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From the TECHNICAL DIRECTOR

I
n late 2011, the Society of Fire Protection Engineers 
conducted its biennial compensation survey of the fire pro-
tection engineering profession. A total of 745 people from  

41 countries responded to the survey, with the majority (86%) 
living in the U.S. (Canada had the second largest number of 
respondents, accounting for 3% of the responses to the survey.) 
Overall, the survey found that the median salary of fire protec-
tion engineers increased 2.9% over the median salary in 2009. 
Even during the current difficult economy, fire protection engi-
neers saw an increase in their salaries.

The number of fire protection engineers who are unemployed 
(6.2% at the time the survey was conducted) is a decrease 
from the 7.2% who indicated that they were unemployed at 
the time the 2010 survey was conducted. In the U.S., 5.5% 
indicated that they were unemployed at the time the survey was 
conducted in 2012, which was well below the national unem-
ployment rate.

The median total compensation earned by fire protec-
tion engineers with zero to two years experience was about 
$60,000, which increased markedly to over $75,000 for 
those with three to five years of experience. The median total 
compensation showed a steady increase during the first 20-25 
years of experience, at which it reached a plateau (at approxi-
mately $125,000 per year). However, salaries at the 75th and 
90th percentiles continued to increase beyond the 25th year 
of experience, ultimately reaching a 90th percentile value of 
$217,200 for fire protection engineers with 31 to 35 years of 
experience. Incentive-based pay accounted for a significant 
amount (a median of 8.3%) of compensation earned by fire 
protection engineers.

As one would expect, salaries steadily increased with 
increasing job responsibility. Fire protection engineers with the 
lowest level of job responsibility received a median total com-
pensation of $62,000 per year, while those with the highest 
level of responsibility received a median total compensation of 
$150,000 per year.

Compensation varied somewhat with the employment sec-
tor in which fire protection engineers worked. Overall, 43% 
of respondents worked in consulting, 21% worked for local, 
state or federal government (excluding the fire service), 14% 
worked for insurance companies, and 5% worked for the fire 
service. In general, fire protection engineers who worked 

in the insurance industry received the highest compensation 
(about 8% higher than those who worked in consulting). Fire 
protection engineers who worked for government agencies 
received about the same amount of compensation as those 
who worked in consulting, while those who worked for a fire 
service received about 20% less compensation than those who  
worked in consulting.

The level of education influenced the median compensation 
earned by fire protection engineers. Fire protection engineers 
with a master’s degree had a median total compensation that 
was from 3% to 14% greater than that earned by fire protec-
tion engineers who only had a bachelor’s degree, with the 
greatest differences occurring for fire protection engineers 
with 10 or less years experience and for those with 26 or more  
years of experience.

As with prior surveys, earning a professional engineers 
license had a significant influence on the total compensation 
earned by fire protection engineers. Fire protection engineers 
who had a P.E. license earned about 20% more than those who 
did not have a P.E. license.

The country in which an engineer worked also had an 
impact on the compensation earned by fire protection engi-
neers; however, due to the low number of responses from 
countries other than the U.S., these results should be viewed 
skeptically. Fire protection engineers from the U.S. and Can-
ada earned comparable total compensation ($113,500 and 
$111,000, respectively). However, fire protection engineers in 
New Zealand earned less ($93,000) while those in Australia 
earned more ($219,000). (All values adjusted to U.S. dollar 
equivalents.)

The full report is available free-of-charge to SFPE members 
in the SFPE Knowledge Network (available at www.sfpe.org). 

Morgan J. Hurley, P.E., FSFPE

Technical Director

Society of Fire Protection Engineers

Fire Protection Engineering welcomes letters to the editor. Please send 

correspondence to engineering@sfpe.org or by mail to Fire Protection 

Engineering, 7315 Wisconsin Ave., Ste. 620E, Bethesda, MD 20814.

[ Compensation Data for Fire Protection 
Engineers in 2011
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>VIEWPOINT

By Wayne D. Moore, P.E., FSFPE

Killer Show by John Barylick

A
lmost 10 years ago, on the night of Feb. 20, 2003, 
the band Great White, known for its heavy metal 
music, took the stage at The Station nightclub in West 

Warwick, R.I. As the lead singer, Jack Russell, began his 
“signature” song, Daniel Biechele, the band’s road manager 
ignited “gerbs”—a form of heavy-duty sparklers. Thus began 
the worst fire in the history of Rhode Island.

The sparks from the gerbs immediately ignited the 
“egg-crate” foam the owners had glued to the walls and 
ceiling surrounding the stage to provide sound deadening 
to appease the neighbors of the club. Extremely over-
crowded, the club held an estimated 462 occupants. The 
concertgoers had to jam their way through non-code con-
forming exits. As a matter of interest, someone visiting the 
site of The Station nightclub and looking at the footprint of 
the building would immediately ask, “How could so many 
people occupy such a small building?”

Most of us in the fire protection engineering profession 
have, at one time or another, read a report about a fire to 
determine what we could learn from the incident. In fact, 
we know that after large - loss fire the building and fire 
codes usually change. Moreover, these changes normally 
occur because we did not anticipate how the fire hap-
pened or why it grew so large or so fast.

But, ineffective codes did not influence the severity of 
The Station fire. According to the author, John Balyrick, it 
happened due to the greed and arrogance of the club’s 
owners, ineptness and negligence of the band respon-
sible for the pyrotechnics, and ineffective administration 
and enforcement of the existing codes and standards, as 
well as ineffective training of the inspectors responsible to 
enforce those codes and standards.

Barylick, the lead attorney for the plaintiffs’ steering 
committee, provides insight to the history of the small state 
of Rhode Island (pop. 1.051 million in 2011) as well as 
West Warwick (pop. just over 29,000 in 2010) and the 
club itself. He describes “how things get done” in the state, 
the interconnectedness of all the people involved, putting a 
human face to not only the survivors but also to those who 
created or allowed the conditions that ultimately resulted in 
the deaths of 100 people.

Barylick walks the reader through the legal system in 
Rhode Island as it was at the time just after the fire and 
describes the frustrations of the survivors at not getting 
justice when those that injured or killed their loves ones, 
with one exception, walked free or with minimal pun-
ishment from the justice system. 

In addition Barylick describes how the plaintiff’s fire 
investigation team helped the legal team who, in turn, 
served the survivors of the fire. You will find that it takes not 
only keen legal minds to develop a case resulting from a 
fire, but a relentless fire investigation team combing over 
the facts and evidence uncovered during their investigation 
long after the initial investigators gave what they thought 
were all the answers. 

As with any tragedy of this magnitude, we always 
question how this could happen today. The author clearly 
and convincingly explains why this fire happened and why 
the results developed as they did. In addition, in a manner 
that teaches the importance of the process, he brings the 
reader through the development of the civil litigation after 
the criminal proceedings ended.  In Barylick’s own words:

“...the tragedy spurred improvements to Rhode 
Island’s fire code...To their credit, Rhode Island  
lawmakers ended the pernicious practice of ‘grand-
fathering’ older places of public assembly that do not 
meet current code, requiring sprinklers in all gathering 
spaces with occupancies over 300, regardless of their 
vintage. This change alone may prove lifesaving for 
future generations.”

Of course the question begs, why did we wait for  
this tragedy to happen to make the decision to be  
more fire safe?

A makeshift memorial to all those who died has been 
established on the site of The Station nightclub and marks 
the location of this horrific tragedy. After years of dis-
cussion, the owner of the site has agreed to donate it to 
the Station Fire Memorial Foundation so they may erect 
a permanent memorial. Other memorials serve to remind 
us of this tragedy at St. Ann’s Cemetery in Cranston, R.I. 
and in neighboring Warwick, R.I. (To see an image, visit  
http://magazine.sfpe.org/viewpoint/viewpoint-36.)

This book should be required reading for anyone in, 
or planning to enter, the fire protection engineering pro-
fession. In a clearly readable and understandable fashion, 
this book shows how things go wrong seemingly from 
“insignificant” decisions. If you are a student, read this 
book. If you are a long- term professional, read this book.  
And then when you go about your everyday work in our 
profession, remember this book and what it taught you.

Review by Wayne D. Moore, P.E., FSFPE
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NIST Strategic Roadmap Aims to Reduce  
the Nation’s Fire Burden

Fires claim more than 3,000 lives a year, injure more than 90,000 firefighters and civilians, 
and impose costs and losses totaling more than $300 billion—equivalent to about 2% of the 
nation’s gross domestic product. 

Researchers at the National Institute of Standards and Technology (NIST) have developed a 
plan to significantly reduce that burden over the next two decades. Reducing the Risk of Fire 
in Buildings and Communities: A Strategic Roadmap to Guide and Prioritize Research, sets 
short-, medium-, and long-term goals — from fewer than three years to more than  
eight — for reducing the nation’s fire burden by a third.

The publication is available at http://tinyurl.com/aqoksy6. 

ICC Recognizes NFPA’s National Electrical Code® 

The International Code Council has designated NFPA 70®, the National Electrical Code® 
(NEC®) as the electrical code for use with the ICC’s International Family of Codes or 
“I -Codes.” The set of 15 I -Codes are model building codes used in every state and most 
jurisdictions. Similarly the NEC, which is developed by the National Fire Protection 
Association (NFPA), is the model code used as the basis for electrical regulations throughout 
the country, and it has been referenced for more than 10 years in the I -Codes as an integral 
part of the building safety framework.

“Sprinkler Saves” Blog Records 500 Saves 

Viking Group’s “Sprinkler Saves” blog recently recorded its 500th recorded “sprinkler save.”

The “Sprinkler Saves” blog recently celebrated its one-year anniversary. Fire sprinkler 
success stories from throughout North America are posted daily to the blog.  One of the 
goals is to influence how the media reports on successful sprinkler activations to help the 
public gain perspective on the value of automatic fire sprinklers in saving lives and property.
The 500th blog entry analyzed the 500 “sprinkler saves” and provided statistics such as: 

• 197 (39%) of the 500 saves occurred in residential occupancies
• 37 occurred in nursing homes or senior living facilities
• 22 were in hotels/motels
• The activities of 40 arsonists were foiled due to a successful sprinkler activation.

For more information, go to http://sprinklersaves.blogspot.com. 

WPI Honored for Developing Technology  
that Increases Firefighter Safety

Worcester Polytechnic Institute (WPI) was honored at the 23rd Annual “Firefighter of  
the Year” award ceremony with the 2012 State Fire Marshal’s Award, which recognizes 
significant contributions to the fire service made by those outside of the service. 

“For more than a decade, a group of WPI faculty has been diligently working to 
develop technologies to protect our first responders,” said Dennis Berkey, president 
and CEO of WPI. “They have worked closely with the Worcester Fire Department, with 
federal researchers and with industry to move this important work forward. This award 
recognizes their hard work and it echoes the pride that the entire WPI community feels  
for this exceptional team.”

6 Fire Protection Engineering m a g a z i n e . s f p e . o r g  1ST Quarter / 2013



Aspiration anywhere. The FAAST

Fire Alarm Aspiration Sensing Technology® provides

the earliest and most accurate smoke detection available. 

FAAST not only reduces costly downtime in your most critical 

applications, its unique combination of nuisance immunity, 

incipient fi re detection, integral Internet communications,

and e-mail notifi cation capabilities opens up a world of

application possibilities. It can even protect many spaces 

deemed impossible for traditional fi re detection technologies. 

With FAAST, you can truly take aspiration anywhere.

  

To learn more, visit systemsensor.com/faast.

data centers

c
le

a
n
 r

o
o
m

s

d
a
ta

 c
e
n
te

se
rv

e
r 
fa

rm
s

computer rooms

manufacturing plants warehousesl l e r i e s
ecord storage

f
museumslibraries clean rooms

atriums
computms

ec

d
a

d
a
ta

 c
e
n
te

rs

server farm

cold stora
mus

librariesre

mi
wa

record s

a
rt

 g
a
ll
e
ri

e

detention centers

clean roomstswarehouses
record storage cold storage

lms art galleries

ms
rms
ants

ouses
es
ouses

prisons

es
ean

ooms
ml l e r i e s

ries data centers ser

art ga

corr

da

manu
manufacturing plants
ppFAAST

server farms
roomsm

atriums

atriums
FAAST

©2012 System Sensor. All Rights Reserved. 02/12



8 Fire Protection Engineering m a g a z i n e . s f p e . o r g  1ST Quarter / 2013



By  Ba rba ra  Lane ,  Ph .D . ,  C Eng . , 

W i l l i am  Ward  and  John  Noone

INTRODUCTION

A
irport fire safety design poses unique chal-
lenges for the fire protection engineer. There 
are few other building types whose dominant 
focus is a full operations cycle involving large 
numbers of public occupants as well as a com-

plex support system to enable the building function (retail, 
baggage handling, security, and so on). To enable this in-
teraction, architecture becomes key in creating tall, open 
front-of-house spaces and enabling high-frequency opera-
tions back-of-house—all in a specific departures and arrivals 
cycle running in parallel. This remains true regardless of the 

geographic location. This article presents a fire safety design 
approach, using the fire protection engineering process out-
lined in BS 7974,1 to highlight the key items that can create a 
practical airport terminal fire safety design. 

Over the years, the fire protection engineer has played 
a role in airport design—seen as an enabler of the opera-
tional and design features. Success relies on integration 
with the other design team members and stakeholders. 
With operational requirements and signature architecture 
forming a fundamental basis of the project, close com-
munication with the airport operator, their fire safety 
management team, as well as the architect, from the very 
conceptual stages, have proven to be fundamental to the 

FIRE SAFETY ISSUES
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[  Airpor t Terminal Design – Fire Safety Issues ]

successful design and implementation of an airport terminal 
fire safety design.

The fire protection engineer has a substantial role from 
concept stages, right through to design, quantifying the 
agreed principles and being part of the specification 
stage and onwards to construction and design compliance 
on-site. For airports (like many other complex buildings 
and one could suggest, in fact, any building), a robust 
strategy for commissioning the fire and life safety systems 

and inspecting the key elements for completeness, as well 
as participating in the training and handover of a func-
tioning fire strategy, is increasingly a required part of the 
fire protection engineer’s role. 

A recent project at Dublin Airport (Terminal 2) in Ireland 
illustrates pertinent fire safety issues relating to the design 
and, ultimately, the successful delivery of an airport terminal. 

Terminal 2 is located to the east of the exist ing 
Terminal 1. The building consists of a seven-story main 
terminal building of approximately 70,000 m2 and a three-
story Pier E building of approximately 20,000 m2 in area. 
The state-of-the-art terminal is capable of handling up to 
15 million passengers per year. At its peak, Terminal 2 
was the largest construction project in the state and 
employed up to 2,600 workers on-site. Importantly, the 
terminal was built in a live airport environment creating 
substantial logistics re-alignment on the site to enable 
continuity of operations.

The init ial f ire strategy concept began in 2006, 
culminating in completion of the final as-built fire strategy 
revisions in 2012.

Irish legislation, until recent amendments were intro-
duced, required that site works could not commence without 
prior approval of fire safety design in the form of an 
approved “Fire Safety Certificate” from the fire authority. 
Revised certificates were subsequently required in order 
to reflect the as-built form. A change control method was 
adopted so that the fire protection engineer could review 

changes as they arose and subsequently address them 
with the fire authority. Such changes included architectural 
design development and modifications arising from on-site 
construability issues.

THE FIRE PROTECTION ENGINEERING PROCESS

 
Airports, due to their design, necessitate the adoption 

of a fire protection engineered approach as opposed to 
following the recommendations of prescriptive guidance. 

Figure 1. QDR Process
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Irish legislation, until recent 
amendments were introduced, 

required that site works could not 
commence without prior approval 
of fire safety design in the form 

of an approved “Fire Safety 
Certificate” from the fire authority. 
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[  Airpor t Terminal Design – Fire Safety Issues ]

BS 7974 provides a basic framework for the application 
of fire safety engineering and is similar in that regard to 
the processes set out in other contemporary performance-
based design guides such as that developed by SFPE.2 This 
approach is illustrated in Figure 1.

T he  gu i dance  r e commend s  f o u r  ma i n  s t ep s  
in the process:

1.  Qualitative design review (QDR)
2.  Quantitative analysis of design
3.  Assessment against criteria
4.  Reporting and presentation of results

While all of these stages are important in developing 
a robust strategy, it is during the QDR stage where the 
parameters that can create a successful fire safety design 
are created. If the key items are not known or identified 
during the QDR, the remainder of the process will suffer. 

The remainder of this discussion will use the challenges 
met during the design and construction of Terminal 2 as an 
example of items that should be identified and addressed 
during the QDR stage.

 
The QualiTaTive Design Review (QDR)

BS 7974 identifies the main stages in the QDR process 
as the following:

a.  Review of architectural design and occupant  
 characteristics,

b.  Establish fire safety objectives,
c.  Identify fire hazards and possible consequences,
d.  Establish trial fire safety designs,
e.  Identify acceptance criteria and methods of analysis,
f.  Establish fire scenarios for analysis.

Stage

Concept Design Construction

Team

Client (including client bod-
ies such as security, retail, 
customs, etc.)

Understand operational  
goals & agree on  
business continuity 
objectives. Communicate 
concept fire strategy.

Communicate detailed fire 
strategy and any operational 
implications. Clearly outline fire 
safety management requirements. 
Hold workshops with client bodies 
as required.

Close collaboration during Operational 
Readiness Activation Transition (ORAT) phase 
to understand client needs. Provide for the 
safety of occupants within the building prior 
to completion. Advise on legislative health & 
safety implications.

Architect Understand 
architectural aspirations 
& communicate concept 
fire strategy.

Communicate detailed fire 
strategy & hold design workshops 
to develop integrated solutions. 
Illustrate fire strategy on drawings. 
Agreement of construction details.

Approving benchmark construction details 
and assisting with site inspections. Assistance 
with problems encountered on-site. 

Mechanical, Electrical & 
Plumbing (MEP)

Understand concept 
MEP strategy & 
communicate concept 
life safety systems 
strategy.

Communicate detailed fire strategy 
& hold design workshops to 
develop integrated solutions. 

Assist and witness systems commissioning. 
Assist with site inspections.

Dublin Fire Brigade Agree on main fire 
strategy principles.

Hold meetings and workshops as 
necessary to agree on detailed 
strategy. Gain formal strategy 
approval.

Additional approvals if required.

Insurer Understand main 
insurance objectives.

Communication and agreement of 
detailed strategy.

Verify that insurance goals are maintained.

Construction Manager Impart fire strategy principles and importance 
of quality during construction. Regular liaison 
to prioritize areas of work depending on 
client needs (e.g., ORAT). Assisting with 
construction quality assurance.

Main Contractor Agree on benchmark details. Close liaison to 
agree on solutions to problems encountered 
during construction.

Table 1. QDR Team Members and Responsibilities 
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The team formulated to carry out 
this process is key to the success of 
the final fire safety design and is dis-
cussed below.

The QDR Team
Through design and delivery of the 

T2 project, the interaction between 
the  var ious  t eams  and peop le 
involved was found to be fundamental 
to proper design and delivery. Table 1 
illustrates the relevant teams and their 
importance at each stage.

Review of Architectural 
Design, Occupant 
Characteristics & Fire Hazards

BS 7974 advises that the fol-
lowing be considered in relation to 
the architectural design and occupant  
charac ter i s t i cs  o f  the bui ld ing: 
building structure and layout, use(s) 
and contents of the building, fire 
service access to the building, occu-
pants, ventilation systems, unusual 
fire hazards, planning constraints and 
client requirements, including possible 
future options. 

 

The Building, its Uses  
and Hazards

Passenger experience is key to 
the archi tectural design aspira-
tions behind an airpor t. The fire 
strategy must facilitate this process. 
The resultant architectural design 
typically consists of large and high, 
open spaces front-of-house for the 
public, with little or no physical sepa-
ration between each area to allow a 
smooth transition for passengers from 
function to function (check in, security, 
retail, departure; and the reverse 
function of arrivals, immigration, 
baggage pickup, retail, arrivals and  
onwards travel). Physical separation 
is required to separate back-of-house 
from front-of-house.

Security and immigration create 
spaces where a single direct ion 
of forward travel must occur, and 
mixing of occupants at dif ferent 
stages in their journey must be pre-
vented. The most important “line” in 
the airport terminal is the landside to 
airside line. This can be physical in 
parts (particularly through back-of-
house) but front-of-house this tends 
to be a mix of physical barriers and 

[  Airpor t Terminal Design – Fire Safety Issues ]

[
[

The airside  
environment of  
an airport is a 

highly controlled 
area, with all  

staff and tenants  
operating under 
strict procedures 
and everyone 

(including members 
of the public)  
being limited  
in terms of the 
items they can 
transfer across  
the airside/ 

landside line. 

14 Fire Protection Engineering m a g a z i n e . s f p e . o r g  1ST Quarter / 2013



staff-controlled processing lines. The 
evacuation strategy must accom-
modate this, and prevent mixing 
o f  processed  and unprocessed  
passengers, as well as a major repro-
cessing of passengers in the event  
of an evacuation.

Front-of-house consists of large, 
high, open spaces, which may also be 
subdivided from an evacuation per-
spective to control safe escape and 
minimize interruption. In the absence 
of a physical subdivision, the role of 
active smoke control systems and fire 
hazard and control strategies becomes 
central to the fire safety design.

The identification of fire hazards 
and how they are mit igated are 
therefore central to the fire safety 
design. Terminal 2’s high-volume, 
open plan, front-of-house areas 
relied on a strategy that was based 
on either suppression or the creation 
of maximum permitted fuel load sizes 
and locations in areas where smoke 
from a fire could rise directly from a 
fire to the ceiling above (ranging from 
10-40 m in height). 

The airside environment of an 
airport is a highly controlled area, 
with all staff and tenants operating 
under strict procedures and everyone 
(including members of the public) 
being limited in terms of the items 
they can transfer across the airside/
landside line. It is unusual to have a 
public building where the fire load can 
be so well defined. 

One area of an airport terminal 
that requires detailed consideration 
is the baggage handling area. This 
is where luggage is either sent to the 
planes from the check-in desks or 
received from the planes and sent to 
the baggage reclaim carousels. It gen-
erally consists of a large volume with 
many baggage conveyors, sorters, 
platforms, walkways, open stairs and 
mezzanines. Challenges encoun-
tered in this area include: treatment 
of connections to steel work, appro-
priate means of escape signage in a 
highly complex environment, main-
taining compartmentation between the  
handling hall and other parts of the 

terminal, and providing acceptable 
travel distances for the trained staff 
occupying the space. 

Unusual f ire loads need to be 
envisaged during the QDR also, spe-
cifically in areas with high ceilings  
(i.e., >10-15 m), such as Christmas 
trees or marketing promotion stands 
(e.g., cars on display).  As always, 
the flexibility of retail requirements 
needs to be considered, as unrealistic 
fuel load controls from a fire strategy 
will cause implementation problems 
and an unrealistic and potentially 
unsafe approach as a basis for a 
fire strategy. That is why the retail 
team was constantly involved in fire 
strategy decision making. For imple-
mentation, a set of fuel load drawings 
were created and approved under 
the process with Dublin Fire Brigade, 
which illustrated to the client what 
type of fuel load could be located 
in each area and which areas had  
to be sterile.

The strategy adopted for each  
area was:

• Back-of-house areas. There was a 
need for all back-of-house areas 
to be physically separated from 
the remainder of the building 
for security purposes; therefore, 
tradi t ional compar tmentat ion  
was adopted.

• Retail areas. A cabin concept 
approach was adopted based on 
automatic sprinkler protection and 
localized smoke control designed 
to prevent  smoke spi l l ing to  
other areas.

• Front-of-house areas underneath 
mezzanines were provided with 
sprinkler protection, and smoke 
control was provided underneath 
the floor slab to limit smoke spread 
to other levels.

• Front-of-house areas not directly 
below a floor slab in which smoke 
from a fire could rise to roof 
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level were subject to fuel load 
control limits, depending on the 
maximum size of fire that could 
be expected either due to an 
open retail kiosk or luggage fire.

The cabin concept approach ref-
erenced above relates to a method 
c o m m o n l y  a d o p t e d  i n  l a r g e -
volume buildings in which the fire 
load is located within cabin-like 

structures. A retail unit within a 
shopping center or airpor t  is  a 
prime example.

The approach is based on the 
provision of a ceiling void that acts 
as a smoke reservoir, as shown in 
Figure 2. The provision of automatic 
sprinkler protection limits the fire 
size and volume of smoke produced. 
Smoke extraction is designed to limit 
any spread out of the cabin. The 

cabin concept is a useful approach 
in buildings in which, allowing smoke 
to flow up to the roof, would result 
in significant extraction rates. Other 
benefits include limiting smoke spread 
(and, therefore, business disruption) 
to the fire unit and the maintaining of 
an open-unit frontage.

Fire Service Access

In large terminal buildings, the 
fire service typically wants to be able 
to arrive at a single control point 
to receive a briefing from airport 
staff and assess the situation before 
deciding the next steps. From there, 
they need to be able to access the fire 
floor within a protected route and get 
within a reasonable distance of the 
fire with an adequate supply of water. 
The means in which they cross the 
airside/landside line is, therefore, an 
important consideration.

Terminal 2 was provided with a 
fire control center within which it was 
possible to receive live information 
from the life safety systems, including 
the CCTV cameras. The control center 
was separated from the remainder 
of the terminal with 120-minute fire 
resisting construction and had dedi-
cated access direct to open air. From 
the fire control center, the fire brigade 
could access a total of eight ventilated 
firefighting shafts with dry mains pro-
vided therein. There were also two 
specific fire service cross-over points 
within the building through which fire-
fighters only could pass the airside/
landside line as well as two external 
routes. One external route was a pas-
senger gate in the airside/landside 
fence near the building perimeter while 
the other was a manned vehicle gate 
that allowed access to the apron.

The fire control center was provided 
with control panels for each smoke zone 
and evacuation area, which allows for 
full control of evacuation of the affected 
area. The evacuation can be phased on 
an automatic or manual basis, or the 
decision can be taken to simultaneously 
evacuate the entire terminal from the 
control room if considered necessary. 
In addition, a microphone is provided 

Smoke extract duct

Structural zone

Smoke
reservoir

Smoke
barrier

Make-up air

Clear
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Figure 2. Cabin Concept 
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with which direct announcements can 
be given to occupants.

Dublin Airport has an airport fire 
brigade who are the first-responders 
in any incident. Dublin Fire Brigade 
are secondary responders following a 
confirmed fire, and there is an agreed 
approach between each in terms of 
overall command and the protocol 
to be fol lowed in an emergency  
fire situation.

The Occupants
The occupants of an airport terminal 

are of a broad range of nationalities, 
mobility abilities, family groups, single 
travelers, and a wide range of famil-
iarity of travel. All are focused on either 
departing a flight, or obtaining their 
luggage on arrival and getting home. 
Their behavior is key to a successful 
evacuation strategy.

With such focus on their process, 
and at peak times in many airports such 

high numbers of occupants present, the 
standard total evacuation policy in most 
buildings can be unrealistic and even 
unsafe. A phased approach, where a 
limited number of evacuation zones 
actually evacuate in a fire, is preferred. 
This requires that remaining building 
zones be safe to occupy.

Prescriptive codes assume floor 
space factors, and resulting exit 
width provisions. For airports, the 
occupancy is far more complex, and 
subject to detailed quantifying by the 
airport planning team. The fire pro-
tection engineer can, therefore, use 
passenger numbers that are based 
on the flow of people through the ter-
minal as dictated by the scheduled 
arrival and departure of flights.  The 
number of support staff supporting 
the airport services, as well as airline 
staff, must also be incorporated, and 
these too are subject to peak flows in 
a working day. 

The type of people within the 
building and their probable response 
upon hearing an evacuation message 
is another factor that the design must 
take into account, especially if an 
ASET (available safe egress time) 
vs. RSET (required safe egress time) 
assessment is being undertaken.  
PD 7974-63 describes items that will 
have an impact on the pre-movement 
time of occupants, which include 
security restrictions, the possession of 
luggage, presence of family groups 
and language barriers.

Another consideration that was 
taken within the T2 strategy was the 
possibility of a relatively large number 
of mobility-impaired persons being 
present within the terminal. This is due 
to potential religious groups travelling 
to Lourdes in Europe, where one party 
may require assistance at times for 
up to 130 persons, or sporting events 
for disabled participants. Additional 
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overflow disabled refuge areas were provided for within 
the design to help cater for such a scenario and specific 
staff procedures put in place. 

Key to all of the above is a competent trained fire safety 
team, and credible reliance on this is key to a successful 
airport fire design. In the absence of such competence, far 
less reliance on management must occur.

Client Requirements & Future Flexibility
In an airport, one of the main client requirements is that 

the building operates as smoothly as possible. When dealing 
with a terminal building, this means that passengers are 
processed without delay and security lines are maintained. 
This was a fundamental challenge within the strategy, and 
meant that numerous lines throughout the terminal could not 
be crossed, even in an emergency situation.

An area that deserves detailed consideration is the route 
the airside/landside line takes through the building. The 
airside/landside line is the main security line through which 
all people and objects must pass. Once on the airside 
(i.e., the departure side) side of this line, a passenger or 
object has been security cleared and is assumed to be fit for 
flight. This line may be formed by solid walls, partial walls, 
doors or simply a space occupied by staff and an x-ray 
machine. The position of this line needs to be understood 
fully as it can affect what happens in an emergency situ-
ation, including direction of escape, signage and zoning of 
fire safety systems. 

Separating the building into different evacuation areas 
allowed this challenge to be overcome, and created a solution 
where occupants do not pass from airside to landside or 
vice versa in an emergency situation. All escape routes are 
designed independently of one another. It was another key 
client requirement that the building could be evacuated as 
an “all out” function if required, which was also achieved  
within the design.

Airports are similar to shopping centers in that they are 
constantly undergoing change due to the large number 
of third-party organizations and tenant areas within the 
building. Flexibility was built into the T2 strategy in a 
number of areas. In addition to conservative figures being 
assumed for the occupancy of each area, a strategy was 
developed that negated the need for the provision of fire 
dampers within air-conditioning ductwork, which passed  
between retail units.

The strategy for the omission of dampers from the 
ductwork between the retail units was based on testing 
undertaken for the Hong Kong International Airport, which 
showed that smoke within a unit designed in accordance 
with the cabin concept typically does not exceed 80°C. 
In addition, the ambient air supply was maintained to 
provide a positive air pressure within the ductwork, thereby 
reducing the likelihood of smoke ingress and spread. It 
should be noted that a fire damper was provided where the 
ductwork left the retail area.
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Another important stage in the project is Operational 
Readiness Activation Transition (ORAT). A period within 
which a series of User Acceptance Tests (UATs) are under-
taken, the ORAT phase allows end-user groups to conduct 
their own sets of tests and scenarios in order to build con-
fidence and satisfy themselves that systems are operating 
as expected. On Terminal 2, this posed a unique challenge 
as, due to the construction program, beneficial access had 

to be given to the ORAT team while construction was being 
completed. It was necessary to provide adequate levels of 
safety for these occupants under the Irish Safety, Health and 
Welfare at Work Act. To do so, an ORAT temporary fire 
strategy was put in place so that appropriate levels of safety 
were maintained. The ORAT fire strategy, which evolved on 
a daily basis depending on the construction work taking 
place that day, entailed:

• Prioritization of work in certain areas to facilitate the 
temporary fire strategy,

• Induction sessions for all RAT staff on fire safety proce-
dures on site,

• Putting in place a number of fire marshals whose sole duties 
were to enforce the agreed interim fire strategy and to lead 
the ORAT staff out of the building in the event of a fire,

• Identification and signage of appropriate escape routes 
remote from construction works,

• The provision of a temporary wireless fire detection 
and alarm system while the final building systems were  
being commissioned.
 

Way-finding trials were also held before the building was 
fully completed, as part of the ORAT process, which involved 

At the start of the process, the  
fire safety goals and objectives were 

discussed in detail with the client 
and the approving authority, which 
allowed a set of acceptance criteria 

to be established before  
fire strategy work commenced.
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multiple events with many (4,000+) members of the public 
(including mobility-impaired persons and children) being 
processed through the airport as if they were departing or 
arriving. Again, a specific fire strategy had to be developed 
and implemented to ensure participants’ welfare.

 
Fire Safety Objectives  
& Acceptance Criteria

At the start of the process, the fire safety goals and 
objectives were discussed in detail with the client and 

the approving authority, which allowed a set of accep-
tance criteria to be established before fire strategy  
work commenced.

Life Safety 
I t  was  t he  du t y  o f  Dub l i n  F i r e  B r i gade  ( t h e 

approving authority) to verify that adequate levels 
of life safety were being met in accordance with the  
Irish Building Regulations.

The Second Schedule of Part B (Fire Safety) of the 
Building Regulations4 requires that adequate levels of life 
safety be achieved in new buildings by complying with five 
main functional requirements:

• B1 – Providing adequate means of escape measures. 
This goal was achieved by carrying out an ASET 
vs. RSET assessment to demonstrate that untenable  
conditions would not occur in the time required for occu-
pants to escape.

• B2 – Limiting the potential for fire spread within the 
building over surface linings, which was achieved by 
following prescriptive guidance.

• B3 – Limiting the potential for fire spread within the 
building by limiting compartment sizes and providing 

Disruption was limited  
by evacuating only those  

areas needing to be  
evacuated, while maintaining  

passenger segregation.
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proper compartment construction. Smoke extraction, 
suppression, fuel load control and active fire safety 
systems were used to achieve this goal.

• B4 – Limiting the potential for external fire spread.
• B5 – Providing adequate access and facilities for 

the f ire ser vice. This was achieved by the pro-
vision of dedicated and protected access routes, 
building suppression systems and active ventilation. 

Business Continuity
Airports operate on a continual basis and are a critical 

piece of infrastructure. Therefore, large-scale evacuations 
or disruption of passenger processing in a terminal is  
catastrophic for the airlines and the terminal operator for 
commercial and reputational reasons. Business continuity 
goals were, therefore, established during the concept stage 
with the client.

The strategy was the protection of sensitive areas or 
areas of high fire hazard while also providing a response 
that was in proportion to the event. The philosophy adopted 
was based on minimizing nuisance alarms by adopting 
a two-stage cause and effect, which meant that only an 
evacuation would be automatically instigated following a 
second activation of a smoke detector. Aspirating smoke 
detection was also utilized in the baggage handling hall 
to avoid unnecessary nuisance alarms and implications for 
the baggage handling system.

If a fire did occur, it was limited as much as possible by 
the control of fuel load, either by management controlling 
the size of retail kiosks, etc., or by suppression in the form 
of sprinklers or gaseous suppression. Disruption was limited 
by evacuating only those areas needing to be evacuated, 
while maintaining passenger segregation.

In the unlikely event that a large incident did occur, it was 
still feasible to initiate a full and simultaneous evacuation of 
the terminal.                      

Barbara Lane, Wil l iam Ward and John Noone  
are with Arup.
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M
any of Britain’s historic piers are at high risk; in fact, the 
rate of attrition arising out of catastrophic fires demands 
urgent action from all those who can assist in their conser-
vation and revival as symbols of Britain’s coastal heritage. 
This article examines some of the key issues in fire protec-

tion of these rapidly-disappearing icons of the Victorian age.
Piers encompass a variety of uses. They can be primarily industrial in 

nature or may be entirely recreational. Some unusual facilities combine 
promenade facilities with extensive assembly use including, in some cases, 
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cruise ship facilities or sightseeing and 
recreational craft. In fire protection 
terms, such facilities fall in the realm 
of piers and wharves. This article will 
focus on historic piers (Figure 1).

The fire hazard associated with 
such facilities varies depending on the 
construction type. More modern piers 
tend to be of reinforced concrete con-
struction due to the high incidence of 
severe fires in piers that were wholly 
or partly of combustible construction. 
However, whatever the construction, 
certain problems are unique to piers:

• The difficulty in serving the pier 
with normal infrastructure, par-
ticularly water supplies, integrated 
signalling in an emergency and 
power for essential services, such as 
fire pumps.

• Difficulty in achieving access for 
firefighting purposes. In some 
instances, this is exacerbated by 
the configuration of the pier and in 
some cases by rail or other infra-
structure that may impede access 
onto or on the pier by fire vehicles.

• The  po t en t i a l  f o r  unce r ta i n 
management and deterioration 
over time.

In the case of combustible piers, fire 
has the potential to involve the areas 
below the pier deck. The degree to which 
this occurs depends upon the progress 
of the fire and concentration and extent 
of combustibles in the structure. In some 
cases, fuel may be restricted to com-
bustible decking. In other instances, 
the main structural elements may be 
heavy timber construction; frequently 

[  Fire Protection of Historic Piers ]

Figure 1. Weston-super-Mare fire – at an earlier stage. (Credit: Weston 
and Somerset Mercury)
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this consists of creosoted timber. Often, 
there is a mixture of construction types 
(Figures 2 and 3). 

The prevalence of windy conditions 
in seaside locations can contribute to 
fire spread. Actual fires have demon-
strated that fire will spread against the 
direction of the wind as well as being 
assisted in the direction of the wind. In 
one relatively recent fire, in an area 
involving combustible structure above 
and below the pier, there was total 
destruction in the downwind direction 
in addition to fire spread along com-
bustible decking against the direction 
of the wind.

In many cases, piers are relatively 
inaccessible to fire service vehicles. 
Fires below combustible piers are par-
ticularly problematic in that access 
problems are compounded at low 
tide by the lack of ‘hard standing’. In 
other words, at low tide, fire vehicles, 
even if they can access the beach, 
can become bogged down due to the 
weight of fire appliances. This leads to 
fire service delays that may be critical 
to fire damage.

At high tide, dif ficulty with the 
deployment of hoses on the fire, by fire 
boats for instance, is compounded by 
tidal and wave action. Substructure may 
effectively screen the fire from direct 
impingement of water. Although access 
is often attempted from above the pier by 
cutting through the pier deck, it is usually 
difficult to determine exactly where the 
fire is due to smoke and other factors. 
If access hatches are not provided, then 
fire services have to cut openings into 
the deck and deploy nozzles designed 
to extinguish substructure fires. 

[  Fire Protection of Historic Piers ]

Figure 3. Heavy Timber Sub-Structure under a typical pier.
(Credit: Gulf of Georgia Cannery Society Archives)

Figure 2. Site Assessment of a pier prior to major repairs.
(Credit: Gulf of Georgia Cannery Society Archives)

28 Fire Protection Engineering m a g a z i n e . s f p e . o r g  1ST Quarter / 2013



NOTIFIER has innovative life safety solutions that exceed building 

and fi re code requirements. Our intelligent fi re systems with advanced 

detection capabilities, gas and fl ame detection and fully integrated 

city or campus-wide emergency communications systems bring the 

maximum protection possible to your facility and its occupants. 

When lives are at risk, trust NOTIFIER total life safety solutions 

to protect what matters most.

www.notifi er.com

Advanced
Detection

Emergency
Communications

Gas and Flame
Detection

Scan this QR Code to 

access more information 

about NOTIFIER’s Total 

Life Safety Solutions.

Protect What Matters Most

Total Life Safety Solutions



It is difficult to extinguish fires in 
this manner. Water supplies are often 
limited and the number of openings 
achievable over a fire area may enable 
the fire (often aided by lack of water 
penetration by the nozzles and the pre-
vailing wind) to rapidly spread beyond 
the area of attack.

Structures above the pier deck 
may be of combustible construction or 
contain sufficient combustible materials 
to become involved in a fire and pose a 
fire risk to the entire structure. In the case 
of recreational piers, fires often start in 
the above-grade structures and spread 
to the substructure, where they burn out 
of control. Therefore, reliance has to be 
placed on automatic suppression to mit-
igate potential fire damage.

Historically significant piers share 
many of the typical challenges asso-
ciated with other heritage buildings. 
Notwithstanding the fire problems 
above – the challenge is the dete-
rioration of pier buildings and the 
management of fire risk over time. 
Superimposed on the usual problems of 
achieving an acceptable level of fire and 
life safety (in the context of refurbishment 
or adaptive re-use) is the so-called ‘moral 
hazard’ associated with planning and 
construction in seaside facilities. While 
this is a defining characteristic of seaside 
towns, there is often poor control of fire 
hazards, compared to more ‘organised’ 
jurisdictions. The transitory nature of 
business and regulatory controls often 
allows uncontrolled construction changes 
to occur over time. These often increase 
the fire risk in probabilistic terms com-
pounded by the ineffective fire safety 

[  Fire Protection of Historic Piers ]

Typical heavy timber wharf with fender piles.
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management. This is combined with the 
increased risk of arson, poor control 
of recreational fires under piers and 
other issues.

On a positive note, moves in the 
UK to take back ownership of piers 
either by public or private agencies – 
for conservation purposes – is a sign 
that the heritage value of certain 
seaside piers is being recognized. The 
availability of grants to introduce rec-
ommended fire precaution measures 
is also encouraging.

A complication is the lack of an 
appropriate standard for property 
conservation. In England and Wales, 
for instance, Approved Document B 
(ADB)1 to the building regulations, 
is primarily a life safety document. 
It offers only nominal property pro-
tection measures and often relies on 
compartmentation and detection to 
limit fire spread. Compartmentation 
may of ten be breached or non-
existent due to the age of construction. 
Extensive combustible concealed 
spaces may have been created and 
modifications made with little regard 
to fire and life safety. Typical fire 
hazards, such as those associated with 
deep fat fryers or storage and han-
dling of flammable liquids, are often 
poorly controlled.

Fire detection relies on effective 
response to alarms. The assumption 
that the size of a fire can be limited 
by compartmentation and the fire risk 
offset by rapid and effective response 
to a fire must be seen in the context 
of access and firefighting limitations 
on piers. Also, ADB does not address 
fires below pier, which are often a 

[  Fire Protection of Historic Piers ]

Under the boardwalk at the port of Blyth.
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contributory factor in very large fires. 
The relatively recent fire at Weston-
s u p e r - M a r e  s h o w e d  t h a t  t h e 
above pier structure itself was so 
poorly protected that i t could be 
subject to a total loss. So what is 
the solution?

The first consideration is water 
supply infrastructure. The use of recir-
culating stainless steel mains is one 
option to prevent freezing of essential 
supplies and protecting water sup-
plies from deterioration due to cor-
rosion. Routinely, such systems should 
be run on fresh water to prevent 
excessive corrosion, but more impor-
tantly, to reduce contamination by 
marine organisms when saltwater 
pumps are used. 

[  Fire Protection of Historic Piers ]
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Victorian pier at Eastbourne in East Sussex in England. 
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In a recent case, a test of saltwater 
hydrants was conducted. It was found 
that the saltwater system was com-
pletely obstructed by fish, seaweed 
and other solid matter. This had been 
pumped into the system under normal 
‘wash down’ of decks, ostensibly 
to prevent re-ignition of discarded 
smoking materials. 

Water supplies should include:

• Where possible direct or indirect 
use of potable water from the 
town mains;

• Use of land end (dry side) tanks;
• Duplicate pumps at the dry end of 

the pier; and
• Use of saltwater supplies as the 

last resort with effective starting 

protocols to prevent accidental 
star ting of saltwater pumps in 
non-emergencies.

In terms of the pier substructure and 
pier buildings, there is no requirement 
for the installation of an automatic 
sprinkler system. Moreover, there is 
no national guidance document in the 
UK for fire protection of piers. In lieu 
of this, NFPA 307,2 can be used. It is 
a robust standard that addresses all 
the typical conditions encountered in 
piers and wharves.

Substructure sprinkler systems 
differ in that they typically throw 
water upwards rather than down-
wards in order to reach all pockets 
in the substructure. Careful placement 
of the sprinklers is necessary to 
achieve effective wetting of timbers 
and prevent shielded areas that can 
permit a path for fire to spread. 
NFPA 307 relies on the use of bulk-
heads to control fire spread. This can 
raise planning issues in listed buildings 
as the architectural appearance of the 
pier can be compromised to a degree. 
In lieu of this, some consideration 
could be given to extend the capability 
of the sprinkler systems to deal with 
fire over larger areas. 

Sprinklers in above-pier structures 
require special consideration due to 
a variety of factors, including their 
visual impact on historic interiors. In 
most areas with suspended ceilings, 
sprinklers can be concealed. 

Typically, the routing of piping 
has  t o  be  des igned  to  r educe 
the visual impact of piping and 

sprinklers. Where piping has to be 
exposed, it can typically be run along 
beam lines and painted to match 
adjacent finishes.

Professional designers use a com-
bination of techniques to integrate 
the system with the building archi-
tecture to provide a fire protection 
system that is not obtrusive. This 
is a result of collective experience 
on sensitive occupancies, such as 
cathedrals and historic houses with 
decorative ceilings.

The challenges may be problematic 
when undertaking the installation on a 
design-build basis. In some instances, 
contractors may be less concerned 
with appearance than achieving 
system costs in order to win the con-
tract. For this reason, retention of a 
fire protection engineer familiar with 
pier protection systems and interna-
tional standards should be considered 
before embarking on a program for 
protection, restoration, refurbishment 
or adaptive reuse of an historic pier or 
wharf. Most historic buildings benefit 
from an independent design followed 
by a close partnership with the selected 
sprinkler contractor.               

John Ivison is with John Ivison and 

Associates Ltd. 
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CHALLENGES OF 
AIRCRAFT HANGAR 
FIRE PROTECTION
THE DEVELOPMENT AND USE 
OF A MODERN STANDARD
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B y  M i c h a e l  E .  A a ro n ,  P. E .

INTRODUCTION

B
y their nature, aircraft hangars pose unique chal-
lenges for the fire protection engineer. There are 
large, open floor areas with tall roof decks to 
house high-value aircraft contents. Large quantities 
of liquid jet fuel are present, and aircraft mainte-

nance activities offer a variety of potential ignition sources. 
Another characteristic that differentiates hangars from 

most other occupancies are the large aircraft wings and 
fuselages that create obstructions to both fire detection 
and fire suppression. Sometimes, there are large scaffolds, 
which create further obstructions. 

Natural ly, as hangars come in al l  shapes and 
sizes, some of these features are not always present. 
A 6,000 ft2 (560 m2) shelter for small aircraft poses dif-
ferent challenges than a 150,000 ft2 (14,000 m2) mainte-
nance complex for overhauling commercial jets.

The main fire threat is posed by a fuel spill finding an 
ignition source, leading to a challenging fire. A 50 foot 
(15 m) diameter pool of burning Jet-A fuel can produce a 
heat release rate on the order of 300 megawatts. A few 
hundred gallons (liters) of ignited fuel is enough to destroy 
just about any facility that is not properly protected.

Large hangars call for suppression systems on a scale 
with which some engineers may be unfamiliar. Fire 
detection systems must function over unusual heights 
and distances. Sensitivity is needed for fast response, 
but this factor must be balanced against protection from 
nuisance alarms. There are a number of fire suppression 
options, most of which involve fire pumps, foam systems 
and sprinkler systems with large design areas. Zoning and 
distances from equipment rooms to discharge points can 
also create design complications.

No less challenging for the fire protection engineer 
is the task of guiding a client or employer, whether that 
be building owner, construction contractor, code official, 
A/E firm, etc., through the often confusing array of design 
options and code requirements. The code requirements 
are far reaching and have big cost implications. The costs 
can be hard to reconcile against the loss history data. 
Hangar fires are low-frequency, but high-consequence 
events, and the codes require a large amount of protection 
and redundancy.

NFPA 409, Standard on Aircraft Hangars,1 is the 
primary document where adopted by the local jurisdiction. 
Like all NFPA codes and standards, NFPA 409 becomes 
a legal requirement when referenced in an adopting 
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ordinance by a local governing body. 
Sometimes, these ordinances include 
amendments to certain provisions of 
the document. Even when not specifi-
cally adopted, there is often a desire 
to conform to internationally recog-
nized minimum standards. Where 
insurance requirements govern, com-
pliance with FM Global standards 
may be important. For U.S. military 
projects, matters depend greatly on 
which branch of service is involved, 
as there are differences between cri-
teria from the Air Force, Navy, Army 
and National Guard. This article 
focuses on NFPA 409.

HISTORICAL PERSPECTIVE

In the 1950s, NFPA began pro-
ducing what became NFPA 409, 
taking the place of the earlier pam-
phlet from the National Board of 
Fire Underwriters (NBFU). Early 

NFPA hangar fire protection systems 
for larger hangars were based on 
sprinklers. The requirement became 
deluge-type sprinkler systems (with 
open sprinklers), and allowed a 
choice of plain water or foam. If foam 
was chosen, lesser sprinkler densities 
were allowed. Protein-based foams 
and fluoroprotein foams were used, 
as well as synthetic foams, which 
became the AFFFs (aqueous film 
forming foam) of today. 

Draft stops (curtains) and floor 
drainage were important parts of 
the protection scheme, so the deluge 
flows could wash the burning fuel 
safely off the floor and down the 
drains. In the 1950s and 1960s, 
large deluge sprinkler systems were 
the norm. Rows of original deluge 
risers are often found in hangars 
constructed during this era. They 
employed pilot sprinklers or drop-
weight mechanisms to open the 

[

[
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[  Challenges of Aircraft Hangar Fire Protection ]
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valve clappers. The weights were 
released by low pressure pneumatic 
heat detection systems connected to 
a network of heat-actuated devices 
(known as HADs) installed beneath 
the roof deck.

The old deluge systems covered 
sprinkler zones of up to 15,000 ft2 
(1,400 m2) that were separated 
by draft curtains. They had design 
densities of 0.16 to 0.25 gpm/ft2 
(6.5 - 10 mm/min). The number of 
simultaneously flowing zones to be 
hydraulically calculated was deter-
mined by what was known as the 
"radius rule." The higher the roof 
deck, the larger the radius of an 
imaginary circle drawn in the plan 
view. Any zone touched by the circle 
had to be included. Hangars with 
4, 5 or 6 zones calculated flowing 
were common, leading to huge 
sprinkler design areas of 90,000 ft2 
(8,000 m2) or more.

With the advent of wide-body 
a i r c ra f t  w i t h  expans i ve  w ing 
areas, such as the Boeing 747, the  
NFPA 409 committee became con-
cerned that the aircraft would shelter a 
fire from the sprinkler discharge, and 
the water or foam would be too slow 
to reach the fire. They saw the need 
for foam to be discharged directly 
beneath the aircraft. With the 1970 
edition, NFPA 409 began requiring 
“supplemental” foam systems in 
addition to the deluge sprinklers 
where there were individual aircraft 
with shadow areas greater than 
3,000 ft2 (280 m2). Supplemental 
systems almost always employed 
oscillating monitor nozzles. (High 
expansion foam is also an option.) 
Though these nozzles need to only 
cover the area beneath the aircraft, 
as a practical matter they must cover 
a considerably larger area in order 
to reach all parts of the irregular 
shape of the aircraft shadow.

In the 1970s and early 1980s, 
Factory Mutual conducted research 
that led to the conclusion that sprin-
klers discharging plain water would 
fail to control a pool of burning jet 
fuel on a hangar floor.2 Increasing 

sprinkler densi t ies was not the 
answer, since fuel rises above water 
and can continue to burn or vaporize  
and reignite. 

Because of their physical prop-
erties, foams stay above and cling 
to the surface of burning fuels with 
a smothering action that provides 
cooling, cuts off oxygen and sup-
presses fuel vaporization. Therefore, 
s tar t ing with the 1985 edit ion,  
NFPA 409 eliminated the option 
of plain water deluge sprinklers 

for Group I hangars, allowing only 
foam-water deluge sprinklers.

In the late 1990s, the NFPA 409  
commit tee was presented wi th 
research conducted by the U.S. 
Navy.3 This led the 2001 edition 
to incorporate the most significant 
changes to Group I hangars since 
the foam requirement. The traditional 
foam-water deluge sprinkler scheme 
was retained, but as just one of three 
possible options. The old radius rule 
governing these deluge designs 
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was revised to be independent of 
roof height. 

The  two  new op t i on s  we re 
variants of the Group II protection 
requirements. In these new options, 
closed-head sprinklers are used at the 
roof level, and foam systems, either 
low-expansion or high-expansion 
types, are employed to cover the 
entire hangar floor area. These are 
termed “low-level” foam systems.

Thus ,  the genera l  h i s tor ica l 
trend has been to reduce the role 
of sprinklers from the primary fire 
suppression system, to a system to 
cool the steel while a foam system 
blankets the floor.

UNDERSTANDING AND 
APPLYING NFPA 409

The first step in applying NFPA 409 
is to address the basics: will the 
aircraft in the hangar always be 
unfueled? What “group” should this 
hangar be classified as? 

Allowing only unfueled aircraft 
in the hangar reduces protection 
requirements to a simple hazard 
sprinkler system. Most owners find 
this unacceptable for their opera-
tions. Fueled aircraft are the norm. 
Regarding hangar groups, rules-of-
thumb (full details are in the standard) 
are as follows:

• If the aircraft bay is greater than 
40,000 ft2 (3,700 m2) and/or 
if the hangar door is taller than 
28 feet (8.5 m), it’s a Group I (the 
most severe case).

• If neither condition is true, it’s 
a Group II (only somewhat less 
severe, still lots of requirements, 
including foam and sprinklers).

• Unless it’s a lot smaller (12,000 ft2 
[1,100 m2] or less for common 
construction types), in which case 
it’s a Group III. (Few require-
ments: no sprinklers or foam, no 
fixed fire suppression systems at 
all, as long as there are no haz-
ardous activities such as welding, 
painting, etc.)

• Finally if the hangar is a “mem-
brane covered rigid steel frame”1 
and larger than a Group III, then 
it’s a Group IV. (A foam system 
or closed-head sprinkler system 
is required.) This relatively new 
type of hangar construction is 
becoming more popular.

An owner may be interested in 
considering construction options that 
allow the facility to be classified at 
a lower protection level. In some 
cases, there may be compromises 
that afford substantial cost savings. 
Therefore, it’s useful to know where 
the lines are drawn.

General requirements for con-
struction and passive fire protection 
for both Group I  and Group I I 
hangars are found in Chapter 5. An 
abbreviated summary of the main 
requirements are:

• Cons t r u c t i on  mu s t  be  non -
combustible.

• Egress must meet NFPA 101, The 
Life Safety Code.

• For hangar fire areas to be con-
sidered (calculated) separately, 
3-hour walls are needed between 
aircraft bays. Otherwise, mul-
t iple bays are considered as 
one area with larger water and 
foam demands.

• Shops and office areas must be 
separated from the aircraft bay 
by 1-hour rated walls.

• Building columns in aircraft bays 
must have 2-hour protection or the 
columns must be sprinklered.

• Hangar door power must be 
connected ahead of the building 
disconnect and must be operable 
in an emergency.

• Trench drains are required and 
must have the capacity to carry 
away the full design fire flow rate 
of the fire suppression systems.

[  Challenges of Aircraft Hangar Fire Protection ]
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• Any pits or tunnels in the hangar 
floors must be mechanically ven-
t i lated, drained, and treated 
as Class 1, Div is ion 1 haz-
ardous areas per the National 

Electrical Code.
• For Group I hangars only: draft 

cu r ta ins  mus t  be  prov ided, 
enclosing projected floor areas 
of 7,500 ft2 (700 m2) or less. 
These draft curtains do not define 
spr ink ler zones and are not 
needed in Group II hangars.

• For Group I hangars, fire sup-
pression requirements are found 
in Chapter 6 and in Chapter 7 
for Group II hangars. The main 
differences between Group I and 
Group II hangars are:

1.  When closed-head sprinkler 
systems are chosen, the Group I 
design criteria is 0.17 gpm/ft2 
(7 mm/min) over 15,000 f t2 
(1 ,400 m2) ,  whi le  Group I I 
systems use the same density but 
with only a 5,000 ft2 (460 m2) 
design area.

2.  Water flow duration times are 
approximately 50% longer for 

Group I hangar systems than for 
those of Group II.

3.  Draft curtains are not required in 
Group II hangars.

GROUP I CHOICES

Since the options with closed-
head sprinklers plus low-level foam 
systems became available, foam-
water deluge sprinklers are seen 
less often. This is particularly true 
when there are large aircraft with 
wing areas of more than 3,000 ft2 
(280 m2), which invokes the need to 
add supplemental foam systems. It’s 
usually more economical to provide 
a larger low- level foam system 
instead of a supplemental foam 
system because the deluge system 
can be eliminated in favor of closed 
head sprinklers with a design area of 
15,000 f t2 (1,400 m2) .  Going 
through the exercise of estimating 
these demands bears this out.

High-expansion foam usually 
leads to lower water demands 
than with other options, sometimes 
making it an attractive choice. If 
high-expansion foam is selected as a 

low-level system, NFPA 409 calls for 
the foam generators to utilize outside 
air. This means that the foam gen-
erators need to be ducted through 
the roof to intake hoods. Louvers 
and dampers will also be needed for 
relief air. U.S. Air Force and Army 
design criteria allow the use of inside 
air, which simplifies matters consid-
erably. Some AHJs may be willing 
to consider the military approach of 
using inside air.

COMMON SOURCES OF 
CONFUSION

Low-level vs. supplemental systems 
is perhaps the single greatest area 
o f  con fus ion  in  the  s tandard . 
Supplemental systems are only 
provided in conjunction with foam-
water deluge sprinkler systems. 
Supplemental systems need to cover 
only the area beneath the aircraft, 
while low-level systems must be calcu-
lated for the entire hangar floor area. 
The design, objectives and testing 
requirements for each are different.

High-expansion foam is often used 
as a low-level system, although the 

[  Challenges of Aircraft Hangar Fire Protection ]
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foam generators are usually installed 
up high, not close to the floor. Low-
level systems are so named because 
their purpose is to cover the floor. 

NFPA 409 provides a method 
for calculating the application rate 
of high-expansion foam. This method 
does not call for maintaining a sub-
mergence volume, because this is a 
local application approach, rather 
than a total flooding approach. The 
high-expansion foam is intended 
to act in a 2-dimensional manner. 
Therefore, it does not matter if the 
hangar doors are open or closed 
during foam discharge.

While the capacities of the water 
supply and foam system must be 
designed for complete coverage of 
the hangar floor, that does not mean 
they must all be activated simultane-
ously. The systems can and should be 
zoned in order to be discharged in 
response to heat detection on a zone-
by-zone basis. Should the maximum 
number of zones be needed, the 
capacity must be available.

Redundancy is specified in dif-
ferent ways for water storage, for fire 
pumps and for foam supply. 

•	Water	Storage: Should stored 
water be necessary, a divided 
supply is required. The idea is 
for half the water to be available 
if one tank is down for repair. It 
does not mean the water storage 
quanti ty is to be doubled. I f 
200,000 gallons (900 m3) are 
needed to provide 45 minutes 
o f  f low dura t ion ,  a  pa i r  o f  
100,000 gallon (450 m3) tanks 
should be provided. They should be 
piped to be used at the same time.

•	Fire	Pumps: Should fire pumps 
be necessary (as they frequently 
are), the number and size of the 
fire pumps needed should be 
determined, and one additional 
pump of the same capacity should 
be provided. The requirement is 
for full pumping capacity with one 
pump out of service. Redundant 
jockey pumps are not required. 
Suction pipe sizing need not 

consider the redundant fire pump.
•	Foam	Concentrate	Pumps: 

If foam pumps are being used, they 
are treated in the same manner as 
fire pumps as far as redundancy 
is concerned. The schematic 
piping diagrams in the annex of  
NFPA 11 do not show all required 
components, and they do not 

show how multiple pumps are to  
be connected. 

•	Foam	Tanks: The requirement 
is for a “connected reser ve” 
tank. The primary tank is to have 
full capacity for the 10-minute 
durat ion in the case of low-
expansion foam, or 12 minutes in 
the case of high-expansion foam. 
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The connected reserve tank is to be of the same size as 
the primary tank. Its purpose is to be readily available 
after an event so the system may be put back into 
service quickly. As such, it should be connected so that 
manual operation of valves is needed to utilize its con-
tents. This is true for both pressurized diaphragm tanks 
and atmospheric pressure tanks.

NFPA 409 is a prescriptive standard. If one wants to 
vary from its methods, NFPA 409, like most standards, 
allows for equivalencies or new technologies as long 
as the level of protection is not lowered. The authorities 
having jurisdiction have considerable discretion in this 
area if they choose to exercise it. Alternatives may be 
considered if one can provide analysis with enough rigor 
to satisfy the AHJ that a proposed alternative provides an 
equivalent level of protection.                                    

Michael Aaron is with Rolf Jensen & Associates.
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RESEARCH-DERIVED 

AIRCRAFT 
FIRE SAFETY 

IMPROVEMENTS
(2000 -2010)

 B y  C o n s t a n t i n e  S a r k o s

F
ire safety is an overriding 
concern in the design and 
operation of a commercial 
airliner, primarily because 
of the potential large loss of 

life in a single accident. Therefore, the 
Federal Aviation Administration (FAA) 
has maintained an extensive R&D program to 
improve aircraft fire safety. The research is driven by 
accidents, new airplane designs and new technology. 

A previous article in Fire Protection Engineering summa-
rized 20 years of R&D to improve aircraft fire safety and the airliner fire safety improvements derived from this 
research.1 Research conducted in the last decade has produced additional aircraft fire safety improvements.2 
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This  ar t ic le  summar izes major 
improvements implemented over the 
last decade for each research driver, 
focusing on thermal acoustic insu-
lation, fuel tank explosions, composite 
aircraft, and lithium-ion batteries.

THERMAL ACOUSTIC 
INSULATION FLAMMABILITY 

Insulation blankets comprised 
of fiberglass batting, encapsulated 
within a plastic film, line the entire 
aircraft fuselage shell to attenuate 
noise and provide thermal insulation 
for passenger comfort. During a 

hidden, in-flight fire, the fire resis-
tance of the insulation is important 
because it is often the first i tem 
ignited and the predominant hidden 
material (Figure 1). Tests showed that 
the FAA-required, vertical, Bunsen 
burner flammability test produced 
marginal pass/fail results for the 
insulation film on the fatal MD-11 in-
flight fire aircraft, a metalized poly-
ethyleneteraphalate (PET).3 

Also, insulation may be a ben-
eficial factor during a post-crash 
fire if modified to act as a barrier 
against fire penetration through the 
fuselage by an external fuel fire. 

Delaying fuselage fire penetration 
gives passengers more t ime to 
escape. Full-scale tests showed that 
improved insulation materials and 
barriers would substantially delay 
fire penetration.4 

In-Flight Fire Ignition 
Resistance

To examine the behavior of dif-
ferent types of insulation blankets, 
a series of large-scale fire tests 
was conducted in an open-ended 
mock-up of the attic area above the 
passenger cabin ceiling. In a con-
fined attic space, ignition and flame 
propagation may occur because 
of radiant heat feedback and con-
tainment of melted film near the 
ignition source. In general, when sub-
jected to a relatively severe ignition 
source, the PET films were the most 
flammable, but more fire-resistant 
films prevented flame propagation, 
including polyvinyl fluoride (PVF)
 and polyimide (PI).5

The next step was to develop 
an improved f lammabi l i ty  tes t 
method with pass/fail criteria that 
would identify materials capable of 

[  Research-Derived Aircraft Fire Safety Improvements (2000-2010) ]

Figure 1. Hidden In-Flight Fire Incident Involving Thermal Acoustic Insulation

Figure 2. FAA Next Generation Burner for Insulation Fuel Fire Burn-through 
Resistance Evaluation

50 Fire Protection Engineering m a g a z i n e . s f p e . o r g  1ST Quarter / 2013



resisting a severe ignition source. It was found that the 
radiant panel test standard for flooring materials6 gave 
a good correlation with the large-scale fire test data. The 
criterion adopted was, essentially, that the specimen did 
not ignite, which is specified by not allowing any flaming 
beyond a 2-inch (50 mm) length from the point of flame 
application, and no continued flaming after removal of 
the pilot flame.

Electrical arc testing was an important part of the insu-
lation hazard assessment due to the reported incidents 
involving flame spread on thermal/acoustical insulation 
blankets caused by electrical arcing. The tests showed 
that the metallized PET blankets consistently ignited with 
significant flame spread. In contrast, the polyimide and 
PVF blankets did not ignite, and the plain PET blankets 
exhibited minimal flame spread and self-extinguished.7

These findings prompted the FAA to issue Airworthiness 
Directives (ADs), requiring the replacement of metallized 
PET insulation in more than 700 aircraft.8,9 The FAA also 
improved the Federal Aviation Regulations by requiring 
the radiant panel test method and criteria for insulation, 
replacing the Bunsen burner test method.10 

After Sept. 2, 2005, any large transport aircraft 
manufactured in the United States was required to be 
lined with insulation compliant with the radiant panel 
test criteria. In addition, a radiant panel test method-
ology was developed to evaluate installation methods 
found to contribute significantly to insulation flamma-
bility.11 Lastly, another AD was adopted to replace 
insulation blankets made of PET called AN-26 because 
of its vulnerability to ignition and fire spread from an 
electrical arc.12

Post-crash Fire Burn-through Resistance 
A new test method was developed to measure the pen-

etration or burn-through resistance of thermal acoustic 
insulation during a post-crash fuel fire.13 Tests indicated 
that a variety of materials could provide the needed four 
minutes of burn-through protection, demonstrating the 
feasibility of this criterion. The four-minute value was 
based on an analysis of past accidents, which showed 
that evacuation times varied considerably—depending 
on many factors—but rarely exceeded five minutes, and 
accounting for the time to melt the aluminum fuselage. 
A replacement burner dubbed the “NexGen Burner” 
was also developed; it was made from readily available 
materials because the previous burner specified by FAA 
was no longer manufactured (Figure 2).14

FAA adopted a final rule that contained a new 
requirement for burn-through resistance insulation 
installed in commercial transport aircraft. Newly manu-
factured aircraft were required to have burn-through 
resistant insulation after Sept. 2, 2009.15,16 In addition, 
an advisory circular was developed and published 
that provides guidance on the “installation details and 
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techniques that have been found to be 
acceptable to realize the full potential 
of materials having satisfactory 
fire-resistant properties.”17

FUEL TANK EXPLOSION 
PROTECTION

A major research program was 
conducted by the FAA to protect 
against fuel tank explosions. It was 
largely driven by TWA 800 and two 
other fatal center wing tank explo-
sions; viz., 737, Manila, 1990 and 
737, Bangkok, 2001. The three acci-
dents had striking similarities, but in 
all three cases the ignition source 
that triggered the explosion could not 
be determined.

Fuel Tank Inerting
FAA developed a practical and 

effective fuel tank inerting system, 
or On-Board Inert Gas Generating 
System (OBIGGS), capable of pro-
viding protection throughout the 
entire aircraft flight and ground 
profile. Unlike the heavier and less 
reliable military OBIGGS in the C-5A 

and C-17, the FAA-developed system 
is simple, lightweight and practical, 
utilizing available engine bleed air 
to continuously provide nitrogen-
enriched air (NEA) to inert the center 
wing fuel tank (Figure 3). 

The NEA is generated by the 
air  separat ion modules,  which 
contain hollow fiber membranes 
capable of separating nitrogen 
from oxygen in air. However, the 
critical feature of the FAA OBIGGS 

Figure 3. Schematic of On-Board Inert Gas Generation System (OBIGGS)
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was  a  dua l - f l ow capab i l i t y  – 
low flow rate/high NEA purity during 
ground, ascent and cruise condi-
tions and high-flow rate/low NEA 
purity compatible at the required 
ine r t i ng  concen t ra t ion  dur ing 
descent. With a simple design, and 
few moving parts, the FAA OBIGGS 
was reliable, relatively lightweight 

(about 160 pounds [72 kg]) and 
inexpensive ($150,000-$200,000) 
for a 747. 

Aircraft flight tests were needed to 
corroborate the predicted performance 
of the OBIGGS and demonstrate its 
operational capability. The OBIGGS 
was initially tested in an Airbus A32018 
and later in the NASA B747 shuttle 

carrying airplane (SCA).19 A unique 
instrument developed by FAA, called 
an on-board oxygen analysis system 
(OBOAS), measured the oxygen con-
centration at eight CWT locations.20 

The results from one A320 test are 
shown in Figure 4. During ground, 
ascent and cruise, at the low-flow 
NEA setting, the oxygen concen-
tration continuously decreased. At 
the onset of descent, the NEA flow 
rate was set at the high setting. The 
oxygen concentration increased 
as air rushed into the CWT during 
descent; however, the higher NEA 
flow rate prevented the oxygen con-
centration from exceeding the limiting 
oxygen concentration (LOC) of 12%.

 
Limiting Oxygen 
Concentration

The  L im i t i ng  Oxygen  Con -
centration (LOC) is the minimum 
concentration of oxygen in air that 
will allow fuel vapor combustion. 
FAA tests in a simulated fuel tank 
determined that the LOC was 12% at 
sea level to 10,000 feet (3 km), and 
increased approximately linearly 
thereafter to 14.5% at 40,000 feet 

[  Research-Derived Aircraft Fire Safety Improvements (2000-2010) ]

Figure 4. A320 Oxygen Concentration Histories in Center Wing
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(12 km).21, 22 The 12% value is fairly consistent with LOC 
values in the literature for the hydrocarbon constituents 
of jet fuel. It was an enabling factor in the development 
of a simple and cost-effective OBIGGS for commercial 
transport aircraft.

FAA Regulation to Prevent 
Fuel Tank Explosions

On July 21, 2008, FAA issued a final rule titled 
“Reduction of Fuel Tank Flammability in Transport Category 
Airplanes,”23 which was made possible by the FAA OBIGGS 
development. It was estimated that the final rule would 
prevent one or two catastrophic fuel tank explosions over 
a 35-year period. Five thousand aircraft in the U.S. fleet 
would be impacted by the rule at a compliance cost of more 
than $1 billion. 

COMPOSITE AIRCRAFT FIRE SAFETY

The new Boeing 787 is constructed of composite 
fuselage and wings in order to gain significant opera-
tional cost savings from lower weight, corrosion resistance 
and less maintenance due to increased fatigue strength. 
The composite material is comprised of multiple, alter-
nately directed layers of epoxy-impregnated, continuous 
graphite fibers. Fire safety was a concern because epoxy 
resins are flammable. 

During FAA certification of the B787, Boeing was 
required to demonstrate that the level of fire safety in the 
B787 was equivalent to a conventional (aluminum) air-
craft. FAA conducted research and testing to characterize 
and understand the fire behavior of this type of composite 
structure and to support the certification process.

When heated, the epoxy resin vaporizes and burns, 
leaving behind an inert insulation layer of graphite fibers. 
This causes a reduction in internal heating as each subse-
quent ply of epoxy-graphite burns, and a reduction in the 
burning rate with time. Overall, the composite displayed 
superior fire burn-through resistance and relatively good 
fire resistance.24

Boeing proposed that the burn-through resistance of 
the B787 composite fuselage provided an equivalent level 
of safety with the insulation burn-through resistance regu-
lation. To evaluate this proposal, which would negate the 
need for burn-through-resistant insulation in the B787, FAA 
developed a small-scale test to expose composite materials 
to a simulated post-crash fire and analyze gas emissions that 
could migrate into the cabin and impact survivability.25 Full-
scale, post-crash fire tests helped develop scaling factors to 
use in conjunction with the small-scale test to predict cabin 
gas concentration levels.26 The full-scale fire tests again 
exhibited the superior burn-through resistance and low gas 
emissions of the carbon fiber composite when subjected to 
a severe jet fuel fire (Figure 5).

Figure 5. Burn-through Resistance of Composite Fuselage Skin Subjected to a Jet Fuel Fire for 5 Minutes
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Boeing also had to demonstrate that the B787 provided 
protection against a hidden in-flight fire. Intermediate-
scale tests were required similar to those performed by FAA 
during development of the improved fire test method for 
thermal acoustic insulation. To obviate the need for these 
intermediate-scale tests in future certification programs, 
FAA developed a small-scale fire test method to 
measure the in-flight fire resistance of composite 
fuselage structure. 

The flammability of fuel vapor inside a composite 
wing fuel tank was examined by FAA and compared 
with aluminum tanks.27 Fuel vapor concentration was 
measured in wing tanks made of both materials, under 
conditions simulating heating on the ground from the sun 
and in-flight air flow cooling in a wind tunnel. It was shown that 
composite wing fuel tanks are more flammable than their 
aluminum counterparts during solar heating, and that 
painted surfaces greatly impacted the heat-up for 
both types of tanks. However, rapid cooling and 
reduction in flammable vapors was observed in 
both tanks under simulated flight conditions.

LITHIUM BATTERY FIRE HAZARDS

Due to their high energy density and design, 
malfunctioning lithium batteries can experience thermal 

Due to their high energy 
density and design, malfunctioning 

lithium batteries can experience 
thermal runaway, causing 
high surface temperatures, 

fire and even 
explosive-like hazards. 
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runaway, causing high surface temperatures, fire and even 
explosive-like hazards. 

The incident that highlighted the dangers of lithium 
battery fires in aircraft occurred at Los Angeles International 
Airport in 1999. Two off-loaded pallets of lithium batteries 
from an incoming flight caught fire. It took airport firefighters 
about 25 minutes to extinguish the difficult fire. Since 1991, 
more than 44 air-transport-related battery fire incidents 
have occurred, mostly involving freighter aircraft.28

FAA conducted tests on the two main types of lithium 
batteries: primary or metal (non-rechargeable)29 and ion 
(rechargeable).30 With either type of battery, thermal runaway 
of a single battery in a typical cardboard shipping box resulted 

in thermal runaway and ignition of the remaining batteries in the 
box (Figure 6). 

However, the metal batteries were found to be far more 
hazardous. A metal battery fire involves burning lithium, 
which can be ejected in a molten state. It produces heavy 
smoke and overpressures, which would breach the cargo 
compartment liner, raising the likelihood of fire and smoke 
spreading to the cabin and cockpit. 

Halon 1301, the fire extinguishing agent in passenger 
aircraft cargo compartment fire suppression systems, has no 
observable effect on a metal battery fire.29 Conversely, when 
an ion battery overheats, the flammable electrolyte vents 
and ignites in the presence of an ignition source. However, 
Halon 1301 extinguishes the electrolyte fire and prevents 
re-ignition at a concentration of 3%, which is the minimum 
concentration required to be maintained by a cargo com-
partment fire suppression system.30 Because of the inability 
of a halon fire suppression system to control a metal 
battery fire, an Interim Final Rule was issued that prohibits 
the bulk shipment of metal lithium batteries on passenger-
carrying aircraft.31 

FAA has also conducted tests with shipping containers to 
ascertain their capabilities for withstanding a lithium battery 
fire.32 Typical cardboard shipping boxes will burn and be 
consumed by a shipment of either type of lithium batteries 
experiencing thermal runaway. 

Available robust shipping containers, such as metal pails 
and drums recommended by the International Civil Aviation 
Organization (ICAO), were ineffective against metal battery 
fires because of the build-up of pressure, which caused the 
sealed lid to fail and expel the burning batteries. However, 

Available robust shipping containers, 
such as metal pails and drums 

recommended by the International 
Civil Aviation Organization (ICAO), 

were ineffective against metal 
battery fires because of the build-up 

of pressure, which caused the 
sealed lid to fail and expel the 

burning batteries.

Figure 6. Thermal Runaway Propagation in Bulk-loaded Lithium Batteries.

Bulk Load Configuration Before Testing Bulk Load Configuration After Testing
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burning ion batteries were contained in a cardboard box 
designed to safely ship oxygen generators.33 

A preliminary performance standard for a shipping con-
tainer for lithium-ion batteries was developed, which was partly 
based on the oxygen shipment standard. The documented 
findings32 were the primary source of information contained 
in the FAA Safety Alert for Operators (SAFO) titled, “Risks in 
Transporting Lithium Batteries in Cargo by Aircraft.”34 FAA 
research strives to better understand and safeguard against the 
fire hazards of lithium battery cargo shipments.   

Constantine Sarkos is with the Federal Aviation 

Administration.
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With an international standing that has attracted more then 4,500 members 
and 65 chapters around the world, the Society of Fire Protection Engineers 
(SFPE) advances the science and practice of fire protection engineering world-
wide. Our strength and the future of the industry rely on the innovative think-
ing and active participation of professional fire protection engineers just like 
you. And, our members realize benefits they can’t get anywhere else…

Gain the credibility you need to advance your career. 

Build life-long alliances and share ideas and solutions with more than 
4,500 industry peers and 65 local chapters through SFPE’s many  
networking opportunities throughout the year.

Stay up to date on new developments (and new opportunities) through 
SFPE’s monthly e-newsletter, web site postings, blog, and job board.

Sharpen your expertise on technical topics through the quarterly peer re-
viewed Journal of Fire Protection Engineering, Fire Protection Engineering 
Magazine, design guides, and other publications—as well as continuing 
education programs, symposia, and distance learning. 

Access smart opportunities and enjoy discounts on publications, educa-
tional events, and professional liability and group insurance programs. 

Shape the future of fire protection engineering by contributing  
your time and expertise as a volunteer.

T�Yes! I would like to advance my career and help shape the future of fire protection engineering. Sign me up for a year of SFPE member benefits. I 

understand that the $215 annual membership fee entitles me to all of the benefits described above. 

T�I am not an engineer, but I would like to build alliances with the industry. Enroll me in the SFPE Allied Professional Group.  Annual dues are $107.50.

Complimentary memberships are available to engineering students and recent graduates. Visit www.sfpe.org/membership/join for application details.

Method of Payment

T�Enclosed is my check made payable to SFPE.

Please charge my      T American Express      T� MasterCard     T�Visa 

Credit card number:         Expiration Date:
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Invest in your career… 

Join the Society of Fire Protection Engineers
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Phone Number:

E-mail:

SFPE Membership Application

Enjoy full benefits as an Affiliate Member just as soon as we receive 
your payment. Your welcome packet will include a detailed ap-
plication for upgraded membership as an Associate or Professional 
Member, which is based on educational and practice accomplish-
ments and entitles you to a certificate and special recognition.













MAIL to SFPE at 7315 Wisconsin Avenue, Suite 620E, Bethesda, MD 20814 or FAX to (301) 718-2242  
or email Sean Kelleher at skelleher@sfpe.org 
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Contact us at www.harringtonfire.com or 800-577-5758
ASSEMBLED IN THE

USA

INNOVATION MAKING A DIFFERENCE

Harrington Fire, your solution for high rise 

with smoke control and integrated voice

HARRINGTON

FIRE ALARM

Visit us at ISC West booth 2013



RESOURCES

IS YOUR BOOKSHELF UP-TO-DATE?

Visit www.sfpe.org/bookstore

Handbook of Smoke Control Engineering
With more than 500 pages of in-depth guidance, the handbook describes smoke control technology, including 
fundamental concepts, smoke control systems, and methods of analysis, and contains the information needed for the 
analysis of design fires, including considerations of sprinklers, shielded fires, and transient fuels. Systems discussed 
in the handbook include those for stairwell pressurization, elevator pressurization, zoned smoke control, and atrium 
smoke control. This is the first smoke control book with climatic data so that users will have easy-to-use weather data 
specifically for smoke control design for locations in the U.S., Canada, and throughout the world.

SFPE Member Price: $109 plus P&H

Non-Member Price: $141 plus P&H

An Introduction to Fire Dynamics, Third Edition
After 25 years as a best seller, Dougal Drysdale’s classic introduction has been brought 
up-to-date and expanded to incorporate the latest research and experimental data. Essential 
reading for all involved in the field from students to practicing fire protection engineers and 
fire prevention officers. An Introduction to Fire Dynamics is unique in that it addresses the 
fundamentals of fire science and fire dynamics, thus providing the scientific background 
necessary for the development of fire safety engineering as a professional discipline. 
Exercises are included with solutions. 

SFPE Member Price: $85 plus P&H

Non-Member Price: $110 plus P&H

SFPE Reference/Answer Manual for the P.E. Exam in FPE, 4th Edition
The new 4th Edition of SFPE’s Principles and Practice of Engineering (PE) Examination in 
Fire Protection Engineering covers all of the technical subjects on the National Council 
of Examiners for Engineering and Surveying exam specification. This specification is 
effective beginning with the October 2012 examinations. The Reference Manual includes 
sample exercises on concepts that may be encountered in the PE exam. Also included 
are objectively scored timed sample problems that are equivalent to PE exam problems 
in length and difficulty. The answers to all of these exercises and problems are published 
in a companion answer manual.

SFPE Member Price: $204 plus P&H

Non-Member Price: $507 plus P&H
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RESOURCES

IS YOUR BOOKSHELF UP-TO-DATE?

Visit www.sfpe.org/bookstore

SFPE Engineering Standard on Calculating Fire Exposures to Structures
Performance-based design of structural fire resistance entails three steps: (1) determination of 
the fire exposure to the structure, (2) calculation of the thermal response of the structure to the fire 
exposure, and (3) production of the structural response. This standard provides methods for the 
first of these steps. This standard addresses fully developed fire exposures, which include fully 
developed fires within an enclosure and localized fires that are not affected by an enclosure. 
Fires within an enclosure are considered to be spatially uniform, while local fire exposures 
are not. Topics covered in this standard include determining whether a fire exposure should be 
considered as a local fire or an enclosure fire, prediction of fire exposures within an enclosure, 
prediction of heat fluxes from local fires, and documentation of the analysis. An extensive 
commentary provides background and guidance for the requirements in the standard.

SFPE Member Price: $58 plus P&H

Non-Member Price: $161 plus P&H

Engineering Guide to Substantiating a Fire Model for a Given Application 
The Engineering Guide to Substantiating a Fire Model for a Given Application provides a 
framework for determining and documenting the suitability of a fire model for use in a specific 
application. The framework in the guide is applicable to all types of fire models, ranging from 
algebraic calculations to zone or lumped parameter models to CFD or field models.

The guide addresses:

• Definition of the problem that is intended to be solved using modeling
• Selection of a candidate model
• Model verification and validation
• Uncertainty analysis

SFPE Member Price: $58 plus P&H

Non-Member Price: $161 plus P&H

Visit www.sfpe.org/bookstore
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All Cooper logos are valuable trademarks of Cooper Industries in the U.S. and other countries. You are not permitted to use Cooper trademarks without the prior written consent of Cooper Industries.

Life Safety Innovation
Industry’s First LED Notification Appliances

Cooper Notification’s Wheelock® ExcederTM Series expands to include the 
industry’s first LED horn strobes, strobes and horns in one of the smallest, 
most compact single gang designs in the world. This technology incorporates 
a breakthrough optical design resulting in best-in-class efficiency, providing 
material and system cost savings.

www.coopernotifcation .com



RESOURCES

[ [P r o b l e m / S o l u t i o nBRAINTEASER

Problem

A
motionless

 ice skater 

 who weighs 

 50 kg throws a ball  

that weighs 0.25 kg 

 forward at a velocity 

 of 50 m/s. If the 

friction between  

the ice skater and 

the ice is negligible, 

at what velocity will 

the ice skater move?

Solution to Last Issue’s Brainteaser

Two cars travelling in the same direction leave from the same location at 
the same time. One car travels at a speed of 100 km/h, while the other car 
travels at a speed of 120 km/h. How long will it be before the faster car is 
15 minutes ahead of the slower car?

For the faster car to be 15 minutes ahead of the slower car, it must be 

                                                            ahead.

The distance from the starting point as a function of time for the two cars 
can be expressed as follows:

D1 = 100 km/h × t
D2 = 120 km/h × t

Where t is the elapsed time. 

Since the faster car is 25 km ahead of the slower car, these can be 
combined as follows:

100 km/h × t + 25 km = 120 km/h × t

Solving for t: t = 1.25 hours.

U P C O M I N G  E V E N T S

March 3–4, 2013
Fire Safety Technology Forum

Muscat, Oman

Info: http://www.firetechoman.com/

April 2–3, 2013
The 2nd Annual Fire Safe Oman

Muscat, Oman

Info: http://www.fleminggulf.com/

conferenceview/The-2nd-Annual-Fire-

Safe-Oman-2013/376

 
April 9–11, 2013
Tunnels Fire and Safety Forum

Amsterdam, Netherlands

Info: http://hse.flemingeurope.com/

tunnels-fire-safety-forum

June 10–13, 2013
NFPA Conference and Expo

Chicago, IL, USA

Info: www.nfpa.org 

June 24–26, 2013
Interflam 2013

London, England

Info: www.intersciencecomms.co.uk

September 23–25, 2013
The 4th Annual Middle East FireSafe

Dubai, UAE

Info: www.fleminggulf.com/ 

conferenceview/ 

4th-Annual-Middle-East- 

FireSafe-2013/457

 

October 27– November 1, 2013
SFPE 2013 Annual Meeting: Professional 

Development Conference and Exposition

Austin, TX, USA

Info: http://www.sfpe.org/

SharpenYourExpertise/Education.aspx

100 km

h
x x

h

60 min
15 min = 25 km
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Free Educational Seminars

Gamewell-FCI • 12 Clintonville Road, Northford, CT 06472 • www.gamewell-fci.com

March 7 Quincy, MA

March 26 Seattle, WA

March 27 Irvine, CA

April 3 Phoenix, AZ

April 4 Dallas, TX

April 17 Denver, CO

April 18 Chicago, IL

April 30 Plantation, FL

May 8 East Elmhurst, NY

May 9 Greenbelt, MD

May 15 Atlanta, GA

To register today online or for further information visit our website at www.gamewell-fci.com

or contact Melanie Cobb at (203) 871-5206 or via email at melanie.cobb@honeywell.com

Protecting Life Safety – An In-depth

       Review of Emergency Communications
                - Sponsored by Gamewell-FCI by Honeywell

Whether you’re the engineer, building owner or facility manager, is there more you can do

to assure the safety and general welfare of those located in and around your building? 

Are you confi dent that the people in your charge are well protected in the event of an emergency?

The public demands protection from un-defendable situations. Conducting a systematic plan to prepare for and 

manage emergencies is critical. Although many security directors, facility managers, building owners, engineers 

and school administrators are still unclear on how to effectively prepare and communicate critical information in 

case of an emergency.

Join us for a ½ day of in-depth review of Emergency Communications

to provide better protection and respond to emerging threats more effectively

 • What is NFPA 1600 (2010 & 2013 Edition)?

  − How can you use it to design an action plan to protect people?

 • What are the challenges / obstacles of enacting a plan?

  − Are there liabilities? What about protections?

 • Review the new UL 2572 Standard for survivability and supervision

  − Does your Emergency Communication System meet the requirements?

 • Discuss new technology that delivers clear concise emergency notifi cations

  − Integrated solutions provide outdoor sirens, broadcast emails, text messaging,

   phone calls, computer pop-ups and visual signage 

Special Guest Speaker: Thomas Von Essen, 30th Commissioner, New York City Fire Department
Commissioner Tom Von Essen will join us in a discussion on the importance of real-time emergency communication systems to inform,

warn, and direct people to take shelter, relocate or evacuate in the face of a threat to life.

Join us at one of the following cities to fi nd out more about this important topic and how to better protect those around you. 

Morning session runs from 8:00 a.m. – 12:00 p.m.  

Optional Lunch Session available! We invite you 

to stay for lunch while we provide a brief 20 minute 

overview of the latest in touch-screen technology. 

The S3 Series, Smart + Simple Small Addressable 

Fire Alarm System is the fi rst in its class to offer

an intuitive, user-friendly, touch-screen interface, 

making fi re alarm panel operation and system

maintenance a breeze. 
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Earn 4

Continuing

Professional

Development

(CPD) credits



PRODUCTS  [ LITERATURE ] 

New Rigid Coupling
Victaulic introduces the FireLock EZ® 
Style 009N Rigid Coupling. The 
improved design is easier to install 
than the Style 009H Rigid Coupling, 
reducing installation efforts by 
50 percent and improving impact 
wrench battery efficiency by 
100 percent. With an optimized 
housing design, it has no loose 
parts and ships to the jobsite ready to install. As Style 009H 
inventory reduces, the Style 009N Rigid Coupling will become the 
standard Victaulic fire protection solution in pipe sizes 1 ¼ to 4 in. 
up to 365 psi.

www.victaulic.com
—Victaulic

Enterprise Resource Planning 
Potter Electric Signal Co. has implemented a 
new ERP software system called Epicor. This 
enterprise resource planning platform uses 
SOA or Service Oriented Architecture as “an 
approach to developing enterprise software 
applications in such a way that software 
processes are broken down into services which are then made 
available and discoverable on a network.” This feature alone will 
save Potter time and money with future customizations and upgrades.

www.pottersignal.com
—Potter Electric Signal Co., LLC

Flexible Sprinkler Connections
Viking has introduced a new cULus 
Listed flexible sprinkler connection. 
The Model FSC-25U is a complete 
assembly that provides a faster, 
easier installation of sprinklers 
in suspended tile ceilings, when 
compared to hard-piped sprinkler 
drops. Viking’s Model FSC-25U 
also offers generous amounts of lateral and vertical adjustment for 
precisely locating sprinklers in “center-of-tile” installations. It features 
a redesigned, factory-assembled attachment bracket that is ready to 
install out of the box, without additional loose parts.

www.vikinggroup.com
—Viking Corp.

Compressed Air Foam Systems
Primary Flow Signal, Inc.’s new ACAF® Systems-PFS Fire 
Suppression Group, LLC, focuses on compressed air foam (CAF) 
systems both self-contained and fixed water supply, using its 
unique patented CAF mixing chamber and nozzles. The new 
technologies provide a state of the art delivery system with highly 
enhanced fire extinguishing performance characteristics for the 
foam suppression agent.  

www.acafsystems.net
—ACAF® Systems-PFS-Fire Suppression Group, LLC

Combination Smoke/CO Alarm
Gentex has released a combination photoelectric 
smoke and CO alarm designed with two sets 
of Form A/Form C relay contacts that activate 
independently for smoke and CO events. The 
GN-503FF is primarily used for applications 
where the need to distinguish between smoke 
and CO events is imperative. The GN-503FF is a 
120VAC hard wired alarm with 9VDC alkaline battery 
back-up in the event building power is lost.

www.gentex.com
—Gentex Corp.

Expanded Line of 
Amplifiers
NOTIFIER has expanded its line of 
amplifiers to provide more flexible 
options for powering its fire alarm 
and emergency communications systems’ audio announcements. The 
addition of new 100-watt and 125-watt amplifiers enables NOTIFIER 
systems to provide better audio solutions for larger buildings, outdoor 
areas, and industrial applications with high levels of ambient noise.

www.notifier.com
—NOTIFIER
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TrueFlame 300 Optical Flame Detection

THE FUTURE OF OPTICAL FLAME DETECTION 

JUST GOT BIGGER AND BRIGHTER

MICROPACK Detection (Americas) Inc  
1227 Lakecrest Court, Fort Collins, Colorado 80526

Voice: 970 377 2230 | Fax: 970 377 2273

Email: info@micropackamericas.com | www.micropackamericas.com

introducing ...  the new TrueFlame 300

Newly expanded product line makes flame detection affordable for a wider variety of applications

Provides all the benefits of our TrueFlame visual detection technology, 

with greater sensitivity, and a wider field of view ... at a much lower 

cost. 

We’re making Flame Detection more affordable for applications that 

require fast response under the harshest of conditions ... without 

nuisance alarms.  

MICROPACK DETECT ION



PRODUCTS  [ LITERATURE ] 

Photoelectric Detector
The Acclimate 2251TMB photoelectric 
detector includes thermal detection 
at 135°F. It uses advanced onboard 
software to combine the signals from 
the photo and thermal elements to create 
a true multi-criteria detector that responds 
quickly to real fires while rejecting nuisance alarms. Using advanced 
software, Acclimate continuously samples the air in the environment 
and adjusts its detection parameters and alarm threshold 
accordingly. It does this automatically without user intervention. 

www.systemsensor.com
—System Sensor

Pendent Sprinkler 
Enhancements
TYCO has announced new enhancements to the 
existing UL Listing of the TYCO Model ESFR-25 
pendent sprinkler in storage occupancies. The new 
Model ESFR-25 sprinkler provides advanced, cost-
effective solutions for storage applications with up 
to 48-ft ceiling heights, offering a low minimum operating pressure. 
Higher ceiling-only protection eliminates the need for in-rack sprinklers 
for protection of class I through cartoned unexpanded group A 
plastics in various storage arrangements.

www.tycofsbp.com
—Tyco Fire Protection Products

Analog Addressable Fire Panel
The FPA-1000-V2 Analog Addressable Fire 
Panel now includes networking capabilities. This 
new feature allows installers to connect multiple 
panels to monitor up to 2,000 addressable 
points in one system. The networkable panel 
is suitable for a wide range of environments, 
including retail centers, educational facilities and 
campuses, government sites, medical facilities, 
and more. The panel supports networking via 
wired Ethernet, fiber optic or two- conductor 
wire. Mixed wiring types on one module allow 
multiple connection methods in the same network.

www.boschsecurity.us
—Bosch Security Systems, Inc.

One-Fastener Solution
The One Hole Hanger & Restrainer, 
Figure 22L2, supports CPVC and 
IPS piping to concrete ceilings. It 
features flared edges to help protect 
plastic pipe, no compressive loading 
of the pipe, and is cULus listed as 
a hanger and restrainer per NFPA 
13 requirements. The Figure 22L2 is 
designed to reduce installation time 
and allows for an easy, one-fastener 
attachment for CPVC and IPS systems to concrete ceilings. It is 
available in sizes ranging from ¾ to 2 in. and can support pipes 
vertically or horizontally for walls or ceilings. 

www.cooperbline.com
—Cooper B-Line

Clean Agent Calculator App
Fike Corp. announces its new Clean Agent Calculator Application. 
Designed to be used predominately through mobile devices, this 
tool quickly and easily estimates volume 
of agent, and quantity of containers and 
nozzles needed for a given fire suppression 
application. In addition, the app provides a 
side-by-side comparison of Fike’s premier fire 
suppression products ECARO-25®, DuPont ™ 
FM-200® and ProInert®, in order to determine 
which agent best suits the situation.

www.fikeCAcalc.com
—Fike

Aerosol Suppression Technology
Gamewell-FCI’s Conventional Agent Release Control Panel 
(Flex GR506R) provides powerful fire protection while simultaneously 
controlling the release of one or two fire suppression agents. The 
Flex GR506R panel is compatible with nearly 40 releasing control 
devices for as many as 12 sprinkler and fire 
suppression agents, and is currently one of 
only two UL-Listed releasing systems for the 
new aerosol suppression agents growing in 
popularity since the NFPA’s introduction of 
its 2010 Standard for Fixed Aerosol Fire-
Extinguishing Systems.

www.gamewell-fci.com
—Gamewell-FCI
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EXCELLENCE MATTERS, SPECIFY IT!

Once again, Ames Knocks Out the Competition!Once again, Ames Knocks Out the Competition!

Choose the ChampionChoose the Champion

Ames delivers the USC approved
  12" SilverBullet™ Series 2000SS

double check assembly offering the
shortest lay length and best perform-
ance of any comparable valve on
the market today.

Our 12" SilverBullet™ is also 50%
lighter than other assemblies saving
you shipping and installation costs,
while providing maximum strength
and long-term protection with full
ASSE, UL, and USC Approvals.

For more information, visit our web site
at: www.amesfirewater.com

A Watts Water Technologies CompanyA Watts Water Technologies Company

12" Now

USC 
Approved!
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OUR SERVICES

CONSULTING
code consulting   engineering analysis   surveys

DESIGN & CONSTRUCTION ADMINISTRATION
systems design   construction administration support

CODES & STANDARDS DEVELOPMENT
participation on code committees   client advocacy

SEMINAR DEVELOPMENT & TRAINING
md/dc metro-area training   national & worldwide training

PRODUCT TESTING & EVALUATION / REPRESENTATION
risk analysis   product development support   representation

LITIGATION SUPPORT
expert witness testimony   case support research

We are

your

direct line

to an

expert.

Since 1986, we've been meeting our clients' needs with focus and 

innovation. As our client, you get the best of both worlds—the best of 

a large and a small company. You'll receive the superior fire protection 

and life safety engineering design and consulting services you would 

expect from the industry's renowned authority on codes and 

standards, delivered in a uniquely responsive and personal package.

Us, Working For You

®

www.koffel.com

8815 Centre Park Drive Suite 200 Columbia, MD 21045 410-750-2246



ECS Clean Agent
Suppression
Systems

Proven, Effective 
and Reliable... 

FIRE PROTECTION FOR
PEOPLE AND PROPERTY

Equipment and processes are vital to the success of all commercial 
endeavors. Consider the ramifi cations of a fi re in these critical areas. 
Smoke or soot contamination, water damage, destroyed equipment 
and idle process lines could force your business offl ine and out 
of competition. Kidde’s ECS™ Clean Agent Suppression Systems 
extinguish a fi re in seconds, safeguarding your people and property.

With more than 90 years in the industry, Kidde Fire Systems is the 
leader in the Clean Agent special hazards market. Kidde’s quality 
products and services can be found globally with distributors located 
in major cities around the world and a network, of more than 300, 
throughout the United States and Canada.

Kidde ECS Systems Feature:

Rapid-Response. In seconds — not minutes, the ECS System 
discharges Clean Agent suppressant into the hazard area providing 
the fastest fi re protection available. This results in less damage, fewer 
repair costs and reduced downtime.

Damage-Free. Clean Agent suppressants allow virtually immediate 
return to “business as usual” without the interruption of a costly 
clean-up and the expense of damage to assets from suppressant 
residue.

People-Safe. Our ECS System is safe for use in occupied areas. Clean 
Agents do not impair breathing or obscure vision in an emergency 
situation — providing an added measure of safety for personnel.

The Right Fire Protection Company. The Kidde integrated 
approach offers a complete fi re protection system that is designed, 
manufactured, installed and serviced by one company. From 
refi neries to commercial kitchens... it’s likely that Kidde Fire Systems 
is on the job.

www.kiddefi resystems.com

Fire Protection that’s Engineered Clean and Safe


