilemma faced by code officials

Architects and engineers are more uniformly schooled in traditional university settings and the availability of engineering and architectural programs perhaps puts these occupations in a better position to respond to the lack of available training in performance-based fire protection design.  Not everyone in the building design professions can be a truly qualified fire protection engineer but neither should the traditional engineering and architectural schools offer so little on performance based fire protection design.  Again until more faculty are provided with training in fire protection engineering within mainstream engineering/architectural programs the option of the traditional engineer/architect to seek advanced training in fire protection engineering will be limited to a small cadre of universities offering fire protection engineering program.  Technology today does offer the opportunity for distance learning on a much larger scale than ever before.  It is worth mentioning that the Society of Fire Protection Engineers has offered numerous short programs about performance based fire protection design.

Presently, the best option for overcoming the lack of training and education in performance-based fire protection design is to require peer review of proposed designs upon submittal to the code official.  A suggested format for peer review selection could go as follows:
1.
The code official provides a list of qualified fire protection engineers to the owner.

2.
The owner is given a set of ground rules by the code official as to the expected extent of the code officials review--this could be the prescriptive review methodology used by the code official described elsewhere in this paper.

3.  
The owner could then select a fire protection engineer from the list after the prospective engineers have reviewed the proposed design documents and the prescriptive review methodology developed by the code official.  The owner should now have a variety of bids and price ranges to select from.

4.
Once the owner has selected the peer reviewer it shall be a requirement that the peer reviewer be ethically bound to work for the code official in determining the adequacy of the performance-based fire protection design.

5.
A peer review report is generated and is used by the owner and the code official as the basis of discussion during the approval process.  This sets the ground rules so to speak.

While not perfect solution it does address the immediate needs of the performance-based fire protection designer and their code official counterparts.

SUMMARY

Although this paper is entitled Code Officials and Performance Based Fire Safety, we believe that the items that have been discussed are also valuable to many others in the process.  The prescriptive rules of design will make it easier for the designers to select assumptions and set criteria.  They could also have less liability in the event an assumption or criteria leads to an unsafe design, since the assumption or criteria was agreed to by some consensus process.  These benefits are also derived by defining the acceptable level of safety as the level implied by the prescriptive code.

Another benefit of tying the acceptable level to the prescriptive code is that it automatically allows a single national model to be adopted by different jurisdictions that have different levels of "acceptability".  If indeed a jurisdiction does have a different level of acceptability than a national model prescriptive code, it should be reflected in the prescriptive code for that jurisdiction.  This allows one model code to take into account the different level of safety that different areas of the country accept.
The requirements for training code officials will enhance a jurisdiction's ability to adequately review performance-based designs.  However, if our experience is typical, an added benefit is an enhanced ability to provide consultative services to the applicant as well as an increased ability to review prescriptive based designs.  We have found that the questions that are raised during performance based reviews apply to all designs.  In particular, the importance of maintenance, safety during phases of construction, and qualifications of on-site personnel.  In discussing these concerns with property management people they recognize these shortfalls.  They are asking us to help train their in-house personnel to deal with these issues.
We believe that the solution to these problems will accelerate the acceptance of performance-based codes.  Although these requirements will make it harder for poor designs to get approved, they will simultaneously make it easier for good designs to get approved.  In society, people give up a small percentage of their freedoms to protect the rest.  We are asking the designers to give up a small amount of freedom, such as the freedom to use unjustified safety factors, so that code officials feel comfortable dealing with the freedom to utilize different design options.  We believe these recommendations will have a practical affect to provide designers more freedom by making it easier for code officials to accept these designs for review.
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 Background 

When the aftermath of a serious fire is being investigated, one of the most common questions is: Why did the fire get so large? Until relatively recently, the 'large' questions could only be answered qualitatively, since means of quantifying a fire size in engineering units did not exist. Eventually, it was recognized that since heat is the energy output of the fire, and scientific means exist for measuring energy, the problem may be soluble. The principles are clear. Heat is measured in units of Joules. What is usually more of interest is the rate at which heat is released, not the total amount. The heat release rate (HRR) can thus be measured in Joules per second, which is termed Watts. Since a fire puts out much more than 1 Watt, it is usually convenient to quantify the HRR in kilowatts (1000 W) or megawatts (a million watts). 
Bench-scale measurement of HRR 

Prior to the 1970s, such ideas, while theoretically accessible, were not usable, since actual means of measuring HRR from fires were not available. The first instruments for HRR measurement started being available in the 1970s and they were bench-scale devices. (One specialized unit had been already built in the 1950s in one lab.) Bench-scale means such instruments can measure samples on the order of a few inches or a few centimeters in size, but not real objects that could be man-sized (or even warehouse-sized). The early HRR instruments (OSU apparatus, developed by Prof. Ed. Smith; NBS-I calorimeter, developed by Alex Robertson and Bill Parker; etc.) suffered from normal first-generation issues of usability and cost. The NBS-II calorimeter, for instance, cost NIST $250,000 to build in 1977-78 (actual 1977 dollars). Shortly after joining NIST in 1977, I was tasked to find a better way. Several years of exploration elapsed, and by 1982 I had invented the Cone Calorimeter, in its first iteration. This has since become the world standard, available at test laboratories around the globe.
Furniture calorimeters (large-scale products calorimeters)

Having a bench-scale HRR apparatus is not enough for comprehensive studies of fires. In many cases, it is necessary to study the HRR of objects in their full scale, or at least nearly full-scale. This development was also started around 1979, and by 1982 two different apparatuses were independently invented. The NIST furniture calorimeter was developed by myself, along with Doug Walton, Randy Lawson, and Bill Twilley. The FMRC products collector was developed by Gunnar Heskestad. These have also now become used around the world and are the basis of numerous standards of ASTM, NFPA, and other organizations.
Room calorimeters 

The final HRR measuring apparatus which was needed was a room calorimeter. Furniture calorimeters can measure the HRR of discrete objects, able to support themselves on the floor. This does not include such products as ceiling tiles nor wallboard. Also, special measuring issues arise when one wants to measure a whole burning room, fully furnished. For such studies, room calorimeters were needed. Room calorimeters were developed in a parallel effort between Fred Fisher and Prof. Brady Williamson at UC Berkeley and by Billy Lee and Jin Fang at NIST. This effort was also largely completed in 1982, meaning that instruments of all three needed scales became available nearly simultaneously in 1982.
Which scale to use? 

It is costlier and more difficult to test in larger-scale instruments, thus it would seem that preference would always go towards running a bench-scale test. This is not necessarily true, since to make intelligent use of the bench-scale data one needs a predictive model. In other words, it is not of much interest to know what a 10 cm size sample would do; what is of interest is the full-scale behavior of a piece of furniture, appliance, wall covering, or even a whole room. For some categories of objects, such models have been developed. These include upholstered furniture, wall linings, carpets, and some others. But the available categories are few, while the types of objects which can potentially be of interest in fire reconstructions are numerous. Thus, one of the things which must first be determined is whether it is reasonable to run bench-scale tests or whether full-scale testing is needed. We may note that for polymer manufacturers and others developing new materials, it is often sufficient to only use bench-scale testing. This is because they mainly wish to find the relative differences in fire behavior, while actual product performance may not be relevant to them since they do not even make the end product.
The overwhelmingly important role of HRR in fires 

HRR is not just 'one of many' variables used to describe a fire. It is, in fact, the single most important variable in describing fire hazard. (The only notable exception is for explosions). There are three main reasons for this.
1. HRR is the driving force for fire. 
The HRR can be viewed as the engine driving the fire. This tends to occur in a positive-feedback way: heat makes more heat. This does not occur, for instance, with carbon monoxide. Carbon monoxide does not make more carbon monoxide. 
2. Most other variables are correlated to HRR 
The generation of most other undesirable fire products tends to increase with increasing HRR. Smoke, toxic gases, room temperatures and other fire hazard variables generally march step-in-step with HRR as HRR increases. 
3. High HRR indicates high threat to life. 
Some fire hazard variables do not relate directly to threats to life. For instance, if a product shows very easy ignitability or high flame spread rates, this does not necessarily mean that fire conditions are expected to be dangerous. Such behavior may merely suggest a propensity to nuisance fires. High HRR fires, however, are intrinsically dangerous. This is because high HRR causes high temperatures and high heat flux conditions, which may prove lethal to occupants. 
If HRR is so important, why are regulators not regulating it? 

In the US, over the last decade, HRR has shown up in various regulations and specifications, but this has been in specialized areas. Where it has not yet shown up in is in the building codes. The US model building codes still regulate products according to the Steiner Tunnel Test. This test was developed during the late 1930s and early 1940s and, of course, predates all of modern fire protection engineering knowledge. The test controls flame spread which is not, as noted above, a primary factor in determining human untenability. Over the years, a number of research projects documented various shortcomings of this test. The basic reason why we have not yet progressed beyond 1940s technology in the building codes has to do with the inertia of the process and of the lack of funding resources necessary to propel a building code change. In the US, there is no public-interest organ with specific funding to conduct research leading to building code improvements. Changes, instead, are usually originated by commercial entities. As of now, no commercial group has decided that it would be advantageous for them to sponsor a change, intended to introduce improved engineering methods in this area. In fire litigation however, HRR testing is well established, and eventually it is also certain to become utilized in building codes. 
Some common misconceptions
· We have taken measures to control the ignitability, so we don't have to worry about HRR 
It is certainly wise to always control ignition sources and also to use less ignition-prone materials, when possible. Such a strategy, however, can never be relied upon to avoid an ignition. Neither HRR nor any other consequences of fire will come into play as long as there is no ignition. However, when an ignition does occur, limiting the HRR means that the fire has a chance to be controllable and not disastrous. 
One must also realize that if the application is not in aircraft safety, military or NASA areas, the affordable, commercial materials that are available are not very ignition resistant. Studies have shown that even small ignition sources normally apply about 35 kW m2 heat flux to their target. If one then seeks materials able to resist an ignition flux of 35 kW m2, one finds that these are rare and costly. 
· Coroners tell us that inhalation of toxic fire gases is the main cause of fire deaths, so we should control toxicity, not HRR 
This fallacy rests on the imprecise definition of the term 'toxicity.' Regulatory officials sometimes presume that this means that 'toxic potency' is the root problem and that this is what must be controlled. Toxic potency is the toxicologist's term for defining how toxic is the substance when you inhale 1 gram of it. But of course the victim will inhale something other than 1 g of it. How much of the substance will be inhaled is governed by the fire's mass loss rate. The mass loss rate is closely proportional to the HRR of the fire. Now, what is important to realize is that studies at NIST and elsewhere have shown that for commercial products, burned under realistic fire conditions, toxic potencies vary only within a narrow band. By contrast, mass loss rates (same as HRR) vary over an enormous range among products of any given type. Since both toxic potency and mass loss rate affect the total impact of the fire on the victim, it is clear that effective control can be mounted by limiting mass loss rates, but there is little that can be achieved by attempting to control toxic potencies. 
For further reading, see the textbook Heat Release in Fires. 
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Effective October 1, 2004

NFA WELCOME PACKAGE

The following information is provided to help you plan your travel to the National Emergency Training Center (NETC) in order to have a more productive and enjoyable training experience. Even if you’ve taken classes at NETC previously, please read it carefully--procedures may have changed since you were here last, and you will be responsible for complying with the current procedures.  The last page of this package is entitled “CONTACT INFORMATION.”  We suggest you print it and provide a copy to your family and office staff in case they need to contact you during your stay. Although friends or family may not stay in Housing, they are welcome to attend graduation.  Please contact Security before their arrival for current security protocol required for their entry to campus. 

If you have any questions, you may call us at either (800) 238-3358 or (301) 447-1000.  When you reach the operator, ask for the relevant extension:

· Housing/Transportation---1048/1113

· Admissions---1035

· Food Service (Guest Services)---1551

· Security---1111

If you need to fax information to any of the following offices, please note the following fax numbers:

· Housing/Transportation:  (301) 447-1324
· Admissions:  (301) 447-1441
· Food Service:  (301) 447-6944
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Due to increased security precautions, students should bring two photo ID’s to campus. PLEASE HAVE THEM WITH YOU, NOT IN YOUR BAGGAGE!  If you do not have the photo ID’s, you will not be permitted on campus. Security checks will delay your registration at the NETC.

If you are a student from a foreign country, please be prepared to show your passport or visa at registration.
Firearms:  Prohibited on campus!

Due to heightened security requirements, please understand that security and law enforcement personnel may search you, your vehicle or your luggage.  Maryland law is very narrow in its definition of Law Enforcement Officers who may carry firearms.  For your own protection, and to expedite your processing into the NETC, do not bring weapons of any kind to campus. Weapons include knives with blades longer than 3 inches, machete, bow & arrows, ammunition, rifles, shotguns, pistols, etc.  Sworn/Commissioned and state POST certified officers and federal officers or local officers with concurrent jurisdiction who require a firearm for the performance of required official duties must obtain an exception from the Director of Support Services or the NETC Security Specialist at (301) 447-1000 prior to arrival on campus.  If you do arrive at NETC with weapons of any kind without prior approval, your entry to campus will be significantly delayed.  
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TRAVEL BY AIR:




· You must make your own travel arrangements.
· You need to be sure your flights meet the shuttle pickup/departure times, and the ticket purchase follows the parameters of travel as defined under “REIMBURSEMENT” in this package.
NETC SHUTTLE SERVICE:  

Shuttle service is available between NETC and the airport(s) listed on the “COURSE SPECIFIC INFORMATION” sheet – a pink page enclosed with the acceptance letter you received for this class.  Read it carefully before making flight arrangements! 

If you need bus transportation to NETC from the airport, you should plan to arrive at least 1 hour before bus departure time.  You must call the NETC Transportation Office at least 1 week prior to course start date to reserve a seat.  IF YOU DO NOT CALL, SEATING MAY NOT BE AVAILABLE AND TRANSPORTATION TO EMMITSBURG WILL BE AT YOUR OWN EXPENSE.  
Our transportation will be either a motor coach/charter bus identified with NETC signage in the front window/door, or a maroon passenger van with the NETC signage in the front window. You may contact the NETC Transportation Office a day before your arrival to inquire as to which vehicle will be used. For airport security reasons, our drivers cannot leave their vehicles and must circle the airport pickup area, SO YOU WILL NEED TO LOOK FOR THE BUS OR VAN.  If you do not see the vehicle 5 minutes prior to the pickup time, please call the NETC Transportation Office for guidance.

SHUTTLE PICKUP POINTS AT EACH AIRPORT:   (check your pink “Course Specific Information” sheet as to which airport you may use. You can ONLY use the airport listed on that sheet! Ground transportation from other airports may be at your own expense. If your scheduled arrival time does not coincide with the shuttle schedule, ground transportation will be at your own expense as well.)

· Ronald Reagan National Airport (DCA): Pickup is near the Travelers’ Aid Desk in Terminal ‘B’ (Lower Level, between gates 5 & 6).  Buses depart from the inside lane and vans depart from the outside lane.  If you arrive in Terminal ‘A’ please take the Economy/Rental Car airport bus shuttle to Terminal ‘B’, lower level, or walk across the terminal connector and go downstairs to exit door number 5, on your left.

· Baltimore/Washington International Airport (BWI): Pickup is near the Lower Level Baggage Claim Areas 10 & 11.  There is not a Travelers’ Aid Desk in this location. Buses and vans depart from the outside lane.

· Dulles International Airport (IAD): There is a Traveler’s Aid Desk between Baggage Claim Areas 4 & 5 on the baggage level, located at the east end of the terminal.  Go up the ramp and out exit-door number 6.

DELAYED FLIGHTS: If you were scheduled to use the NETC transportation and your flight was delayed for other than weather-related reasons, the airline is responsible for your transportation to NETC.  If they will not transport you, please call the Transportation Office when you arrive at the airport (it will be approximately 2 hours before we can pick you up).  If you choose not to use NETC transportation and arrange for other transportation, it will be at your own expense.

IF DRIVING:

· You may arrive on campus any time after 12:30 p.m. the day before your course begins.

· You must depart campus after the end of your course, except for courses with a next-day departure date.

· Student parking is provided north of the NFA classroom building (J Building).

· Your vehicle must be registered at Housing/Security for stipend/security reasons, even if you do not stay on campus.

DIRECTIONS TO NETC:
· From Baltimore:  I-695 (Baltimore Beltway) to I-70 West (towards Frederick) to Route 15 North to Emmitsburg.  Left turn off Route 15 to South Seton Avenue.  2nd Right onto campus (tree-lined drive).

· From Washington:  I-495 (Washington Beltway) to I-270 North (towards Frederick) to Route 15 North to Emmitsburg.  Left turn off Route 15 to South Seton Avenue.  2nd Right onto campus (tree-lined drive).

· From Philadelphia and East:  Pennsylvania Turnpike West to Harrisburg, Exit 236 (Route 15).  Go South on Route 15 to Emmitsburg.  Right turn off Route 15 to South Seton Avenue. 2nd Right onto campus (tree-lined drive).

· From Pittsburgh and West:  Pennsylvania Turnpike East to Harrisburg, Exit 236 (Route 15).  Go South on Route 15 to Emmitsburg.  Right turn off Route 15 to South Seton Avenue.  2nd Right onto campus (tree-lined drive).
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Where do I register?

· Class, dormitory, and vehicle registration will take place in Building C Lobby.

· You may have to walk some distance to your lodging.  We recommend you bring luggage with wheels.

If I am claiming travel reimbursement, what do I need at registration?

· A copy of a check for an account that bears your name.   Deposit slips or accounts for an organization or 


another individual are not acceptable; a copy of a check is the best source for the correct financial information.
· We’ve found it speeds up registration if you fax the information to the Admissions Office (301) 447-1441 prior to your course start date.  Please include your name, Social Security Number, and course code/title/date on the fax.  Please be sure that the copy is legible.
· If your account is with a credit union, or if the account is payable through another bank, please have the bank provide you with the routing and account numbers for ACH deposit.
· If you do not have a personal account, please contact the Admissions Office PRIOR to your arrival for further instructions.

· If traveling by air or train you will need a copy of your ticket that shows an itinerary of your trip, indicates proof that the ticket was purchased at least 21-days in advance, shows a zero balance, and is non-refundable.
· If you have an electronic ticket, you must submit the itinerary/receipt (with ticket number and actual ticket amount shown as having been paid). 

· If you incurred additional expenses for transportation/lodging/meal costs, you must receive prior written approval to be eligible for reimbursement of these expenses. If approved, original receipts must be presented at the time of your arrival.
(
If driving, in addition to account information,
· Automobile registration

· Odometer readings

· License tag number

· If you are driving a state, county or municipal vehicle, you must submit a signed statement from the owning agency on letterhead stationery requesting reimbursement for the student.

· If you drove to NETC, but you will not be keeping your car on campus, it must be registered on campus or you will not receive reimbursement.

What if I am here for back-to-back courses?

· You will be housed in the same room for the entire length of the stay.

· If you stay off campus between the two courses, you will need to purchase a meal ticket for the weekend between the courses to keep the same room. Otherwise, you must check out of housing after the first course ends (turn in the keycard and remove your belongings), and be assigned a new room upon your return.

· If you choose to leave campus between courses, any additional expenses that you may incur shall remain your responsibility.
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   LODGING

Must I call to make a lodging reservation?

· No, rooms are randomly assigned once you are accepted into a course.  Because of the random assignment of rooms, you may or may not be lodged in the same building as your classmates.

· We make every effort to ensure you have a single room.  However, if the student count is high, you may be doubled with another student.  Please do not call to request a single room.

· If you have a disability and need special accommodations, please contact the housing office at least 1 Week prior to your arrival on campus.

· If you have problems with your room that you’ve been assigned, please contact  the registration desk.  If you would change rooms with someone else without notifying staff, we would not be able to contact you in case of an emergency.
Is there a charge for lodging?

· No, not if you are eligible for stipend reimbursement (see “Reimbursement” section).

· If you DO have to pay for lodging, the current charge is $30/day.

· NETC Housing accepts cash, personal check, travelers check, and credit card (American Express, VISA, MasterCard and Discover).

What if I want to stay off campus?  If you choose to stay off campus, it will be at your own expense.  You will still need to purchase a break ticket from Guest Services for the length of your class.

What amenities are in each room?

· Private bathroom

· TV and clock radio

· Refrigerator

· Linens and towels, with daily housekeeping service.

· Telephone with voice mail

· A telephone jack is located in each room for dial-up Internet access.  Check with your Internet Service Provider (ISP) for local calling area access.  Out-of-area ISP accessibility will require credit card, third party or collect billing for access from NETC.  You should consider bringing a longer cord (10 ft.) if you are bringing your laptop computer. Some NFA courses require students to bring reports or projects to be shared with the class. It is convenient to bring that information in an electronic format. NFA can only support zip drives, CD-ROM, and 3-1/2” floppy storage. NFA cannot support any devices that use the USB Port. You may not connect any key storage devices, pen drives, or external hard drives to Government computers.

Additional costs you could incur during your stay:
(
Class shirt

(
Class picture

(
Laundry machine and dryer vending costs

(
Recreation Association pass ($1) allows use of all recreation facilities and Pub

(
Class donation

(
Class dinner/party

Are there laundry facilities available?

· Yes, there are coin-operated washers and dryers in each lodging building (change available at the convenience store on campus).  

· You may purchase laundry supplies at the convenience store.

Are family, friends or pets allowed in the lodging rooms on campus?

· No, only NETC students are allowed in the room. Relatives or friends are not allowed in the rooms, and cannot be lodged on campus.  Upon request, the NETC Housing Office will provide information regarding local off campus accommodations; however, you are responsible for arranging and paying for those accommodations.

· Animals are not allowed in campus housing, except for seeing-eye and other service dogs.  Please notify the housing office at least one (1) week in advance if you will be bringing a guide dog.

What time must I check out of my room?  Check out time is 9:00 a.m.  You may leave your luggage in your room until 9:30 a.m., but it must be packed and by the door.  When you return for your luggage, please do not use the bathroom facilities if the room has already been cleaned for the next occupant.  Please return your key card to the front desk by 9:30 a.m.--you will no longer have access to your room after that time.
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It is each student's responsibility to use good judgment in selecting attire which projects a professional image, and is appropriate for both climate differences and classroom activities. We recommend you check the weather channel so you can plan your attire accordingly.  If NFA staff determines that your attire is inappropriate, you will be required to change into more appropriate clothing before continuing class.

· Acceptable attire for classroom settings

MALES:  Shirts with collars, slacks, nice jeans, including departmental uniforms (no T-shirts), shoes and socks.  Optional items include sweaters, sport coats, ties, etc.


FEMALES:  Dresses, blouses with slacks or nice jeans, skirts, split skirts/skorts, including departmental uniforms (no T-shirts), and shoes.  Optional items include sweaters, blazers, etc.

· Acceptable attire for Graduation:

MALES:  Class shirts or dress shirts with ties and dress slacks, suits, sport coats, or departmental dress uniforms.


FEMALES: Class shirts or blouses with dress slacks or skirts, suits or dresses, or departmental dress uniforms.

· Shorts, sleeveless shirts, ball caps, flip flops, etc., ARE NOT permitted in classrooms, auditorium, or dining hall.  Bathing suits/trunks are not permitted outside the pool area.  Dresses, skirts, split skirts/skorts should be no higher than 1" above the knee (no mini skirts).

ADMISSIONS POLICIES

Attendance:

· You are required to attend all sessions of the course.  If you do not, you will not receive a certificate and your stipend may be denied.

· NFA students are limited to one reimbursable trip per fiscal year (Oct 1-Sep 30).   This means that you will not be considered for another course (excluding pilot offerings) during the same fiscal year without notifying us in advance that you will relinquish your stipend reimbursement for that course.
Substitutions:

· Substitutions for NFA courses are made from waiting lists; slots do not belong to the departments.
· All requests to consider an equally qualified person must be in writing and be accompanied by a completed General Admissions Application (FEMA Form 75-5) for the substitute.

Cancellations or No-Shows:  Please read your acceptance letter for details, as you may be denied admission to future NFA or EMI courses for 2 fiscal years.  
NETC POLICIES/INFORMATION

There are no connections for mobile homes or recreational vehicles available at NETC.

Conduct: 

· Federal Regulations (available at the LRC).

· FEMA and NETC Instructions (available at C Lobby, dormitory rooms, and on NETC Intranet web site).

Smoking:

· All buildings on campus are NON-SMOKING, with the exception of the solarium portion of the Command Post Pub.

· If you smoke in your room, you may be asked to leave campus, relinquish your stipend reimbursement, and be charged to clean the room.

Alcoholic Beverages:
Consumption of alcoholic beverages is limited to the Pub & Log Cabin. Alcohol is not allowed in lodging rooms or vehicles, and will be confiscated.  If you do arrive at NETC with or are attempting to bring alcohol on campus your entry to campus could be significantly delayed. 

Medical services:

· All medical expenses are your responsibility.

· Local hospitals accept medical insurance identification, cash, check, or major credit card.

· If you do not have proof of insurance, expect that payment may be a prerequisite to possible treatment.

· International students should be prepared to pay for medical services in the event the hospital or doctor does not accept foreign insurance coverage.
Student Word Processing Center (located in D Basement):

· Provides IBM® compatible Microcomputers with Internet access and printing capabilities.

· Systems utilize Microsoft Windows 2000 with Microsoft’s Office Suite 2000.

Learning Resource Center:  Located in Building N, the LRC provides current information and resources on fire and emergency management subjects.  With its collection of more than 100,000 books, reports, periodicals, and audiovisual materials, the LRC facilitates and supports student and faculty research and supplements classroom lectures and course materials. While classes are in session, the Schedule of Hours for the LRC is as follows:




Monday-Thursday
8:30 a.m. – 9:00 p.m.




Friday

8:30 a.m. – 5:00 p.m.




Saturday

4:00 p.m. – 8:00 p.m.




Sunday

12:00 p.m.- 4:00 p.m.

Telephones: Outgoing calls can be placed from your lodging room via calling card, collect, or third-party billing. You are not allowed to accept collect calls on campus phones. Any and all expenses related to phone use shall remain your responsibility.

Faxes:

· Fax services are available at the convenience store for a fee.

· You may receive fax messages up to 4 pages in the Housing Office at (301) 447-1324.

· Anything over 4 pages will not be forwarded by Housing. Please use the fax service available at the convenience store, or have it sent by overnight mail.

Automatic teller machines (located off campus):  Inquire at the registration desk at Building C for directions.

Public Transportation:  Limited service. Inquire at the registration desk at Building C.  

Car Rentals:  You may contact the campus convenience store at (301) 447-1493 to arrange car rentals at your expense. 

NETC recreational activities include:
· Gym with running track

· Exercise room

· Swimming pool

· Tennis/basketball/volleyball (sand and inside) courts

· Bicycles and helmets

Nearby points of interest/recreational facilities (in season):

· National/State parks

· Historic Gettysburg (tours available)

· Golf

· Swimming

· Snow skiing
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Frequently asked questions/answers about reimbursement procedures are enclosed.  Please read them carefully.  If you have any questions about your eligibility to receive a stipend please contact Admissions either by email at 

netc-admissions@dhs.gov or by phone at (301) 447-1035. 

Any exceptions to travel must be requested in writing and faxed along with documentation to (301) 447-1441, AND approved in writing prior to your course start date.  Otherwise, your stipend may be denied or limited to the state ceiling amount.
Who is eligible for reimbursement?
· State or local government representatives

· Recognized volunteer organization representatives

· Active emergency management organization representatives

· Representatives from State or local fire organizations

Who is NOT eligible for reimbursement?
· Federal government or private industry employees

· Employees who are contracted to Federal, State or local government entities (such as rural metro departments)

· Representatives of a foreign organization

How will I be reimbursed?  Reimbursement will be electronically deposited into the checking or savings account that you identify.
· Reimbursement will only be made to an account that bears your name.  You are responsible for reimbursing your department, if applicable.  This is a result of increased restrictions by the receiving financial institutions.
· If you do not have a personal account, please contact the Admissions office prior to your arrival for further instructions.
If I fail the course, will I be reimbursed?

· If eligible for a stipend, you may be reimbursed for the course you failed.
· If you reapply to either EMI or NFA and are accepted, no stipend will be paid for that course, and you will be required to pay for lodging.  Once you successfully complete a course, you will once again be eligible to receive a stipend for future courses.
If I flew, what will I be reimbursed?  You will be reimbursed the cost of a direct (no side-trips or extended stays), 21-day pre-purchase, non-refundable ticket for round/trip transportation by common carrier (economy coach class or less) for each course or back-to-back courses that you attend. Proof of non-refundable fare is required!
· If you take sidetrips or travel outside of the defined travel days, your reimbursement shall be limited to up to but not to exceed the state ceiling fare as noted on the enclosed Reimbursement Ceiling Chart.

· To eliminate the perception of misuse of government funds, FIRST CLASS, BUSINESS CLASS and REFUNDABLE AIRLINE TICKETS WILL NOT BE REIMBURSED AT FULL FARE, unless you request, in writing, an exception PRIOR to your course start date, and have received a written approval.  Otherwise, your reimbursement will be limited up to the state ceiling amount as indicated on the enclosed State Reimbursement Ceiling Chart.
· It is your responsibility to find the cheapest ticket available. Failure to do so may result in your reimbursement being limited, not to exceed the state ceiling fare as previously noted.
· Use of frequent flier miles toward the purchase of a ticket is NOT reimbursable. 

· If any portion of your airfare is subsidized by another source, that portion is NOT reimbursable by FEMA.
If I drove, what will I be reimbursed? You will be reimbursed the current Privately Owned Vehicle (POV) Federal mileage allowance, or the state ceiling, WHICHEVER IS LESS. 

· POV mileage is subject to validation.

· If you do not register your vehicle with the Housing Office, reimbursement for POV mileage may be denied.
· If someone is dropping you off, you must have the vehicle verified by the Housing office prior to the vehicle departing campus, or your stipend will be denied.

· If you carpool with another student, only the driver will be reimbursed.

· If you drove a rental car, your reimbursement is limited to the POV allowance.  Your name must be included on the original receipt as a driver of the vehicle.

If I took a train or bus, what will I be reimbursed?
· Your reimbursement is limited, not to exceed the state ceiling.

· You must provide copies of the tickets actually used.

· Reimbursement shall not include costs for sleep accommodations or for transport of vehicles on the train.

If I save money on my airfare, will I be reimbursed for extra expenses?  Yes, ONLY if your class is 5 days or less in length with no Saturday stay over, and you save a minimum of $250 off the cost of a 21-day pre-purchase non-refundable round trip economy class common carrier ticket.  To do this, submit written documentation of the savings -- this can consist of itinerary copies of both the original price and the cheaper fare, OR copies of both fares from the Internet.  Comparisons should be of like travel.  If you do not acquire written approval from Admissions prior to the course date, the extra expenses may not be reimbursed. The following options apply if your request is approved:

a.)
You may stay on campus 1 night prior to your regularly scheduled arrival date if lodging is available.

· Call the Housing/Transportation Office to see if housing and/or transportation is available to NETC on your travel day. 
· If lodging and transportation are not available, we may reimburse you up to $90 to cover your lodging or transportation expenses.  You must provide original receipts that indicate your name, dates, amount, and amount as paid.
· If you carpool using a rental car, the rental agency must list (as drivers) all students claiming reimbursement on the rental agreement or only the driver will be reimbursed.
b.)
 You may stay in the Baltimore/DC metro areas before or after your course.

· If you save at least $250 in airfare as noted in the terms above, you may be reimbursed up to $90/day (2-day limit for savings over $500) for lodging or transportation expenses.  Original receipts must be provided. If you carpool using a rental car, all students claiming reimbursement must be listed (as drivers) on the rental agreement or only the driver will be reimbursed.  
· If you stay after your course ends, ask for a Stipend Agreement Amendment (FEMA Form 75-3a) when you register.  When you return home, mail it with original hotel receipts to Admissions, Room I-216, 16825 South Seton Avenue, Emmitsburg, MD  21727 within 60 days of the start date of the course, or reimbursement WILL BE DENIED.
· You may not stay on campus after the course ends.
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Must I purchase a meal ticket?

· If you stay on campus, you must purchase a meal ticket, currently $18 per day.

· If you stay off campus, you must purchase a break ticket, currently $3 per day.

· If you don’t purchase the appropriate ticket, you may be asked to leave the campus, you will be responsible for your lodging costs, and we will deny your request for stipend reimbursement.

What is the cost?

· Your meal ticket cost is identified in your acceptance letter.

· The “COURSE SPECIFIC INFORMATION” enclosure identifies what meals are included.

· Meals other than those included in your meal ticket are to be paid for by cash.

What if I’m here for back-to-back courses?

· Your meal ticket includes the time between the two courses.
· If you stay off campus between the two courses (vacating your room), you must notify the food service contractor before purchasing your meal ticket.  If you do not, you will be charged the full amount.  (Refer to information under “Registration.)
How do I pay for my meals?

· Cash

· Traveler's checks

· State or Local government checks payable to Guest Services

· Advanced payment by department check.  Please notify your department to include:  your name, course code and course date on the check, and send it to the food service contractor at Building K, 16825 South Seton Avenue, Emmitsburg, MD  21727.  Please call the food service if you need their Federal Tax ID#.

· Purchase order payable to Guest Services

· Credit card (MasterCard or VISA) (Minimum charge of  $6)

· Guest Services DOES NOT accept personal checks.

What if I will not be on campus for the first and last meal identified as part of my meal ticket?  You must notify the food service contractor at least 1 week prior to your course start date.  If you do not, you will be obligated to pay the full amount.
May I get a refund on my meal ticket?  There are no refunds except for emergency departures!

What if I’m on a special diet?  Please call the food service contractor or fax your request to (301) 447-6944 at least 2 weeks prior to arriving at NETC.  They will make arrangements to meet your needs.  If you don’t make arrangements prior to your arrival, you will be responsible for purchasing the normal meal ticket.

What happens if the bus arrives after the dining hall has closed?
· The food service contractor will provide you with a boxed dinner.
· Snack food is available at the Command Post Pub.

CONTACT INFORMATION 

How do I get a telephone call?  

· The caller may dial your direct extension (301) 447-xxxx.  If requested, you will be provided with your extension at check-in.  Numbers are NOT given to anyone else.

· For non-emergency situations, the caller may dial (301) 447-1048.  The Student Coordinator will either transfer the call to your room or take a message and place it on the message board located in ‘C’ Lobby, which you should check daily.   
· NETC will not accept personal telephone calls to students from the (800) number.  Family members should dial (301) 447-1000 to contact a student.  

· You may NOT accept collect calls.  To do so may restrict you from attending future EMI or NFA courses.

What if the call is an emergency?
· The caller should state that the call is an emergency.

· The message will be delivered to you immediately unless you are not on campus.

· If you are leaving campus for a period of time, you should notify security where you can be reached.

· If you must return home due to an emergency, check out with the Housing Office in Building C before you depart the campus!

How do I get mail?
· Mail is delivered to C Lobby Monday through Friday, except Federal holidays.

· All packages are x-rayed and no delivery is provided on weekends or holidays.

· Letters or packages should not be mailed to reach NETC before you arrive, since mail-holding areas are not available.  Mail received when you are not on campus will be automatically returned to the sender.

· Outgoing mail should be deposited in the mailbox located near Building K (Dining Hall). The NETC Mailroom cannot mail outgoing items for students.

· Address:

(Your name)--Student

National Emergency Training Center

Building C, Room (Room numbers are provided upon arrival)
16825 South Seton Avenue

Emmitsburg, MD  21727-8998
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National Emergency Training Center

16825 South Seton Avenue

Emmitsburg, Maryland  21727

Effective October 1, 2004
FREQUENTLY ASKED REIMBURSEMENT QUESTIONS

1.
Why must I be reimbursed electronically? Public Law 104-134 mandates that after January 1, 1999, all Federal payments shall be made by electronic funds transfer unless a waiver is obtained from the Secretary of the Treasury.

2. If my organization paid for my ticket, may I request that the reimbursement to go to them?  No.  Due to increased restrictions by the receiving financial institutions, we will only deposit money into an account bearing your name.  It shall be your responsibility to reimburse your organization.  This policy was effective on January 1, 2002. 

3.
What if I don’t have a checking account?  The money can be deposited into a savings account.  You need to call the Admissions Office (301-447-1035) and we will send you a form to complete.  If you don’t have a checking or savings account, you MUST submit a letter stating that fact, and a check will be sent to your home address.  However, your reimbursement will take longer (up to 12 weeks).

4.
How will I know when it’s deposited?  The entry in an account may differ from bank to bank, but most likely it will be listed as “FED SALARY, FEM2, or TREAS” and will probably NOT have your name next to it.

5.
How long will it take for me to receive reimbursement?  The reimbursement should be made to your account no later than 6-8 weeks from the course start date.  If after 8 weeks you still haven’t received your reimbursement, please call the Admissions Office at (301) 447-1035 or email us at netc-admissions@dhs.gov to check on the status of your claim.

6.
Do I receive reimbursement for parking, shuttles and travel between my home and my local airport?  No, those expenses are part of the student’s share of the stipend program.

7.
Will I be reimbursed for my meals?  No, that expense is also part of the student’s share of the stipend program.

8. What information should I bring when driving my Privately Owned Vehicle (POV)?  You must show a picture ID (we recommend you bring two in case our security level is elevated), registration card, and have your odometer readings and license tag number PRIOR to receiving your room key.  Some states do not require the registration to be in the vehicle.  However, you must submit a copy of your POV registration to be eligible for a stipend.

9. What if I’m driving with family, and they will be using the car off campus while I’m at NETC?  You must register your car on campus prior to your family taking the car off campus or you will not be eligible for reimbursement.

10.
What documentation do I need if I am driving my organizational vehicle and they want to be reimbursed for my mileage?  In addition to the information listed in question #8, you also need a statement from your organization, on organization letterhead, stating that they would like you to receive reimbursement.  If you carpool with another student, only one driver will be reimbursed.  As stated in #2, the reimbursement will be made to your account, and it will be your responsibility to reimburse your organization.

11.
What is the basis for the driving mileage allowance?  Your reimbursement will be limited to the current POV Federal mileage allowance, or the state ceiling, WHICHEVER IS LESS.  POV mileage is subject to validation.

12.
What if I am submitting an electronic airline ticket?  You must submit the itinerary receipt (listing the ticket number and showing that payment was made) at registration.  If the itinerary does not identify that the ticket is non-refundable, you need to provide us with documentation that the ticket is either non-refundable or the cheapest fare available at the time you purchased your ticket.  If you do not provide the documentation to us, we will only reimburse you for the amount shown as your state’s ceiling amount on the reverse of this page.

13.
What do I need to provide if I take a side/extended trip?  If the cost is less than your state’s ceiling amount, you will be reimbursed for the cost of the ticket.  If the cost is higher than your state’s ceiling amount, your reimbursement will be limited to your state’s ceiling amount.

14.
What would delay my stipend being processed?  Not having any of the following:  your airline ticket, itinerary with ticket number and payment made, POV information, request from your organization for reimbursement, or the appropriate direct deposit information.  If you bank with a credit union, please have them confirm your routing and account numbers.

15. What would reduce my stipend claim? Your stipend might be reduced if you purchased a refundable, first- or business-class ticket; took side trips or had extended stays; or purchased your ticket within 21 days of the course start date. 

16.
Will I be reimbursed for the airfare if frequent flyer miles are used?  Frequent flyer miles cannot be reimbursed because you would not be incurring out-of-pocket expenses.

Effective October 1, 2004

THIS TABLE WILL BE USED TO DETERMINE REIMBURSEMENT FOR 
THOSE STUDENTS WHO:

· Drove or traveled by train

· Did not purchase their tickets at least 21-days in advance 

· Did not purchase or show proof of non-refundable fare

· Took side-trips or had extended stayovers

	STATE
	SAT STAYOVER
	NO SAT. STAYOVER

	AK – Alaska
	$815.00
	$955.00

	AL – Alabama
	$310.00
	$435.00

	AR – Arkansas
	$360.00
	$465.00

	AZ – Arizona
	$450.00
	$535.00

	CA – California
	$490.00
	$555.00

	CO – Colorado
	$490.00
	$635.00

	CT – Connecticut
	$215.00
	$300.00

	DC – District of Columbia
	$75.00
	$75.00

	DE – Delaware
	$120.00
	$120.00

	FL – Florida
	$360.00
	$405.00

	GA – Georgia
	$350.00
	$360.00

	HI – Hawaii
	$915.00
	$1000.00

	IA – Iowa
	$355.00
	$480.00

	ID – Idaho
	$510.00
	$560.00

	IL – Illinois
	$300.00
	$375.00

	IN – Indiana
	$295.00
	$380.00

	KS – Kansas
	$350.00
	$490.00

	KY – Kentucky
	$265.00
	$400.00

	LA – Louisiana
	$345.00
	$480.00

	MA – Massachusetts
	$225.00
	$300.00

	MD – Maryland
	$75.00
	$75.00

	ME – Maine
	$390.00
	$510.00

	MI – Michigan
	$325.00
	$500.00

	MN – Minnesota
	$400.00
	$610.00

	MO – Missouri
	$320.00
	$400.00

	MS – Mississippi
	$350.00
	$380.00

	MT – Montana
	$575.00
	$700.00

	NC – North Carolina
	$365.00
	$375.00

	ND – North Dakota
	$505.00
	$650.00

	NE – Nebraska
	$340.00
	$480.00

	NH – New Hampshire
	$175.00
	$290.00

	NJ – New Jersey
	$150.00
	$150.00

	NM – New Mexico
	$435.00
	$435.00

	NV – Nevada
	$500.00
	$515.00

	NY – New York
	$200.00
	$345.00

	OH – Ohio
	$270.00
	$290.00

	OK – Oklahoma
	$350.00
	$520.00

	OR – Oregon
	$465.00
	$480.00


· If you are from a Trust Territory, please contact the Admissions Office regarding reimbursement restrictions, or your stipend may be limited.

THIS TABLE WILL BE USED TO DETERMINE REIMBURSEMENT FOR 
THOSE STUDENTS WHO:

· Drove or traveled by train

· Did not purchase their tickets at least 21-days in advance 

· Did not purchase or show proof of non-refundable fare

· Took side-trips or had extended stayovers

	PA – Pennsylvania
	$120.00
	$120.00

	RI – Rhode Island
	$220.00
	$330.00

	SC – South Carolina
	$385.00
	$435.00

	SD – South Dakota
	$505.00
	$550.00

	TN – Tennessee
	$300.00
	$375.00

	TX – Texas
	$365.00
	$375.00

	UT – Utah
	$455.00
	$480.00

	VA – Virginia
	$140.00
	$140.00

	VT – Vermont
	$330.00
	$440.00

	WA – Washington
	$470.00
	$500.00

	WI – Wisconsin
	$340.00
	$380.00

	WV – West Virginia
	$200.00
	$200.00

	WY – Wyoming
	$545.00
	$550.00


· If you are from a Trust Territory, please contact the Admissions Office regarding reimbursement restrictions, or your stipend may be limited.
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“The St. Paul Arcna i located in
downtonn St Paul, Minncsots, and
will b home to the National Hockey
Leagae's Minnesota Wikl an cxpan-
sion team beginning play during the
20002001 scason. The arena was
designed by Hellnuth, Obata &
Kassabaum, Inc., Sports Diviion (HOK.
Spord) under stte-amended verions
of the 1997 Ediions of the Uniform.
Bulding and Fire Coxles (UBC and
UFC, respectivey): .

“The primary e of the St. Paul
Arena i for National Hockey League
ames. However,other possbl wses
include basketball games, rade shows,
boxing evnts, concert, conventions
and exhibitons. The bulding gros
Boor area is spprosimtcly 650,000 f
(60000 1), The building s hight
of 142 (433 m) from the floor 1o the
oof. The arena i atached on s cast
sde 10 2 skyway and convention cen-
ter. Public stcets bonder o the norh,
west and south. The predominant
occupancy clasificaion is A-21
Gassembly), but other acccssory oceu-
pancies are A<, &1 (soruge) and B
(business).Fie protection stratcgies
address the multivse and architecurs!

 Permit ach svont

= Satoquard contnts and
procedues

focus, which s best described s an
“open environment” beaween the spec.
ator “bow” area and the concourses.

“The scope included compliance
it the code provisons for smok
protected scaing and climinating
sprnkers over the bow arca. The St
Paul Arena project included 3 diffrent
auhorizing agencies and 14 diferent
s, all of whorm made up the
design tcam.

Smoke-Protected Seating: UC
Scction 1002 defines smoke-protecied
by sating 45 “seating served by
2 means of egress and is ot subject 1o
blockge by smoke accumultion wih
i or under  scture” Smoke-pro-
tected scating allows for reductions in
spacing of scats, aisleways and cgress
components provided the buikling is
quipped with an enincered smoke
contol sysem and a lfe sfety cvalus-
tion is undertiken.

NFPA 101, the Life Sfety Coder
provided guidance s o the compos
tion of a lfe safety cvahvation given
the lack of charit in the URC. Specific
siakehokders were deniifid o exceute

organizational

Fie depaiment rfre planing
Stesccos ona last hee sies

framework required sukeholders 1o
undersand their prinary responsibil
ties. The lfe ey evaluation incorpo-
ated key aspects of the PBD.

UG provides guidance for design
calculations for smoke control, how-
ever, NFPA 2B, Socioty of Fire
Protection Engineers Handbook and
Design of Snioke Management
Systems” were alo ulized. UBC cal-
culatons for smoke control using the.
“exhaust method® provided the pri-
mary guidance.

Sprinkiers over the bowt: The
nccessity o sprinklers over the bow!
was cvaluaed, consideing fire scenar.
ios and fire depariment operations.

PROVES
D G

Table 1 summarizes the rlaionship
between goals and objectves, and
they were translacd into performance
Performance crteia came from pub-
fished lncraure primary exracied
from the SFPE Handbooks NFPA 926,
D240 and Desgn of Smoke
Management sysems” From 0.
enforcement perspective, permiting
ach event became a criical perfor
Contnued on p. 37
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DESIGN FIRE SCENARIOS Al
ESIGN FIRES

Ausining stskeholder agreement
reganding the credible fire scenarios
s the most challenging part of the
process because the scientific icrature
provides 4 broad and sometimes con-
icting range of data

obable design fire scenarios con-
sidered inherent characerisics of the
buiding: people, use, consiruction and
fixed in-plac fire protection. Crica
information was rescarched regarding
the space such 15 fgntion sources,
mature and configuration of the fucl,
veniltion, as wall 2s characterisics
and locations of occupants.

“To determine the design fire iz,
MountinStr and the Ciy of St. Paul
rescarched fr test, ke faclies and
methods found in The SFPE Handbook
of Fire Protection Enginceriug, pub-
Tished fire test reports and resuls of
the lage-scale fir tests conducted in
the former St Paul Givic Cente

Four primary building fiee scenarios.
assumed steady-state conditions and
specified locations within the facly:

1. Spectator Event: Any crent
whre the fixed scating is uscd
throughout the bow 10 accommadate
the general public. This scenario, for
example, includes hockey games,
sporting cvents and entertainment, but
docs not include occupancy of the
arena floor. (10,000 BTU/ (10 M),
design fire in the bowd and
5,000 BTU/S (5 MW) 10 7,000 BT/
7MW in the concourse arcas]

1A. Spectator Event/Concerts All
the critria of Sccnario 1, but also
including the occupaton of the bowl
floor space using nonfixed seating and
a siage. This event, for example,
ncluds concerts and stockholder
mectings. 110,000 BTU/s (10 MW)
design fire

2. Consumer/Trade Show Event:
Any event where the fixed seating
sbove the suie level is resricted from
pencrl public use. Occupants are con-
centrated in the fower bowl and arena
floor. Displays, salable goods, boa
vehicles and similar emporary siruc-

HM &muanLmDﬁ

res are concentrated on the arena
floor. (50,000 BTU/s (50 MW) design
firein the bowl arcal

3. Unoccupied: This scerario
implics that any of the above scenarios
may be occuring vt it is during non-
event hours and the general public is
ot prosent G.c. late night o carly
morning).

Addiional rescarch assised in estab-
Tishing the i loads aniicipated. BT
DD 240, “Fire Safety Engincering in
Buikdings"* suggests  rate of heat
release e unit arca of 500 KW/ for
retil spaces (Table 11 in DD 240).
Supplemental guidance in DD 240 sug-
st a medium ¢ fre as 4 design
oasis. Austals®s Fire Engincering
Guidelines,” yields ke results (See.
Table 2 above).

FESUL

£ FIRE

Prior o demolition on Junc 6, 1999,
a sercs of ullscale fre fests were
conductd at the 15,000-scat S Paul
Givie Genter Arena, S Paul,
Minnesota, 10 asist the skeholders in
concepuslizing the magnitude of dif
ferent fire sizes and ther effecss on
large spaces. This aspect is what made
the St Paul Arena project unique,
because it allowed the design team o
compare empirical and engincering
caleulations with actual experimental
dat that were obtained on a ke
scile.

Test results indicated:

= Calculutions tracked with empiri-
aal resules,

« Sprinklers at the heights in this
stmuenire did not activate 304
sizes tested

« Temperatures deop off signifi-
cantly i large spaces aht and
distance from 4 fire increase

« Smoke stratfcs as it cools yet
remains relatively high in a lge spice.
with typical ambient conditons for an
occupied spice.

« Strucwral integrity was not

threatened.
+ Axissymmetric fie smoke pro-

duction volumes are radiy in

the inroduction of makeup a

UBC calculations appear conservaive

DEVELOPING AND
TRAL DESIGNS: F
v

ALUATIN
(AL DESGN

“The trial designs applicd against the.
four specificd fire scenarios cncom:
passed fixed,in-place protection,
agement practices and fire depariment
response times. An undersanding of
the sprinklers in confined spaces and
areas with low ceilings achicved group.
agrecment tha those spaces were well
protected. Smoke-protected seating
required 4 close look at tenabily and
smoke production given the expected
fire scemarios. Sructural performance
over the bow was studicd agiinst the
scady state fre sizes

Fire Department: A ctcr wrien
by the ity fire deparment o the
design team indicated a three-minute
response time based upon hisorical
datz; MountainStar added time o this
iven the need o determine the fire
location, setup and apply water, Firc
deparment acces includes st access
from all sides, a5 well as strategic
placcment of sandpipes within the
arcna and hydran location outside.
‘Arena management is implemening &
rafic management plan fosteing the
hisorical response imes.

“The sady-state fire conditions of
four scenarios were compared (0 the
antiipated fire deparment responsc
bascd on different © fre growth rates
o ascertin a better understanding of
fire sizes and conditions upon fire
deparment arival. Figure 1 oulines
expected fre sizes vs. time based on ¢
e in anticipation of fire depariment
response negatng any efects of fixed,
in-place fire suppression or the opera-
tional plan that afects content spacing
and use. The shaded region ind
expected fir deparment response.

Werrn 2000
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Fire Area

e )

exhast via specificd fans and opens
g n the concourse with makeup air
innduced primarly at the floor and
main comcoune of he ascna Smoke
detction at the oof evel o i desi:
Pated concourse arcss tnggered the
Smoke e sysm, 25w
ddnescd the iy’ concern of 4 fre
When the buiding i unocupicd.
Smioke dtcctor response tmes were
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T untl that designcreron was
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protected with sprinkins t0 preclode
{hisconditon. Large open spaces pose
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e dissipate the smoke and pre
ludes the Hichood of Rashover

For exumpie,given he 50000
BT (50 MW) design i, the sake
holders agrecd that this condiion
might cxstin  consumer rade e,
Suchy a1 car shovw. The gencral pub-
T i typically on the floor ofthe arena
viewing the displays. Maitaning the
smoke ayer heght o the level of
public access, wehich i he lower por-
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The sk Layer, slong widh most all
other fire physic parameters, was b
Culated s the cquations and
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0535 of the UBC
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o devaed heght
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parametns such as separation dis-
tances o prechude nonpiloted i
tion of nearby combusibies.
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appears (o provide 4 nominal et
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be found. Enforcement of the fre
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ol will s
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