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the councils of the Nat ional Academy of Sciences , the Nat ional Academy of Eng i
neer ing , and the Inst itute of Medicine .  The member s  of the committee respons i
ble for the repor t were chosen for the i r  special competence& and with regard 
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the I nstitute of Med ic ine were establ ished i n  1964 and 1970 , respectively , 
under the charter of the National Academy of Sc iences . 

Th i s  report was prepared as part of the technical program of the Federal 
Construction Counc i l  ( FCC) . The FCC is  a cont inuing act ivity of the Advisory 
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PREFACE 

The Conference on Communications Between the Fire Research Community 
and the Owner-Oper ators of Bu ild ing s  was held on November 9-10 , 198 3 ,  
a t  the Nat iona l Academy o f  Sc iences , washington , D . C .  I t  was sponsored 
by the Advisory Board on the Bu i lt Envi ronment (ABBE ) and two of its 
counc i l s , the Federal Constr uct ion Counc i l  and the State and Local 
Government Publ ic Fac ilities Counc i l ,  and was organi zed by a spec ially 
appointed steer i ng committee . Th i s  publ ication includes the paper s  
presented at the conference as well as a summary o f  the proceed ings 
( wh ich was delivered at the close of the conference but is presented 
f i rst in this document as a service to the reader ) . The conference was 
attended by per sons from a var iety of public and pr ivate inst itutions . 

The conference was des igned to explore me thods of improving the 
communication l inks between the f i re researcher s  in publ ic and pr ivate 
research organi zat ions and the manager s  of organi zat ions respons ible 
for the desig n ,  production ,  and operat ion of publ ic and pr ivate bui ld
ings . I t  was based on the hypothesis that a large commun ications gap 
presently exists between the f ir e  research community ( whose purpose is 
to produce new knowledge and improved techniques) and those who are 
responsible for creat ing and manag ing bu ild i ngs , and that the exi stence 
of th is gap is an imped iment to the enhancement of f i re s afety in 
bu i ld i ngs . 

The conference organi zer s recogni zed the contr ibut ion to improved 
f i re safety tha t the bu i lding code communi ty provides and the impor
tance that owners  place on gett ing f ire safe des igns from the f ire 
safety eng ineer . They believed , however ,  that although codes are a 
method of institutional i z ing safety research results , they are only an 
ind i rec t l i nk between the owner-operator and the research commun i t ies . 
Another i ndi rect l ink i s  provided by the f ire safety eng ineer who knows 
the wor k of the research communi ty and reflects i t  in  his  advice to the 
owner .  However , there i s  good r eason to bel ieve that everyone would 
benefit  from more effect ive communications between the researcher s  and 
the owner-operator s .  The Steer ing Committee knows that there are 
bar r iers to produc i ng effecti ve link i ng mechanisms , but they also know 
that the incent ive of improved cond it ions for all of the users of 
publ ic and pr ivate building s  can help to st imulate an interest on both 
s ides in  f i nd i ng  better ways to share their knowledge and concerns . 

vi i 
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CONFERENCE SUMMARY 

John P .  Eberhard 
Executive Director 

Advisory Board on the B u i l t  Env ironment 
National Academy of Sciences , Washington , D . C .  

J .  Armand Burgun , Partner , Rogers , Burgun , Shah ine , and Deschler , began 
the conference by restating the hypothes i s  that there is a commun ica
t ions gap between those who do research i n  the f i re f ield and the 
owner s  and operator s of build i ng s .  He noted that in the past , bu i ld
ings were made of local mater ials by local labor with a var iety of 
sk ills but that today most bui ld ing s a re the end product of a system 
that is more complex than the one u sed to bu ild an a i rcr aft carr ier . 

IDENTIF ICATION OF THE COMMUNICATIONS AND INTERACTION GAP 

Ch in Fun Kwok , Assoc iate Director for Eng ineer ing , ,  Veterans 
Administration (VA ) ,  i nd icated that the VA has a large , technical staff 
and an advisory committee with qualif ied f ire eng inee r s  on both , which 
enables the � to access research knowledge directly . He expla ined 
that the � also suppor ts research that can prov ide responses d irectly 
to the agency ' s  unique f i re r esearch problems . James S t i llwell , 
Manager of Design and Construct ion , United Technolog ies Corporation , 
sa id that pr i vate owner-operator s vary in s i ze but share concern for 
having safe bui ld ings that preser ve the regulat ions ( and ,  thus , prevent 
lit igation) , max imi ze their return on investment , and help them to 
avoid adver se publici ty assoc iated wi th f i re-related d i sasters . John 
Bryan , Chai rman,  F i re  Protect ion Eng ineer ing , qn ivers i ty of Maryland , 
pointed out that there needs to be effective transmitter s and rece ivers 
operat ing at the same f requency i f  the results of researcher s ( who he 
charac te r i zed as • 1one ranger s•  out to save l ives)  are going to 
effect ively commun icate with the owner-oper ator s ( who are out to 
maximize the effectiveness of the i r  investments) . Ralph Rowland , 
Director of Arch itectural Research,  Fletcher-Thompson , Arch i tects and 
Eng ineer s ,  ind icated that the profess ional des ign community , in the 
process of des ign i ng  a bu ild ing , establ ishes the des ign parameters of 
the bu i ld ing ' s  performance which will , by intent ion or by default ,  
affect f i re safety . He expla ined that the des ign therefore tends to 
rely on bui lding codes as reservoirs  of human knowledge ( as interpreted 
by code officials)  that will assure h i s  cl ients that they are obta in ing 

ix 
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safe bu i ld ing s .  Char les Decker , Ch ief , Bureau of Code Enforcement ,  
State of New Jersey , pointed out that the r eg ulatory process i s  chang
i ng along with the r apid technolog ical changes in other sectors of 
soc iety and that i t  now must be managed in a t imely manner that pro
v ides predictable results . The courts , he stated , need to be assured 
that regulat ions are i n  the publ ic interest , wh ich means that they must 
be f irmly based on knowledge ( rather than opinion) . 

THE STATE OF FIRE RESEARCH 

Jack Snell , Di rector , Center for F ire Research , Nat ional Bureau of 
Standards , made i t  clear that s ignif icant changes in the inc idence of 
f ire losses will not result from i ncremental ( as contrasted to sub
stant ial)  investments in  f ire research and that any signif icant 
increase in the knowledge base is l i kely to change the processes of 
des ign for f ire  safety , the educat ion of professionals in the f ire 
f ield , and the f ire management system in general . Howard Emmons , 
Professor , Mechanical Eng ineer ing ,  Harvard University , provided a 
graph ic example of how fundamental knowledge g rows through the research 
process into a complex understanding of f ire events . Th i s  understand
ing ,  he explained , can be commun icated effectively only by being 
incorporated into computer prog r ams able to hand le the large data bases 
and calculat ions needed for good s imulat ions of bu i lding safety 
per formance . 

POSSIBLE �YS OF BRIDGING THE COMMUNICATIONS GAP 

Harold Ne lson , Group Leader , Center for F i r e  Research , National Bureau 
of Standards , said that •cred ible eng ineer ing methodolog ies , • which are 
beg inning to emerge from the f i re research community ( after a long 
history of pragmat ic research of the • burn and learn• type) , will 
provide a two-way br idge over the hypothet ical gap as soon as ver if ica
t ion effor ts beg in to make poss ible a deta i led eng i neer ing model of 
building f ires . Lorne Gold , Associate Director , Divis ion of Bu i lding 
Research , Nat iona l Research Counc i l  of Canada , in descr ibing the 
relat ionship of building codes in Canada to f ire research knowledge , 
noted that the owner-operator lacks a coherent commun ity to serve as 
the focus for communicat ion .  He suggested than a n  institut ional 
arrangement for that purpose needs to be created and that such an 
arrangement would fac i l i tate the wor k of the f ire eng ineer ing and code 
communit ies in  creat ing a • knowledge system . • Rober t  Bar ker , 
Professor , School of Texti les , Clemson Un ivers i ty ,  poined out that f i re 
research encompasses more than f ire models and f ire test ing ( e . g . , it  
includes mater ials sc iences)  and that the policy dec i s ions used for 
allocat ing research fund s  determine , in large measure , how the results 
of the research will be made ava i lable--e ither in the pr ivate sector 
or the publ ic sector . Jack Sander s ,  F i re Marshall , State of Oklahoma ,  
expla ined that attent ion should be g i ven to institut ions that can f i ll 

X 
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the •middleman• role between the r esearcher and the owner-operator . 
He noted that inst itutions such as the National F i re Protect ion 
Assoc iat ion , Amer ican Soc iety for Test ing and Mater ials , Amer ican 
National Standards Institute , National Safety Counc i l ,  and National 
Academy of Sciences , wh ich are interdi sc ipl inary in nature , can serve 
in th is way . Dav id Lucht , Vice Pres ident , F i r epro I nc . , ind icated that 
the new conceptual tools emerg ing from the f ire  research communi ty 
d ictate that educators reshape the ir programs to provide graduates with 
g reater analytic sk ills . He noted , however , that the educators still 
lack the appropr iate textbook s .  

SYNOPS IS 

A general consensus of how terms were to be understood seemed to emerge 
from the conference . It was generally bel ieved that research produces 
knowledge and technology , some of wh ich is fundamental and some ready 
for appl icat ion by technically competent people and that spec i f ic 
problem- solving wor k should be called •consult ing •  or •management 
services , •  not research . Rout ine test ing also was not considered to 
be research i n  the sense understood here . Thus , the bas ic goal i s  to 
provide mechanisms for communicat ing to the owner-operator the 
knowledge and technology emerg ing from research . 

I t  also was accepted that owner-operator s make pr ivate or publ ic 
investments in fac i l i t ies des ign and construct ion to house human 
act ivity ,  that they want these fac i l i t ies to be both safe and good 
investments , that the publ ic process of reg ulat ions requ ires owners to 
provide fac i l it ies that are safe , that the courts assure that the 
owner s  and the ir  consultants act in a responsible manner , and that the 
press serves to publ ic i ze any dramatic fai lures . Therefor e ,  there i s  
enormous motivat ion for support ing the creat ion and extens ion of 
knowledge and technology related to f ire safety--both publ icly and 
pr ivately--and that government should be made aware of these need s .  
Once thi s  knowledge and technology a r e  cr eated , it  can be communicated 
to the owner-operator community in the following ways : 

1 .  By ensur ing that there are knowledgeable people to ser ve on the 
owner-operator ' s  staf f and competent f ire safety consultants . 

2 .  By produc ing readable repor ts ( probably not wr itten by the 
researcher )  for publicat ion in journals read by the owner-operator s and 
the ir staffs . 

3 .  By having presentat ions made at profess ional soc iety meeting s .  
4 .  B y  hold ing joint profess ional soc iety meeting s .  
5 .  By incorporating f ire research programs internally in the 

owner-operator ' s  organi zat ion or by provid ing for d irect support of 
research by others . 

6 .  By incorporat ing research results into new products ava ilable 
for use by the owner-operator in the i r  fac i l i t ies ( e . g . , control 
devices ) . 

xi  
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FIRST SESSION 

IDENTIFICATION OF THE COMMUNICATIONS AND INTERACTION GAP 
BETWEEN OWNER-oPERATORS AND THE FIRE RESEARCH COMMUNITY 

1 
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THE VIEW OF THE OWNER-OPERATOR 
IN THE PUBLIC SECTOR 

Ch in Fun Kwok 
Assoc iate Director for Eng ineer ing 

Veterans Adminstr ation , Wash ing ton , D . C .  

I am here to present the view o f  an owner-operator . The Veterans 
Administration (VA) i s  unique in the sense that it is  the owner , 
operator , des igner , inspector , and researcher . It  has a staff of 100 
arch itects ,  100 engineer s ,  and 5 f i re pr otec tion eng ineer s  concerned 
with the des ign and construct ion of VA fac i l it ies as we ll as a staff 
of 500 hospital eng ineers and 35 f ire safety eng i nee rs  involved in 
keepi ng VA fac ilities in  operat ion .  The VA also has a research staff 
consisting of f ive eng ineer s who hand le r esearch proj ects that are 
awarded to pr ivate researcher s and the Nat ional Bureau of Standards 
(NBS ) . In add i t ion to these techn ical per sonnel , the law requ ires the 

Administrator of Veterans Affa i r s  to appoint an Advisory Committee on 
Structural Safety on wh ich serves at least one arch i tect and one 
structur al eng ineer who are experts in f ire , ear thquake , and other 
natural d isaster res istance . The cur rent commi ttee includes such 
eminent people as Armand Burgun,  Richard Stevens , Mete Sozen , and Roy 
Johnston . 

As a hospital owner-operator the VA has an obligat ion to provide a 
f ir e  safe environment for the pat ients who are in residence for 
var ious per iods dur ing the i r  conva lescence . Tbe f i re safety bu i lt 
into VA hospitals must be prac t ical and proven . Whi le pure research 
is  of g r eat 
importance to tbe sc ient i f ic community ,  VA research proj ects serve 
only to test our f ir e  safety des igns and to demons trate the 
practicality of tbese des igns for use in tbe constr uct ion of VA 
facilities . 

VA staf f members serve on committees of such organi zat ions as the 
National Fire  Protect ion Associat ion ( NFPA ) , Amer ican Soc iety for 
Heat ing , Refr igerat i ng and A i r-Cond i t ioning Eng ineers (ASHRAE ) , and 
Amer ican Nat ional Standards Institute (ANS I ) . The VA has adopted 
var ious codes including the NFPA and the Uni form Building Codes , and 
i t  depends on public informat ion as prov ided by Underwr iters 
Labor ator ies (UL) , ASTM ( formerly the Amer ican Soc iety for Testing and 
Mater ials) , ANSI and others in the des ign of its fac i l it ies . When the 
informat ion is not available , the VA funds a research project and 
g ives i t  to the NBS or other researchers . Some typical research 

proj ects that the VA has been involved with that solved spec ific 
problems are as follows : 

3 
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1 .  Around 1972--F ire-burn of San Antonio , White River Junct ion ,  
type of suspended ceiling .  The study ind icated the heat s ink/smoke 
capabi l i ty of the large interstit ial space and h igh ce iling . 

2 . 19 73--F i r s t  study on alternate ways of smoke control . Find i ngs 
were that heat ing , vent i lating and a i r-cond i t ioning (HVAC ) systems could 
control smoke . 

3 .  19 78--VA ,  ASHRAE , and NBS development of a manual for the 
design of smoke control systems . Th i s  manual has just been publ ished 
by ASHRAE . 

4 .  19 80--VA and NBS study of pressur i zat ion of e levator shafts . 
The problem i s  greater than ant ic ipated and the proj ec t is  cont inu ing . 

5 .  19 80--NBS f i re tes t to determine the hazard level and behav ior 
character istics that smoke ( from a f i re in pat ient bedroom) would have 
as it penetr ates suspended lay- i n  acoustical t i le ce i l ings .  The test 
showed that suspended ceiling s  were not a s ignif icant problem and that 
smoke penetr ating to space above the ce il ings would s ignif icantly reduce 
the smoke concen trat ion in occupied space below . 

6 .  198 3--NBS f i re tests of two types of walk-on platform 
assemblies of the VA bu ild i ng system to determine the f ire rat ing 
characte r i s t ics of structural f loor-ce iling assemblies and walk-on 
pla tforms . The f i nd ing s will be ava i lable by December 198 3 .  

7 .  1983--Te sting of eng ineered smoke control systems . I t  was 
found that duc t  smoke detector s are not rel iable and the VA has since 
changed its des ign c r i te r ia to connec t the fan operation to the 
spr ink ler water flow swi tch . 

All owner-operator s including the VA are interested in cost 
saving s .  They are interested in saving dollar s  in the des ig n ,  con
str uc t ion and operat ion cos ts of the ir fac i l i t ies . These cost saving s ,  
however , are secondary to provid ing a f ire safe fac i l i ty a s  far a s  the 
VA i s  concer ned . Research can provide cost  sav ing s ,  and when research 
does something in th i s  area , the owner-operator listens very carefully 
to what the researchers have to say .  There i s  no commun icat ion gap for 
this type of cost sav ing informat ion . The owner-operator sees the 
carrot at the end of the stick as a maj or cost saving s  and develops an 
interest in the research wor k .  

Maj or f ires and large losses or mu lt iple deaths also attract much 
attent ion to the f ire safety f ield .  Here the owner-operator seeks out 
the researcher to conduct tests to determine whether his bu i lding is in 
the same category as the one that just suffered a large loss . The 
sensat ional i sm of the large loss gets the attention of all includ ing the 
code commi ttees who may bave to change the codes to prevent a s imilar 
tr agedy . When these large f i res occur , laws are usual ly changed or new 
laws are passed that af fec t tbe owner-operator and requ ire add i t ional 
f i re protect ion or l ife safety features in bu i lding s .  

we i n  the VA have been involved in  one pure research project .  We 
bu i ld f i re resist ive hospitals tbat have a l ight hazard occupancy and 
then we f i ll them with var ious combustible furnishing s .  These funish
ing s  include var ious plastic ma ter ials and upholstered furniture . Other 
government agenc ies were interested and a joint research proj ect was 
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laUnched to assess the hazard of these furnishings and to try to come 
up wi th standards on inter ior furnishing s .  Th is research proj ect has 
been goi ng on for several yea r s  and is not complete at th is t ime . More 
questions were raised by this projec t than were answered . Important 
quest ions on toxic i ty and the me thod of measur ing tox ic ity were raised . 
The NFPA has been pushing the problems relat ive to tox ic ity and used 
th is subject as the theme of last year ' s  annual meeting . 

The results of f i re research often are pr inted i n  publ icat ions that 
have l imited aud iences such as magaz ines on f ire protect ion . Th is 
informat ion should be published in magazines that owner-operators or 
management per sonnel normally read . Another suggest ion i s  to present 
papers on f i re research at meetings of such profess ional groups as 
ASHRAE or the Amer ican Society of Hospital Eng ineer s .  What I am really 
suggesting i s  that there is  a need to widen the area to wh ich f ire 
research informat ion is  d i sseminated to close the g ap in communications 
between the owner-operator and var ious research groups . 
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THE VIEW OF AN OWNER-OPERATOR IN THE 
PRIVATE SECTOR 

James D .  S t i l lwell 
Manager of Design and Constr uct ion 

United Technolog ies Corporat ion , Hartford , Connect icut 

The hypothesis that a large gap ex ists between pr ivate owners and f i re 
researchers requ ires a def init ion of the •pr ivate owner , •  an examina
t ion of the obj ect ives of the owner , and a review of the legal and 
economic requirements imposed on the proj ect process . 

THE PRIVATE OWNER 

Pr ivate owner s  range from individual persons who own a sing le bu ilding 
to the multinational corporat ions that own thousands of bu ild i ngs and 
have • in-house• facility staffs that develop the des ign , bu ild the 
proj ect ,  and operate the fac i l ity .  Pr ivate owners bu ilt over 6 8 5  
million square feet o f  office , store , commercial , and manufactur ing 
space in 1982  at a cost of $ 3 7  bill ion . Some companies such as Tishman 
Real Estate and Construct ion and Mar r iott Corporat ion have the ir own 
• i n-house• research operations that provide both publ ic and propr ietary 
research . 

Among the larger companies i s  Uni ted Technolog ies Corporation 
(UTC ) . I t  is the seventh largest manufactur ing company in  the United 
States and it  consists of d i verse operations such as Ot is ( elevators) , 
Car r ier ( heat ing , vent i lating , and air  cond it ioning equ ipment ) , 
S i kor sky ( hel icopter s) , Pratt and Wh i tney ( j et eng i nes) , Mostek (micro
electron ics) , Essex (wire) , I nmont ( paint) , Hamilton Standard 
(controls) , and var ious smaller oper ations . The bu i lding activities 

of the company cons ist pr imar i ly of off ice , manufactur ing , and ware
house fac i l i t ies including over 2 5 0 0  bu i lding s  and 80 mill ion square 
feet . 

UTC manages its f ire protection through a central corporate 
coord inator who manages the process of provid ing the most cost 
effective ,  state-of-the-art f ire protection system within each of the 
UTC operat ions . This ac tiv i ty includes review of all bu i lding des igns , 
review and management of the insurance requ irements (wh ich are normally 
the f irst str ingent requirement ) , and d irection of the loss-prevent ion 
progr am  for the corporation . UTC , unl ike most companies , has its own 
f ire deparptment at its major s i tes staffed with trained f i ref ighters 
and f ire prevention per sonnel . 

F i re prevention for operations such as S i korsky Hel icopters 
requi r es close dai ly work ing relat ionsh ips between the corporate 
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insurance car r ier and UTC ' s  f ire protect ion manager s .  The potent ial 
high r i sk of a f ueled hel icopter undergoi ng test ing presents unique 
requirements not covered by codes and , therefore , requ i res a close 
relationsh ip between UTC ' s f ire protect ion personnel , i nsurance 
car r iers , and researcher s .  However , this is a un ique s i tuat ion that 
does not represent the condit ion for an average owner-operator . 

The pr ivate owner discussed in th is paper is nei ther a single 
indiv idual with one bui lding nor a mult inat ional corporat ion with 
thousands of bu ildings but an owner who is  incorporated and owns 
approx imately 10 bu i ldings with a total square footage of 500,000. 
They do not have a comprehens ive in-house staff but secure the 
necessary services for design,  constr uct ion , and operat ion of bu i lding s 
from outside consultants or companies . 

OWNER FIRE PROTECTION OBJECTIVES 

The owner ' s  typical obj ectives are impor tant to review s ince they 
influence the relat ionsh ip of the owner to his building team and to 
soc iety , which imposes legal controls on h i s  proj ects . 

F irst , they do want to prov ide safe fac i lit ies--real and per
ce ived . Second , preservat ion of the real estate and equipment asset 
is extremely impor tant . It  generally represents an income produc ing 
system and ,  therefore , must be kept i n  operat ion to produce the 
requ ired income to mee t mortgage and operational costs and prof it 
obj ec tives . Th ird , they do want to meet bu i lding codes and other legal 
requ irements imposed on the ir operat ions . Four th , maximization of 
the ir return on investment is  extremely important . Th is means lower 
bu i ld i ng costs , reduced operat ing costs , reduced insurance costs , and 
increased potent ial to be more competit ive in the mar ket place as well 
as increased prof it potent ial . F i fth ,  adverse publ ic ity affects the 
value of the company ' s  stock and may reduce sales , shorten the l i fe of 
a product , and reduce profi ts . Avoid ing adverse publ ic ity may be more 
impor tant than constructing bu i ld i ngs to mee t spec i f ic code requ i re
ments (which may be out dated) . 

HOW DOES THE SYSTD! WORK FOR THE AVERAGE OWNER? 

The f ire protect ion proj ect flow char t pr esented in F igure 1 shows the 
normal act ivity relat ionsh ips for a proj ect . Note that the work ta sks 
are delegated by the owner to consul tants for several reasons : 

1. Technical expertise ava ilabi lity elsewhere--normally not 
" in-house . "  

2 .  I n-house staff ing i s  not economical due to vary ing work 
volumes .  

3 .  Legal requ irements fo r bu ild ing des ign cer t i f icat ion requ i res 
consultants . 

4. Construc t ion tradit ion.  
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F IGURE 1 UTC f i re proj ect ion flow char t .  

D i r ect contact between the owner and the insurance ca rr ier occurs 
due pr imar i ly to economic cons iderations . Some d irect contact also 
occurs between the owner and the product manufacturer ' s  research arm ,  
again for economic reasons . For example , such compan ies a s  Owens
Corning F i berg las Corporat ion with its large corporate research center 
can provide structural , f i re ,  energy , and constructabi l i ty research 
results d irectly to the owner . Th is l ink benef i ts owens-Corning in 
increased sales and the owner in secur ing cost-effective systems . 

However , d i rect l inks between the owner and government or 
institut ional researcher s  do not ex ist . Th is i s  pr imar i ly due to the 
lack of d i rect economic contact between the part ies and the trad i tional 
gap between pr ivate enterpr ise and government agenc ies . 
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PRIVATE OWNERS NEED DIRECT CONTACT 

I n  reviewing the or ig inal f ive owner obj ect ives , it  becomes apparent 
that a closer relat ionship w i th researchers would be benef icial . 
F irst , safer bu i ld ing s would be created by l ink ing owner needs d irectly 
to research activities.  For example , existing requ irements in open , 
closed , and multistory off ice bu i ld ings might be mod if ied by d irect 
owner involvement . Other areas of concern inc lude tox ic i ty ,  compart
mentali zation , smoke control and management and communications . 
Second , any research that would improve the pr eservation of a corporate 
asset would be benefic ial . Th ird , bu ild i ng code and legal requ irements 
can be influenced by d i rect involvement of the owner in such matter s 
as innovative conf igurat ions and new mater ials . Fourth , max imi zat ion 
of the return on investment certainly could be enhanced by development 
of more economical and cost-ef fect ive products and systems and elimina
tion of antiquated requ irements . F i fth , d i r ect research that would 
eliminate adverse publ ic ity caused by d i sastrous inc idents would be 
welcome particular ly when proj ects constr ucted to meet codes exper ience 
a d i saster due to use of out-dated technology or improper operat ion .  

CONCLUSION 

A d i rect relationsh ip does not now ex ist between the owner and the 
research communi ty . Br idg ing the gap would be helpful to the owner 
f i nanc ially .  However ,  the method of br ing ing the owner and his needs 
in d i rect contact wi th the researcher and his  expert ise is not simple 
and , in many cases , is not f i nanc ially feas ible . The owners also do 
not know who the researchers are or what act ivit ies are planned or 
under way . 

One method of l ink ing the two groups together would be the pool ing 
of f i nanc i al resources by several owners in order to establ ish suff i
c ient funding for use by both pr ivate and institut ional researcher s .  
A g ood  example o f  th is technique i s  the off ice product ivity research 
prog ram developed by the Buffalo Org ani zat ion for Soc ial and Techno
log ical I nnovat ion (BOSTI ) and funded by several corporat ions and the 
federal government . Of part icular interest is the role that BOSTI 
played in creat ing the proj ect as a •developer , •  mar ket ing the 
potent ial benefits of the research , and sol ic it ing corporate f i nancial 
suppor t--a role that cou ld also be played by the f i re research 
communi ty . 
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THE VIEW OF A RESEARCHER 

John L .  Bryan 
Cha irman , Fire Protect ion Eng ineer ing 
Un iver sity of Maryland , College Par k 

The program for this conference program conta ins the following 
statement : " However , there is good reason to believe that everyone 
would benef i t  from more effect ive communicat ions d i rectly between the 
researcher s and the owner-operator s . • Obviously , effective communica
t ions are the means for the sha r i ng of informat ion , concerns , concepts ,  
ideas , and opinions . we should not forget that this conference is  
essent ially a communicat ion means and , hopefully , an effect ive means, 
however , that j udgment will be an ind iv idual one determined at the t ime 
of adjournment . I would therefore l i ke to mod i fy the title of thi s  
presentation from : " The View of The Researcher• to "The View of A 
Researcher . •  The opinions to be expressed here are ent i rely personal 
and should not be attr ibuted to any other members of the research , f ire 
research , or academic communit ies . 

COMMUN ICATION 

Obviously , for communicat ion to be ef fect ive there must be both a 
transmitter of the message and a receiver of the message . These com
ponents must be connected into the same system or interconnected 
between systems and , if involv ing a wireless type of communicat ion , 
they must be on the proper frequency . I t  appear s that the lack of 
communicat ion between the researcher and the bu i ld i ng owner-operator 
may be due to the researchers and the owner-operators not be ing 
involved on the same frequency or not even connected into the same 
system . We have all had the exper ience of attempting to convey infor
mat ion , and although we bel ieve we are effect ively transmitting the 
message , it does not appear to be received or even perceived by the 
intended receivers . we may be observi ng an example of this phenomenon 
at th is very moment in this aud i tor i um .  

The concept that may be most important is  the following : For 
communicat ion to be effective ,  there must be a receptive att itude and 
a perce ived need to rece ive the content of the message . I am not con
vinced that owner-operators of bu ild ings have an attitude that would 
be recept ive to most of the reports presented at the 198 3 Annual 
Conference on F i re Re search at  the Center for F i re Re search at the 
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National Bureau o f  S tandard s .  A s  a n  example , examine a typical report , 
•Effects of Mater ial Propert ies on Burning and Extinct ion-F i res on 
Ver t ical Fuel Surfaces ( Nat ional Bureau of Standards , 19 8 3 ,  p .  44 ) . 
I t  is  apparent that bu ilding owner-operator s would not perce ive this 
repor t as pert inent to their  bu i lding problems . 

F IRE RESEARCH REPORTS 

A f i re research report usually i s  a detailed , spec i f ic desc r ipt ion of 
the hypothesis  of the study , the study procedure , and the research 
results with an ident if icat ion of the preced ing research lead ing to the 
study and the hypotheses for add itional research . Thus , f ire research 
repor�s l i ke most research reports are pr imar i ly prepared for the 
research commun i ty and research funding agenc ies . It should be 
apparent that the most effect ive means for cont inuing the commun icat ion 
gap would be to take f ire research reports prepared for the research 
community and d i str ibute them to bu ild ing owner-operators or the ir 
organi zations . 

F i re research reports need to be interpreted and , in a sense , 
translated into a form that is  compatible with the att itudes and 
interests of bu ilding owner-operators . Accord ing to the type of f i re 
research study involved , such an interpretat ion may be a relat ively 
uncomplicated process . The Ft . Lauderdale evaluat ions of polybutalene 
plast ic pipe spr inkler systems with qu ick response res ident ial 
spr inkler heads were effectively reported by Cote ( 1983) . However , it 
should be noted that thi s  research proj ect was designed for effective 
communicat ion of the research results to the sponsors of the proj ect ,  
wh ich included bu ild ing owner-operators . 

Another approach i s  to analyze an eng ineer ing evaluation report of 
a f ire inc ident and explain the f i re dynamics involved in the f i re 
inc ident in relat ion to the establ ished pr inc iples and parameters found 
in f ire and combust ion research stud ies . Emmons ( 1982 )  used this 
techn ique most effec t ively with h i s  analys is of the f ire and smoke 
spread in the Bever ley H i lls Supper Club f i re . 

The med ium of the commun icat ion is  an important cons iderat ion and 
one shou ld not expect building owner-operators to have access to the 
f i re research l i terature or per iod icals includ ing the S ixth Annual 
Conference on F i re Research (Cher ry , 198 2 ) , The Journal of Heat 
Transfer , Combust ion Sc ience and Technology ,  Combustion and Flame , F i re 
Technology ,  o r  even the Fire Journal . 

The provis ion of translated and interpreted f i re research results 
can be more effectively commun icated when they are presented in 
per iod icals or iented to the attitudes and interests of bu i lding owner
operator s .  As an example , the article by Morehart ( 19 8 3 )  ent itled 
•Fire Research Can Lower Health Care Costs• appeals to the interests 
and attitudes of health care administrator s .  More impor tant , however ,  
this informat ion was access ible to them s ince the art icle appeared in 
the Amer ican Health Care Associat ion Journal . 

Obviously f ire researchers are going to continue to prepare the i r  
repor ts for the research communi ty and the research fund i ng agenc ies . 
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I n  recognition of the need for an interpreter and translator of fire 
research results into eng ineer ing practice , in 1980 Harold Nelson , with 
the Soc iety of F i re Protection Eng ineers , conducted a conference at the 
Center for F i re Research of the Nat ional Bureau of Standards (NBS )  
designed to provide practic ing f ire protection eng ineers with results 
of f ire research in  a form that could be applied to empir ical bu ild ing 
f i re protection problems (Nelson , 198 0 ) . This type of educat ional and 
communicat ive conference would appear to be one means of prov iding 
effect ive communicat ions between f ire researchers and bu i ld ing owner
operators .  

To enable a better understand ing o f  the problem of attempt ing to 
ident i fy the communicat ions gap between these two rather d iverse popu
lat ions , f i re researcher s  and bu ild ing owner-operator s , i t  is helpful 
to cons ider some fundamental quest ions . Some of the most important 
quest ions are : Do build i ng owner-operators want to communicate with 
fire researchers? Do building owner-operators want the f i re research 
results interpreted for them? Does the i r  interest in f ire research 
correlate with the ir  moral and legal compl iance with the bu i lding and 
f i re prevent ion codes through their  repr esentative des ign eng ineers and 
architects? In other words , do owner-operator s interpret the occur
rence of a f i re in the i r  bu ild i ng to be a f inancial , profess ional , 
legal , or mor al threat to them as ind ividuals and profess ionals? 

There are , in  all probabi lity , as many var ious answers to these 
quest ions as there are d i fferent bu ild i ng owner-operator s .  However , 
my l imited exper ience w i th owner-operators leads me to bel ieve that 
like the accountant and the purchasing agent , the owner-operator is 
concerned with the f inanc ial aspects of the bu i ld i ng . Obviously , 
without adequate f i nanc i ng to construc t  and ma intain a bu ilding and an 
adequate f inanc ial return , the re is no bu ilding . I n  other words , � 
may be the cr itical var iable rather than the value of the build ing or 
the occupants in  the bu i lding . 

Fe ller ( 1982) , in  h i s  article on the cost-benefit effect of codes 
and standards , has attempted to clar i fy this issue . However ,  here we 
are only attempt ing to ind icate a poss ible d i f ference in profess ional 
att itude between the researchers and the bu ild i ng owner-operators .  The 
attitude d i vergences between bu i lding owner-operators and f i re 
researchers relative to the effect ive application of the f i re 
researchers • e f forts may be crit ical in  ach ieving effective commun ica
t ions . 

THE FIRE RECORD 

Consider the total f i re effect on soc iety in the United States of a 
total 1982 proper ty f i re loss from bu ilding f i res of $5. 7  billion wh ich 
was approximately 89 percent of the total direct f ire loss of $6 . 4  
bill ion (Karter , 198 3 ) . I n  add i t ion , the civil ian fire fatal it ies in 
198 2 consisted of a total of 6 0 20 ind iv iduals (Karter , 1983 )  with 10 83  
of  these fatalit ies occu r r i ng in mult iple death f ires in wh ich three 
or more persons d ied (Jones , 1983 ) . The application of ef fect ive 
techniques ,  procedures , and data , whether generated by f i re research , 
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empir ical exper ience or communicat ive discuss ion , that would achieve a 
s ignif icant reduct ion would be valuable . 

A compar ison of the bu i ld ing f ire record in  relat ion to both the 
frequency of bu i lding f ires , the bui lding f i re loss per capita , and the 
f ire fatalities per 1 million persons for 197 9-8 0  was computed by Banks 
( 1983 ) for the Un ited S tates and 16 other countr ies . The United States 
was second worst in terms of the frequency of bui lding f ires with a 
rate of 4 . 6  f i res per 1 , 0 0 0  persons . F i rst place was achieved by 
I reland and the lowest rate by Japan with 0 . 3 f i res per 1 , 00 0  persons . 
In  re lat ion to the d i rect bu i ld ing f i re loss per capita , the Un ited 
States improved in  rank order to seventh among the twelve countr ies 
repor t ing th is data . In relation to the number of f i re deaths per 
mill ion persons , the Uni ted States was t i ed for f irst place with Canada 
with a rate of 2 9 . 4 .  

Schaenman ( 1983 )  has ind icated that he bel ieves the enviable f i re 
record of the European countr ies in relat ion to bu i lding f i res has been 
ach ieved due to the i r  emphas is on str ict f ire prevention and bu ilding 
code regulation . Schaenman reports that he observed more str ingent 
codes and code enforcement than i s  typical in most Uni ted States 
c i t ies . He also indicated the greater emphasis  on enforcement of the 
bu ilding and f i re prevent ion codes in the following manner ( Schaenman, 
1983) : 

I n  France , bu ilders of large , new structures pay a pr ivate company 
to inspect the build ing for code compl iance . This inspection is 
requ ired in order to rece ive a l icense to open.  If there is a f i re 
due to a code violat ion , both the builder and the inspec t ion 
company are held liable . 

In genera l ,  European f i re off icer s are very f ire prevention 
or iented , and f i re chiefs can funct ion as f i re protect ion 
eng ineer s ,  capable of reviewing bu i lding plans and adv ising on 
safety features . 

The concept explained by Schaenman relat ive to the util izat ion of 
a pr ivate inspec t ion company for the occupancy inspect ion of the bu i ld
ing is s imilar to the self-certif icat ion concept be ing cons idered 
cur rently by some u.s. c i t ies . Th is concept involves the self
cer t i f ication of the bu ilding plans for compliance with the bu i lding 
code by the architectural and des ign f i rm that or ig inates the plans . 
Levy ( 19 8 3 )  has ind icated that self-certif icat ion by the des ign f irm 
respons ible for the bu i lding plans has certain inherent problem areas 
in relat ion to insur ing the public safety . However , he does ind icate 
that use by the bui ld ing of fic i al of a third-party des ign f i rm with 
oversight respons ibi l i ty may be an effective procedure for bu ilding 
depa rtments to use to reduce the workload wh i le not abdicating the ir  
public safety respons ibi l i t ies . 

Now , how does th is d iscuss ion of the f ire loss record of the Un i ted 
States , the f i re loss relat ionsh ip of other countr ies , and the role of 
the bu i lding off icial relate to our concern of improving communicat ion 
between the f i re researcher and the bu ilding owner-operator? The 
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previous discussion has been an attempt to provide a possible per
spective on the perce ived d i f ference in attitude between the bu ild i ng  
owner-operator , the bui ld ing enforcement off ic ial , and the f ire 
researcher . 

PROFESSIONAL ATTITUDES 

The f ire researcher usually pr efers to consider his profess ion as 
involving the study of f i re phenomenon and the development of knowledge 
that may have an impact on the overall improvement of the understanding 
of the problems of f ire propagation , f i re ignition , smoke propagation , 
or even human behavior in f i re inc idents .  Any o f  these may be a factor 
in the reduction of the acknowledged unsatisfactory record of the 
Uni ted States in relat ion to f ire fatalities . 

Thi s  professional att itude and concept of f ire research effor ts in 
the Un ited States has been stated in relation to the NBS Center for 
F ire Research by Cohn ( 1982 )  as follows : 

For eight years , NBS Center for F i re Research has sought to expand 
the knowledge of the physics and chemistry of f ire and to provide 
the technical basis for sc ient ists , engineer s ,  manufacturer s ,  u . s .  
government agenc ies , and state and local f i re and bui lding code 
off ic ials to improve public safety . 

I n  a similar manner , the build i ng owner-operator ' s  concern with the 
f i re problem in the Un i ted states , l i ke that of most c it i zens , tends 
to be a reflection of his professional interests--the design , con
struct ion , and occupancy of a bu ilding . They are concerned with what 
fire safety is required in the bu ilding accord ing to the legal requ ire
ments of the bu ilding and f i re prevent ion codes and the cost of these 
requirements in relation to the total cost of the building . The 
building owner-operator r ightfully expects the architect and eng ineer
ing design f irm to develop a bui lding design that meets the legal f i re 
safety requ irements of the governmental j ur i sdict ion in wh ich the 
bu ild ing is to be located . 

CODES 

What then i s  the role of the f ire researcher and of f ire research 
results in the development of the f i re prevent ion codes that regulate 
the design of the bui ld ing? Generally , it would appear that in most 
cases there is l i ttle i nput from f ire research stud ies or f i re 
researchers in the build ing or f i re prevent ion code development 
process . 

This lack of f ire research input i s  somet imes due to the fact that 
most of the f i re research results are not perce ived as be ing d irectly 
appl icable or are not developed and presented in a form that appears 
to be appl icable . I t  also should be recogni zed that the bu ilding code 
development org anizations are very homogeneous organizat ions and that 
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unless one is  a bu i ld i ng of f ic ial and a member of the code organiza
tion , there are insuff ic ient mechanisms to provide for the introduction 
and acceptance of f ire research results.  The National Fire Protection 
Assoc iat ion (NFPA)  has a standards development procedure that currently 
allows for the max imum publ ic , pr ivate , and d iver se input to ita 
standards .  However , this organ i zat ion i s  currently involved with only 
three codes ut i l i zed in the bu i lding des ign process , a f i re prevention 
code , the Na tional Electr ical Code , and the L i fe Safety Code ( 1981 ) . 
Due to the concur rent individual profess ional interests of some of 
those involved , some research relat ive to the human behavior of 
ind iv iduals in f ire inc idents has been introduced and uti l ized in the 
development of the proposed 198 4 ed it ion of the L i fe Safety Code 
(Bryan , 1983) . 

The communication of f i re research repor ts and results through the 
ex isting and proposed bu i lding and f i re prevent ion codes appears to be 
a l imi ted and i neffic ient means through which the bu i lding owner
operator can become familiar with f ire research . However ,  it should 
be noted that code items and provis ions developed from f ire research 
would gain  the attent ion of the bui lding owner-operator if uti l i zed in 
the code compl iance des ign approval process . The problem of the 
appl ication of f i re research results to the government-developed 
bui ld i ng regulat ions in Eng land has been d i scussed by Butcher ( 19 8 3 ) . 
This research involved the appl icat ion of a formula for the pred ict ion 
of bu i ld i ng compar tment f i re resistance and the relat ionship of bu ild
ing areas and fuel load to the effect iveness of automat ic spr inkler 
systems . Thus , it would appear that the problem of the utili zation and 
applicat ion of f ire research results into the codes is not unique to 
the Un i ted S tates . 

Swer aey and Ignall ( 198 0 )  in  an assessment of f ire research in the 
United States from the viewpoi nt of public f i re protect ion pol icy , have 
ind icated that exper imental research f i re stud ies may provide informa
t ion useful to publ ic off ic ials concerned with codes and standards as 
follows : 

Knowledge of how fast f i res spread is  the foundat ion for reducing 
f ire losses through better desig n ,  detection ,  and suppress ion . 
Research on bas ic combust ion phenomena , standard flammabi lity 
teats , and the behav ior of real f i res is  relevant here . The 
l i terature on the phys ics and chemi stry of combustion does not 
qui te provide informat ion that is useful to pol icy-makers . Flam
mability tests are more relevant to pol icy quest ions , but i t  is 
well known that the behavior of spec i f ic mater ials in real f i res 
often does not cor respond to teat results.  

The research on the behavior of real f ires seems of  most use 
to pol icy . In i t ,  we have found two approaches to the behavior of 
real f i res . The f i rst cons i sts of heavi ly instrumented burning of 
real and scale-model rooms and structures . The second uses data 
collected at real ( non-exper imental) f i res . I t  attempts to over
come the large number of uncontrolled and unmeasured quanti t ies by 
studyi ng a large number of f i res ( usually in the thousands . )  
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Swersey and Ignall also have provided the ir assessment of publ ished 
f ire research based on a study of 1200 f ire research reports and 
art icles publ ished pr ior to 1976 . They evaluated the research relative 
to quantity ,  quality ,  and pr ior ity for f uture research . I t  should be 
recogni zed that this National Research Counc i l  funded study was an 
attempt to evaluate the research from the v iewpoint of the publ ic 
policy-maker concerned with the total effectiveness of f ire protection 
for a community ,  not from the viewpoint of the f ire researcher or the 
building owner-operator . 

SUMMARY 

This presentation has attempted to provide an opinion on the varying 
interests and att itudes relat ive to the commun icat ion of bu ilding f i re 
protection concerns between the f ire researcher and the bu i ld ing owner
operator . Due to the inherent and profess ional differences in the 
att itudes and interests of these two populat ions and the ex isting means 
of present ing f i re research results , i t  would appear that interpreters 
and translators of the f ire research reports are needed . such inter
pretat ions are needed for the bu i lding owner-operator and , in add i t ion , 
for the bu i ld i ng design professionals , pr imar i ly the arch itects and the 
des ign engineers .  A f i re protect ion eng ineer with a g raduate degree 
who has been intimately i nvolved and immersed in both the f i re research 
l i terature and a f i re research study could be an optimum interpreter . 

I t  must be recognized that the building owner-operator is  the key 
ind ividual for the provis ion of f ire protect ion and f ire safety 
features within the str ucture beyond the necessary , mandated require
ments of the bu ild ing and f ire prevent ion codes . Thus , effec t i ve 
communicat ion with the bui lding owner-operator , in  spite of the 
d i f f icult ies involved , is essent ial . 

The successful approach u t i l i zed by Nelson ( 1980 ) in organ i z i ng 
with the f i re researchers a ded icated conference to present s ign i f icant 
results in uncompl icated terminology with illustrat ions of the pr acti
cal appl ications or poss ible appl ications of the research results in 
bu i ld ing s  should be pursued . 

The nat ional profess ional organ i zations for the design profes
sionals , includ ing the Amer ican I nst itute of A rch itects , the Nat ional 
F i re Protect ion Assoc iation and the Soc iety of F i re Protect ion 
Eng ineers , could follow the example of Morehart ( 1983)  by encourag i ng  
the presentat ion o f  art icles and repor ts that interpr et and apply the 
f ire research results to spec i f ic bu ild ing occupancy and professional 
design s i tuations . 

I n  conclus ion ,  the initiat ion of ef fective commun icat ions relative 
to f ire research results between f ire researchers and building owner
operators will require d iplomat ic interpreters and skillful 
ind ividuals , not unlike this conference audience . 
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THE VIEW OF A DESIGNER 

Ralph T. Rowland , FAIA 
Di rector of Arch itectural Research 

Fletcher-Thompson , A rchitects and Eng ineers ,  Br idgepor t ,  Connec ticut 

DESIGN PROFESSIONALS AND RESEARCH 

There is very l i ttle d irect communicat ion between f i re researchers and 
des ign profess ionals . For purposes of th i s  discuss ion , the term 
"des ign professionals" i s  def ined as the great major ity of architects 
and planner s  in general and speciali zed practice and the structural , 
mechan ical , electr ical and c ivil  eng ineers who work with those archi
tec ts in the des ign of bu ilding s .  F ire protection eng ineers , who are 
more l ikely to have d i rect contact with f ire research activities , are 
not included in this broad def inition because most bu ildings are 
des igned without the spec i f ic input of their  d i sc ipl ine .  

I t  is  important to note , however ,  that a signif icant amount of 
general research is related to bui ld i ng design and some of that i s  
conducted by des ign professionals . I n  recent year s ,  the subj ect of 
energy conservation has been studied intens ively by arch itects and 
eng ineer s .  F i rms spec ial izing i n  the des ign of spec i f ic build ing 
types , such as schools or hospitals , have made the study of building 
funct ion , occupant behavior ,  and soc ial effec t very much a part  of 
the ir pr act ices . But the study of f i re phenomena and cquntermeasures 
has traditionally been conducted outside the des ign community . The 
results of f i re research are incorporated by des igners after be ing used 
as the bas is for bu ilding and f ire code requ irements or for the test ing 
of bu i lding component s .  Design professionals tend to accept such codes 
and tests as author itat i ve even though they have not par t ic ipated i n  
the ir development .  

I believe th is condit ion i s  chang ing or about to change . At the 
Architectural Research Roundtable held at the Amer ican I nst itute of 
A rch itects (AIA )  in September 197 5 ,  fire  safety was not even mentioned 
as a subj ect in need of research (AIA Research Corp . , 197 5 ) . Th is 
year , however ,  the Architectural Research Counc i l  has l isted 6 bu ilding 
code , f i re code , and l i fe safety topics among the 25  subjects most in 
need of research (Arch itectural Research Counc i l , 198 3) . 

DESIGN DEC IS IONS VS . FIRE SAFETY 

Design profess ionals , usually architects , make most of the init ial 
des ign decisions that af fect the f ire safety of bu i ldings . Thei r  
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decisions may be baaed on spec i f ic program requ irements of bui ld i ng 
owners and operators and may be influenced substant ially by the advice 
of consultants ,  but these early design choices often establish the 
relative safety of the resulting bu ild ing under f ire cond itions . 

Examples of such design dec i s ions are those concerning the 
bui ld i ng ' s  mass , conf iguration ,  height , location , str uctural mater ial s ,  
structural system , compartmentation , floor cons truction , heating and 
a i r  cond i t ioning systems , stairway and e levator locat ions , f ire sup
press ion equipment , occupancy relat ionships , and access road s .  None 
of these design choices stands alone in  the f i re safety context ,  but 
each combines w i th the others to form a complex relat ionsh ip that com
pr ises the unique f ire safety (or f i re hazard) character of each 
bu i lding . 

How are these dec i sions made? What does the des igner take into 
account before dec iding? Wha t k ind of research , i f  any , is involved? 

I t  should be pointed out that arch itects and eng ineers are l icensed 
to prac tice the ir profess ions by state governments pr imar i ly to safe
guard l ife , health , and property .  Each design professional , therefore , 
has a statutory as wel l  as a professional respons ibi l i ty to consider 
l i fe safety as an element of every des ign dec ision .  This considerat ion 
must be coord inated w i th the sati sfaction of many other very important 
( but perhaps leas profoundly cr i t ical) requirements (e . g . , eff ic ient 
funct ion , occupant comfor t and convenience , accessibility for the 
d i sabled , conservation of energy , durabil ity , ease of maintenance , coat 
effectiveness , esthet ic obj ectives) . 

Build ing des ign i s  a complex act ivity .  I n  the real wor ld of 
l imited fees and compressed time schedules , moat des ign professionals 
have l ittle opportunity for research , so any efforts in  that d i rect ion 
tend to be concentrated on the spec i f ic needs of the proj ect at hand . 
These are much more l ikely to relate to the • s tate of the art• of the 
occupancy type or the env ironmental comfor t system than to fire safety . 

SOURCES OF FIRE SAFETY INFORMATION 

Design dec isions are obviously the appl icat ion of the knowledge and 
preferences of the designer to the program of a projected bu i ld ing .  
For our present purpose , let · ua d isregard the preference element and 
concentrate on the sources of the designer ' s  knowledge ,  l imiting our 
cons ideration to his  or her knowledge of f ire safety . where does that 
come from? 

Each des ign d i sc ipl ine learns about f i re and f ire safety from a 
d i fferent viewpoint , not unlike the classic story of blind men study ing 
an elephant . Str uctural eng ineers learn the f i re resistance of 
concrete , the heat absorpt ion of steel , the we ights of fireproof ing 
mater ials and the f i re durabi l i ty of t imber . Ventilation eng ineers 
study smoke and f i re movement through ducts and a i r  handling equipment . 
Electr ical eng ineers are concerned about the many possibil i t ies for 
ignit ion that may be caused by faulty design or installat ion .  

Architects , having the pr ime responsibi l i ty to coord inate all 
design d i scipl ines for moat bu i ldings , cons ider all of the eng ineers •  
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concerns plus such other elements as the flammabil ity o f  furniture and 
f inishes , but they reali ze that thei r  moat important f ire safety 
obj ective must be to provide the opportunity for a bu i ld ing ' s  occupants 
to move qu ick ly to safety in the event of f i re . To sat isfy th i s  
pr imary l i fe safety obj ective , moat arch itects rely heavi ly on 
appl icable bu i lding and f ire safety codes as interpreted by the 
enforc ing off ic ials who have j ur isd ict ion in the place where the 
building i s  constr ucted . 

Archi tects learn very l i ttle about f i re in their  professional 
educat ion . I n  moat arch itectural schools , even the study of codes is 
very l imited . I t  seems to be w idely accepted that certain elements of 
profess ional training must be deferred to the apprent iceship per iod 
between graduation and l icensing because the academic per iod i s  barely 
long enough to learn bas ic professional skills . Code theory and 
practice ,  although touched on br iefly in the academic year s ,  are 
usually among the deferred elements . 

For pr actical purpose s ,  f ire safety requirements are learned by the 
des ign professional in the early year s  of employment by applying 
bui lding and f ire safety codes to spec i f ic des ign problema . By the 
time he or she takes the profess ional l icensing examination it is  
probable , though not neceaar i ly certai n ,  that the cand idate has had 
suff ic ient exposure to code pract ice to undertake independent pract ice . 
The l ikelihood of d irect communicat ion with the f ire research community 
in the apprent icesh ip per iod i s  very remote . 

The next factor contr ibuting to the absence of d irect communicat ion 
is the way building des ign is pract iced , at least by architects . Of 
the members of the Amer ican I nstitute of Arch itects , for example , 6 0  
percent wor k  as independent sing le pract it ioner s  and another 24 percent 
work in off ices with three or fewer profess ionals . Although some of 
the other 16 percent pract ice in much larger organi zat ions , it i s  
obvious that a substant ial major ity o f  practicing arch itects are not 
in a pos i t ion to commiss ion or conduc t f ire research , even if they were 
able to def ine spec i f ic research needs . 

THE CODE COMMUNITY 

Between the des igner s and the researchers i s  the code community . 
Anyone who attends publ ic hear ing s  of the model code organi zat ions soon 
becomes aware that the results of f ire research are somet imes used to 
support proposed code changes .  The effec t ,  however , is  uneven ; moat 
code provisions have evolved from a nonsc ient i f ic base and ref lect 
opinions baaed on necessar i ly l imited samples or models . These widely 
accepted bu ilding regulations may someday complete the transit ion from 
an empir ical to a sc ientific bas i s ,  but there is l i ttle reason to 
believe that it will happen very soon . Meanwh i le ,  the designers , the 
code community ,  and , in fact , the ent i re bui ld i ng industry must expect 
to cope with hybr id rules . 

The code communi ty i s  the pr inc ipal intermed iary between designers 
and researcher s .  A few design professionals participate directly in 
the code process as bu i ld ing off ic ials or code spec ial ists , but moat 
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des igners interface with the f ire research community through local 
bu i lding and f ire off ic ials who are presumed to be suff ic iently 
informed of the rat ionale for code requirements to transmit that 
informat ion to the user . 

POTENTIAL FOR THE FUTURE? 

The system wor ks--but not as well as it should . Arch itects and 
eng ineers who read of the wor k of the f i re research communi ty in 
repor ts of the Na tional Bureau of S tandards Center for F i re Research , 
for example , wonder how and when it  will  be poss ible to uae in thei r  
own des igns the methode being developed for computer model ing o f  aafe 
egress plans or other technically sophisticated f ire safety systems .  
Such methods seem l ight-years away from today ' s  experience , which often 
cons ists of t ime-consuming arguments with code off ic ials over the true 
meaning of bu i lding regulat ions . 

Many opportunities are already in ex i stence , I bel ieve , to br ing 
des ign professionals and the f ire research community closer together . 
And tnere i s  good reason to ach ieve th i s .  Des ign profess ionals should 
be able to ident i fy the elements of des ign where research is  needed ao 
that research resources may be used to greatest potential benef i t .  
With better communicat ion , valuable exchanges may take place wh i le 
spec if ic research prog r ams are in prog res s .  In  some cases , early but 
incomplete results may warn the design profess ional against erroneous 
assumpt ions . 

Before offer ing some suggest ions for clos ing the communications gap 
between design profess ionals and the research community , I bel ieve it 
appropr iate to comment on the posit ion of the design professional in 
the ent ire cha in of contact between the researcher s  and the owners and 
managers of bu i lding s .  Recognizing that there i s  a great range in f i re 
safety soph isticat ion from the owner of a small apartment house to the 
operator of a large teach ing hospital or major industr ial complex , j ust 
as there is a great range in fire  safety understand ing among design 
profess ionals , I believe , for purposes of th is d i scussion ,  that the 
typical owner-operator who is the cl ient of a des ign professional 
expects the design professional to be the nearest l ink in the commun i
cat ion cha in lead ing to the f ire  research commun ity .  

RECOMMENMTIONS 

W i th that premise in  mind ,  and as an arch itect--a des ign profess ional-
who happens to have developed a spec ial interest in bu i ld ing safety and 
the regulatory process I suggest the following methods by wh ich design 
profess ionals may become more effect ive l inks in the cha i n :  

1 .  Arch i tects and eng ineers must take a more act ive part in the 
code development process . Th i s  is in the ir own interest because 
bui ld ing and f i re safety codes are the major regulat ions that apply to 
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the i r  life ' s  wor k .  Such partic ipat ion w i ll inevitably bring them into 
d irect contact with researchers . 

2 .  Architects and eng i neer s  must g ive more thought to research 
needs . As creative ind ividuals ,  they should quest ion any long-accepted 
standard that i s  not sc ient i f ically suppor ted and ask for better 
rationale . 

3 .  Archi tects and engineer s  must become aware of the research that 
has been completed or is in prog ress and suppor t publ ic fund ing for 
those programs that seem l ikely to bene f i t  the quality of future 
bui lding . A review of National Technical I nformat ion Service 
bulletins , for example , and selected repor ts is  a practical way to 
accompli sh thi s .  

4 .  All members o f  the bu i lding industry must become more concerned 
with the quali ty of code enforcement . I nadequate staff ing of local 
bu i lding and f i re departments , political interference in code 
administration , use of bui lding permi t  fees for other public expendi
tures , and the absence of prompt appeals processes allow misappl icat ion 
of regulat ions , increase bu i lding costs , and violate the concept of a 
sc ient i f ic basis for bu i lding safety . 

S .  Researcher s  should use the arch itectural and eng ineer ing press 
to inform the design professions of wor k  in progress and conclus ions 
reached . Most des ign profess ionals read the journals of the ir d i sc i
pl ines reg ular ly and the ir attention may be attracted th is way . 

6 .  F i re reporting ,  wherever poss ible , should ident i fy the bu i ld ing 
code ( and ed i t ion) that was in effect at the t ime of the f i re-d amaged 
bu i ld i ng ' s  constr uction . Although th i s  will not be pract icable ( nor 
very mean ing ful) for bu i ldings more than 30 or 40 years old , it could 
be qu ite informat ive for more recent structures . 

CONCLUSION 

From the des igner ' s  v iewpoint , ex i stence of the communicat ions gap ,  
wh ich is  the subject o f  th i s  conference , must be ac knowledged . I n this  
time of rap idly advanc ing bu i lding and f i re technology , i t  would be 
irresponsible to allow the chasm to remain unbr idged . I believe that 
the des ign profess ionals ' consc iousness of fire research is being 
raised . I bel ieve the gap can be closed , and I trust that th i s 
conference will help to accomplish that object ive . 
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THE VIEW OF THE RmULATOR 

Char les M .  Decker 
Chief , Bureau of Code Enforcement 

State of New Jersey , Trenton 

The central hypothesis of this conference , that there presently ex ists 
a gap between the f i re r esearch community and those who des ign , bui ld , 
and manage bui ld ing s ,  i s  undoubted ly true on the face of i t .  At least 
we can accept th is thesis as a truism for the purpose of th is con
ference . But l i ke all truisms , i t  requi res some examinat ion to deter
mine the reasons , and some careful reasoning to decide whether there 
is any point to attempti ng to change th i s  status . What follows is one 
regulator ' s  perspective on th i s  subj ect , viewed in these terms . 

Regulator s are of ten depicted as somewhat leas than d i rectly 
involved in • the real wor ld . •  Qu i te frequently one of the members of 
the design team , the construction team , or ownership wi ll express j ust 
such a thought , usually connected with a plea for a wa iver or var iat ion 
from the l i teral requ irements of the code be ing appl ied at the time . 

Although it  should not be so , since the great major i ty of regu
lators have exper ience that i s  d irectly rooted in that • real world• 
(moat having years of exper ience as contractors , arch itects , or 
eng ineer s ) , there has been some truth to the charge . Not ice I use the 
phrase • has been some truth• for the reg ulatory world has changed 
greatly in the past few year s ,  and further change is occurr ing all the 
time . 

Today , we are beg inning to see regulatory systems evolve that 
operate on two pr inciples : timeliness and pred ictabi l i ty .  By the 
first of these we mean that the users of the system should be able to 
depend upon it to operate in a time ly manner--to produce dec i s ions 
within real istic and • r eal wor ld• time frames . By the second we mean 
that the users should expect to know in advance what is expected of 
them--what the code requires and how to demonstrate compl iance with 
those requ irements . 

The f i rst pr inc iple , that of t imeliness , i s  not at issue today , 
dependi ng as i t  does on fac tor s such as staffing levels , staff 
tr aining , and enhancement of the admini stration of the code enforcement 
system itself . The second pr i nc ipal , pred ictability ,  is very much 
connected to our topic . The concept of pred ictabi l ity , k nowing what 
you have to do and how to do it , requires that the codes conta in clear , 
comprehensible provis ions wh ich leave no doubt in e i ther the des igner ' s  
or the regulator ' s  mind as to the ir meaning . 
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Obviously , the qual i ty of the technical provisions of the code is 
dependent qu i te d i r ectly on the efforts of researcher s .  Thus i f  we can 
improve the effor ts of the research community in a way that will result 
in h igher qua l i ty code provis ions , then regulators are indeed 
interested . The central question for regulator s then is whether the 
topic addressed here will contr ibute to improving the quality of code 
provis ions . In  order to answer that quest ion , we need to look at the 
h i story of code development . 

Trad i t ionally , regulatory codes responded to traged ies . we f ixed 
the latch after ( sometimes long after ) the hor se had left the barn .  
We rel ied on " body count , •  j udgments we re formed about the causes of 
d i sasters by reviewing the actual results of the incidents , and solu
tions we re dev ised to ( hopefully) prevent that par ticular d i saster from 
recur r ing .  I ndeed , th i s  methodology i s  st ill widely used ( and useful)  
today , and we are cont inuing to look for ways to improve our abi lity 
to gather and evaluate inc ident data . There will  always be a real need 
to u t i l i ze th i s system for some issues . 

However , th is system of code development is  dependent on three 
cond i t ions : 

1 .  Design technique and technology development moved rather more 
slowly in the past than today ; therefore , those solut ions lasted longer 
and they covered a wider range of problems . 

2 .  The news med ia was somewhat less g iven to sensat ionali z ing 
d i sasters--and espec ially less g iven to po int ing f ingers (part icular ly 
at government off ic ials) . 

3 .  Publ ic polic ies were less progress ive than those of today in 
that barr ier- free access , energy conservat ion , and other pol icy 
concerns had not yet entered and inevi tably compl icated the regulatory 
wor ld . 

These cond itions are quite obv iously no longer ent i rely val id . The 
prevalence of new des ign techniques ( e . g . , the widespread use of 
atr i ums in all k i nds of bu i ld ings)  and the mushrooming inc idence of new 
technolog ies ( e . g . , the use of plastic in bui ldings)  inev itably put 
increas ing stress on regulator s to respond to the problems created by 
these movements . 

S imilar ly ,  the tendency of the news med ia to sensationali ze 
d i sasters and the resultant publ ic and pol itical responses to d i sasters 
necess itates , in most cases , that regulator s be responsive to problems 
more qu ick ly than was formerly expected . Thus , the regulator increas
ingly needs to respond to pr oblems caused by e i ther new design tech
niques or new technolog ies before the full range of inc ident investi
gat ion and documentat ion can take place . 

The adversar ial nature of the bui lding process in th is country also 
puts cons iderable strain on the regulator . I t  is  qu ite often necessary 
for the regulator to be able to demonstrate tha t the code provis ions 
wh ich are relied upon are j ustif ied . I t  is necessary to assume that 
ultimate ly one will  have to de fend a part icular provis ion in a court 
of law ,  or at the least , in an informal conference w i th one of the 
af fec ted part ies (designer , contractor , owner-operator ) .  There is 
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noth ing wrong w i th this  aspect , but it  does become a fac tor when 
consider ing spec ific code provisions . 

Finally ,  the relatively recent development of reg ulatory documents 
based on publ ic pol icy decis ions further strains the trad i tional code 
development process . The real need to involve all our c i t i zens in the 
l ife of the commun ity means , for example , that buildings must be made 
accessible to the d isabled . 

Th is movement , val id on its  own terms , has placed add it ional strain 
on the code development process . Some would argue that l i fe safety 
issues for such str uctures as high- r ise bu ildings should be 
re-evaluated . Previous assumpt ions about ex it  flow ,  the need for areas 
of refuge , and the des ign of elevators and elevator shafts , among 
others , may need to be altered in order to provide a reasonable degree 
of l i fe safety for all occupants of our bu i ld ing s .  

S im i larly , the need for energy conservation , wh ich ar i se a s  a 
pol icy i ssue , places trad i t ional code development methodology at r i sk . 
With the development of code provis ions that requ ire g reater thermal 
and equ ipment e ff ic iency , certain f i re safety provis ions of the 
ex ist ing codes are affected . 

Few would argue w i th the need for energy conservat ion , but even 
fewer would wish to be placed at r i sk by smoke , toxic i ty ,  or f lame 
spread problema created or enhanced by the use of , for example , plastic 
mater ials . When the technolog ical response to code provis ions requ ir
ing greater thermal insulation involved increased use of plast ics , the 
f i re res istance provis ions of the code were affected , and the need for 
research in these areas became apparent . 

Th is review of the chang ing code development system allows us to 
ident ify at least one of the causes of the gap between the f i re 
research community and owner-operators of bui ldings : the code develop
ment system i t self . I t  has always proven more eff icient for owner
operator s to partic ipate (when they chose to partic ipate at al l)  in the 
code-wr iting process than in the research process . They are often more 
interested in the shape of the regulat ion than in the basis for the 
regulation .  

I n  add i tion , the chang i ng code development system also allows us 
to rephrase more succ inctly the question th is conference ra ises for 
regulators :  Will  provid ing for more d i rect contact between owner
operator s  and the fire research commun ity result in better code 
provis ions? or , at the very least , can we be sure it will not place 
add itional strain on the process? 

At f irst g lance , it appear s  that there would be no s igni f icant 
drawback to increased contact and that there would be several d istinct 
advantages , not the least of wh ich would be the prospect of increased 
fund ing for f i re safety research . On the need for thi s ,  vir tually 
everyone would agree . 

However , there i s  a troubl ing s ide issue that must be addressed .  
Most knowledgeable observers would not argue with the need to act 
swi ftly in  certain cr i t ical , l i fe safety areas , somet imes even be fore 
we have suff icient f ire  inc idents to use to develop code provisions the 
tr adit ional way . Indeed , i t  would , in some instances , be i r responsible 
to fa il to act swiftly because large numbers of people can be placed 
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at r isk . Yet , most regulator s bel ieve it  equally i rresponsible to 
develop completely pro-act ive code provis ions without valid s ubs tan
t iat ion of the need . And , regulator s above all are acutely aware of 
the legal and pol icy reasons for th i s  pos i tion . 

The courts have ( r ightly ) shown l ittle pat ience with code pro
v i s ions that cannot be demonstrated to f ill a real need and that have 
l ittle technical mer it . S imilar ly , i t  may not be possible politically 
to sustain  a code document that moves i n  too caval ier or sweeping a 
fashion . I n  shor t ,  there i s  a need to be convinced of the need for , 
and the technical basis  of , any spec i f ic code provis ion before i t  can 
be fully supported . 

Here then is the i ssue for the regulator : Assuming more d i rect 
contact between owner-operator s and the research community , will the 
research agenda thus generated improve or degrade the quality of the 
codes? 

To the extent that a fuller par t ic ipat ion by owner-operator s in the 
research system generates increased fund i ng ,  it will surely have a 
salutory effect . S imi lar ly , to the extent increased contact results 
in a better understand i ng by owner-operators of the technical bas is of 
spec i f ic code issues , i t  certa inly will  be welcome . But i f  it  results 
in a d i vers ion from cr i t ically needed resea rch we will  all suffer . 

We stand in real need of resea rch in  several impor tant areas at 
th is point . Most of us would agree we need more information on atr iums , 
smoke handling ,  smoke bar r ier s ,  methods of construct ion , methods of 
testing , indoor air quali ty , means of egress computat ion , and fur n i sh
ings/f inishes . Each of us could add to th is l i s t ,  no doubt . 

I f  the enhanced contact between the fire  research communi ty and 
owner-operators of bu i ldings,  which is sought by this conference , does 
not divert us from our task of develop ing more soundly based code 
documents and does not prove to be an expens ive quest for subst itute 
methodolog ies that add to confus ion rather than reduce it , then the 
support of r egulator s can be expected . 

The regulatory system can always stand closer scrut iny and adding 
reasonable voices to the debate should be welcomed . I t  i s  my hope that 
the par t ic ipants at th i s  conference can and will do much to ensure 
that these vo ices add to the harmony . 
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HOW FIRE RESEARCH PROGRAMS ARE FORMULATED 

Jack E .  Snell 
Director , Center for F ire Research 

National Bureau of Standards , washington , D . C . 

INTRODUCTION 

I n  1974 , the u . s .  Congress passed leg islation creating a Center for 
F i re Research (CFR) at the National Bureau of Standards . Th i s  repre
sented the culmination of developments over near ly 30 years to br ing 
abOut intensif ied research attention to the nat ion ' s  f ire problem . I n  
fact , i n  1 9 5 6  Hoyt Hottel o f  the Massachusetts I nstitute o f  Technology 
addressed the need for basic research on destr uctive f ire ( as d i st inct 
from combustion research) at the National Academy of Sc iences f i rst 
F ire Research Conference (National Academy of sc iences , 19 56) . 

I n  shor t ,  the programs of the CFR are formulated in response to 
thi s  leg islat ion , upon analysis of f ire inc ident statist ics , following 
extensive consultations with many others in bOth the pr ivate and publ ic 
sectors and careful review of our capabilities and those of others in 
thi s  field .  

Several points underlie much of what I have to say . F i r s t ,  the 
role of the Center for F ire Research is pr imar i ly one of conducting 
fundamental research i n  f ir e .  Thus , not only i s  CFR j ust one of many 
organ i zat ions with a commitment to improv ing our country ' s  very poor 
f ire safety record but also the scope of our activity i s  limited very 
narrowly and precludes a d irect role in f ire loss reduction . 

Second , substantial reductions in u . s .  fire losses and , particu
larly , i n  the costs of f ire protect ion will not follow s imply from a 
continued success ion of small i ncremental ref inements in trad i t ional 
f ire safety pract ice . Rather , new understand ing is needed to establish 
the technical and sc ientific bas is for vastly more effect ive f i re 
protection pract ices .  

My academic roots are i n  aeronaut ical eng ineer ing . A lso for most 
of the past decade I was d irectly involved in research to develop and 
deliver energy management programs and energy conservat ion measures for 
bu ildings , industry and communit ies . I see exc iting parallels between 
these fields and f i re protect ion eng ineer ing . Spec if ically , f ire pro
tection pract ice is now where aeronaut ical eng ineer ing was in the mid-
19 40s and the type of technical basis that enabled the energy conserva
tion measures of the 19 70s is only now be ing developed in the f i re 
f ield .  

Thi rd , the t iming o f  thi s  conference is  cruc ial . I n  1974 our 
government made a commi tment to a nat ional program of fundamental 
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research i n  f ire as one of several essent ial measures in address ing the 
nat ion ' s  f ire problem . It is now over 10 year s s ince Amer ica Burning 
(National Commiss ion on F i re Pr event ion and Control , 19 7 3) was 
publ i shed and nearly 9 years s ince passage of the Federal F ire Preven
t ion and Control Ac t ( Public Law 9 3-4 98 , October 2 9 ,  19 74) . The 
Admi nistrat ion is committed to a federal role in fundamental research .  
At the same t ime ,  i t  i s  seek ing to ident ify those programs i n  the 
federal government that should be the respons ibility of the private 
sector or of state or local governments and to implement appropr iate 
changes . In  programs involving applied research or technical change,  
joint efforts or  collaborations may be most effective . Therefore ,  it  
is highly appropr iate to examine now , from the v iewpoint of an  
important set of users and benef ic iar ies of  our work , what add it ional 
effor ts in behalf of bu ilding owner-operators may be needed and appro
pr iate means for gett ing them done . 

By way of overview ,  I will f irst say a few words about the Center 
for F i re Research and then elaborate on how our research progr ams are 
formulated , F inally ,  I will suggest four issues for fur ther consider
ation in th is for um on the ef fective d irection and use of f ire research 
in meeting the needs of bu ild ing designers , bui lders , and operator s .  

CENTER FOR F I RE  RESEARCH 

The creat ion of the Center for F i re Research at the Na tional Bureau of 
Standards (NBS)  in 1974 followi ng passage of the F ire Prevent ion and 
Control Act marked a major turning po int in the course of f ire research 
at the Bureau . Up to that time , most of the Bureau ' s  f ire-related 
effort had been d i rected to problem solving , that i s ,  address ing major 
f i re problems of the day through the appl ication of state-of-the-art 
sc ient i f ic knowledge and technology . These effor ts were undertaken 
typically in  collaborat ion with organi zat ions such as the Underwr i ters 
Laboratories , state and local governments , the National F i re Protection 
Assoc iation , and Factory Mutual Research Corporat ion . The F ire 
Prevention and Control Ac t of 1974 author i zed NBS to pull together a 
h ighly spec iali zed team of sc ientists and eng ineers to establish a new 
bas is of understand ing of f i re-related phenomena . 

The Center for F ire Research operates on roughly $9 to $ 10 mill ion 
of annual funding . About $6 million of th is is d irectly appropr iated 
through the Nat ional Bureau of Standards . The remaining $3 to $4 
million is  prov ided by other agenc ies of the federal government . 
F igure 1 depicts the bas ic pattern of fund ing sources and expend itures 
for the Center . Note that one-third of d irectly appropr iated funds are 
ded icated to the Grants Program ( Table 1) . This activ ity suppor ts 
nearly all fundamental f ire research at u . s . univer s i t ies and other 
bas ic research laborator ies in th is country . It also prov ides the 
pr inc ipa l  source of support for the nat ion ' s  future f ire sc ient ists and 
ind irectly supports academic f i re protect ion eng ineer ing programs . 

The research conduc ted by CFR for other agenc ies of the federal 
government typically extends the more fundamental research CFR funds 
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SOURCE: 

Approprlatlona 

• DoC/NBS 

$6M 
I 

EXPEND ITURES: 

• 

I .. _ 

33  

Reimbursements 

• HHS • NPS 

• FAA • Navy 

• VA • • • 
; . • • . • • . . 
• $ • - 3-4M -·• 

TOTAL BUDGET 

$9- 1 0M 

Other 

• Industrial Research 
Associates 

• Guest Workers 

$0. 1-0.2M 
I 

Fire Research Resources 

IN-HOUSE RESEARCH 

$6-7M 
• • : . . 

Extramural Research �o-1 
$2M 

$0.3M 

F IGURE 1 CFR fund i ng overview . 

to address the spec i f ic f ire research needs of other agenc ies . Table 
2 l ists examples of CFR wor k in suppor t of other federal agenc ies . 
Note that a number of these agenc ies des ign,  produce , and operate 
public buildings . The balance have other f ire safety problems ( e . g . , 
transport vehicles , sh ips) . 

Table 3 summar i zes the d i sc iplines or academic backgrounds of CFR ' s  
professional staff .  Th i s  capabi lity is  unique worldwide . Diver se as 
thi s  listing of d i sc ipl ines and expertise i s ,  it represents a minimal 
critical mass of the capabi li ties needed to carry out the Center ' s  
charg e .  NBS is predominantly a phys ical sc ience and eng ineer ing 
research laboratory . Thus , NBS is an ideal sett ing for fundamental 
research into the chemistry and physics of thermal decomposit ion of 
mater ials and bas ic f ire processes such as ignit ion J f lame spread J f ire 
growth , suppression ,  and ext inguishent J and smoke generation and move
ment . However ,  thi s  necess itates reaching out , pr inc ipally through the 
Grants Progr am ,  to obta in expertise in the many d i sc ipl ines CFR does 
not have . These include l i fe and behavioral sc iences and some 
eng ineer i ng d isc ipl ines as well as eng ineer ing sc ience . 
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TABLE 1 CFR Gran ts Program 
Rec ipient Projec t T i t l e  

Amer ican Ins t i tute o f  Arch i te c t s  Foundat ion 
Brown Univer s i ty 

Ca l i fornia Ins t i tute o f  Technol ogy 

Case We s t ern Reserve Univer s i t y  

Case Wes tern Re serve Un ivers i t y  
C lemson Un iver s i t y  

Co lorado School o f  Mine s 
Fac t ory Mutual Re search Corpora t ion 
Fac tory Mutua l  Research Corporat ion 
Fac t ory Mutua l Research Corpora t ion 

( Joint Progr .. wi th Harvard Univer s i t y )  
Harvard Un iver s i t y  
Nat iona l F ire Protec t ion Associat ion 
Pennsylvan ia State Un iver s i ty 

Pr ince ton Unive r s i t y  

S R I  Internationa l 

SRI International 
TRW 
Univers i ty of Ca l i forn i a , Berke ley 

Univers i ty o f  Ca l i forni a ,  Berke ley 
Un iver s i ty of Ca l i fornia , Berke ley 
Un iver s i ty of Cal i fornia , Lawrence 

Berkeley Labora t ory 
Un iver s i t y  o f  Ca l i fornia , Lawrence 

Berke ley Laboratory 
Un ivers i ty of Flor ida 

Un iver s i ty of Maryland 

Univers i ty of Mich igan 
Un iver s i ty o f  Montana 
Univer s i t y  of Notre Da.e 
Un iversity of Notre Da.e 
Univer s i ty of P i t tsburgh 

F ire Safety Eva l uat ion System for Board and Care Homes 
E f fe c t a• o f  Mater i a l  Proper t ies on Burning and 

Ext inc t ion-Fires on Vert ical Fue l  Sur fac e s  
Exper imental Study o f  Env irou.ent and Hea t  Trans fer in a 

Room Fire 
Expe r imenta l  and Ana l y t i c a l  Study of Fire Spr ink l e r  

SC a l ing Lava 
F l ..e Spread and Spread Limi t s  
Ternary Reac t ions Among Polymer Sub a t r a t e-Organoh a l ogen

Ant imony Oxides in the Condensed Phase Under 
Pyrolyt ic ,  Ox idat ive and Flaming Cond i t ions 

Charac terizat ion of Aeroso l s  from. Firea 
Compu ter Mode l ing o f  Aircraft Cab in Fire Phenomena 
De terminat ion o f  Fue l Pa�ametera for Fire Mode l ing 
Pred ic t ion o f  F i re Dynaaic a  

The Pred ic t ion o f  F i re Dynamics 
Inve s t igat ion and Analys i s  o f  Maj or Fires 
An Inves t igat ion o f  Turbu l ent F i res on Ver t i c a l  and 

Inc l ined Wa l l a  
Flow Field E ffec t s  on the Soot ing Struc ture o f  D i f fus ion 

Flame a 
Cont inued Deve lopment o f  Re s iden t i a l  Fire Dec i s ion 

Analys i s  Mode l 
Polymer Degrada t ion Dur ing Combu s t ion 
Mode l ing of Wind-Aided Flame Spread 
Dynamic s  of Smoke and Inert Tracers Produced in Porous 

Fue l a 
Fire Propagat ion in Concurrent Flows 
Intral aboratory Eva l ua t i on of a S t andard Room Fire Te a t  
Fire Mode l ing 

F l ame  Rad i a t i on 

Network Mode l s  o f  Bu i l d ing Evacua t ion : Development o f  
Software Sya te.--Year TWo 

The De terminat ion of Behavior response Pat terns in Fire 
S i tuat ions , Proj ec t People I I  

Degradat i on o f  Mechanical Proper ties o f  Wood Dur ing Fire 
Chemis try o f  Smo l der ing Combust ion and ita Control 
Coaputer Model ing o f  Aircraft Cab in Fire Phenomena 
Scal ing Corre l a t ions of Fl ashover Exper iment s  
Toxicity o f  P l as t ic Coabuation Produc t s  
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TABLE 2 Examples o f  CFR Proj ec t s  Suppor ted by Federal  Agenc ies 

A&ency 

He a l th and Human Serv i c e s  
Ve terans Adminis trat ion 

Federa l Emeraency Manaaement 
Aaency/U . S .  Fire Admin i s trat ion 

Inter ior/Nat iona l Park Service 

Eneray and Consumer Produc t 
Safety Com.is s ion 

Navy 
Trans por tat ion/Feder al Avi a t ion 

Admin is trat ion 

CFR Contr1but 1on 

Fac i l i t y  f ire s a fe t y  per formance mode l .  
Fire re s i s tance evaluat ion o f ' 

inters t i t ia l  wa lk-on p l a t for.s 
Fie l d  per formance measurement sys tems 

for res ident i a l  
Fire r i sk manaaement model and 

procedure 
Hea t  trans fer from sol id fue l s tove s 

Fire arowth and smoke movement mode l s  
Fl ame s pread me asurement 

A&ency 

F ire s a fe t y  requ irement s .  
Improved med i c a l  fac i l ity de s i an  

fea ture 
Promot ion of new fas t -ac t ina 

res iden t i a l  spr inklers 
Improved fac i l i ty fire safety 

Ins ta l l a t ion o f  f ire sa fety 
aiode ; ome s  

Improved sh i p  f ire s a fe t y  
Ma ter i a l  per formance requirement s  
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TABLE 3 D i sc iplines of CFR Professional Staff 

Disc ipl ine No . of Staff Members 

Phys ics 
Chemistry 
M icrobiology 
Psychology 
Mathematics 
Mechanics 
Aerospace Eng inee r i ng 
Mechan ical Eng ineer ing 
Chemical Eng ineering 
C iv i l  Eng ineer i ng 
I ndustr ial Eng ineer ing 
Electr ical Eng ineer ing 
F i re Protect ion Eng ineering 

7 
11 

1 
1 
3 
2 
3 
7 
2 
2 
3 
2 
5 

The Center ' s  staff i s  further augmented by industr ial research 
experts through the Research Assoc iates Program . Past ( s ince 19 7 5 )  and 
cur rent sponsors of research assoc iates at CFR are : 

1 .  Amer ican Apparel Manufacturers Assoc iation 
2 .  Amer ican I ron and Stee l I nst itute 
3 .  Armstrong Industr ies 
4 .  Consumers Union 
S .  Dow Chemica l 
6 .  Foundat ion for Cotton Research and Educat ion ( The Cotton 

Foundat ion ) 
7 .  Gypsum Associat ion 
8 .  Man-Made F iber Producers Assoc iation 
9 .  National Forest Products Assoc iat ion 

10 . PPG I nd ustr ies 
1 1 .  Rhone-Poulenc I ndustr ies 
12 . Soc iety of the Plast ics I ndustry--Amoco Chemical , BASF

Wyandotte , Celanese Corporat ion , DuPont , Hooker Chemical Company , 
Monsanto , PPG I ndustr ies , Union Carbide Corporat ion 

1 3 .  Underwr iters LabOrator ies 
14 . u.s. Department of Agr iculture/Southern Reg ional Research Center 

Also , active collabOration is ma intained with our internat ional 
counterparts ( i . e . , the French , Canad i an ,  English ,  and Japanese f ire 
research organizat ions) . 

CFR laborator ies are a valuable national resource . These 
laboratory fac i lities include the following : 
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1.  General Purpose Laborator ies ( one-third of Building 224 adapted 
with smoke control and abatement equ ipment and other safety features 
for fire research) . Activities relate to bas ic f ire research , f ire 
model ing , f ire r i sk analys is , f ire tox icology , bui ld i ng f ire safety 
per formance , mater ial f ire property ,  f i re suppression , and smoke . 

2 .  F ire Test Facility (Building 205, spec ially constr ucted with 
instrumented gas removal hood systems for exper iments and model val i
dation studies) . Act ivi ties relate to room-cor r idor bur n , large f ire 
endurance furnace , rate of heat release , flame spread , room f ire test,  
and toxicity test . 

3 .  NBS Annex ( near� former N i ke missile s i te wh ich serves as 
f ield stat ion for exper iments that cannot be accommodated read ily in 
ma in laborator ies) . Typical act ivit ies include : fire  tests of mobile 
homes , stud ies of smoke and gas movement in  bu ildings , smoke control 
system studies , tests of spr ink ler activat ion and effectiveness , f i re 
detector siting and per formance studies , and f ire spread studies . 

4 . Other NBS Center Fac i l ities u t i l i zed relate to appl ied 
mathemat ics , build ing technology , chemical eng ineer ing , analyt ical 
chemistry , mater ial research , and instr ument shops . 

Importantly , these fac i l it ies and equ ipment represent sc ient i f ic 
research tools rather than bur n halls or standard test devices . such 
capabilities exist elsewhere and need not be repl icated at NBS . 

As a focal po int for basic research in f i r e ,  both nat ionally and 
internat ionally , CFR provides a number of important add it ional 
service s .  The F i re Research Informat ion service (FRI S )  provides an 
impor tant communicat ion link for f ire researchers throughout the wor ld . 
CFR sponsors and par t ic ipates actively in conferences , symposi a ,  and 
workshops devoted to important topics in f ire research and its staff 
partic ipates intensively in the technical and standards committees of 
organi zations such as the Nat ional F ire Protect ion Association (NFPA ) , 
Amer ican SOc iety for Testing and Mater ials , Amer ican Soc iety of 
Heating , Refr igerating and A i r-cond i t ion ing Eng ineers , I nc . , Amer ican 
Soc iety of Mechanical Eng ineers , and I nternat ional Standards Organiza
tion . CFR also is  a contr ibut ing sponsor to the NFPA f ire investiga
tion reports . 

Th is br iefly summar i zes the resources of the Center for F i re 
Research at NBS . The Nat ional Bureau of Standards is  a sc ient if ic 
research laboratory . I t  is  ded icated to the development of new 
knowledge and to the provis ion of reliable and accurate sc ient i f ic and 
techn ical data , measurement methods , and pract ices . Its  leading 
strength is its technical credibility .  

HOW CFR 1 s PROGRAM I S  FORMULATED 

Three important sets of factors are considered in  the format ion of 
CFR ' s research program . These , as depicted in F igure 2 ,  include 
assessment of the Center ' s  capabilities , understand i ng the external 
env ironment , and development of sharply focused obj ect ives in view of 
our expand ing knowledge of the f ire problem and the state-of-the-art 
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External 

Goals & 

Program 

F IGURE 2 CFR prog ram formulat ion . 

in  f ire sc ience . The prev ious sect ion summar i zed the f i rst of these 
( i . e . , CFR capabilities) .  CFR ' s  research program is formulated in a 
synthesis of these three elements . 

The external env ironment i s  compr ised of those outs ide of CFR who 
influence the shape and content of our prog ram ( F ig ure 3 ) . I t  
includes , for example , the F i re Act and the Congress , wh ich over sees 
the f ire problem and the actions of other s as well as our plans and 
progress . I t  includes the Administrat ion and its polic ies . I t  
includes the many organi zat ions , both pr ivate and publ ic , that deliver 
improved f i re protect ion or safety services , products , mater ials , or 
designs and many of those for whom such are intended . From the per
spect ive of CFR ,  the organi zations in th is external env ironment 
function in one or more of the categor ies depicted in Table 4 ( i . e . , 
research peer s ,  intermed iary organizat ions , or end user s-beneficiar ies 
of our research results) . The l ists shown are clear ly representative 
and not exhaustive . Note that many of these organizat ions address the 
f ire safety concerns of bu i lding des igners , bu ilders , owners , and 
occupants . 
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TABLE 4 Representat ive Organizat ions in CFR ' s  External Env ironmen t  

Re1earch Peer• 

Un ivers i t ie• 

Fac tory Mutual Re1earch 

Private and indu1 try l ab •  

In ternat ional Coun t er par t •-
Na t i onal Re 1earch Counc i l  of 
Canada , Bu i ld ing Re 1earch 
In1 t i tute o f  Japan , Fire 
Re 1earch Stat ion of En g l and , 
Cen tre Sc ien t i fique e t  
Techn ique d u  Ba t iment 

Intermed i ary Organ i z a t ion• 

u . s .  F i re Admi n i 1 trat ion/Nat ional Fire 
Admin i 1 t r a t ion 

Na t iona l F i re Protec t ion A1 1oc i a t ion 
Interna t i ona l A11ociat ion of F i re Ch ie fs 
Amer ic an Soc iety for Te 1 t ing and Ma t er i a l •  
Ame r i c an Soc iety o f  Mechan i c a l  Engineer• 
Soc iety of Fire Protec t ion Eng ineer• 
Ame r i c an In1 t i tute o f  Arch i t e c t •  
Underwr i t e r •  Laboratorie1 Te 1 t ing Lab1 
Indu1 try AIIOc i a t ion•--Amer ican Iron and S t e e l  

In1 t i t ute , Amer ican Tex t i le Manu fac tur e r •  
In1 t i tu t e , Upho l 1 tered Furni ture Ac t ion Counc i l , 
Soc iety o f  the P la 1 t i c  Indu1 t r i e 1 , Car pe t  and 

End U1er1-Bene fic iarie• 

Pub l ic 
Fire 1ervice1 
Fire and c ode o f f i c i a l •  

de 1 igner s-eng ineers 
Produ c t  manu fac turer• 

Rug Ins t i tute , Man-Made Fiber Produc e r •  A11oc iat i on ,  
Fore1 t Produc t •  As soc ia t i on 

Adv i 1ory Board on the Bui l t  Environment 
Na t ion a l  In1 t i tu t e  o f  Bu i l d ing Sc ience •  
Nat ion a l  Con ference o f  State• o n  Bui l d ing Code• 

and St andard• 
Nat iona l A11oc i a t ion o f  Home Bui l der• 
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RESOURCES ACTIONS 

- Public ... .. - Public .... 

- Private 
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- Private 
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RESEARCH 

� - Public (CFR, others) 

- Private 

PROBLEM 

Fire losses 
... & protection 

costs 

t 
I 
I 

�-----� 
• Statistics 

• Scenarios 

• Interventions 

• Needs (action, 
research) 

F IGURE 3 External environment influenc ing CFR programs . 

Th is external env ironment influences the CFR program i n  many ways . 
I have already ment ioned congress iona l review and overs ight , adminis
tration pol icy , and pr ivate sector interests . Obviously , many of the 
needs and quest ions that a r i se in th is realm are read i ly answered . 
C lea r ly it  makes l i ttle sense for CFR to under take activities best 
per formed by others  or in any way needlessly dupl icative of work 
ongoing el sewhere . 

F i nally ,  and importantly , i t  i s  w i thin thi s  r ealm that the f ire 
problem itself is character ized J f i r e  inc ident repor ts are abs tracted 
and stat ist ics compi led J appr ehens ions and concerns are raised J and 
publ ic pressures ar ise for answers , action , or retr ibut ion . Th is 
aspect of the CFR progr am formulat ion effor t tr ies our ab ility to 
l isten and quest ion pat iently , intell igently , and persi stently . 

Th i s  br ings me to the next element in the program formulat ion 
tr iad--that of setting our corpor ate goa l and object ives . Most of what 
I have sa id up to this point reflects an analys is of what i s  and a 
careful l i sten ing to the hopes , plans , and prognost icat ions of other s .  
However , a r eally good r esearch program embodies a great deal more . 
I t reflects vis ion and will  and a commitment to its relative mer i t  and 
pr act icabi l i ty .  we have tr ied to pack some of all of this into the CFR 
plan . 

THE CFR RESEARCH PROGRAM 

The goal of the CFR progr am i s  to pr ovide the sc ient i f ic and techn ical 
bas is for reduc ing f i re losses and the costs of f ire protection by at 
least half by the end of th is century . Th is necess itates the follow ing 
strategy for the Center ' s  technical progr am :  
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1 .  Promote the continued advance of f i re sc ience , 
2 .  Promote the development and widespread use of sc ienti f ical ly 

based f i re protect ion eng ineer ing practices , and 
3 .  Provide technical support for the t imely resolut ion of major 

f i re safety issues or problems . 

Th is strategy reflects a des ired balance between the ideal and 
longer-term and the pragmatic and nea r-term perspectives . I t  ref lects , 
we bel ieve , an understanding of cur rent and future d imensions of the 
f i re problem , practical intervent ions , and the lessons provided by 
ear l ier developments in other areas of engineer ing and bu i lding 
pract ice . I n  its s implest terms , the CFR program is des igned to 
provide a sc ient i f ic and technical bas is for practical predictive tools 
for cost-effect ive f ire protec tion . Th is concept i s  elaborated 
somewhat in the following elemental obj ectives of CFR :  

1 .  F i re r i sk measurement methods 
2. Eng ineer ing pred ict ion of fac i l i ty f i re performance 
3 .  Sc ient i f ic bas i s  for f i r e  suppress ion technolog ies 
4. Smoke ha zard assessment methods 
5. Predict ive formulae for elementa l f ire processes--igni t ion , 

flame spread , growth ext inct ion 
6 .  Measurements for mater ial f i re per formance and f ire model data 
7 .  K nowledge of smoke tox ic i ty and ef fects 
8. Proof and val idat ion testing at reduced and full scale 
9. Fundamental stud ies of smolder ing , soot format ion , rad iant 

ignit ion , polymer decompos it ion 

Mr . Nelson ' s  conference paper addresses the second obj ect ive , wh ich 
represents one of the more appl ied research efforts . 

ISSUES RAISED BY CFR RESEARCH PROGRAM 

The CFR research progr am  promises a great dea l of ult imate benefit to 
the bui ld i ng designer , owner , and occupant . How soon and how ef fec
t ively these tools are developed and del ivered depends on a number of 
factor s in add it ion to CFR ' s  research sk i ll , few of wh ich we control . 

The premise of the CFR program i s  that an improved sc ient if ic and 
technical bas i s  i s  necessary for major reductions in cos ts and losses 
of f i re in the Un i ted States . Exper ience to date bears out th i s  
premise . Recent reviewers concur . These include Congress ional a nd  
Admin istr at ion overs ight and techn ical review by the Nat ional Academy ' s  
Evaluation Panel ( National Academy of Sc iences ,  1983) . However ,  the 
conti nued v i tality of the program depends in large measure on susta i n
ing a viable commun i ty of lead ing researchers in the academic and 
industr ial bas ic research commun i t ies . Th is  means remov ing the l imi ta
tions of arb i trary test methods and dub ious rank order ings of mater ials 
and developing sc ient if ically va lid computer-based models of f i re 
processes and new measurement methods for the data they requ i re .  Many 
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important technical questions rema in before essent ial calculat ions or 
pred ict ions can be made . 

Th is powerful new technical base will d i f fer s ign i f icantly from 
trad i t ional pr act ices and codes . Th ink , for example , of the many 
developments in  the f ield of energy conservation in  bui ld ings over the 
past decade--in part icular : the development of practical tools for 
energy efficiency evaluation of bui ldings , equipment , and des igns ; and 
the insti tutional adj ustments requ ired to develop and train architects 
and eng ineers to use these tools to make • energy-consc ious design• a 
practical reality and to establ ish widespread use of ef fect ive energy 
management practices .  S imilar changes can be antic ipated i n  the f ire 
f ield . Th is will necess itate new approaches and programs for the 
educat ion and tra ining of des igners ,  arch itects and eng ineer s ,  code 
off ic ials , f ire safe ty offic ials , and those who provide technical 
ass istance to bu i lding owner s  and operator s .  

Important new funct ions need to be provided by the institutions 
that many of you represent . Scient i f ically val id measurement methods 
and computer-based models will need to be adapted and adopted to meet 
your var ied needs eff ic iently .  Inst i tutional mechanisms for the 
review , approval , and acceptance of such tools will need to be 
establ i shed . Data bases including the requisite data on bu i lding 
mater ials , designs , and commonly used bu ilding contents mus t be 
compiled and made ava ilable . Further , tests , demonstrations , and 
reference analyses must be developed and conducted to af f i rm and 
communicate the pract icability of these powerful new tools for var ious 
classes of designs , bu ild ings , owner s ,  and occupants . 

In  f i re safety , as in energy conservation , our pr ior it ies should 
ref lect a frontal assault on the toughest ,  moat important elements of 
the f ire problem . These are in pr ior ity order the following : 

1 . Ex isting one and two fam i ly res idences , 
2 .  Other ex isting res ident ial occupanc ies , 
3 .  New one and two fam i ly residences , and 
4 .  New other res ident ial occupanc ies . 

These p r ior i t ies reflect the r ealities of f i re inc ident statistics . 
Th is pr ior it i zat ion clearly we ighs need ahead of ease . Fire safety 
inev itably involves trade-offa between funct ion , cost,  and safety . 
Provid ing the bas is for coat-effective f i re protect ion in ex isting 
res ident ial occupanc ies i s  an extremely tough challenge . 

SUMMARY AND CONCLUS IONS 

The CFR research prog ram i s  des igned to provide powerful new capabili
t ies for reduc ing f i re losses and the costa of f ire protection . I t  is  
baaed on an analysis of CFR ' a  capabilit ies and a complex ar ray of 

factors in the environment external to the Center . It represents a 
s ignif icant departure from the more conservat ive course of i ncremental 
improvement in those tradit ional pract ices for f i re protection that 
have no basis in sc ient i f ic fact . Th i s  course raises a number of 

Copyright © National Academy of Sciences. All rights reserved.

Communications Between the Fire Research Community and the Owner-Operators of Buildings:  Proceedings of a Conference
http://www.nap.edu/catalog.php?record_id=19427

http://www.nap.edu/catalog.php?record_id=19427


4 3  

i ssues . Four have been singled out :  the need for a viable community 
of pr ivate and public sector researcher s ;  departure from dependence on 
trad it ional practice s;  the need for new institut ional mechanisms; and 
a directed assault on the toughest area of f ire loss , in particular , 
ex isting resident ial occupanc ies . Th i s  is clear ly not the most 
exped ient or the eas iest course for CFR to follow . However , i t  i s  the 
one the Congress ass igned to the Center nearly a decade ago . 
Expe r ience to date affirms that i t  rema ins the r ight one . 
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CONTENT , A� ILABILITY AND USE OF FIRE RESEARCH 
AT THE STATE OF THE ART 

w· 
Howard� Emmons 

Professor , Mechanical Eng ineering 
Harvard Un iversity ,  Cambr idge , Masssachusetts 

Researchers need the input of owner-operator s to understand what the 
owner feels his  f ire problems are . In  research , one f i nds that what the 
practit ioner feels h i s  problem i s ,  is indeed h is problem from his  point 
of view but may not be quite the r ight express ion of the quest ion from 
the point of view of selecting a research program to answer that 
question .  

I n  th is conference we have talked about bas ic research and appl ied 
research . I ndustry generally does practical research because it has to 
see potential return of i ts research dollar s ,  part icular ly i f  they are 
big dollar s .  The total solut ion to the d i f f icult f ire problem will take 
big dollars . Thus , basic f ire research i s  generally not supported by 
industry , there is  no mechanism now in place . 

F i re research spans many areas includ ing soot format ion processes , 
actuation of spr ink ler heads , and safety of wood burning stoves .  All 
these areas appear to be appl ied research and of interest to the owner
operator . However ,  a publicat ion in the f i r st area is entitled 
•observat ions of Laser- Induced Vi s ible Fluorescence in Sooting Di ffus ion 
Flames . •  Communicating th i s  bas ic research result to an owner-operator 
would be of no value ;  in fact , it may do harm if it is unintell ig ible 
to the average public . However , if  money had been put into that k ind 
of f i re research 4 0  years ago , we would be in a lot better posi tion 
today than we are . SOOt ing does damage and it  is  unhealthy , but it is 
also the major source of rad iat ion from f i r e ,  the mechanism by wh ich 
f ire spread s .  If we could understand and control soot ing ,  we would be 
closer to understanding and controlling f i res . Thus , long- range bas ic 
research , although not easily communicable , is  essent ial . Not all 
research should be of th is type . Many problems for wh ich we need 
immed iate answers can be solved by a small- or large-scale f i re test 
r ight now. Thus , a balance between these two types of research shou ld 
ex ist . 

I would l i ke to descr ibe the l imitations of standard f ire testing 
in answer ing f i re problems . Flammabil i ty testing of a g iven set of 
mater ials carr ied out in s ix d i f ferent countr ies with s ix di fferent test 
methods yields results that scatter almost as much as random numbers.  
Each test was designed and carr ied out by competent profess ionals and 
each su i ts a spec i f ic f i re system perfectly . In fact , however , the 
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tests a r e  measur ing someth ing that does not ex ist : inherent f lamma
bility .  Th is property is dependent on the test system , and s ince we do 
not live inside a piece of test  apparatus , th is type of test is of value 
to us only as a screening of part icularly dangerous mater ials . 

The accumulat ion of knowledge gained from tests such as these is  
presently in our bu i lding code s .  S i nce the code essent ially conta ins 
our exper ience , it conta ins th ings that are and are not relevant and 
important to controlling f i re . The codes could be improved by incor
porat ing informat ion that i s  already ava ilable ; incorporat ion i s  a slow 
process . The ult imate goal of f i re research should not be to add to 
prescr ipt ive codes ,  but to prov ide long-term bas ic answers so f i re pro
tect ion can be put on the same engineering basis  as other f ields of 
eng ineer ing . For example , because we understand the laws of mechanics ,  
there is  no question that a str ucture des igned by a competent c ivil 
eng ineer will stand up . Fire is  more d i ff icul t ;  there is  no hope of 
des ign ing with a s l ide r u le , for instance because the computer i s  needed 
to deal with the complexi ty of the problem . Our f i rst step is to stop 
trying to use the head as a computer to pred ict f i re spread . The fire 
tr iangle may be the bas i s  upon wh ich we th ink qualitat ively about f i r e ,  
but it  is o f  l i ttle value for quant itative des ign.  Eventually we must 
be able to pred ict the process of bur ning in an entire h igh- r i se bu ild
ing . F i rst though , our computer pred ict ive mode ls must be val idated . 

I would l ike to illustrate why fundamental research i s  important and 
may change our approach to the f i re problem in the not too d i stant 
future . we cannot have the total answer to our problem today , so 
build i ng a backg round is impor tant . 

What does a f i re real ly cons ist of? When a sc ientist looks at a 
f i re he sees a lot of phenomena . To under stand f i re we must under stand 
each piece of the puzzle and how they interrelate . I n  Harvard ' s  wor k ,  
sponsored by the Nat ional Bureau of Standard ' s  Center for F i re Research , 
we are look ing a t ind ividual sc ient i f ic quest ions . I n  order to be sure 
that the quest ions we were examining were the r ight ones , we ran ful l
scale bedroom f i re tests , heav ily instrumented with the help of Factory 
Mutual Research Corporat ion . Three tests were r un to check on repro
duc ibility .  The purpose of the tests was to study f ire deve lopment and 
to ver i fy computer model pred ictions such as f i re growth rate , burning 
rate , ce il ing layer development rate , temperature history , gas compos i
tion , and a i r  entrainment . Th ings we learned from the tests included 
the t ime of igni tion of the • second obj ect , •  the role of rad iat ive 
feedback from the hot ce iling layer in f i re development , and vent ilation 
effects on f ire per iod and growth rate in add it ion to the minute-by
minute development of the f ire . 

In our wor k ,  we compared test resu lts and computer results to 
determine wh ich piece of informat ion we need to measure to character ize 
the f i re and add to our unders tand i ng .  I would l ike to comment that 
interpretation of test results is somet imes diff icult , even in our full 
scale room burn stud ies because our measurement techniques are j ust not 
good enough . One of the areas wh ich we do not understand well is the 
tox ic i ty of products of combust ion and their spr ead . Th i s  i s  important 
because , in order to ensure the safety of the build ing occupants , we 
need to pred ict the t ime at wh ich the f i re alarm systems will warn them 
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of danger and the t ime a t  wh ich the escape routes are no longer tenable 
because of high temperatures or tox ic gases . All this informat ion wi ll 
make i t  poss ible for des ign eng ineers to generate a lternate f ire safety 
des igns for bui ldings with computer ver if icat ion of the feas ibility of 
these designs . Incidentally , through th is process , ex isting bui ld ings 
can also be dealt with . 

I n  summary , there i s  a communications gap between f ire researchers 
and build i ng owner-operator s .  I n  solv ing th is problem we must not 
disregard the small owners who collect ively own moat bu ildings but whose 
interest in f ire is on an ad hoc bas i s  at beat . we also must not d i s
regard the researcher who feels that communicat ion is a waste of t ime ; 
his greatest value to us i s  h i s  research abilit ies , and his fund ing 
should not be t ied to communicating ability .  We need intermed iar ies 
between these two groups : communicators . 

Today and tomorrow , all our f i re research answers will have to come 
from bui lding codes and f ire spec ialists such as f i re protection 
eng ineer s .  When will our computer code be ready? My predict ion is that 
in 10 years  we will be able to answer some design problema with the 
computer ; it will be 20 years before we can sat isfy a performance code . 
To speed up the process , national pr ior it ies must be changed and funds 
reallocated to g ive the f i re problem the attent ion and the solut ion it 
requ ires . 
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CREDIBLE ENG INEERING METHODOLOG IES 

Harold E .  Nelson 
G roup Leader ,  Center for F ire Research 

National Bureau of Standards ,  wash ington , D . C .  

Thi s  presentation i s  based o n  the prem i se that the communications gap 
between the sc ience community and the owner-operator community i s  
technical and semantic . The sc ience community deals with the par t i
t ioning of problems into smaller and smaller increment s to determine 
the nature of the phenomena involved and to quantify that involvement . 
The owner-operator commun ity ( e . g . , build ing operator s ,  maintenance 
managers , and planners)  deals with the dimens ions and mater ial spec i
f icat ions of real bu ildings . Ne ither community group can adopt the 
other ' s  mode withou t s ignificant d ivers ion from its purpose and 
d ilution of i ts capabili ties and credibilities . 

Histor ically , at  least unt i l  the past decade , f i re research was 
largely empi r ical . Wh ile empir ical research has resulted in some major 
impacts on the methods of appl icat ion of fire safety , these impacts 
have been sporatic . Three or four decades ago th is empir ical approach 
was suf f icient . Mos t bu i lding s  were inherently mass ive and highly com
partmented . Wood and paper were the pr ime combustibles of concern . 
The rate of change in  bu ild ing technology was slow and the cumulat ive 
history of how build ings reacted when exposed to f i re or other stress 
was a good pred ict ion of future expectat ions . I n  that atmosphere a 
system of consensus codes (cr iter i a , standards , etc . ) arose covering 
the full scope of bu ild ing health and safety . 

The code system was des igned to address the total charge of publ ic 
health and safety . Whenever cred itable technology existed , it was 
incorporated , but when i t  was not ava ilable , committee consensus j udg
ment was used . In the case of f i re safety , technology input has been 
m inor and j udgment bas been dominant . unfortunately , the result is a 
r ig id se t of requ irements .  The obj ect ive s and expectations of the 
consensus body in sett ing a requ irement are infrequently recorded . 
Consequently , the value and intent of the requ i rements are seldom 
apparent . 

Virtually every code has an equivalency clause that permi ts 
alternative approaches provided equal performance can be achieved . I t  
i s ,  however , d i f f icult to demonstrate the requ i red equ ivalency when the 
factor s that need to be cons idered were establ ished by consensus.  As 
a result , the code document rather than its or ig inal purpose becomes 

51  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

Commun ica t i ons  Be tween  the  F i re  Resea rch  Commun i t y  and  t he  Owner -Ope ra to rs  o f  Bu i l d i ngs :   P roceed ings  o f  a  Con fe rence
h t tp : / /www.nap .edu /ca ta log .php? reco rd_ id=19427

http://www.nap.edu/catalog.php?record_id=19427


52  

the obj ect ive . Expert ise becomes entombed in relat ing f ixed require
ments to bu ilding mater ials and systems . Innovat ion , rat ional des ign , 
and cost control are constra ined and fr ustrated . 

As the t i tle of th is presentat ion ind icates , th is paper proposes 
that a better approach rests in the development and accred itat ion of 
the underlying f i re protect ion eng ineering technology . The remainder 
of th is paper cover s :  the state of f i re sc ience that now makes such 
an approach poss ible and a proposed organization for such an approach , 
case study examples of two d i fferent ways to apply the approach to the 
problem of management and control of f i re safety i n  bu i ldings , and 
d i rect ions and conclus ions . 

THE STATE OF FIRE SC IENCE 

Over the past several decades a relat ively small but for tunately 
persistent group of research sc ient ists and eng ineers have labored in 
laborator ies and univer sities around the wor ld . They have ded icated 
the ir ef for ts to determining the bas ic pr inc iples of unwanted f ire ; 
measur ing the var iables involved ; and ( in recent years) developing 
coord inated eng ineering approaches to pred ict i ng the course of f ire , 
the re sponse of f i re safety features , and the resulting impact on the 
people , property , and productive miss ions involved . As a result , there 
is a progress ively emerg ing f i re protect ion eng ineer ing technology that 
can potent ially evaluate the f ire  safety performance of a bu ilding that 
may d i ffer widely f rom the current pr escr ipt ions of the code . It can 
also provide an assessment of the impact of a code requ irement as it  
applies to a spec i f ic bu ilding or  set  of  c i rcumstances . It is  now 
poss ible to make at least a pr imit ive analytical evaluat ion of f i re 
development and impact from the moment of ignition to the f inal deter
minat ion of the results of the f ire . 

The use of the eng ineer ing appr oach presented herein is  viable for 
e ither ind ividual bu ild i ng analys i s  or general i zed requ i rements for 
codes . In the f i r st case , the ac tual bu ilding cond it ions and arrange
ments are used . In the second case , it is necessary to establ ish the 
character istic allowable f uel cond i t ion for the occupancy under con
s iderat ion and apply th i s  to a ser ies of test cases representing an 
array of bu ilding arrangements for that occupancy . For cons istency and 
s implic ity of presentat ion , th is paper initially addresses the concept 
in terms of evaluating a spec i f ic bu ild i ng des ign .  The example con
centrates on a single situation . I n  appl icat ion , as with any eng ineer
ing des ign , it is necessary to make a suf f ic ient number of analyses to 
determine the response of the bu i ld ing to all of the potentially 
important f ire scenar ios for the fac i l i ty .  

F igure 1 ,  a n  overview of the key areas to be addressed i n  the 
eng i neer ing method , outl ines the log ical progress ion of an eng ineering 
design. The des ign process starts with the g iven bui ld ing cond itions . 
In  f i re safety design the necessary details i nclude : 

1 .  The bu ild ing , its layou t or shape , mater ials of construct ion , 
s ubsystems ( ut i l i t ies , electr ical , f i re alarm , spr inklers ,  etc . ) ;  
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F IGURE 1 Elements of an eng ineer ing methodology . 
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2 .  The intended use of the bui ld ing , part icularly in terms of the 
collect ion of combust ible mater ials as fuel packages ; and 

I 
I 
I 
l 

3 .  The people in the bu ild i ng in terms of their  locat ion with in the 
bu ild i ng and any spec ial physical impa irments or other characterist ics . 

As a pract ical des ign problem , some of these qualit ies are reason
ably fixed in any bu i ld ing and some are var iables that may change from 
time to t ime .  Many of these var iables can affect the course or the 
level of danger presented in a f ire . To attempt to analyze every con
ce ivable var iable and all the permutat ions or combinat ions of var iables 
is irrat ional . The evaluation of design cases that reasonably 
represent the f i re- i nduced stress that the bu i ld i ng is expected to 
endure is practical . Normally th i s  des ign f ire stress would encompass 
the expected f i re load cond i t ions e i ther typical in the occupancy class 
to be housed or spec i f ic to a known case of concer n .  S imilarly , the 
pos it ion of door s ( i . e , open or closed) and the location and d i spos i
tion of the people in the bu ild i ng can be evaluated on the bas is of the 
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moat vulnerable s ituation , a selected s i tuation of part icular interest , 
or a ser ies of selected des ign cases to determine the impact of one 
des ign case versus another . 

The eng ineer ing method v iews f ire aa an energy-dr iven stress on a 
bu i ld i ng and its internal env ironment . The bu ild ing reacts to th is 
stress by absorbing it , remov ing it , or undergoing some type of change 
in response to the stress . 

In recent year s the f i re r esearch community has made s ign if icant 
progress in f ire modeling , and as more information on mater ial proper
ties becomes avai lable , i t  will be poss ible to analyze the ignit ion and 
growth of fire through its ent ire course of development . Th i s  presen
tation illustrates the use of currently ava ilable capabilities . It  
includes c r i t ical use of empir ical results der ived through exper iments 
and tests . The type of empir ical results involved are engineer ing data 
expressed in term of rates and quant it ies compat ible with the ava i lable 
formu la . 

Currently there are suffic ient data and calculat ing capabi l i ty to 
work the elements in Figure 1 and to produce a caut ious appra isal of 
bui lding f i re safety . Exceptions to th i s  generalization include the 
effectiveness of extinguishing agents and the pred ict ion of the dec i
s ions made by ind ividuals upon rece iving an alarm . The level of capa
bility , however ,  var ies from pr imitive calculat ions for some elements 
to advanced models with a s ignif icant degree of conf idence for other s .  

EXAMPLE OF THE APPLICAT ION OF ENG INEERING METHODOLOG IES 
TO THE ANALYSIS OF A SPECIFIC BU ILDING 

The proposed method analyzes the r isk in a spec if ic bu ild ing through 
the following steps : 

1 .  Empir ically obta in the rate of release of energy and other 
produc ts of combust ion in  the free-bur ning mode for typical fuel 
packages . 

2 .  Calculate potential i nvolvement of add itional fuel packages . 
Develop the resultant rates of energy and produc t release . 

3 .  Ca lculate hazard development i n  the room or apace o f  or ig i n .  
4 .  Calculate hazard development i n  corr idors or other spaces 

exposed to the room of or ig i n .  
s .  Ca lculate the development o f  hazardous cond it ions through the 

rest of the bu i ld ing . 
6 .  Appra ise the str uctural ( f ire resi sting )  response of the 

bu i lding frame and other structural elements . 
7 .  Est imate the response of smoke detector s ,  heat detector s ,  and 

spr inklers and the impact of any activated ext inguishing system . 
8 .  Appra ise heat and smoke vent ing potentials . 
9 .  Appraise smoke control system potent ials . 

10 . Est imate the amount of t ime r equ ired for the evacuat ion of 
occupants from danger . 

1 1 .  Develop emergency movement plans to accompl ish safe evacuation 
within ava ilable t ime . 
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1 2 . Appraise the impac t of the result ing interaction o f  hazardous 
envi ronments and those per sons and property exposed to these 
cond i tions .  

Tb demonstrate the approach , cons ider a n  example involving the 
guest rooms in a 2 5-story hotel .  The bedrooms are approx imately 12 f t  

* by 18  ft  and conta in two double beds with inner spr ing mattresses 
and wooden headboards .  There are two beds ide tables , two overstuffed 
chairs , and one or more waste baskets . The layout i s  as appears in 
F igure 2 .  The inter ior f inish i n  mos t rooms i s  gypsum board 
decorated with pa int or wall paper , but some rooms have l/ 2- inch-thick 
hardwood plywood f inish.  The plywood is not f i r e-retardant treated but 
has a glue that is not subj ect to delaminat ion under f i r e  cond it ions . 
The layout of rooms on a s ing le floor i s  shown in F igure 3 .  The above 
choices were made because there i s  a l imi ted catalog of good empir ical 
test data on all of the i tems concerned as a result of proj ects at the 
National Bu reau of Standards ( NBS) for the Department of Health and 
Human Services and the National Park  Service . 

The obj ect i s  to determine i f  any occupant will be exposed to 
hazardous cond i tions assuming a reasonable response at the time of 
f ire . For th is example , a hazardous cond it ion is cons idered to occur 
when the f ire generated smoke and gas layer envelopes the bui ld ing 
occupants or subj ects them to rad iat ion h igher than approximately 0 . 2 5 
W/cm2 • 

The calculat ions used in this example can be applied to quest ions 
such as : 

1 .  How fast can f ire make the room o f  or ig in intolerable? 
2 .  A t  what stage would a smoke detector operate , and how much 

escape t ime would this g ive the room occupant? 
3 .  How does the escape time provided by a smoke detector compare 

with that of a low heat s ink , fast response heat detector? 
4 .  When would standard and fast response spr inkler heads actuate? 
5 .  I f  the room door were open , how fast would hazardous 

condi t ions develop in the cor r idor , and what would be the 
character istics of these cond i t ions? 

6 .  What would be the effect of provid ing a smoke bar r ier across 
the corr idor? 

7 .  How much smoke would f low into the stairs? 
B .  How much f ire proofing o f  the structure would be necessary for 

these fuel cond i tions? 
9 .  Once people star ted to move , how fast would · they clear an area 

exposed to a developing f i re? 
10 . How fast would the bu i ld ing be c leared , and would there be 

congestion in the sta irwell? 

*s i nce thi s  paper is for an aud ience involving many bui lding 
owner-operator s as wel l  as researchers , those d imensions commonly used 
by owners ( length ,  width , area) are g iven in the English system . 
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11.  Could the smoke be managed , e i ther by keeping it  above the head 
he ight of the evacuees or by preventing it from penetrat ing other 
floor s ,  stairwells , or elevators? 

In th i s  example , the reference data and calculat ion approaches used 
are currently accessible by practic i ng eng ineers .  Other methods that 
promise to produce more exact results are in var ious stages of 
development . 

F IRE GROWTH AND TRANSPORT 

The procedures in thi s example follow the organi zat ion in F igure 1 .  
The analytical calculations beg i n  with the procedures listed i n  the box 
in F igure 1 labeled "Growth and Transport . •  At this stage calculat ions 
are concerned with the growth and spread of fire  and f ire effects 
wthout any f i re safety system intervent ion . 

F i rst Item ( Initial Fuel Package) 

Most f ire research laborator ies have enhanced the ir  ability to 
determine the rate of energy release , combustion effic iency , and carbon 
monox ide product ion by the use of methods referred to as oxygen deple
tion calor imetry . Th is approach is  akin to measur ing stack gases in 
an industr ial furnace or tuning an automobile eng ine by examining the 
chemical compos it ion of its exhaust gase s .  A read i ly understood 
discuss ion is  presented by Huggett ( 19 8 0 ) . 

The so called calor imeters  involved are large hoods that collect 
all of the gases from the burning item and analyze the composition as 
the gases pass through the hood exhaust stac k .  At the Na tional Bureau 
of Standards these types of calor i f ic studies have been made on items 
rang i ng f rom waste baskets and small chairs to s imulated hotel rooms 
and j a i l  cells .  The tests produce time plots o f  the rate o f  energy 
release and the rate of product ion of carbon monox ide or any other 
combustion products for which continuous measurement instrumentat ion 
is available . One use of oxygen deplet ion calor imetry is to measure 
the products produced by a fuel package burning in a locat ion having 
no restr iction on a ir supply from the s ides and no cei l ing .  The 
results are termed the free burn character istics of the fuel package . 

F igure 4 shows a styli zed repr esentat ion of the rates of energy 
product ion by burning a common hotel bed stand ing against a gypsum 
board wal l .  F igure 4 also shows the same results when the gypsum board 
wall is replaced with a plywood panel wall .  I n  th is test , the effect 
of the wall occurred relatively late in the f i re .  F i nally , F igure 4 
illustrates similar results from the test of a small free standing 
upholstered chair . The three curves r epresent the furniture in the 
example problem . They are the starting data for the calculat ions . 

Involvement of Other Items 

F i re can propagate across the space between separated fuel packages by 
d irect radiat ion from the flame plume or from general room rad iat ion 
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dur ing or after the transition to a f lashed over space . In  the ear ly 
(pre-f lashover )  stages of burning , the concern i s  rad iation from the 
f lame plume produced by the init ially involved item .  Ignition transfer 
must be expected if the radiant impact on the exposed mater ial is  suf
f ic ient to br ing it  up to its ignition cond ition .  Thi s  problem has 
been examined and quantified by Babrauskas ( 1981) . F igure S is  an 
adaptation of a graph from his paper . Babrauskas d ivided mater ial 
ign i t ion suscept ibility into three categor ies of mater ials : those that 
are espec ially easy to ignite , those in the normal ignit ion range , and 
those that are d i f f icult to ignite . 

The • espec ially easy to ignite• mater ials include very thin com
bustible mate r ials such as curtains or drapes or very low density 
combustible mater ials such as low dens i ty fo� plast ics . Ignit ion can 
occur with radiat ion levels as low as 10 kW/m • The • normal ignition 
range• category includes those mater ials for wh ich the impos it ion of 
20 kW/m2 or more is required for ign i t ion. Th is category includes 
most common upholstered furniture . In the example both the beds and 
the upholstered chairs are considered to be in this category . The 
" d i f f icult to ignite• category includes wood , particular ly if it is 1/2 
inch or g r eater in thickness , and other h igh dens ity non-melting 
mater ial s .  These items have an inherent ability to absorb and d i sper se 
a reasonable propor tion of the energy rece ived . 

The example assumes that f ir e  starts in  a waste basket at the s ide 
of the bed near the window and that the cha i r  is approx imately 10 
inches away from the bed .  Figure S ind icates that a f ire of about 300  
kW will produce enough r adiat ion to involve the chair . At this t ime 
the cha i r  i s  assumed to ignite and burn at the free burn  rate . S ince 
energy is cumulat ive , it is reasonable and conser vative to add the 
energy plot from the cha ir to the energy release rate plots for the bed 
(Figure 4 ) . The add it ion is started when the expos ing f ire f irst 
produces the critical ignition energy ( 30 0  kW) . The resulting combined 
energy release rate curves are shown in F igure 6 .  These two curves 
are the input to the design calculat ion process . 

Room of Or ig in (Early Cour se of F i re Hazard Development) 

A number of researchers have produced ear ly stage f ire growth models 
using a concept known as zone model ing . F igure 1 taken from the wor k 
of Qu intiere (Jones and Qu intiere , 1983 ) , is an ideali zation of th is 
approach in which a burning fuel rele�ses combust ion products into a 
f i re plume where they mix with a ir entra ined in the r ising plume . The 
thermal effects and flu id dynamics of the plume are maj or elements in 
zone model ing of f i re development and smoke movement . An excellent 
introduct ion to the f ire protect ion eng ineer ing aspects of the f ire 
plume is provided by Heskestad ( 1982) . The gases produced f ill the 
upper part of the room and flow out of any opening s .  Dur ing th is 
process some of the heat produced is  rad iated from the r i sing flame and 
assoc iated products contained in  the plume , and some is transferred to 
the wall and ce iling surfaces in contact with the hot gases . As the 
f ire progresse s ,  the gaseous products in the upper layer become black 
and hot and r ad iate energy to the burning mater ial and any other 
combust ible or noncombustible surface in the room . 
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CYm= HOT GAS LAYER 

F IGURE 7 Control volumes (CV) used i n  zone models of fire  growth . 

Elaborate models using thi s  pr inc iple now are in vary ing degrees of 
development . Th is presentat ion , however ,  uses a somewhat less sophi s
t icated and more useable model developed by Cooper . Cooper ' s  work has 
been fur ther developed i nto a user friend ly computer model that can be 
r un on a minicomputer (Cooper , 1982) . In  the near future it  probably 
will be poss ible to run a version on some of the microcomputer s  now 
being used i n  many eng i neering off ices . Cooper ' s  computer program, 
ASET ( wh ich stands for Avai lable Safe Egress Time) , is  avai lable to 
anyone .  

ASET calculates the development of a var iety o f  the hazardous 
cond i t ions that accumulate in a space when there is suff ic ient a i r  for 
combust ion reaching the f i re and none of the smoke or other gases are 
escaping from the space . Th i s  represents the cond i tions in a closed 
port ion of a bui lding and i s  an appropr iate •worst• case cond it ion for 
conservat ive des ign .  To operate the ASET model , the height and floor 
area of the space involved is entered . Also entered are the previously 
developed energy release rate curves ( F igure 4) for the combinat ion 
burning of a bed and cha ir and two energy transfer constants . 

The introduct ion of energy transfer constants constitutes a maj or 
s impl if icat ion in ASET but reduces the accuracy of the results.  The 
model i s  purposely conservat ive to accommodate th i s .  The f i rst energy 
transfer constant represents the propor t ion of the energy transferred 
b¥ rad iat ion from the f lame and therefore not retained in the f i re 
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plume . For common mater ials where there is  a reasonable amount o f  soot 
and other mater ial i n  the flame ,  a value of approximately 30 to 3 5  
percent is cons idered appropr iate for the f i r st constant .  The second 
energy transfer constant r epr esents that amount of heat not ava i lable 
for heating upper layer gases . The range usually considered for th is 
is  wider , r ang ing from about 6 0  to over 9 0  percent of the energy 
released by the f ire . Unless exper iments ind icate a spec i f ic value , 
the conservative pos ition for cons ider i ng the development of hazardous 
cond it ions is to use a lower value , wh ich assumes that more energy 
stays in the smoke cloud . Tests at NBS suggest that 80 percent is a 
conservat ive value appropr iate for rooms l ike those in the case study 
(Jones and Qu intier e ,  1983 ) . 

For the example calculat ion , a flame rad iant energy transfer 
constant of 3 5 percent and a total energy loss constant of 80 percent 
is used . The ASET model contains an instr uct ion to cease calculations 
at any t ime the ceiling gas temperature exceeds 7 5 00p ( 4 0 0° C) . 
By that t ime ,  the energy feedback from the hot gas zone is approach ing 
the point where any material not already burning will be raised to i ts 
ign it ion temperature . 

Even before th is , when the ce i l i ng temperatures are around 4 500p 

( 2 32ot ) the r ad iation from the hot gases is  assumed to exceed human 
toler ances ( Cooper ,  198 2) . ASET calculates that the temperature in a 
closed gypsum board l ined room of or ig in will r ise to the 4 5 00p 

( 2 3 20C ) level in  2 0  seconds a fter open f laming ignit ion of the bed 
and that the smoke cloud in  the room will descend to four feet above 
the f loor i n  90 seconds . Further , the model ind icates that the tem
perature will c l imb to 7 500p ( 4 000C) by 3 20 seconds (Figure 8 ) . 

For the room l ined with wood paneling , the temperature r ises to 
4 500p ( 2 32  °C)  in  2 4 5  seconds (Figure 9 ) . The smoke layer descends 
to 4 feet above the floor i n  9 0  seconds and the temperature predict ion 
of 7 5 00p ( 4 000C ) is  reached i n  3 30 seconds.  There is l i ttle 
var iat ion between the two cond it ions because there is very l i ttle 
involvement of the wood paneling in the ear ly stages of f i re 
development . 

Important l imitat ions on the ASET-produced data are contained in 
F igures 8 and 9. First , ASET depends on preset energy release data . 
The empi r ically der ived da ta used i s  useful only to the t ime in the 
fire development when the upper room temperature ( i . e . , smoke zone)  
reaches a level that will affect the rate of burning of the fuel 
package bei ng modeled . Thi s  i s  expected to occ ur by the t ime ASET 
ind icates temperatures around 7 500p ( 4 0 0°C ) . At this point the 
user should assume that f lashover has occurred and ASET is no longer 
useful . Also , ASET assumes the presence of suff ic ient oxygen for 
continued free ( fuel controlled ) combust ion . Once the smoke zone has 
descended to near the level of the f ire , the oxygen supply will be 
l imi ted . ASET wi ll overestimate the burning and f i ll ing r ates . For 
these reasons , F igures 8 and 9 and all subsequent plots of ASET
developed data do not show data ind icating temperatures of greate r than 
7 500p ( 4 000C ) and show dashed l ines for parts of t ime-temperature 
curves that occur after the smoke level drops below the level of the 
f i re . Dashed lines also are used to show ASET- i nd icated smoke levels 
after ASET pred icts smoke zone temperatures of 7 5 00p ( 4 0 00C ) .  
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Predict ion of Flashover 

Flashover is a phenomenum result i ng pr imarily from energy feedback from 
the smoke layer .  As f lashover occur s ,  f i re transforms from a rela
tively modest energy cond i t ion of ind ividual i tem burning to a vent i
lat ion controlled cond ition where generally all combustible exposed 
surfaces become involved . Ther e  are calculat ion models that attempt , 
with varying degr ees of success , to plot the actual course of room 
temperature and energy release through th is process . For this pape r ,  
however ,  once cond itions approach those that can induce f lashover , the 
impact of f lashover is considered in the hazard evaluation . On th is 
bas is the calculations assume that f lashover is  certain i f  the ASET 
model shows a temperature in excess of 6 0 00p ( 3 150C ) and that i t  
occurs when the temperature reaches 7so0p ( 4 0 0°C ) . Th is repre-
sents a conservative but not unl ikely s i tuat ion .  I n  most f ire tests 
the trans ition through the 600CF ( 3 150C) to l0000p+ ( 5 380C) 
range i s  quite rapid . Ac tually , not every f i re that reaches a 
temperature of 6 0 00p ( 3150C) will  pass through f lashover , however , 
the probabi l i ty of flashover i s  high in  any such case and i s  assumed 
when using ASET . 

Compartment of Or ig in  ( Post-Flashover Cond itions) 

At th is point ASET can be again used to address the cond itions in a 
cor r idor abutti ng and open to the room of or ig i n .  Some l imited ver i
f icat ion tests address ing pre-f lashover hazard development in an 
exposed corr idor were wel l  pred ic ted by ASET (Jones and Quint iere , 
19 8 3 ) . More advanced models that will improve the accuracy of the 
calculat ions are in development . 

Recently , the full-s i ze r oom  burn fac i l i t ies at NBS and the asso
c iated smoke pollut ion control vent system have been used as a large
scale oxygen deplet ion calor imeter . Using thi� arrangement , a f lashed
over room can be treated as the fuel package . The energy and f ire 
products emitted from the door are determined by measurements of oxygen 
deplet ion and hea t capac i ty as the products are caught and measured in 
the hood . Te sts ( Lee , i n  press ) have been made on a bedroom set- up 
approx imately hal f  the s ize of the hotel room in the example case . I n  
one test , the bedroom contained a bed , end table , and headboard f uel 
package with gypsum board l ining . I n  the other test , the room had the 
same fuel package wi th plywood panel l ining . These room tests and 
similar room tests of pr ison cells ( Lee , 198 2 )  are the only post
flashover measurement of th is type made by NBS . 

The design room i n  the example is  twice the s i ze of the test rooms 
and contains two bed arrays and two cha i r s .  The door opening t o  the 
cor r idor is the same s ize . Pr ior to flashover , the rate of burning 
will reflect only those i tems i nvolved by progress ive spread of f ire 
ac ross or between i tems.  After flashover , however ,  everyth ing in the 
room will  be involved . Again,  energy release cates ace cumulat ive .  

Since the amount o f  surface area is approx imately double that of 
the tests , and the second bed array is l i kely to be involved , every 
point on the energy release curve is doubled from the moment of flash
over . Th is r esult again  is  probably conservat ive ( i . e . , overest imates 
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the energy release rate) because the excess pyrolys is products be ing 
released in  the room might actually dampen the burning r ate and have 
some effect on reduc ing temperatures and the resulting rad iation on the 
combustible surfaces . The doubling assumpt ion , however , g ives a modest 
but reasonable marg i n  of safety . Also , since the two cha irs will be 
involved i n  the post- f lashover f i r e ,  the energy avai lable from these 
i tems is added to the curve . 

With these assumptions , new curves are  developed foe both the 
gypsum board and plywood lined rooms . I n  each case the curve from the 
moment of ignition to the moment of flashover is the same cate of 
energy release obtained fcom the pre-flashover plots shown in F igure 
6 . From the moment of f lashover , however ,  the post-f lashover energy 
release cates wece used . The combined c urve foe f ire in  the example 
rooms is shown in  Figure 10 . 

ASET i s  used to est imate the smoke f i ll ing and temperature r ise in 
combined coom and corr idor ar rangements . Based on l imited data from a 
ser ies of full-scale coc c idoc f i lling tests (Jones and Qu int iere , 
1983) , i t  is  assumed that the energy lost by the upper layer foe the 
combinat ion of the coom of or ig i n  and adj acent cor c idoc is 90 percent . 
Three d ifferent combinat ions of the coom of or ig in and adj acent 
cocc idoc ace assumed to be the smoke compar tment s i ze .  These total 
areas considered ace 10 , 0 0 0  f t2 , 5 , 0 0 0  f t2 , and 1 , 0 0 0  f t2 , 
represent ing coc c idoc lengths of approx imately 1 , 2 0 0  ft , 6 0 0  ft , and 
100 ft . F igures 11 and 12 show the smoke f i ll ing and temperature r ise 
data deve loped for the 10 , 0 0 0  f t2 and 5 , 0 0 0  f t2 cond it ions , 
respectively . Impor tant values are also l i sted in  the Table 1 .  

Rest o f  Build i ng (Migrat ion of Smoke and Other Fice Products)  

The previous calculations trace the chang i ng condit ions in  the com
partment of f i re or igin.  The next quest ion addressed i s : What 
products will migrate through the cracks  and dthec opening s  into other 
port ions of the building . A technical reference containing the formula 
used to calculate such migration i s  " Des ign of Smoke Control Systems 
foe B u i ldings• by K lote and Fotherg ill ( 19 8 3 ) . The formula used here in 
are e i ther conta ined in oc der ived from the information in Chapter 2 
of that document . 

The problem i s  one of fluid f low .  The fluid movement forces ace 
the combination of those produced by the f ire and those result ing from 
venti lat ion , wind ,  and stack  effects . 

For the example problem , the f ire room i s  considered to be on the 
second f loor of the 2 5-stocy bui ld ing . The selected des ign cond it ion 
is based on an outs ide temperature of sOp ( - 1S°C)  with an inside 
temperature of 700p ( 2 20c) ,  a wind of 2 0  mph , and a poss ible loca
t ion of the neutral plane as high as the f i f teenth floor . I t  is con
servatively assumed that all of the pressures ace add it ive oc c umula
tive .  The pcessuce potential of the f i re plume is conservatively 
estimated to be 0 . 0 8 inches of water ( 2 0  pa) , produces a stack effect 
of 0 . 26 inches of water , ( 6 5  pa) and the wind produces a head of 0 . 10 
inches of water ( 2 5  pa) foe a total pcessuce of 0 . 4 4  inches of water 
( 110 pa) . 
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TABLE 1 ASET-Der ived Times to Reach Ind ividua l Cond i t ions 

Fire Scenario Time and Smoke Layer Temperature Time to Smoke 
( Room Lining at Var ious Smoke Laier E l evat ions Laier Temeerature 
and Total Area ) 5 ft 3 ft 1 . 5  ft 4500 7 500F 

Gypsum Lined 

1 , 000 f t 2 1 70 sec , 100°F 260 sec , 700°F 280 sec , 7 00°F a a 

5 , 000 ft 2 3 70 sec , 2 10°F 6 1 0  sec , 3 10°F 780 sec , 486°F 7 50 sec a 

1 0 , 000 ft 2 5 7 0  sec , 2 30°F 1 , 000 sec , 3 70°F < 2000 sec , 400°F < 2000 sec < 2000 s ec 
0\ (IC) 

Plywood Lined 

1 , 000 ft 2 140 sec , 100°F 24 5 sec , 1 7 0°F 320 sec , 2 20°F a a 

5 , 000 ft 2 350 sec , 200°F 400 sec , 500°F 440 sec , 6 7 5°F 400 sec a 

10 , 000 ft2 400 sec , 370°F 5 10  sec , 660°F 720 sec , 900°F 440 sec 560 sec 

�Ind icated temperature not reached pr ior to descent o f  smoke layer b e l ow leve l o f  f ire . 
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The calculat ion of smoke transfer through any spec ific part o f  the 
smoke compartment enclosure requ i res determinations of t 

1 .  The cumulat ive fluid f low from the f ire compartment . 
2 .  The portion of that flow passing through any g i ven component 

( e . g . , smoke barr ier , stair opening ) .  
3 .  The port ion o f  the flow that contains f ire products . 
4 . The concentration of contamination in the smoke f low ( carbon 

monoxide for th is example) . 
The express ion of Bernoulli ' s  theory for flow through cracks and 

small openings i s : 

Qa • KA (t. P)  1/ 2 ' 

where Oa • flow (cfm) , A • Ae effective leakage area ( f t2 ) ,  t. P • 
pressure d i fferent ial ( inches of H20) , and K • constant ( 2610 for 
d imensions shown) . All of the var iables in the above formula are 
either determined or measurable except for the effective area (Ae> •  
Ae is der ived from the measured leakage areas and the relat ionsh ip 
of those areas of the inflow ( a uction) openings into the compartment 

( 1) 

to those of the outflow (discharge) opening s  from the compar tment . The 
relationship of actual leakage a rea to ef fective leakage area can be 
expressed as : 

A • 
e 

where ,  A i• total area of all  leakage opening on the intake ( s uction) 
a ide and A0• total area of all leakage opening s  on the outf low 
( d i scharge)  s ide . 

( 2)  

I n  the example problem , however , the interest is in  the leakage 
through a spec i f ic hardware arrangement such as a door . Also , unt il  
the smoke layer reaches the f loor , only a port ion of  the leakage will 
be smoke laden . The smoke leakage ( Q8) through any part icula r hard
ware element can be expressed as a proport ional relat ionship as 
follows : 

Q .. Q 
s 

(A
h

) (A ) (T ) l/ 2  
s s 

where , Qa • total fluid flow from Eq . 1 ,  Ah • Total leakage area 
of hardware component ,  A t • Total leakage area of all elements in 
compartment that are involved i n  the same f low ( i . e . , inflow or 
outf low) , As • Leakage area of hardwa re component above smoke layer , 
Ts • absolute temperature of smoke layer , and Ta • absolute 
ambient temperatur e .  

( 3 )  
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I n  the example problem , the following situat ions involving three 
example f i re conditions are cons idered : 

1 .  Smoke leakage from the f loor of or ig in into open or closed 
stair  or elevator shafts when the f loor i s  und ivided . 

2 .  Smoke leakage through smoke barr ier doors from the f i r e  side 
to the safe s ide of the f loor is d iv ided into two equal sections by 
smoke bar r ier doors on opposite s ides of the building . 

3 .  The expected redistr ibut ion of smoke leakage from f i re floor 
to f loors in h igher port ions of the bu ild ing . 

For the example problem the leakage areas involved are estimated as 
follows : 

1 .  The exter ior walls on each f loor are approximately 2 5 , 0 0 0  
square feet . Us ing the data o f  Klote and Fotherg ill  ( 19 8 3 ,  Append ix 
C ) , a wall of average t ightness with the . windows closed would be 
expected to have a leakage rate of approx imately 0 . 21 square feet per 
1 , 0 0 0  square feet of wall area . S ince the design case i s  based on 
extreme winter condit ions , i t  i s  expected tha t the windows would be 
c losed . The outs ide wall leakage area for the entire bu i lding is 
therefore approx imately 10 square feet . Correspond ingly , the outside 
leakage area for each of the two sections in the case where the bu ild
ing is subdivided by smoke bar r iers would be 5 square feet in each 
zone . 

2 .  The f loor has four sta i rwells ( two in each smoke zone 
d ivided case) ; each door is 36 inches wide by 78 inches high . 
on each s ide and over the top of the door i s  1/ 8 inch . There 
1/2- i nch undercut . 

i n  the 
The gap 

i s  a 

3 .  There are six elevator s ( two banks of three doors each) . The 
elevator door s are each 60 inches wide ( two 30-inch leafs)  by 78 inches 
h igh .  There is a 1/4-inch gap around the door and a l/ 4- inch gap at 
the overlap of the two leaves . When tbe door s are fully open there is 
a l- i nch gap all around the car between the car and the face of the 
shaft . 

4 .  Each of the two smoke barr ier doors assumed in  the case where 
the f loor is  divided into two smoke zones cons ists of a pa ir  of doors 
each 36 inches wide and 78 inches tal l .  These doors have a crack 1/4 
inch wide at the top , down each s ide , and at the edge where the leaves 
meet . 

To calculate cumulat ive f low (Qa) from the f i re compartment using 
Eq . 1 ,  it  i s  necessary to determine the effective leakage area (Ae) 
us ing Eq .  2 .  Figure 1 3  conta ins detai led calculat ions of Ae for 
three d i f ferent door arrangements .  I n  each case the floor i s  und ivided 
and all windows are closed , but the 4 feet by 5 feet window in the f i re 
room i s  broken out . The effec t of opening or clos ing sta irwell or 
elevator doors is  demonstrated by the d ifferences in ef fective area . 

F igure 14 makes simi lar calculat ions to determine the effect ive 
a rea except that smoke barr iers reduce the s i ze of the smoke zone to 
half the floor . Leakage from the f i re zone i s  both into the stairs  and 
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Case 1 :  Ro Smoke Barriers 
(a ) Al l  doors c losed , window in fire room broken . 

Ai • (aiven) vall lukaae area + window aru • 10 + �0 • 30 ft 

A • 4 a tair + 6 alevatora (all cloaed) 0 • 1 . 16 +23 . 66 • 4 . 8  ft 

Aa .  (30) (4 . 8) • 4 . 7  ft2 
1(30) 2+ (4 . 8) 2 

(b) s ... u (a) ezcept 1 iltair opa on fire floor and at lua t 3 other 
doora in .... ataira opa on floor• 15th floor or above . 

Ai • 30 fti (aee (a) above) 
A0 • Open door + 3 cloaed doora + 6 cloaed e levator• 

• 19 . 5  + 0 . 88  + 3 . 66 
• 24 . 04 ft2 

Ae • 18 . 8 ft2 
(c) s ... u (a) . except 1 elevator open on f ire floor . 

Ai • 30 ft2 (aee (a) above) 
A0 • opaina between cab and abaft + cloaed door• + 

5 elevator• 
A0 • 1 . 92 + 1 . 16 + 3 . 05 

• 6 . 13 ft 2 

Ae • 6 . 0  ft2 

FIGURE 13 Calculation of effect ive leakage areas (Ae) --full cor r idor 
exposure . 

elevator s on the f i re s ide of the f loor or through the smoke barr iers .  
I n  f i ve o f  the s i x  cases i n  F igures 13 and 14 , the leakage from the 
f i re zone to the other portions of the bu ild ing is s ign i f icantly 
smaller than the total inflow leakage through the broken window and 
inf iltration around c losed windows . In these cases the effective area 
(Ae ) i s  controlled by the s i ze of the crack s and other openings from 
the f ire zone into the rest of the bu i ld ing . Addi tional openings from 
the f i re zone would increase Ae and thereby increase flow.  I n  the 
third s ituation where both a smoke bar r ier and the sta irwell doors on 
the • safe side• are open ,  the outflow leakage area i s  signif icantly 
larger than the total area of the opening through the broken window and 
around the window cracks . In this case , the leakage rate is  pr ima r i ly 
controlled by the restr ict ion of the inflow a i r , and opening more door s 
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Cas e  2 : Floor Divided i n  Ha l f  by Smoke Barriers 

( d )  Al l door s and e leva tor s c losed . 

A
i 

• wall leakage on fires ide of smoke barrier 
plus window area 

A
i 

• 5 + 20 
• 2 5 ft

2 

A • 2 s t airs + 3 e levators + 2 smoke barriers 0 
• 0 . 5 84 + 1 . 8 3 + 1 . 5 6 

• 3 . 9 79 

A • 3 . 9  f t
2 

e 

( e ) . one pair o f  smoke barr ier door s open , al l o ther doors c l osed . 
Not e : While area o f · open pair o f  barrier doors is 39 ft

2
, the 

leakage area through the " f ire" s ide is determined by the leakage 
into the elevator shaf ts and s t airs on the now open f loor . 

A • (0 . 5 84 + 1 . 8 3 )  2 0 
• 4 . 8 3 

A • 4 . 7 f t
2 

e 
( f ) One pa ir o f  smoke barrier doors and 2 s t airwe l l  doors open 

on "s a fe s ide . "  (Al so  a t  l e a s t  2 door s above 15 th f l oor 

open on each s ta ir . ) 
No te : Leakage area from "safe" s ide now exceeds leakage area 
of open pair of doors . In this case , leakage through the fire 
s ide is determined by the leakage area o f  the smoke doors and 
the other leakage areas on the " f ire s i de " . 

A • 0 . 5 84 + 1 . 83 + 39 0 
• 41 . 4  f t

2 

A • 2 1 . 4  f t
2 

e 

F IGURE 14 Calculat ion of ef fect ive leakage areas (Ae) --half corr idor 
exposure .  
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a nd  ahaf ta on the outflow aide would have l i ttle effect on the total 
flow through the f i re zone . Conver sely , break ing or otherwise openi ng  
anothe r window in the f ir e  zone could increase the rate of flow from 

the smoke zone i nto other ar eas . 

Once the e f fect ive a rea baa been es tabl ished , the tradit ional fluid 

flow relat ionships in Eq . 1 can be applied . The results are shown in 

Figure 1 5  for al l six cases . Note that the ef fect ive areas r ange from 
a minimum of 4 f t2 to a max imum of 21 f t2 . The cor reapondinq total 

pressure induced f low from the smoke compartment ranges between 7 , 0 0 0  
a nd  3 6 , 0 0 0  cfm .  

Case 1 :  

(a) 

(b ) 

(c)  

Case 2 :  

(d) 

(e) 

(f )  

Q • KA (AP) 1/2 
a 

where : K • 2610 
A • A (ft2) e 

AP • 0 . 44 in . u
2

o (given) 
Fu l l  Corridor Exposed 

A • 4 . 7 ft2 e 
Q 8137 cfm a • 

A - 18 . 8 ft2 e 
0 -

·a 32548 

A - 6 . 0 ft2 e 
Q -a 10 , 387  cfm 

Floor Divided in Ha l f  by Smoke Barr iers 

A • 3 . 9  £ t2 e 
Q • 6752 cfm a 

A • 4 . 7 ft2 
e 

Q • 8137 cfm a 

A • 21 . 4 £t2 e 
Q • 37 , 049 cfm a 

FIGURE 15 Calculat ion of total mass f low . 
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The flows developed are constant through the course o f  the f ire so 
long as the pressure and the opening s  rema i n  the same . The portion of 
the f low that i s  actually smoke laden , however , will vary accord ing to 
the posi t ion of the smoke layer pred icted in the previous analys is of 
cond i tions inside the smoke zone . When the smoke layer is above the 
sof f i t  height of the door s , a l l  of the f low out of the smoke compart
ment will  be essent ially clean a i r .  The c lean a i r  may carry some odor 
or l ight haze developed from edd ies and other turbulences that cause a 
small portion of the smoke to drop below the pred icted smoke layer . 
I f  the smoke layer drops to the f loor , then all  of the flow from the 
f i re zone will  be smoke laden . 

Where the outflow from the smoke compar tment is  d istr ibuted among 
a number of cracks or opening s ,  the amount of the flow pass ing through 
any s i ng le opening is only a propor tion of the total flow.  Flow 
through spec i f ic openi ng s  also wi l l  be affected by densi ty d i fferences 
result i ng from temperature d i f ferences between the smoke layer and the 
lower layer . The effec t will  be propor t ional to the square root of the 
rat io of the absolute temperatures of the two gases . In  the cases 
evaluated in th is example , the temperature d ifferent ials have not been 
considered . Eq . 3 shows this relat ionsh ip. 

F igure 16 is a plot of the r ate of leakage at a stairwell door , 
both open and closed . The plot also shows the d ifference in leakage 
between the smoke cond itions generated from the gypsum board lined room 
and the plywood l i ned room. The d i fferent leakage r ates for gypsum 
board and plywood lined rooms reflects the d i fference in the speed of 
descent of the smoke layer . F igure 17 is  a s imi lar plot showing the 
leakage into an elevator shaft through closed and open e levator door s .  
I n  the case o f  the open e levator door the leakage area is  not the full 
area of the door opening but the area of the crack between car and the 
shaft . 

F igure 18 shows the movement of smoke through a smoke barr ier for 
three d i f ferent s ituat ions , namely , when the door s are all in the 
closed pos ition , when one of the smoke barr ier doors is open wh ile all 
of the other doors stay in  the closed pos i t ion , and when stairwell 
doors on the • safe s ide• are open into stai rways that have s ignif icant 
vent ing capabili ties of the i r  own ( into upper floor s and out through 
the windows of those f loors ) . The s ignif icant d i fferences between the 
two cases of open smoke barr ier door s reflects the impac t of effect ive 
leakage area as expressed in  the Eq . 3 .  I n  the former case , the flow 
is constra ined by the relat ively smal l  amount of outflow area ava i lable 
to it in the • safe zone . •  In the latter case , the flow , whi le much 
g reater , is throttled by the l imi ted area for intake into the f ire 
zone . It  is impor tant to note that i n  both cases where a smoke bar r ier 
door is open between the f ire zone and safe area , the calculations are 
based on the door be ing open for only a br ief per iod of time .  I f  the 
door were to rema in open for any extended per iod of t ime long enough 
to establi sh a hot layer on the safe a ide , the value of the smoke 
bar r ier would be lost and the ent ire f loor would operate as a smoke 
zone f i lling approx imately as descr i bed in the previous section 
covering the compartment of or ig in . 
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F IGURE 16 Smoke leakage (Q8) through a sta irwel l  door . 
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FIGURE 17 Smoke leakage (Q8) through an elevator door . 

Copyright © National Academy of Sciences. All rights reserved.

Communications Between the Fire Research Community and the Owner-Operators of Buildings:  Proceedings of a Conference
http://www.nap.edu/catalog.php?record_id=19427

http://www.nap.edu/catalog.php?record_id=19427


t"' '  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, 

76 

eoth 81110ke berrler doore ...t exit etalre from 81110ke refuge zone open 

8moke llerrler doore only open 

-- - - - - -
,__ - -

, ' Smoke llerrler 
, , door• cloaed 

- - Fire In gypaum lned room 
- Fire In plywood lned room 

10 ���--��_.--��_.��.__.�� 
o 2 4 e a 10 1 2  14 us  18  20 22 24 28 

TIME (min) 

FIGURE 18 Smoke leakage (Qs) through a set of smoke door s .  

S i nce the ASET model also calculates carbon monoxide concentration , 
it is poss ible to g ive the rate of increase of carbon monox ide by 
transfer from the f i re zone . Tables 2 and 3 g ive values assoc iated 
with the leakage rates shown in F ig ures 16 , 17 , and 18 . 

Having determined the rate of passage of smoke into a stairway or 
elevator , i t is often des irable to estimate the red istr ibution of smoke 
to other floor s throughout the bu ild i ng . For the 2 5-story build i ng in 
the example problem the smoke will  be d i scharged through the shafts to 
f loor s above the neutral plane . The same equations used to determine 
the passage of smoke from the f i re zone apply . For example , cons ider 
that the leakage areas from the stairwell are the same on each floor 
( i . e . , all the sta irwell  door s above the neutral plane are closed or 
all are open) . The stack effect in the sta irwell generates a d ifferent 
pressure for each f loor . The stack effec t formula is  detai led by K lote 
and Fotherg ill  ( 19 8 3 ,  Chapter 2 ) . 

For the cond i t ions of the example case , the outflow pressure from 
the sta irwel l  into the rest of the bui lding wi ll range from zero at the 
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TABLE 2 Carbon Monoxide in Ou t f l ow Smoke --No Smoke Barr ier 

co Smoke Out flow ( Qs ) (c: fm )  
Time Cone . Thru C losed Thru Open Thru C l osed Thru Open 
(min . ) ( ppm) S t a irwe l l  Door S t a i rwe ll Door E levator E l evator 

F ire in G:lpsum Board Lined Room 

6 . 5  565 69 24 7 6  2 2 5  8 6 6  
9 . 0  2459 104 6 908 3 29 1 1 08 

1 2 . 0  3479 1 3 9  1 2 9 3 2  4 5 0  1 4 3 7  
16 . 5  49 36 1 7 3  1 8 1 2 6  5 54 1 7 3 1  
20 . 0  5075 1 90 1 94 7 6  589 1 80 1  

F ire in P l�ood L ined Room 

6 . 5  388 1 0 3  6908 3 2 9  1 1 08 
9 . 0  54 2 3  1 9 0  2 0 1 5 2  606 1 8 3 5  

1 2 . 0  694 1 2 2 5  25865 7 1 0 2 1 4 7  
1 6 . 5 7 8 9 5  2 5 2  286 1 8  7 7 9 2 3 20 
20 . 0  8384 2 6 0  300 7 2  8 14 2 3 89 

TABLE J Carbon Monox ide in Ou t f low Smoke --Base F l oor Divided by Smoke 

Barr iers 

co Smoke Ou t f low (gs ) ( c fm )  
T ime Cone . Al l Doors  Barr ier Doors Open 
(min . ) ( ppm) C l o sed Other Door s C l osed S t air Door s Open 

F i re in G:lpsum L i ned Room 

4 . 5  3 1 63 2 7 7  4069.! 6 1 2 9 
6 . 0  6 2 9 7  3 8 1  I I  1 6 1 00 
8 . 5  1 1 380 502  I I  28046 

10 . 5  2 1 220 6 2 3  I I  3704 9!. 
1 2 . 5  44330 7 2 7  I I  I I  

2 0 . 0  104 100 866 I I  I I  

Fire in P l�ood L ined Room 

4 . 5  4-39 242 1662 1662 
6 . 0 1 8 5 1 364 4069k 606 2 3 2 68 
8 . 5  7 8 7 7  9 1 8  I I  7 1 0  3 7 049 

!Max imum f low through opening has been reached . 
�moke layer has reached f loor leve l .  
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neutral plane on the f i fteenth f loor to 0 . 2  inches o f  water ( 50 pa) a t  
the twenty-f i f th f loor with a l inear distr ibut ion across the interven
ing f loor s .  The f low i s  proport ional to the square root of the 
pressure di f ferential (Eq .  3) . Smoke leakage i s  calculated to range 
f rom 4 percent to the eleventh f loor to 14 percent to the twenty-f i fth 
f loor . In a more complex situat ion where both the pressure and the 
effective area vary ,  the problem is more complex and ted ious but 
solvable . 

FIRE SAFETY SYSTEMS 

Prev ious cons iderations have r elated to the growth and tr ansport of 
f ire and fire products wi thout cons iderat ion of the impact of any f ire 
safety system . In any building , however , there are systems des igned 
to resist , extinguish , or otherwise impac t upon the f ir e .  The 
following portion of the example problem considers several of these 
f ire safety systems .  

Structural 

The pr i nc ipal str uctural consideration i s  the building frame ( i . e . , the 
columns , beams , and other pr imary and secondary members that actually 
bear the live and dead loads of the structure) . For example , cons ider 
the effect of a f ir e  on the temperature of an 8-inch-wide flange beam 
in the room of f ire or ig i n .  The expected t ime-temperature h istory i n  
both the gypsum lined and plywood lined rooms is  calculated us ing 
COMP/F 2 ,  a program for calculating post-flashover f ire temperature 
developed by Babrauskas ( 19 7 9) . Th i s  mode l  was chosen over several 
others because of i ts completeness , publ ic avai labi lity ,  and abi l i ty 
to use rate of energy release inputs as developed in the example 
problem . The energy release curves shown in F igure 10 and used to 
pred ict the growth of f ire products and spread of smoke in the com
par tment of f i re or ig in also are used in the COMP/F2 calculations . To 
mainta i n  the concept of worst case , the environmental cond itions are 
based on the room door be ing c losed and the window to the room being 
broken early in  the f i r e .  The COMP/F2 model also requires knowledge 
of the effective heat of combustion , which is the ratio of energy 
release rate to mass burning rate and is der ived from the free burn 
tests (F igure 4 ) . 

The temperature r ise i n  the flange of the beam i s  then pred icted 
for several different thicknesses of f ire proof ing using the calcula
t ion system developed by Iding ,  Ni zamudd in,  and Bresler ( 19 7 7 ) . 

·
Thi s  

model i s  a finite element model that h a s  demonstrated reliabil i ty in a 
number of large scale exper iments . The model traces the migr at ion and 
d i sper s ion of energy from a f ire through the insulati ng mater ial and 
the exposed structural member . The pred icted temperature r ises in the 
bottom flange of the 8-inch beam are shown in F igures 19 and 20 . 
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FIGURE 19 Pred icted temperature of beam flange exposed to f ire in 
gypsum 1 ined room. 
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F IGURE 20 Pred icted temperature of beam flange exposed to f ire in 
plywood l ine room . 
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Compartmentat ion 

Compartmentation is the des ign of enclos ing boundar ies that will rema in 
intact dur ing a f ire and prevent the passage of smoke and heat . Smoke 
control systems , which will  be d i scussed later in the paper , can also 
serve th is f unction by counter ing the driving pressure . The str uctural 
integr ity of compartment boundar ies is impor tant but no calculat ions 
are i ncluded in th is example . 

Detection and Exting u ishment 

Detect ion and ext inguishmen t  are cons idered together for purposes of 
th is example . No mathemat ical models for the calculation of the sup
press ion capabilities of ext inguishment systems such as spr inklers are 
known to the author . There i s , however , a broadly accepted qualitat ive 
understanding of the effectiveness of spr inkler s ,  part icular ly where 
the fuel load ing i s  moderate as in the example case . 

Th i s  d iscuss ion therefore cons ide r s  the pred iction of the f i re 
cond it ion at the t ime of actuat ion of a detection device or spr inkler 
head . The bas ic research underly i ng the pred ict ion of the operat ion 
of detect ion devices has been done by Alper t ( 19 7 2 )  Heskestad and 
Del ichats ios ( 197 7 ,  19 7 8) , Benj amin ( 198 0 )  and Evans ( 1981) . Recently 
the National F i re Protect ion Assoc iat ion (NFPA ) Commi ttee on S ignaling 
Systems formally proposed a new Append ix C for NFPA Standard 7 2E-M , 
G u ide for Automatic F ire Detector Spac ing ( Nat ional F i re Protection 
Assoc iat ion , 198 3b) . Th i s  guide provides the bas ic informat ion for 
determining the expected speed of operation of heat response devices 
including both spr inkler s and heat detector s and , to a reasonable first 
approx imation , smoke detector s .  S ince the NFPA draft standard i s  
generally available , i t  has been extensively used in th is example . 

The response of heat r eact ive detector s ( generally presuming a 
smooth ce i l ing )  can be expressed as a relat ionship of s ix factors are :  

1 .  The device temperature response setting i n  terms of the 
d i fference between the response . sett ing and the ambient ( pref ire) 
temperature in the space . 

2 . The response time index , the thermal lag bui lt into the mass 
of the detector . 

3 .  The rate of f i re growth i n  terms o f  change of rate o f  energy 
release . 

4 .  The r ate of energy release spec i f ic at the moment of con
s ideration .  

S .  The he ight of the ce iling over the f i re .  
6 .  The lateral distance of the dev ice from the f ire . 

For the example problem , the he igh t of the ce il ing i s  8 f t .  (The 
he ight of the cei l ing over the f ire is 6- l/ 2  ft . ) The rate of f i re 
g rowth is  shown in F igures 8 and 9 .  For approx imately 1 minute both 
f ires (gypsum and plywood lined rooms) grow at a relat ively slow rate 
( a  rate that would require aprox imately 6 0 0  seconds to double the rate 

of energy release )  and then change quickly to very fast f ires that 
would double the ir energy approx imately every 100 to 150  seconds.  
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The expected level of energy at the t ime of response and the t ime 
from response to f lashover can be pred icted for devices having 
d ifferent device time constants and d i f ferent locations (9  ft . center 
of the room, and 1 5 ft . ,  and 18 f t .  from the source of the f i re) . The 
response time of a smoke detector located i n  approximately the same 
pos i tion can so be pred icted . 

The response t ime index i s  a measure the thermal lag of the heat 
actuated element , which may be a fus ible l ink , a liquid f i lled g lass 
bulb,  a chemical cartr idge , or other ar rangements .  

Within the past decade a new family of spr inkler heads with device 
t ime constants that are an order of magnitude faster than trad i t ional 
spr inkler heads has been developed . Heskesad and Del ichatsioa ( 1977  
and 1 9 7 8) has measured and reported on the response t ime ind ices of  
many spr inkler heads . The newest fas t response heads have ind ices of  
20 seconds whereas trad it ional spr inkler heads have ind ices rang ing 
from approximately 10 0 seconds to slightly over 300  seconds . Of the 
standard heads , the fusible l ink type heads are generally faster than 
liquid f illed g lass bulb heads . 

F igure 21  shows the energy release r ate at the t ime of operation 
of d i f ferent spr i nkler s at the three locat ions . The example shown i s  
based o n  a n  initial r oom  temperature of 6 50r and spr inkler set a t  
1350r . 

The curves in F ig ure 21 , predict the detec tor response in a apace 
with enough volume to absor b all the energy of the f ire without flash
over . In  the example problem , the relat ively small s ize of the bedroom 
results in a pred iction of flashover when the f ire is approximately 600  
kW . Therefore ,  for the example problem , only those devices calculated 
to respond at an energy level below 6 0 0  kW are of interest . 

The proposed g u ide for f i re detector spac ing in  the report of the 
NPPA Technical Committee on Detection Devices ( 198 3b) prov ides a aer ies 
of g r aphs and calculations to estimate the response of smoke detectors .  
The guide i s  intended for large commercial  o r  industr ial appl icat ions 
and is consequently conservat ive for small spaces such as those in  the 
example problem. For th i s  reason , F igures 2 2  and 23  are adaptat ions 
of the pertinent graphs from the Technical Committee ' s  report and 
depic t the cei l ing he ight and potent ial spac i ng in the example problem . 
F igure 2 2  is based on a f i re t ime constant of 150  seconds ( amount of 
t ime required to double the rate of energy release if that rate were 
to continue indefinitely) . F ig ure 2 3  shows the rate for a time 
constant of 600  second s .  A f ire t ime constant of 6 0 0  i s  appropr iate 
for the rate of burning dur ing the f irst minute of the example case 
s ince th i s  low rate of burning only reaches about 70 kW before the 
mattress and bedd ing become suff ic iently involved to cause a much more 
rapid rate of heat release . F igure 2 3  indicates that a cei l ing�unted 
smoke detector 9 ft from the f i re source operates when the f i re i s  
approximately 70 kW i n  s i ze . 

F i gure 22  is  baaed on the faster f ire time constant of 150 seconds 
to represent the fire after the f i r s t  minute . At th i s  rate the 
detector s at the 15 ft and 18 ft spac ing are pred icted to respond when 
the f ire reaches approx imately 2 50 and 3 50 kW respect ively . Th is 
approach however ignores the smoke that had star ted to r i se dur ing the 
f i r st minute at the lower energy release rate . I t  is expected that 
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RESPONSE OF FIXED TEMPERATURE 
DEVICES TO: FAST FIRE - FIRE TIME 

i , ,  • 
.. 
.., 
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I 
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� I ,,. 
,. I .., z .., 

-

CONSTANT > 1 10  SEC; h • 1.5 FT. 

RESPON S E  T I ME I NDEX 

F IGURE 2 1  Pred icted response of spr inkler heads as a f unction of 
device response t ime constant .  

th is smoke would have some effec t .  Compar ing the ind icated response 
of a detector at 9 ft . in th i s  f ire s ituat ion to the response of the 
same detec tor exposed to the slower ( 60 0  seconds f ire time constant) 
f ire growth , there is  approximately a 53 kW increase in the s ize of 
the fire at the t ime of the detector re sponse . Th i s  increase suggests 
that smoke transpor t occurr ing in the init ial minute reduces the 
energy level necessary to cause response of ce iling mounted detectors 
15 ft . and 18 ft . from the f i r e  source by 50 kW . These values are 
then 200 and 300 kW respect ively . 

By compar ing the rates of energy release at the time of act ivation 
with the init ial rate of heat release in the example problem (Figure 
6 ) , the time of act ivat ion of smoke detector s and the heat response 
element (of heat detector s and spr inkler s)  can be pred icted . Table 4 
presents typical pr ed ict ions for the example cases . 

S i nce ASET was used to calculate cond it ions through the 
compartment of or ig in , the capabi li ty of ASET to predict carbon 
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SMOKE DETECTOR RESPONSE FIR E  TIM E  CON STANT (TCt) = 1 50 SEC 
-t: -
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FIGURE 2 2 Pred icted response of smoke detectors exposed to a f ire 
with a 150-sec time constant . 

S M O K E  D ETECTO R R ESPO N S E  
FI R E  TI M E  CONSTANT (TCt) = 600 SEC 
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F IGURE 23 Predicted response of smoke detector s exposed to a f i re 
with a 600-sec time constant . 

Copyright © National Academy of Sciences. All rights reserved.

Communications Between the Fire Research Community and the Owner-Operators of Buildings:  Proceedings of a Conference
http://www.nap.edu/catalog.php?record_id=19427

http://www.nap.edu/catalog.php?record_id=19427


84 

TABLE 4 Selected Predicted Response Times for Detector s and 
Spr inkler Heads 

Gy ps um Board P l ywood 
Lined Room Lined Room 
r•9 ft r• l 5  f t  r• l 8  f t  r•9 ft r•l 5 f t  

Smoke detec t or 60 s ec 1 2 5  sec 1 50 s ec 60 s ec 1 50 sec 

He a t  dev i c e s  
Te n 

• 20 100 sec 1 50 s ec F/0 1 20 sec 130 sec 
40 1 5 0  sec F/0 F/0 1 50 s ec F/0 · 
80 180 sec F/0 F/0 1 80 sec F/0 
80 F/0 F/0 F/0 F/0 F/0 

r• l 8  f t  

1 7 5  s ec 

F/0 
F/0 
F/0 
F/0 

NOTE : F/0 • Ac t iva t ion dur ing f l a sh over t r an s i t ion , r • l a teral d i s t ance o f  
dev i c e  from s ource , and TCn • device t ime cons t an t . 

monox ide concentrations can be combined with other data to pred ict 
overall environmental cond it ions at the t ime of operation of any device 
or at any other t ime of interest . Table 5 makes a number of such 
compar i sons . 

Smoke and Heat Venting 

Under certain  cond it ions i t  may be des irable to use e i ther gr avity or 
mechanical means to vent a suff ic ient amount of the hot smoke and gases 
from the compartment of or ig in to ma inta in the smoke level at some 
minimum distance above the floor . To do this , it  i s  necessary that the 
capac i ty of the smoke wi thdrawal system at least match the smoke 
product ion at the maximum burning rate . 

The venting requirements of the fully involved room can be calcu
lated from the energy release rate curves (Figure 1 0 )  and the analysis 
provided by ASET . For example , assume that an oppor tun i ty exi sts to 
use a freight elevator shaft as an emergency smoke vent shaft . The 
system must be able to transport the cab to a location below the f ire 
point and there must be an emergency louver provid ing an opening above 
the 5- f t  level into the elevator shaft at each f loor . At the top of 
the shaf t ,  there should be another opening and poss ibly an emergency 
fan to exhaust smoke from tne shaf t .  For th i s  calculat ion , we will 
assume that there i s  no wind and no stack effec t and the smoke is 
relat ively cool . The max imum imposed pressure assist ing the movement 
of the smoke i s  therefore 0 . 0 2  inches of water ( 5  pa) . F ig ure 24 
demonstrates the calculat ion of the opening s i ze that would be needed 
to mainta in the smoke level above 5 ft . 
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TABLE 5 Selec ted Examples  of  Calculated Environmental  Cond i t ions 

Smoke Layer Evaluat ion ( f t )  · co( ppm ) 
Time For Floor Areas in Sg . Ft . For F loor Areas 
( s ec )  Even t 1 000 5000 1 0 1 000 1 000 5000 

60 Smoke detec tor ( g ia ) 6 . 8  7 . 8  7 . 9  180 160 
60 Smoke detec tor ( p lywd ) 6 . 7  7 . 7  7 . 8  1 20 106 

1 00 TC020 ; r= 9 ft + ( gyp )  6 . 0  7 . 5  7 . 7  265 2 1 5  
1 50 TC020 ; r= 9 ft+ ( p l ywd )  4 . 8  7 . 1  7 . 5  290 1 98 
2 20 Flashover ( gy p )  4 . 0  6 . 7  7 . 2  7 5 0  500 

220  F1 ashover ( p lywd ) 3 . 5  6 . 8  7 . 1  650 380 

2 60 Star t peak 9 ( gyp ) 2 . 6  6 . 1  7 . 0  24 7 5  1 2 3 0  

460 Start peak 9 ( plywd ) o . o  1 . 1  3 . 8  0 5880 

a t  

in 

the Time of Var ious Event s  

Sq .  Ft . 
1 0 1 000 

1 5 5  
104 

208 

1 90 
4 50 
2 7 5  

1 09 5 
3904 

Smoke Vo lume ( ft l  • 1 000 ) 
For F l oor Areas in � ·  Ft . 
1000 Sooo 1 1 �0� 

1 . 2  1 . 0 1 . 0 
1 . 3  1 . 5  2 . 0  

2 . 0  2 . 5  3 . 0  

3 . 2  4 . 5  5 . 0  
4 . 0  3 . 4  8 . 0  
4 . 5 3 .• 4 9 . 0  

5 . 4  9 . 5  1 0 . 0  
8 . 0  34 . 5  4 2 . 0  

00 
VI 
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FILLING RATE AT MAX q AND 5 FT I S : 
QG= GYPSUM LIN£S-- ( 5 , 2 0 0  cfm )  
Qp= PLYWOOD LINES - - ( 1 3 , 6 0 0  c fm) 
MIN � p  (�2 0 0 ° F )  = 0 . 0 2 

Q 5 , 2 0 0  
A

e= 2 , 6 1 0 � P l/2 = 2 , 6 1 0  • 0 . 0 2 !/2 = 1 4 FT 2 

1 3 , 6 0 0  
= = 

2 , 6 1 0  0 0 . 0 2 172 

IF ONE CAR ( FREIGHT ) ELEVATOR SHAFT WERE USED TO VENT ( OTHER 

OPEN INGS IN SH�FT � 4 FT2 ) 
EXTRACTION FAN NEEDS TO HAVE Q OF : 

( GYPSUM) 4+ 1 1  

1 1  

( PLYWOOD ) 4+ 1 6  

1 6  

x 5 , 2 0 0  � 6 , 7 0 0  cfm 

x 1 3 , 6 0 0  � 1 5 , 1 0 0  c fm 

FAN CURVE TO BE SUFFICIENT TO OVERCOME SHAFT FRICTION LOSS AND 
DI SCHARGE BACK PRESSURES 

F IGURE 2 4  Calculat ion of elevator shaft as vent from ASET . 

RESPONSE OF THE • EXPOSED• 

I n  th is paper , the • exposed• are cons idered to be any person or i tem 
that may be harmed by f ire . Th is discuss ion focuses on the persons 
occupying the bu i lding . Inanimate obj ects ( unless phys ically rescued 
by a human) normal ly stay in a f ixed place and the extent of damage 
depends entirely on the environmental conditions to which such ·objects 
are exposed and the ir abil i ty to withstand those cond itions . Humans , 
on the other hand , are mobile , capable of mak ing dec i s ions , and h ighly 
suscept ible to harm from f ire effects . 

The human response model involves the sequence of information ( or 
cues ind icat ive of a f ire threat)  that reaches the bui ld ing occupants ,  
the dec i s ions of the occupants i n  response to the cues , and the act ion 
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they take . A s  noted in F igure 1 ,  these can be actions that attack the 
f ire or can be related to moveaents pr t.ar i ly a imed at emergency 
evacuat ion to flee fro. danger . Either activity will probably involve 
act ions that could have an iapor tant environmental iapact on the f ire 
such as opening and closing door s .  

INFORMATION 

The information reaching people may come either d irectly fro. the f i re 
in  the form of smoke , heat,  noi se ,  odor , or other ind icators or froa 
one of the f ire safety systems in the form of alarms or announcements . 
I f  alarms or announcements are tr iggered by the operation of smoke and 
heat detector s ,  the f ire condition a t  the t ime of alarm can be 
pred icted . Some of these pred ictions are outl ined in Table 5 .  

DEC ISIONS 

At th i s  t ime there i s  no developed method for analytical pred iction of 
either the t ime or type of dec is ions that humans will make under f ire 
stress . However , f ire invest igat ions are generating a body of data 
that may someday provide pred ictive capabilities . 

The model in  F igure 1 subd ivides the type of dec is ions into f i ve 
generalized categor ies . When presented with a cue that may ind icate 
f ire threat , a person may dec ide that : 

1 .  I t  i s  not a real threat (e . g . ,  the alarm bell ind icates someone 
stuck in the elevator rather than a f ire) . 

2 .  I t  may or may not be a threat ( e . g . , there i s  a faint or 
moderate odor of smoke that may come from f ire or a nonthreaten ing 
overheat ing of an electr ical device) . 

3 .  A threat clear ly exists ( e . g . , flame , heavy smoke , or a totally 
accepted alarm or emergency message i s  rece ived) . 

4 .  Action i s  requ ired . Th is dec i sion is  sequent ial to the above 
dec i s ions and may actually result from any of the three . 

s .  Act ion must be selected . Act ion selection is  sequential to the 
determ ination that an act ion is needed and i s  conditional upon the 
previous dec i s ion on the level of threat . 

The behavioral decis ion responses are continuously rei terated by the 
persons involved as they ma inta in a consc iousness of the ir sur ro�ndings 
and cont inually re-evaluate the s ituat ion . 

Although the dec is ion element in the model i s  not amenable to cal
culation , i t  i s  an element that can be greatly affected by planning , 
tra ining , and education. The value of consider ing dec is ions in the 
model rests in the abil ity to provide per sons responsible for emergency 
planning with informat ion on the speed at wh ich the threat may develop 
and the amount of  t ime that will be necessary to escape any threat . 
With th i s  in hand , the planner can star t his plann ing exerc ise with an 
understanding of the amount of t ime that will be available for the 
dec is ion process . 
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ACTIONS 

The general model in F igure 1 shows a var iety of actions that can be 
taken . These can be placed i n  the categor ies of no f ire response 
act ion , invest igation to seek add itional informat ion and knowledge , 
transmiss ion of warning s ,  attack ing the f ire , conf ining the f ire , 
rescuing persons or property , and escaping the f ire.  Although it is 
possible to model ,  and thereby pred ict , any part of these act ions that 
involves physical human activity ( i . e . , attac k ,  confine , rescue , or 
escape) , the example problem presumes that the decis ion made by the 
occupants in the hotel is l im ited to a dec ision to escape and the 
pred ict ions made here address only that area . 

The example problem is  d ivided into three separate parts : 

1 .  The t ime elapsed between the decision , by a person laying in 
bed , to attempt to escape and the t ime that person leaves h i s  room and 
enters the hotel corr idor . 

2 .  The t ime for all of the occupants of the f loor to traverse the 
corr idor and reach the stairwell . 

3 .  The impact of the escape process on stairwell access and cdm
petition for stairwel l  space i f  a ser ies of floors are s imultaneously 
evacuated . 

Time i n  Room of Or ig in 

Data on the t ime i nvolved in  those s imple act ions of ar ising and moving 
through a room are sparse . Pearson and Joost ( 198 3 ) have conducted 
exper iments in a h ighly i nstrumented laboratory setting . The ir data 
express the minimum amount of time to undertake those act ivit ies by 
persons who knew beforehand exactly what they were going to do . 
Pearson conducted 12 d ifferent scenar ios of act ivities compar ing · the 
response of young college students to several other groups includ ing 
hand icapped ind ividuals ,  some of whom were blind , and a group of senior 
c i t i zens who suffered from arthr itis . F igure 2 5  reports part of 
Pearson ' s  data and demonstrates a relat ively modest d i fference between 
the performance of college age youth and those of older per sons with 
arthr i t i s .  The two act ion sequences in Figure 2 5  are typical of the 
type of activity that would occur in the hotel rooms depicted in the 
example problem . Therefore , i t  may be expected that to exit  any room 
except poss i bly the room of f ire or ig in would require between 1-1/2 
minute and 1 minute . 

Escape through the Corr idors 

A pred ict ion of escape through the corr idors can be made using the 
escape and rescue mode l developed by Alvord ( 19 8 3) . Th is model is a 
d i screte event s imulat ion model of emergency actions within a facility .  
I t  has the capabi l i ty of ass igning rescue act ions that might occur i n  
a hospital , old age home , o r  nur sery a s  well a s  escape actions . For 
the example problem , only the escape act ions are used . The model uses 
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F IGURE 2 5  Timed response of subj ects execut ing f irst response actions . 

a network descr iption of the facility and the locat ion and response 
character istics of all the occupants , wh ich may include the reduced 
response capability of handicapped persons . For this example , however , 
all of the persons i n  the hotel are cons idered to be able to escape at 
a normal pace . F ig ure 26  shows a layout of one-fourth of the floor and 
the nodes necessary to run the model . The model demonstrates that even 
with four per sons in each of the hotel rooms ( an excess ively h igh 
occupancy rate) , it i s  poss ible for all the occupants to reach the 
stairway within 4 5  seconds of reach ing their bedroom doors .  

Evacuation of Multiple Floors 

The impact of competit ion for the space in the stairways , a s ituation 
where mult iple f loors are s imultaneously being evacuated is developed 
using the research wor k of J .  L .  Paul s  of the Nat ional Research Counc i l  
o f  Canada . Pa uls wor k h a s  been proposed by the NPPA Committee on 
Safety to Life as a new Append ix D ,  Alternat ive Calculat ion of Sta ir 
Width , to NFPA Standard 10 1 ,  Li fe Safety Code (Nat ional F i re Protection 
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ESCAPE AN D RESCUE MODEL 
EXIT STAIR S  SERVES 33 ROOMS 

MAX ROOM POP. - 4: MIN -0 
E A R  T RAVEL T I M E  T H ROUGH STAIR DOO R - 45 S E C  FROM 
ROOM DOO R S -:- SiiOWS NO CON FLICT S - PRESUMES NO 
CON FLICTS IN ST AIRS 

F IGURE 26 Layout for escape and rescue model .  
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F IGURE 27 Max imum stairwell entry delay for evacuees . 
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Assoc iat ion , 1983a) . The procedure can also estimate the delay in  
enter i ng  stairs i f  occupants reach the exits faster than they can pass 
through th• . 

Pauls bas demonstrated through analysis of both announced and 
unannounced dr i lls that flow in stairways and the capacity of stairs 
can be determined by assuming that the 6 inches of tread on each of the 
sides of the stairwell are unused . This assumpt ion makes the flow 
approximately linear for the residual width of the tread and additive 
among all of the stairways that are in use . Wh ile there is  some 
adj ustment for d i fferences in stair tread s ,  the normal stairway will 
flow approximately 1 person per second for each 3 . 3 ft of effect ive 
width . 

Pauls also bas shown that typical travel t ime between floor s is 15 
seconds and that for optimum moveMnt 4 . 5  persons per foot of effective 
width can travel between floors in  that t ime . Th is number , of course , 
changes accord ing to the number of land ing s  and distance . The 4 . 5  
per sons per foot of effect ive width is used for the example cases . 
Obviously many more per sons can be f it in the sta i rwell than the calcu
lat ions proposed by Pauls . His  work and the wor k of Fuin ( 1971)  and 
Predtecbensk i i  and Mil insk i i  ( 1969) has demonstrated that there is a 
decrease of the r ate of flow and that the number proposed by Pauls is  
a rational design value . 

From Pauls ' data , a formula can be developed to determine the 
amount of delay t ime for enter ing stairs . If people are exiting from 
only the fire floor , then the delay will occur on that floor . I f  the 
exiting procedure involves a number of floor s ,  there is no effect ive 
way of pred icting exactly where the maximum delay will occur . It must 
be expected that it can occur at a point where it may endanger some 
per sons . The result ing formula can be expressed as 

where , td • the maximum del�y t ime faced by the last person to enter 
a sta irwell , k • a constant ( 3 . 3 in the Engl ish system) , E • the total 
number of persons s imultaneously attempt ing to escape froa the build
ing , c • the capac ity of the stairs  ( i . e . , 4 . 5  per sons t imes the number 
of floor s being evacuated times the total effect ive width of the 
stairs) , and w • the total effect ive width of all the stairways being 
used . 

Figure 2 7  graphically shows the r esults of this calculat ion for the 
evacuation of the 2 5-story hotel in the example . The graph shows the 
delays that would occur based on one per son per room , two persons per 
room , or four per sons per room . The dashed l ine represents the normal 
Life Safety Code assumpt ion of one person per each 200  g ross ft2 of 
floor area ( i . e . , 200  per floor or 1 . 6  persons per room in the example 
floor layout) . I f  all of the 24 floors ( above the f i rst) were to be 
evacuated s imultaneously , the delay would range approx imately f rom 9 
minutes if  there wer e  only one person per room to as h igh as 5 2  minutes 
if  there were four per sons per room. 

For the Li fe Safety Code occupancy load noted above , the minimum 
movement t ime to c lear all per sons from the f ire floor into the stairs  
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i s  calculated to be s lightly less than 2 m inutes if  there a r e  no other 
f loors involved . Thi s  time includes 1 minute for star t-up in bedroom , 
4 5  seconds for travel to the stair entr ance , and a 5-second delay at 
the stairs . 

IMPACT 

From the informat ion developed , the t ime at which intolerable condi
t ions will occur at a g iven place in the bu ild ing and the time for 
people to avoid those conditions can be determined . Any human decis ion 
delays must still  be est imated and allowed for i n  emergency planning . 

I n  present ing the example , an attempt has been made to use only 
methods and data that are currently ava ilable to those eng ineer s  and 
other pr actit ioners willing to make the effor t to use them . At the 
same time , research is continu ing and better informat ion and models are 
in the process of development .  As these emerg e ,  more r ealistic and 
accurate des ign calculat ions will be possible . 

THE USE OF ENGINEERING MODELS TO APPRAISE SPECIFIC CODE TYPE CRITERIA 

The preceding example is  des igned to analyze the total safety of a 
fac ility .  The model allows for evaluat ion of alternat ive methods of 
protect ion and may well be used to analyze the impact of an individual 
parameter .  Although the approach i s  general and workable in many 
fac i l it ies , its appl icat ion envis ions a spec i f ic des ign involving 
spec ific design cases . There are , however ,  numerous occas ions when the 
des i red evaluation is of a commonly appl ied cr iter ia r ather than a 
spec i f ic facility . Recently the NBS Center for Fire Research (CPR) has 
undertaken s uch an evaluat ion for the Depar tment of Health and Human 
Services . I t  is felt that some aspects of th is evaluat ion demonstrate 
the use of bas ic eng ineer ing methodolgy for such appraisals . 

Init ially the Department of Health and Human Services requested CPR 
to evaluate the impact of nine code requirements that are frequently 
questioned by des ign teams wor k ing on health care fac i l i t ies . A 
capsule ver s ion of the questions asked is  shown in Figure 2 8 .  

The process for apply ing eng ineering criter ia to the questions has 
been organized as follows : 

1 .  State the problem in code , arch itectural , or other f ield 
appl icable terms . 

2 .  Convert the code question to an eng ineer ing problem ( e . g . , What 
is the dynamic opening force that f i r e  will apply to a door? ) . 

· 
3 .  Develop the eng ineer ing solution form ( e . g . , state the problem 

in terms of eng ineering data , formula , and models) . 
4 .  Ident ify data needs for the solut ion and determine the source 

of such data . 
s .  Execute a prel iminary solut ion. 
6 .  ver i fy the cred ibility o f  the approaches ( use small- and 

large- scale tests ) . 
7 .  State the credible eng ineer ing solutions . 

Copyright © National Academy of Sciences. All rights reserved.

Communications Between the Fire Research Community and the Owner-Operators of Buildings:  Proceedings of a Conference
http://www.nap.edu/catalog.php?record_id=19427

http://www.nap.edu/catalog.php?record_id=19427


+ 

• The potent ial tra/J,f;fl of hazard 
through ceilin& partitions ot 
over partitions (Sec . H-H) . 
The potential of f ire forces 
opening (or holding closed) doors 

· A , B ,  or. C if latches are not preaent . 

• The response of sprinklers (or other 
heat detec tors) according to the fire 
potential , the locat ion of the head , 
and the thermal charact eristics of 
the head . 

The smoke atopping abilities of door 
A (if door is closed at time of fire) . 

l lf  
-- I 

- z_ fl _ .._._._ 

L)s ;. 
Relation 
Furnitur 
Finish T 

of 
e & 
o :  
ard Spreacl Haz 

Coni 
St 

partmeot 
rensth 

I "i 
FII.�C. 

\ 

"# 

J 

i. H 

• The smoke stoppin& 
ability of o ther doora 
(eg : B , C , &  F) if door 
"A" ia open 

• The Nsponse of s110ke 
detec tors 

in the fire rooa 
in the hallway 

The growth of haaard 
in the hallway and in 
rooas open to it (ea : 
Rooas 4 & X) . 

I' I 
" 

. .  

. . 

J - T  
• Tbe potential tranafar o f  baaard throucb 

duc t ,  aa .. , paaa over a110ke barrier . 
Conaider air 110vement &ad cla.pera 
(See Section J-J) . 

Tbe leakasa of nob throu&h 
a110ke barrier doora . 

' 

., 
' 

.. )( /I . 
• .e 

. �� 
'r ...,.. ,. 

y (f  
\...... Ice  � .T  

lci 

� ��-----L-------------�-----

FIGURE 28  Code que s t i ons be ing inves t igated . 
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Cur rently the proj ect i s  at states ( 3 ) and ( 4 ) . The approaches and 
methods to be used are s imilar to those prev iously expressed in this 
paper . The approaches l isted in F igure 1 in the box •Growth and 
Transport• and the detection and extinguishment approaches l isted under 
• F ire Safety Systems• are involved . In each case , the moat advanced 
forma of calculat ion , model , and data are be ing used , and where com
petitive models ex ist the several models are being exerc ised to deter
m ine thei r  relative e ffect iveness on the problem. The following 17 

eng ineering tasks are be ing executed by member s  of the NBS staf f : 

1 .  Empir ical furniture calor imeters burna . 
2 .  Correlat ions with small-scale calor imeters .  
3 .  Ca lculat ion of r oom  ceil ing j et .  
4 .  Response o f  heat activated devices to room ce iling jet . 
5 . Response of product activated devices to room ce iling j e t .  
6 .  Development o f  mult i layer cond itions ( hazard ) i n  room . 
7 .  Calculated time- temperature curve in room . 
8 .  Development of mult ilayer cond itions i n  corr idor . 
9 .  Calculation of corr idor j ets .  
10 . Response of corr idor heat and smoke detector s . 
1 1 .  Impact on rooms open to corr idor . 
12 . Leakage into rooms with closed door s .  
13 . Leakage through ce i l ing voids . 
14 . Leakage through partit ion joint s .  
15 . Leakage through ducts ( i nactive ,  supply , and return) . 
16 . Leakage through cross corr idor smoke doors . 
17 . Leakage at stair  door s .  

The val idation phase will be accomplished by NBS in  cooperation 
with the Factory Mutual Research Corporat ion . The current plan is  to 
erect a large room and corr idor arrangement with devices to determine 
leakage through the per imeter door s , vents , etc . A aer ies of carefully 
controlled and instr umented testa will be under taken to provide infor
mation that will allow an appraisal of the accuracy (and thereby the 
appropr iate level of conservat ion or size of the r equ ired factor of 
safety ) of the calculat ions proposed . 

Th is approach is  feas ible because of technology and f ire protect ion 
eng ineer ing advances t�at have taken place . The approach is proposed 
as a model for investigating and attacking important regulatory 
problema in a manner that will provide def init ive answers supported by 
val id techn ical data . 

CONCLUSIONS AND DIRECTIONS 

The beat means of ach ieving the underlying obj ective of r ational , 
understandable , controllable , flex ible f ire safety requ irements lay in  
the applicat ion of sound analytically baaed technology . Such tech
nology has not previously existed for f ire protect ion des ign but is  now 
emerg ing . Th is technology also will provide the common language med ium 
for the owner-operator (normally through h i s  des ign team) to clearly 
commun icate h is needs to the research community and a route for 
respons ive repl ies . 
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Fire protect ion eng ineer ing technology , while beyond the embryonic 
state , is still a newborn that is struggling and in need of support and 
encourgement . The underlying sc ience and data are the milk for th is 
baby , and the potential benef ic iar ies in the applied f ield must provide 
the love and encouragement . 

The matur i ty of f ire protect ion eng ineer ing as a f ully useful and 
credible technology will occur . The pace and the speed at which tech
nology replaces s ubject ive j udgment i s  a function of the level of 
interest , demand , and suppor t g iven to not only the remaining research , 
but also , to technology development .  Keys to technology development 
are both the assembly of . research into appropr iate useable forms ( this 

· paper being an embryonic effort)  and the under tak ing of proof testing 
and other ver if ication programs . 

F i nally ,  I believe that the time of • burn to learn• f ire research 
baa passed . we now have made the cr itical advance to where all f ire 
exper iments , large and small , should be preceded by the best eng ineer
ing pred ictions and the results used to ver ify and improve analytical 
eng ineering methods . 
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THE CODE DEVELO�T AND WRITING PROCEss* 

Lorne w .  Gold 
Associate Director , Divis ion of Building Research 

and 
J .  Kenneth Richardson 

Head , Technical Sect ion , Codes and Standards G roup 
National Research Counc il of Canada , Ottawa 

L i nk ing f ire research to the development of bu i lding codes and the 
needs of owner s  and operator s of bu ild ings is a challenge of maj or 
d imens ions.  Research needs cannot always be clear ly def ined . Even 
when they are proper ly ident i f ied , it i s  not a straightforward task to 
determine how they can be sat isfied .  In add i t ion , the degree of 
sat isfact ion ach ieved in a part icular case depends on several factor s , 
including the cur rent level of k nowledge , the availabi l i ty of research 
resources , and tr ue ability to evaluate research results crit ically and 
to transfer useful i nformat ion to pr act ice . 

Th is paper cons ider s  the nature of the relat ion between f i re 
research and code development . I t  is  based pr imar ily on the exper ience 
of one research organ i zat ion--the Divis ion of Building Research of the 
Nat ional Research Counc i l  of Canada ( DBR/NRCC) --and with one code--the 
Nat iona l Bu ild i ng Code of Canada (NBCC) ( Nat ional Research Counc i l  of 
Canada Assoc iate Commi ttee on the Nat ional Building Code , 1980) . The 
h istory and process of development of th i s  Canadian model code is 
br iefly descr ibed .  Th i s  is followed by general comment s on the nature 
of communicat ion between research and technical areas of applicat ion 
such as bu i lding codes and construct ion . A br ief descr ipt ion is  g i ven 
of the Division of Building Research and examples are presented of the 
interact ion between it and the commi ttees respons ible for the wr iting 
of the NBCC . The paper concludes with suggest ions for improvement in 
commun icat ion among r esearcher s ,  code wr iting bodies , and owner
operator s . 

NATIONAL BUILDING CODE OF CANADA 

Unt i l  1941 , munic ipalit ies i n  Canada e i ther recognized no build ing code 
or had bui lding bylaws based on Brit ish and Amer ican codes . In 194 0 , 

* 
The paper was pr esented at the conference by Dr . Gold . 
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the Depar tment o f  Finance and the Nat ional Research Counc i l  o f  Canada 
had undertaken , on behalf of the government of Canada , the task of 
wr i t ing a set of model bu ild i ng regulat ions that could be used 
uniformly in all areas of the country .  Th is init iat ive had been taken 
in response to a need for uniform housing regulat ions and resulted in 
the 1941 ed it ion of the NBCC . Later , responsibil ity for the Nat ional 
Bu i lding Code of Canada was g iven to the NRCC alone , and the subsequent 
seven ed it ions have been publ ished by i t .  The NBCC is now publ ished 
on a f ive-year cycle , with the next edit ion expected in 198 5 .  

When NRCC was g i ven respons ibi l i ty for wr iting the National 
Building Code , it established the Associate Committee on the Nat ional 
Bu ild i ng Code (ACNBC ) as the body respons ible for development and 
ma intenance of the NBCC . Th i s  i s  a commi ttee of volunteer s  appointed 
by the NRCC from industry , enforc ing author i t ies , and other NBCC users .  
The ACNBC , i n  i t s  tur n , set u p  stand ing committees to assist in  tech
n ical matter s .  These are made up of people knowledgeable in specif ic 
technical areas , includ ing f ir e  safety . All dec is ions affect ing the 
content of the NBCC are made by the ACNBD and its technical committees . 
The supporting staf f of the NRCC are not vot ing member s  on committees 
and serve only in an advisory c apacity .  

The ma in committee of the ACNBC i s  respons ible for establ ishing 
the operating pol ic ies of all its commi ttees , for coord inating 
committee act ivi t ies , and for f inal approval of all changes to the NBCC 
and its assoc iated documents . Each standing committee is respons ible 
for the technical content of the par t  of the Code assigned to i t .  The 
NRCC has also establ ished an Assoc iate Committee on the Nat ional F i re 
Code (ACNFC ) to develop model f ire prevent ion reg ulat ions in Canada . 
I ts comm ittee structure and operating polic ies are s imi lar to those of 
the ACNBC . 

L i ke s im i lar codes in  the Un ited S tates , the NBCC is wr itten as a 
model code . I t  has no legal status unt i l  i t  is adopted into law by a 
prov ince or munic ipality .  All provinc ial and munic ipal codes in  Canada 
are based , however ,  on the Nat ional Bu ild ing Code . SOme provinces have 
issued the i r  own codes , while others have s imply adopted the NBCC by 
reference in  the i r  leg islation . The t ime between publ ishing a new 
ed it ion of the NBCC and its i ncorporation into a provinc ial code ranges 
from less than a year to approx imately f ive years . It may be see n ,  
therefore ,  that acceptance o f  f i re research results in the NBCC leads 

to widespread appl icat ion i n  Canada within a reasonable leng th of time . 
Technical changes to the Nat ional Building Code are initiated by 

the standing committees as a result of input from the public , committee 
member s ,  or research .  Al l recommended changes are c irc ulated for 
publ ic r eview before f inal approval is g iven . The stand ing committees 
assess the public comment and then recommend to the assoc iate committee 
those changes tha t ar e considered to be appropr iate . I f  the assoc iate 
commi ttee accepts the recommendations , the changes are included in the 
next ed it ion of the NBCC . 

The Division of Build ing Research ,  through i ts Codes and Standards 
G roup , provides the code commit tees with all necessary secretar ial and 
technical serv ices , including the preparat ion of minutes , handling of 
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correspondence , and the preparat ion of background technical papers on 
code issues . The d ivision also publ ishes and d i str ibutee the NBCC 

following approval by the ACNBC . Research sect ions of DBR/NRCC ,  
includ ing the F i re Research Section ,  provide technical input through 
research advisors who act as liaison resource persons between the 
sect ions and the code committees.  

CODE DEVELOPMENT AND RESEARCH 

Building codes , because of the i r  nature , are conservat ive . S ince they 
spec ify standards of l ife safety and health and may influence several 
billions of dollars of annual investment ,  they should be based on 
proven information and technology . Th is causes a bias that must be 
recogn ized when consider ing l inkages between research and the code 
wr iting process , a bias that can be accentuated by time l imitat ions and 
by actual or perce ived limitations of the means of evaluat ing new 
informat ion and technology . 

The word " research" appl ies to a full r ange of activity from 
cur ios ity-mot ivated to problem-spec i f ic study . One would expect that 
an appl ied f ire research laboratory would emphas i ze problem-or iented 
research , but i f  it is to be an active part icipant in the development 
of the sc ience underlying f ire safety eng ineer ing ,  it must car ry out 
cur iosity-mot ivated research as well . The results of problem-or iented 
reseach are usually more readily e valuated for appl ication than are the 
results of cur ios ity-mot ivated research . 

A study of the management of flow of technology by Allen ( 19 7 7 )  
i s  applicable t o  the communication systems tha t ex ist between the f ire 
research community and code wr it ing bod ies or owner-operator s .  Allen 
d ivides research into two broad categor ies :  sc ient i f ic and techno
log ical . The two groups transmit knowledge in quite d i stinct , largely 
independent way s .  Sc ientists g i ve pr imary alleg iance to sc ience . They 
usually choose the ir  own problems , and the results of the ir research 
are transmitted , through publ ications , pr imar i ly to a peer group . 
Reputat ion and advancement depend to a cons iderable extent on their 
publ icat ions and j udgment by the i r  peer group . 

Allen ident if ies technolog ical research with that occur r ing within 
companies .  Th is wor k i s  determ ined by the interests of the company and 
is 'often conf ident ial ; information is transmitted largely through 
per sonal contact . In thi s  sphere of act ivity , required knowledge can 
be developed without any d irect l inks with the sc ienti f ic research 
community . Although the situat ion for companies is not the same as 
that for code wr it ing bod ies and owner-operator s ,  there are instr uctive 
s imi lar i t ies .  Both are interested i n  the appl icat ion of sc ience and 
technology , both rely heavily on informat ion tr ansfer through human 
contac t ,  and both are outside the trad it ional communicat ion system of 
sc ience . 

Some individuals perform e ffectively in both areas of research 
act ivity , although they may concentrate the ir  efforts in one or the 
other . Such people are technical gatekeepers.  They are present not 
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so much because a communication system deliberately prov ides for them , 
but rather because of the interest and personality of the ind ividual . 
We all know examples .  They are busy people both within and outs ide 
the i r  organization s ,  they read , they wr ite , they are high performers .  
People tend to g o  to them for informat ion . They are probably the moat · 
effect ive means by wh ich informat ion and technology are transfer red 
from the sc ient i f ic to the technolog ical spheres of activity .  Because 
of them , communication networ ks develop in spi te of , or independent of , 
formal networ ks or organi zational boundar ies . I t  is important to 
recognize these people and to nurture them in the ir  gatekeeping role . 

The conclus ion to be dr awn i s  that i f  knowledge is  to flow from 
the sc ienti f ic area and needs are to be communicated back to it l there 
must be interested ind ividuals to transmit and r ece ive the information . 
I n  add it ion , exper ience shows that this communication is mor e  effective 
if it results from demand from the technolog ical area , for example , or 
from a code wr it ing organi zation rather than from promot ion from the 
scientif ic s ide . Th i s ,  in tur n ,  means that we must encourage , and 
develop , the technical gatekeeper s in the area of technology appl ica
tion ( i . e . , indiv iduals with a good knowledge of current scienti f ic 
research and avai lable informat ion) . 

DIVI SION OF BUILDING RESEARCH EXPERIENCE 

The exper ience of the DBR in operating at the interface of research and 
code development may be of interest . The DBR i s  one of 15 d ivisions 
of the Na tional Research Counc il  of Canada . Unlike the NRC of the 
United S tates , the NRCC operates nationa l laborator ies cover ing a broad 
r ange of sc ience and eng ineer ing ,  s imilar in some respects to the 
funct ion of the u . s .  National Bureau of Standards . The DBR was 
establ i shed in 1947 to provide a research and information service to 
the construct ion indus try . Th i s  is  Canada ' s  largest industry , account
ing each year for about 16 percent of the gross nat ional product . I t  
i s  a fragmented industry i n  which research is  generally l imited to the 
large manufacturers of bu ild ing mate r ials and components . The research 
program of DBR ,  which complements pr ivate sector act ivity , cover s  a 
compr ehensive range of topics , includ ing structures , acoustics , geo
technical eng ineer ing , mater ials , bu ilding services , thermal perfor
mance of mater ials and bu ild ing components , f ire , and bu ild ing 
per formance . DBR has a staff of abou t 280 , of whom approx imately 80  
are  researchers . 

Communicat ion of the results of r esearch i s  a major challenge for 
the DBR . I t s  pr imary output i s  publ ications . Further d isseminat ion 
occurs through seminars , lectures , per sonal contacts , response to 
inquir ies , and partic ipat ion on technica l committees . As an organiza
t ion i t  operates in both the sc ienti f ic and technolog ical areas , and 
mos t of the results of  i ta research are submitted init ially to a 
scientif ic peer g roup . Each researcher i s  expected , however , to be an 
information off icer and , thus , is  drawn into the personal contac t mode 
of commun icat ion . 
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One of the largest groups in  the DBR is the Pire Research Section , 
which was established in 1950 to develop better under standing of build
ing f ires and methods of controlling thaa . I t  has a staff  of 30 , of 
whom 12 are research off icers and 16 are technic ians . In addition ,  the 
section usually has one or more research fellows who are supported by 
industry . I ta comprehens ive f i re research program can be d ivided into 
f ive areaa a f ire performance of structural components , flamma-
bil ity of mater ials , products of combustion , growth of f ire , and the 
effect of des ign of build ings on f ire safety . A s ignif icant par t  of 
this research effort is  undertaken in response to cur rent i nformation 
needs . Another effor t is d irected to long-term stud ies designed to 
build up bas ic knowledge of f ire-related mater ial and product proper
t ies and of f ire processes.  SOme commercial test ing i s  done when the 
capability does not exist in the pr ivate sector or when it  i s  j usti f ied 
by special c i rcumstances . 

The F ire Research Sect ion i s  housed in a relatively large building 
opened in 195 8 .  I t  conta ins a number of specialized pieces of equip
ment includ ing a wall furnace , a floor furnace , a Ste iner tunnel , a 
corne r wal l  tea t  fac il i ty ,  a column furnace capable of applying loads 
of up to 1000 metr ic tons , and sophist icated instrumentat ion for the 
analys is of products of combustion . Recently a f ield station was 
establ ished on 180 acres of land . Ita major facilities include a burn 
hall 180 by 10 0 by 40 f t  and a 10-atory tower for studying smoke 
control and f ire propagat ion in tall bu ild ing s .  The two fac i l it ies are 
j oined by a service unit  housing office and workshop apace , a chemistry 
laboratory , and computer and control equipment. 

The DBR is in the unique posit ion of being a comprehens ive bu ild
ing research establishment closely assoc iated with a model code wr iting 
organization . Th is baa both advantages and d isadvantages . As men
t ioned , there i s  a relatively c lose coupling between some areas of 
research and the committees for the National Bu ild ing Code and the 
National Fire Code (Nat ional Research Counc i l  of Canada Assoc iate 
Committee on the National Fire  Code , 1980 ) . Th i s  close relat ion wi th 
the code development process baa ex isted s ince the division was 
established . About 25 percent of the cur rent research program at the 
DBR is a response to , or is relevant to , the needs of the two code 
wr it ing committee s .  

Care must be taken in  manag ing the interaction between the DBR and 
th is code development process . Because of ita pos ition , the DBR can 
exert undue influence on the work of committees . The relat ionship is 
relat ively stra ightforward when a need i s  identif ied by the committees 
and the DBR has the resources to respond to it . Th is interact ion is 
often informal , but it may be in response to a request d irected to a 
section or to the director of the d i vi s ion . 

The situat ion may be qu ite d ifferent when the init iat ive comes 
from the other direct ion ( i . e . , from a researcher ) .  There is somet imes 
a des ire on the par t  of researchers (when they cons ider that they have 
informat ion relevant to build ing codes)  to subm it it d irectly to code 
committees.  The committees may not yet be ready to rece ive it  or have 
the expertise to evaluate i t ,  part icularly if it concerns a matter at 
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the forefront of development of a subj ec t  area . Th i s  situat ion can 
lead to misunder standings . 

I t  is  the preferred policy of the d ivision to publ ish results of 
research in the sc ienti f ic or technical literature where they will be 
ava ilable for evaluat ion by profess ional exper tise at large . In  the 
ideal s i tuation , an informed peer group will recogni ze useful new 
knowledge for codes and create a demand for ita consideration , In 
practice , researcher s who wish to have the results of the ir work 
cons idered may have to exert cons iderable effort to make them known and 
understood by a technically capable group . 

I n  summary , the DBR encour ages sympathetic part ic ipat ion of ita 
research staf f in  codes and standards wr it ing wor k .  It  encourages 
information and technology tr ansfer through informal interact ion , but 
it guards aga inst tak ing advantage of its stand ing in the Canad ian 
build i ng research communi ty to exer t undue influence . Following are 
some examples of the interaction that has occur red and the var ious 
means of communicat ion : 

1 .  In 1957 the DBR had the opportunity to burn s ix dwell ings and 
two larger bu ild ings that had to be removed for the construct ion of the 
S t .  Lawrence Seaway . Rad iat ion measurements made dur ing the burna 
provided the basis for exposure tables in the NBCC that state required 
d istances between proper ty l inea and bu ildings to prevent f ire propa
gation . This i s  an example of a research opportunity that resulted in 
information that was r apidly incorporated into a build ing code . 

2 .  By the late 196 0 s  constr uction o f  h igh-r ise build ing s  had 
c reated the need for measures to control smoke movement in such 
structures . The F ire Research and Bu ilding Services Sect ions of the 
DBR developed smoke control provis ions , baaed pr imar ily on computer 
modeling , tha t  were incorporated into the code in 197 3 .  Now , with the 
opening of the f ield stat ion , the DBR has been able to obtain a 
fac i lity i n  which exper iments can be carr ied out to conf i rm and further 
develop these provision s .  Th is is an example of a response to a 
def ined need . 

3 .  Dur ing the 1960s i t  was recognized that apprec iable informa
t ion already existed about mater ials on a gener ic basis that would , if 
proper ly validated and presented in  an appropr iate way , greatly reduce 
the need for f i re testa and , thereby , the cost of desig n .  The DBR and 
the ACNBC establ i shed , jointly ,  an ad hoc committee to compile this 
information . Sta f f  of the d ivis ion made a maj or contr ibut ion to this 
task . The committee has now becone a stand ing committee of the ACNBC 
and cont inues i ta wor k of establ ishing f ire per formance rat ings for 
mater ials and components on a gener ic bas is . I t  is responsible for one 
of the chapter s  of the Supplement to the NBCC ( National Research 
Counc il of Canada Assoc iate Committee on the National Bu ild ing Code , 
198 0 , Chapter 2) , and the DBR staff par t ic ipate act ively in ita work , 
both by compil ing information and by car rying out tests . Th is is  an 
example of a code wr it ing body and a research organ ization interact ing 
continuously on a part icular subject to improve the technical base and 
reduce the cost of design for f ire  safety . 
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4 .  with the develo�nt of plast ic pipe have grown opportuni ties 

to use it  in construct ion , but questions have been r a i sed concerning 

the effect of penetrat ion of plast ic p ipe on the f ire resistance of 
f ire separations . The DBR init iated a research program in response to 
that information need . Moa t of the wor k baa been car r ied out by a 

research fellow supported by the plastics industry . The DBR bas 
insisted that the results of this wor k be publ ished in  the open litera
ture before being used for other purposes . I f  these results a re to 
influence decis ions of building code committees , they must be freely 
available for evaluation by all interested parties . 

s .  One of the subject areas of great interest to the DBR F ire 
Research section is the develo�ent of a r ational approach to des ign 
for the f ire condition . That subject i s  currently receiving widespread 
attention .  Incorporating such an approach into the RBCC would , bow

ever , means that the code will become more performance or iented . To 
take this step , HBCC committees and the des ign profess ion requ ire 
greater knowledge of the f ire cond ition than exists at present . The 
DBR proponents of th is approach are wor k ing ,  pr imar ily through publ ica
t iona and committees of the AS� ( formerly the Amer ican Standards for 
Testing and Mater ials ) , the Amer ican Concrete Institute (ACI ) and the 
Canad ian Standards Assoc iation , for the cr itical evaluation of research 
results that is  needed dur ing th is development phase . 

These are examples of interact ion between the DBR and the ACNBC . The 
ACNBC , of cour se , also interacts in s imilar ways with other bod ies . 
I t  is  clear that many avenues of communicat ion are possible . The i r  
effectiveness depends o n  the abil ity of the code committees to define 
the ir  needs and to rece ive and evaluate information , on the abi lity of 
information sources and r esearch organ i zations to respond to these 
needs , and on the goodwill and capabi l ity of the ind ividuals through 
whom communication is accompl ished . In its suppor t of the ACNBC , the 
DBR has been fortunate i n  having , as par t of ita Codes and Standards 
Group ,  a technical section through wh ich much of this communicat ion is 
accomplished . To same extent , the member s  of thi s  sect ion ac t as the 
technical gatekeepers d i scussed ear lier in  that they prov ide an act ive 
l ink between research and code wr it ing operations . 

I n  addit ion to this interac t ion with the ACRBC , the DBR responds 
to needs of organi zat ions responsible for des ign , product ion , and 
operat ion of public and pr ivate bui ld ing s . Th is may be reactive ( e . g . , 
by providing interpretat ion o f  the bu i ld i ng code , comment ing on the 
f ire safety aspects of proposed designs , assisting in the investigat ion 
of f ires , and conducting spec ial tests and research studies) . The DBR 
also may take the init iat ive ( e . g . , by preparing , in cooperat ion with 
a consultant , the Manual for Fire Safety in Homes for the Elderly ,  
( Richardson ,  19 80 ) 1  by investigating the toxicity of f ire gases,  and 
by developing f ire teat methods) . 
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IMPROVING COMMUNICATION 

The background mater ial for th is conference states that it is based •on 
the hypothesis that a large g ap presently exists between the f ire 
research community and those who are responsible for manag ing the 
process of des igning , producing , and manag ing bu ildings . •  But the gap 
does not ex ist for all these people ; there are some well informed 
designers and build ing managers , but these are people who have put 
for th a spec ial effor t to obta in the i r  knowledge , much of it through 
per sonal contact . The research system could not cope w i th the communi
cat ions problem that would occur , however , if all information and 
technology had to be transferred in the personal contact mode . · 

I t  is  difficult to mainta i n  cont inuous communication between areas 
of interest that coinc ide only per iod ically . owners and operators tend 
to be interested in f ir e  safety matter s only as required , and th is 
interest may be l imi ted to the design and construction of a s ingle 
bui lding . Unfortunately , they and the f ire safety consultants who 
serve them do not form a coherent body able to def ine and place pr ior i
t ies on the i r collect ive need s i n  the manner a code wr it ing committee 
can . An organizat ion such as the DBR must rely , to a large exten t ,  on 
ind ividual contacts with this group to gain an apprec iat ion of the ir 
needs and concerns . I f  build ing owners and oper ators and the i r  con
sultants were to form an association that could def ine the ir  f ire 
safety research needs , most organ i zat ions engaged in  fire research 
could interac t  with it , as they do with code wr it ing bod ies.  They 
would apprec iate the g uidance such interact ion would provide for their  
research programs . Such interact ion would probably improve fur ther if , 
in  add i t ion to identifying needs and pr ior i t ies , the assoc iation of 
owners ,  operator s ,  and the ir consultants could also provide money to 
suppor t  and augment the total research effort . 

The background mater ial also recogni zes the contr ibution to f ire 
safety of code-wr iters and f ire safety eng ineers but states that they 
provide only an ind i rect link between research and the owner-operators . 
The act ivit ies of both groups overlap those of researchers and owner
operator s .  The code wr iter s and f ire safety eng ineer s must keep them
selves informed of current research r esults and activity i f  they are 
to stay on top of the i r  respect ive areas of interest . Owner-operators 
must comply with the code and often use the f ire safety eng i neer as a 
consultant . They need not communicate wi th the research community 
unless they wish to . 

Perhaps code wr it ing bod ies and spec ial ists such as the fire 
safety eng ineer should be looked upon as direc t l inks in the communica
t ion system between researchers and owner-operator s .  The two groups 
have , or should have , the abi l i ty to evaluate results of research 
cr itically ,  poss ibly rephras i ng  them in terms that are more read ily 
understood by the owne r-operator . Th i s  i s  not to say that meetings 
between the f i re research community and owner-operator s should not be 
encouraged . They should be ,  but i t  must be recognized that such 
meeting s  will probably be of a spec ial char acter and occur only 
occas ionally . 
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Bow should these occasions be provided? As recogni zed by the 
steer ing committee for this conference , it is possible that existing 
soc iet ies and assoc iations can assist . Organi zat ions such as the 
Nat ional Fire  Protection Association , the Soc iety of Fire  Protect ion 
Eng ineer s ,  the Amer ican SOciety for Beat ing , Ventilating and A i r
Condi t ioning Eng ineers , and Societ ies of C ivil Eng ineer ing could hold 
occasional conferences and seminars that would attrac t  the full r ange 
of .

interests , f rom researcher to owner-operator . They might be 
organi zed and scheduled to provide continuity and develop d ialogue 
between the var ious interests . Th i s ,  of cour se , presumes that there 
is some body to undertake and coordinate the program and br ing about 
the necessary cooperation .  

One o f  the key elements i n  a n  effect ive commun ication system i s  
educat ion , at the university level , in  f ire safety eng ineering and the 
sciences under lying i t .  Fire safety eng ineer ing is a profess ion j ust 
beg inning to be recogni zed in Canada . No Canad ian university as ye t 
offers a degree in th is disc ipl ine ,  and very few g ive courses that 
provide an introduct ion to it . The relatively few special ists in 
Canada obtained thei r  training outs ide the country or developed the i r  
exper t ise o n  the job.  But although trends in construct ion have 
increased the need for better knowledge concerning the f i re situation , 
for both design and operation , there i s  not yet suff ic ient demand for 
experts in this f ield to encourage universities to take the initiat ive 
and train them . 

TO have effective communicat ion between the f ire research com
munity and owner-operator s , i t  will be necessary to develop a deepe r 
apprec iation of the f ire s ituation in the profess ional g roups respon
sible for des ign , construction , and operat ion of bui ldings . Architects 
and eng i neers with the appropr iate knowledge ( f ire  safety eng ineers in 
par ticular )  can be ,  and are , an effective peer group for applyi ng the 
r esults of fire research and def ining research needs.  It is this group 
that has the technica l ability and profess ional need to evaluate and 
d igest the results of research and to tr anslate this knowledge into 
practice ( i . e . , to ser ve as techn ical g atekeepers) . I t  is  th is group , 
also , that must i nterpr et and apply the f ire safety r equ irements of 
codes , particula r ly those tha t are performance or iented . The DBR is 
so conv inced of this need that it is ser iously cons ider ing ways in  
which its staff  can increase the i r  con tr ibution to the educat ion 
process that is r equ ired . 

REFERENCES 

Allen , Thomas J .  197 7 .  Manag ing the Flow of Technology . Cambr idge , 
Mass . : MIT Press . 

National Research Counci l  of Canada Assoc iate Committee on the Nat ional 
F ire Code . 198 0 .  National F ire  Code of Canada . Document NRCC 

17306 . Ottawa : National Research Counc il of Canada . 

Copyright © National Academy of Sciences. All rights reserved.

Communications Between the Fire Research Community and the Owner-Operators of Buildings:  Proceedings of a Conference
http://www.nap.edu/catalog.php?record_id=19427

http://www.nap.edu/catalog.php?record_id=19427


10 6 

1980 . The Supplement to the National Build ing Code of 
Canada . Document NRCC 17 724 . Ottawa z National Research Council 
of Canada . 

National Research Council of Canada Assoc iate Committee on the National 
Bu ilding Code . 198 0 .  Nat ional Bu ild ing Code of Canada . Document 
NRCC 1730 3 .  Ottawa : National Research Council o f  Canada . 

Richardson , J . K . , Ed .  198 3 .  Manual for Fire Safety i n  Homes for the 
Elderly . Ottawa : Nationai Research Counc il of Canada . 

Copyright © National Academy of Sciences. All rights reserved.

Communications Between the Fire Research Community and the Owner-Operators of Buildings:  Proceedings of a Conference
http://www.nap.edu/catalog.php?record_id=19427

http://www.nap.edu/catalog.php?record_id=19427


THE ECONCJUCS OF RESEARCH AND FUNDI!«; AS A 
DRIVING FORCE 

Rober t  B .  Barker 
Professor , School of Text iles 

Clemson University , C lemson , South Carol ina 

I n  any considerat ion of the economics of research and technology 
development , the tendency is usually to concentr ate on levels of funding 
and the general  avai lability of support .  These are frequently accom
panied by d i scuss ion of the allocat ion of support for the var ious cate
gor ies of endeavor : fundamental vs . applied research; hard sc iences and 
technology development vs . behavioral and soc ial sc iences , etc .  The 
different disc ipl ines and spec ial interests compete for funds : military 
research or hardware procurement , space exploration , med ical research 
and dr ug development ,  innovat ions for occupat ional or consumer product 
safe ty , and a myr iad of others.  Cer tainly the f ire community i s  an 
act ive par tic ipant in these d i scussions and competitions . 

Pr imarily through the Center for F i re Research (CFR) at the National 
Bureau of Standards (NBS ) and to a lesser extent as a par t  of the 
act ivities of the Depar tment of De fense ( DOD) and the Federal Emergency 
Management Agency (FEMA ) , the federal government provides financ i ng for 
a broad program of f ire-related research. A number of very good 
proj ects are conducted with i n  the CFR ,  wh ile add itional studies are 
funded at  universities and research inst itutes . These proj ects have 
been the cor e of our nat ion ' s  efforts to attack the f ir e  problem and 
the ir success has been s ign i f ican t .  There is no quest ion that cont inued 
funding at current or increased levels is absolutely mandatory for 
continued progress in f ire safety . 

Money is the obv ious dr iving force for the conduct of research . But 
to stop ther e  i s  to miss a major d imension of the overall problem . So 
many t imes , in  areas rang ing from educat ion to defense to technology 
development and internat ional trade , we have seen federal  pol icy-makers 
throw money at the problems with no s ignificant result . I n  some 
instances the programs and proj ects were i ll-conceived or poor ly carr ied 
out . More often , impor tant new informat ion was developed but real 
progress toward solut ion of the practical problems was not made . I n  
these cases , the lack of tang ible results can usually be traced d irectly 
to the technology and informat ion transfer processes . The research 
results were never communicated to those who would benefit  most from 
them or ,  if the informat ion was communicated , it was not in an appro
pr iate form for appl icat ion or implementation . 

This , of course , is  exactly the problem that this conference has been 
charged with addressing . To do this , I bel ieve that it is imperative 
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that we focus not j ust o n  fund i ng as a n  incent ive for the conduc t of 
research , but also on providing f inanc ial i ncentives for the informat ion 
and technology transfer process . Both the sources and the allocation 
of funds are impor tant . The use of normal market forces and propr ietary 
interests can provide a key to commerc ializat ion of new technology and 
the incorporat ion of new knowledge and concepts in des igns , codes , and 
regulat ions . Unfortunately , the federal government , as the pr ime source 
of research suppor t ,  is notor iously i neffective at ut i l i z ing these 
forces . Even in  regulatory matter s ,  the federal government has d i f
f iculty in translating r esearch results into pr actical ity ,  except for a 
few areas such as occupat ional or consumer safety . Fire safety i s  an 
area where such translat ion should be expected , but i t  generally has not 
occurred since the f i re code enforcement problem is with i n  the purview 
of state and local governments . 

IMPACT OF RESEARCH FUNDING 

The level of fund i ng affects both the quantity and quality of research.  
There i s  a minimum level of funding that i s  necessary to ma inta in in the 
sc ient i f ic communi ty the expert i se and interest to prod uce quality 
research proposals , but i t  must also be noted that there i s  an opt imum 
level beyond which there are d iminishing returns in  terms of the quali ty 
and s ignif icance of proj ects conducted . What is needed i s  a sound sense 
of pr ior i ties in developing a fund i ng pol icy for both publ ic and pr i
vately supported research . We must determine exactly what information 
is  truly needed to solve the most signif icant problems and we must match 
thi s  carefully with a sense of what we can afford . At the same time , 
there i s  a need to be caut iou s of false economies . As a commonly 
encountered example of such false economies I would point to the lack 
of appropr iate suppor t for informat ion d i sseminat ion activit ies asso
c iated with heavily funded research proj ects . Saving a few dollars on 
d isseminat ion can have the effec t of negating much of the impac t of the 
best re search.  

I n  th is context I would suggest that the sources and allocation of 
support are as important to the ult imate solution of practical problems 
as the overall level of fund ing . Pol icy dec i s ions on f unding affect the 
balance of long- and short-term ( i . e . , fundamental vs . appl ied) , 
research.  As a result , there i s  an effect on the balance of publ ic and 
private sector informat ion transfer , open publ ication , patents ,  codes , 
and commerc ial product ion . Several very important policy quest ions are 
involved here : What are the proper roles of the publ ic and pr ivate 
sector s? What are the proper gover nmental roles in the informat ion and 
regulat ion processe s? How shou ld federal and local governments interact 
with voluntary standards organi zations and commerc ial i nterests? What 
is the proper role of the pr ivate sector in the fund i ng of fundamental 
research having no immedi ate commerc ial application? Unfortunately , 
most research fund ing occurs without any i n-depth cons ideration of these 
quest ions . 
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There i s  some perception that the f ire problem and , thus , f ire 
research are unique i n  their technology transfer and information dis
semination needs .  Thi s  really i s  not the case . There are numerous 
analogous s ituat ions.  Consider , for example , medical and nutr i t ion 
research.  As with f ire , medica l research by necessi ty i s  heavi ly 
weighted toward fundamental sc ience , but the user communi ty is generally 
lacking in sc ienti fic expertise . For both , the highly technical 
research results need translation by the researchers themselves or other 
professionals . Thi s  requ ires a spec ial ef for t and the incent i ve mus t 
be provided to get the requisite effort expended . Funding dec i s ions 
provide the opportuni ty to develop these i ncentives . 

INFORMATION TRANSFER PROCESSES 

I n  the area of f i re ,  information baaed on research results is trans
ferred by three pr imary , but not mutually exclusive , routes as shown 
De low : 

--------- CODES -· 

-� 
RBSBARCII .:::--- COIMEBCIAL DEVELOl'IIEIO'r � APPLICATION 

------------ -· . . . . -----· ? 

Codes are the normal vehicle for the implementat ion of the results of 
moat of the government-funded f ire research . Th is occurs d i rectly in  a 
few i nstances bu t more commonly i nvolves i nte rgovernmental cooperat ion 
or the voluntary standards org ani zations .  The frequency of direct 
translation i s  pr imar i ly the result of the fund i ng of a large share of 
the research at the federal level wh i le pr imary regulatory respons i
bility l ies at the local government level . Ther e may also be consider
able pr ivate sector involvement in fac i l i tating the tr anslat ion of 
technical informat ion into standards and codes if there is suff ic ient 
propr ietary i nterest ( e . g . , the i nsurance industry or suppliers of f ire 
resistant mater ials) . 

The commerc ial development pathway offers one of the moat potent 
informat ion transfer resources since it utilizes trad i t ional mar ket 
forces and the profi t  mot ive . Unfor tunately , the track record of moat 
government agenc ies i n  using th i s  route is notor iously poor ,  and useful 
commerc ial products rarely result from publ icly sponsored research . 
Th is problem has been recogni zed and addressed by recent leg islat ion to 
provide Detter access and propr ietary protect ion to those who would 
capitalize on publicly held patents . How successful th i s  approach wi ll 
be rema ins to be demonstrated . However , in the context of the f i re 
problem , the potential for th i s  route is  exemplif ied i n  the development 
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of commerc ially successful res idential smoke detector s . wor k on 
detector s at the NBS Center for F i re Research was aimed at the develop
ment and standard izat ion of detector s .  The commercial interests were 
fac tored in at the appropr i ate points to fac i l i tate rather than hinder 
commerc ial production .  

There would appear to be a great oppor tunity for more pr ivate sector 
information and technology transfer , part icular ly for joint academic
industr ial and academic-government cooperat ion . Successful models for 
interact ion based on experiences with the Exper imenta l Technology 
I ncent ives Program ( ETIP)  of the Depar tment of Commerce and the Small 
Bus iness I nnovat ion Research ( SBIR)  program of the Nat ional Sc ience 
Foundat ion provide an i ndication of the viabil ity of such cooperat ive 
efforts.  Fur thermore , the cur rent Depar tment of Commerce emphasis  on 
research and development l imi ted partnerships should be exploi ted as 
should opportunities which may ar ise as a consequence of the pend i ng 
leg islat ion to fac i l i tate joint research ventures among commerc ial 
f i rms . 

The d irect transfer of research to applicat ion , with or without the 
involvement of codes or commerc ial development processes , has probably 
the greatest potential for success . I ndividual researchers have more 
inherent interest in broadcasting the ir own results than anyone else , 
includ i ng the sponsors ;  they must be tied into the communication 
channels . Trad i t ionally th i s  route has been underuti l i zed except i n  
spec ial cases , such a s  the research carr ied out by the insur ance 
industry . The key to success seems to be incentive and financial 
suppor t .  Funding has not usually been provided to researchers for 
d i sseminat ion of the i r  results , and no particular importance has been 
attached to d i ssemination funct ions when grant and contract applications 
have been reviewed . It would be interest i ng to see what would happen 
i f  d i ssemination plans were we ighted in fund i ng  decis ions on an equal 
bas i s  wi th research plans .  Direct transfer of informat ion by ind ividual 
researchers requires that the pr oj ects be closely tied to ult imate 
appl icat ion goals . Thi s  is not often done , particularly with the more 
bas ic proj ects where communication problems are frequently the greatest . 

SUMMARY 

I n  summary , the fundamental economics of f ire research would ind icate 
that : fund ing does make a d i ffer ence ; the source and allocat ion of 
funds are critical to the successful culminat ion of prac t ical research 
proj ects ; all three paths for informat ion transfer can be fac i l itated 
by appropr iate funding polic ie s ;  and emphas i s  needs to be g iven to 
informat ion transfer and d i sseminat ion of results from the time of 
program incept ion and fund ing . 
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ORGANI ZATIONS AS A COMMUNICATING AND COORDINATING MECHANISM 
TO BRIDGE THE COMMUNICATIONS GAP AND 

AS A MEANS OF CAUSING DIRECT INTE�CTION 

Jack c .  Sander s 
Fire Mar shall 

State of Ok lahoma , Oklahoma C i ty ,  Oklahoma 

I will be address ing the conference from two vantage points : on one 
hand , as a state f i r e  marsha l and , on the other , as Chairman of the 
Board of Director s of a large organi zation , namely , the Nat ional F ire 
�rotection Assoc iation (NFPA ) , whose primary responsibil i ty is  
communicating with a broad segment of the f i re protect ion and f i re 
prevention community .  

The f i rst two sess ions of this conference focused on the ex istence 
and def inition of a gap between the researcher and the practi t ioner . 
Now is  the t ime to suggest a few solutions involving communication to 
close the gap .  Wha t  can organi zat ions do to br idge the gap between the 
researchers and the owner-operator s of buildings? The obvious answer : 
Commun icat ion links must be establ ished and ma intained if  the necessary 
interact ion i s  to take place . The solut ion sounds easy until  one con
s iders  that the g ap exists due to d i fferences in  goals , mot ivat ions , 
ph ilosophies , and perspectives both within and between organizat ions-
in effect , the very essence of organi zat ions . This paper will br iefly 
address perceptions of the gap ,  influences affect ing the gap , a 
rat ionale for diminish i ng the gap , and , most importantly , recommenda
tions for future organi zational l i nk ing mechan isms to br idge the gap .  
The nature o f  the organi zations involved w i l l  be examined to g ive 
def init ion to the barr ier s creat ing the gap and , thus , to poss ible 
solutions . I hope we can then propose some effect ive br idges tha t can 
be put forth by the same organ izations . 

Researcher s include sc ient ists such as  our d istinqui shed colleag ue 
Boward Emmons of Harvard Un ivers i ty .  Research institutions include the 
government , univer s i t ies , and pr ivate laboratories wh ich support 
research . An example would be the Center for F i re Research at the 
National Bureau of Standards . The purpose of the researcher i s  to f i nd 
new knowledge and technology . In  thi s  endeavor , the researcher i s  
dr iven by g reat intellectual adventure . The resulting s ide effec ts o f  
such mot ivat ion a r e  measured i n  terms o f  progress , comfor t ,  quality o f  
life , and , for us , a more f i r e  safe env ironment . The researcher ' s  work 
is  thereby based on human invent ion and st imulated by human cur ios i ty 
and the need to seek truth .  I n  th is quest the researcher needs time 
and a long-term commi tment of resources .  For example ,  f ibre opt ics was 
on the scene i n  1970 and has only j us t  become part  of the Nat ional 
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Electr ical Code as Art icle 770--almost 15 years to become a ma jor 
factor in  modern technology with its inherent safety cons iderations . 

To some , 10 or 15 years seem like an awfully long t ime i n  th i s  age 
of i nstant solutions , espec ially in • appl ied• r esearch where most f i re 
protection research is  conducted . I suggest to you that f ire protec- · 
t ion practi t ioners and the institut ions representing them are caut ious 
and conservative by nature .  Th i s  is as it should be because protect ion 
from the threat of f ire is  an awesome respons ibi l i ty .  

The second session of th i s  conference exam ined the research 
progr ams themselves and the end use of r esults . The agenda of research 
ranges from the gener al to the spec i f ic ,  from the fundamental level of 
f lame s i ze and shape to computer s imulat ion model ing of f ire behavior 
in bu i ld ings . The outsider wou ld expec t an abundance of activity in  
f ire research from fundamental to applied g i ven the magni tude of  the 
f ire problem in Amer ica : 6000  l ives and $6 . 4  billion in property 
damage in 1982 . Sadly , this i s  not the case . As there has often been 
a lack of effect ive and available technology , evaluat ion of solut ions 
has been based largely on consensus--consensus not only i n  the develop
ment of codes and standards , but also i n  the applicat ion of alternat ive 
solut ions such as the F i re Safety Evaluat ion System developed by 
NBS/CFR utiliz ing the •delph i •  techn ique . Tr adit ionally , the formula
t ion of research and development programs has been based on : analysis 
and evaluation of loss reports and trend s ,  research and development 
organi zational policy and pr ior i ties , and research on spec i f ic 
problems , usually because there is  •cos t•  or • loss . • The results of 
research are sc ient i f ic products , unpubl ished and publ i shed repor ts , 
patent s ,  students graduated , and new commerc ial products . I n  add i t ion, 
the researchers have the i r  own inter nal network ,  seminar s such as given 
by the Center for F i re Research , and external programs such as grant 
proj ects . 

The • front line• includes the f i re service , f ire  mar shals , f i re 
protect ion eng ineer s and consultants ,  those wor k ing i n  major industry , 
f ire safety educator s ,  and those r esponsi ble for meet i ng code requ ire
ments . Organi zat ions involved are those serving spec if ic aud iences or 
const i tuenc ies--the Building Owner s  and Managers Assoc i ation ( BOMA ) , 
the bu i lding code groups , the Soc iety of F ire Protect ion Eng i neer s  
( SFPE) , the Amer ican I nsti tute of  Arch itects (AIA ) , and the Nat ional 
I nst itute of Bu i lding Sc iences (NIBS ) . 

I n  the next category are those respons ible for the design,  produc
t ion , and operat ion of publ ic and pr ivate bui ld i ng s .  Their purpose is 
to build the most effic ient and effective space pos sible with in budget 
constraints and regulatory requ irements . They provide for a tremendous 
i ncent ive to improved f i re safety by plac i ng impor tance on getting 
•cost-ef fective• f i r e  safe designs from the f i re protection eng i neer . 
They , too, have thei r  own networ k and communicat ion system. 

As a communications link between the pure researchers and the 
owner-operators of bu ildings , there are several •middlemen• organ iza
t ions in a good posi tion to serve the needs of both s ides in  achievi ng 
common goals . In  a word , these organi zations can help • br idge the 
gap . • The organi zatioAal framewor k ava ilable includes many possible 
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ways of accompl ishing thi s  •br idge bu ild ing •  function such as broad
based audiences , exist ing people networks on national , reg ional , and 
local levels, support of the organizat ional structure and mechanisms , 
and a noncompeting and objective vantage point . I n  this category fall 
such organi zations as the NPPA , the Nat ional Research Counc i l  (NRC )  of 
the Na tional Academy of Sc iences (NAS ) , the Amer ican Nat ional Standards 
I nsti tute (ANSI ) ,  Amer ican Soc iety for Testing and Mater ials (ASTM) ,  
and the National Safety counc il (NSC ) . 

The f irst sess ion of this conference acknowledged the ex istence of 
a gap between researchers and users and addressed some reasons for it . 
A number of forces tend to widen the gap even further between 
researchers and owner-operators of bui ld i ngs , and a br ief d iscussion 
will help to identi fy and hopefully red uce these on an organ i zational 
leve l .  

LANGUAGE 

Each group has i ts spec ialized terminology or • j argon . • Research 
reports are wr itten i n  a language that i s  not eas i ly understood by 
outs iders .  Consequently , results are not translatable in  English 
language terms and thi s  leads to the next bar r i er ,  • the challenge of 
technology transfer . •  

TECHNOLOGY TRANSFER 

Research results are often not avai lable i n  pr agmatic , usable forms or 
there is a lack of effect ive and avai lable applicat ion technology . An 
example of this is the work of the F i re Detect ion I nst itute to deter
mine spac ing requ irements for heat detector s .  The NFPA Committee has 
to • translate• the research results i nto a guide for spac ing which is 
proposed as an append ix for the NFPA 72 ser ies of standards .  

There i s  l im ited direct exposure o f  one group with the other and , 
thus , owner-operator s are not often exposed to the research that i s  
avai lable , which , in turn , leads to inadequate or nonex i stent use of 
the results . 

Operational time scales are often mi les apa r t .  Researchers need 
time whereas the owner-operator s requ ire immed iate answers . 

Lack of understanding of another ' s  responsibility leads to fr iction 
between those who want to do i t  • r ight • down to the last decimal place 
and those who have to bu ild bui ld ings today . And there are d i fferent 
networks in place . 

The economic downturn has affected both sides . Overall there is 
more limi ted pr ivate and public funds for research . Th is atmosphere 
has resulted in government backing away from bas ic research money and 
turning its attention to quick results . On one hand , government and 
pr i vate sector funding sources for bas ic research are drying up . At 
the same time , pressures are higher than ever to hold down the cost of 
new bu ilding s .  W ithout basic and appl ied research to evaluate the 
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effect i veness o f  proposed f ire safety tr ade-offs i n  bui lding constr uc
tion , the code enforcer and the standard s-maker are reluctant to accept 
i nnovat ions and new technology . Much progress has been made , however , 
i n  recent year s .  

Even with scarce resources , each group internally has a common set 
of assumptions abou t important problems to be studied and appropr i ate 
methods of study . Thi s  often d i f fers from the researcher to the 
bu ild ing owner-operator . 

NEED TO DIMINISH THE GAP AND CREATE LINK ING MECHANISMS 

Despi te the several barr·iers that create the gap and appear to keep 
organ izat ions and people separated , many more factor s and reasons ex ist 
today than ever before to close the gap to bui ld the br idge in the 
interest of safer cond it ions for users of building s  at lower costs . 
One major fac tor is the need for increased research f unding in a per iod 
of inf lation and less government support .  Research of a more complex 
and appl ied nature requi res the use of more realist ic env ironments and 
soph ist icated exper imental equipment and fac i l i t ies . Interact ion with 
bu i lding groups will  provide the researcher with the potential for 
long-term funded proj ects and permi t  even more f lex ibi lity and inde
pendence provided the researcher and the owner-operator are willing to 
wor k  together with i n  the regulatory code and standards development 
process . Mater ials suppl ier s and equ ipment suppliers to the • built• . 
environment have been successfully wor k ing wi thin the codes and 
s tandards-mak ing system for years.  F rom the owner-operator s ide there 
is an increased need for new technology requ i red for future proj ects 
and a need to meet increased environmental , soc ieta l ,  and regulatory 
pressures . 

Var ious mechan isms can be u t i l i zed to promote closer relationships 
that fur ther the interest of both sides , the researcher and the practi
t ioner . Obviously organi zations will be the pr ime mover in the 
c reat ion , implementation , and effectiveness of such mechanisms . 
I nd i v idual relat ionships and endeavors ,  as well as case-by-case 
cooperative efforts , although important , cannot provide the long-term 
continu i ty to bu i ld the br idg e .  Only organi zations can provide the 
continuing impetus and depth of exper ience , knowledge , and str ucture 
necessary in the increasingly complex wor ld we live in today . 

The spec i f ic forms that these commun ication mechanisms can and_ will 
take are a function of the needs and capabi l i ties of the organi zations 
involved and the i r  individual character istics . And obviously , since I 
am most fami liar with the NFPA , spec i f ic examples relat ing to NFPA wor k 
will be used to demonstrate and i llustrate poss ible approaches .  The 
purpose will be communicat ion--to promote and require meaningful 
d ialog ue . 

A look at the ex isting l inks is a star ting point for creat ing 
enhancement and expans ion as wel l  as innovation . The present links are 
t ied to ind iv iduals , groups , and products . As an individual , the f i re 
protect ion eng ineer can reflect the wor k  of the research community in 
his/her advice to the bu ilders and owners .  Although f ire protection 
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eng i neers and consultants are log ical translators ,  they deal only with 
certain aspects . I nsurer s ,  supplier s ,  and manufacturers are also 
channels of l i nkage . More spec i f ic , but limited , cooperat ion is  
enhanced through owners • providing d irect dollar s for research and the 
d irected use of government laborator ies by federal owner-operator s .  I 
under stand that par tnership i s  fostered through the design soc ieties 
and the interact ive for um of the Federal Construct ion Counc i l .  

S imi lary , the NFPA has and will continue to play a major role . 
Through i ts programs in the areas of publ ic educat ion , f ire invest iga
t ions , and applied research and the development of codes and standards 
through the balanced committee and appeal systems , the NFPA serves as 
an excellent example of the avenues ava i lable to create and stimulate 
the d ialogue . NFPA codes are an indi rect method of inst itut ionali zi ng 
f i re research results . so , too , are the model bu i ld i ng  codes . Codes 
br ing communicat �on between the researcher , enforcer , and user . How
ever , as a soc ial i nstrument for assessment , the codes deal only with 
part of the technolog ical informat ion ava ilable from research . 

Some bas ic and applied f i re research will perhaps never result i n  
a code change but wi l l  be d isseminated and commun icated in  other ways.  
OWner-operators are exposed to research and researchers learn of the 
bu i ld i ng industry dilemma through br ief ing s ,  conferences , stat istical 
and research reports , technical papers and information bullet ins , case 
stud ies , f i lms , and educat iona l journals and magaz ines . These include 
the F i re Journal , F i re Technology ,  sect ion newsletters ,  spec i f ic 
bullet ins , and the publ icat ions of BOMA , the AlA and other organi za
t ions targeted to spec i f ic aud iences . 

FUTURE LINK ING MECHANISMS 

However ,  in a more complex technolog ical wor ld , the present--generally 
ind i rect and sporad ic--conversat ions will not suf f ice . More d irect and 
extens ive mechanisms will be requi red tha t calls for the structure and 
commi tment of organi zat ions . 

From an examination of the f i re safety needs , and the requi rements 
of both researcher s and build i ng owner-operator s ,  and a look at a 
s imilar gap and efforts to br idge it in  the area of univer s i ty 
research/ indus try partnership , a list  can be establi shed of sample 
l ink ing mechanisms . These avenues of explorat ion can consti tute new 
d i rections for organi zat ional communicat ion . 

Direct Contact 

OWner-operator s should be in a pos it ion to learn more about research 
by d irect contac t as well as should the researcher s .  

Research and Development 

The agenda of Research and Development can be shaped for more pr act ical 
appl ication and pertinent stud ies through fund ing considerat ions . Thi s  

would include di rect funding by owner-operator organi zat ions , a 
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surcharge targeted for research imposed by insur ing organi zat ions , and 
spec i f ic tax incentives to organi zat ions . 

Educat ional 

Educat ional mechanisms can provide d i rect and ind i rect l inks . Th is 
very conference i s  an example of where all concerned par ties have been 
brought together for the purpose of incr eased communicat ion . More 
sympos ia , seminars ,  and conferences in  thi s  d i rection should be part  
of  the agendas of  all  of our organizations . 

Another example i s  the NFPA Publ ic Educat ion Program ,  which has 
built into its a ims and approaches the results of human behavior and 
educat ional research . Examples include the MGM and westchase Hilton 
f i re behav ior studies and the wor k  of Dr . John L .  Bryan and Dr . John 
Keat ing . 

I nterd i sc iplinary Research 

Many factors demonstrate the necessity of interd isc ipl inary research 
( IDR) . The wor ld trend is def initely toward countr ies using sc ience 
and technology for themselves .  As economic tools and , consequently , 
research become more complex , the number of disc iplines is increasing 
with each becoming more spec ial i zed .  Thus , problems become more 
complex and the nature of the problem itself creates the need for 
integ rat ion . At the same t ime , as research continues and possibly 
expands , budgets continue to be l imited . And yet , more t ime and money 
will be needed to search for solutions . Dr . John Bryan aptly expressed 
th is cor relat ion when he said , • you can ' t learn about f ires withou t 
d igg ing in the ashes . •  

IDR is not now rewarded in most uni versity and organi zat ional 
sett ing s ,  and th is should be changed . I n  foster ing interd isc iplinary 
research , the future role of organi zat ions will be to serve as • honest 
brokers•  to f ir s t  ident ify problem components and relevant expertise 
and then to encourage integration of effort between d i f ferent indi
viduals or organi zatons with spec ialized expertise on a common problem . 
Because of its appl icability and far-reach ing impact , IDR has commonly 
been assoc iated with solving problems of soc ial s ignif icance by creat
ing a common problem focus and commitment . 

A ster ling example of th is is the NFPA TOx ic i ty Advi sory 
Committee--the setting up of a spec ial committee to create an inte� 

gr ated , interd iscipl inary approach to examining a complex problem . 
Other problem areas that would benefit  from an IDR approach are 
combustible inter ior f in ishes and furnishing s , smoke control manage
ment , f ir e  war n ing communicat ions and control , and multistory egress . 
IDR can mimimize the gap by ove rcoming the bar r iers such as lang uage , 
exposure , d i f fer ing obj ectives and v iews , and technology transfer . 

I ncreased Appl ied Research 

IDR also would result in more applied research ( i . e . , analyzing f ires 
and inc idents and ask ing why f i res occur in bu i ldings) . The eng ineer
ing aspec t has long been a focus of the NFPA as reflected in the codes 

Copyright © National Academy of Sciences. All rights reserved.

Communications Between the Fire Research Community and the Owner-Operators of Buildings:  Proceedings of a Conference
http://www.nap.edu/catalog.php?record_id=19427

http://www.nap.edu/catalog.php?record_id=19427


117 

and standards , but a look at human behavior i s  a relat ively recent 
endeavor . Study into autopsy protocols and med ical areas is j ust 
beg inning as evidenced by the Fire F ighter Fatality Study and explora
t ion of a Protocol for Autops ies , as cal led for by NFPA ' s  Long-Range 
Plan . 

A further example of appl ied research is a project , funded by the 
u . s .  Depar tment of Housing and Urban Development ( BUD) , in which 
methods were developed for quantitat ive evaluation of the f ire safety 
levels of var ious resident ial des ign conf ig urat ions us ing a computer 
s imulat ion called the Build ing F i re S imulation Model (BFSM) . The model 
i s  being made ava ilable in its present developmental stage for use by 
knowledgeable profess ionals for research and educational purposes . The 
BFSM shows a thr ust in f ire protection to apply a systems concept to 
f i re problems . 

A cooperative effor t specif ically related to i ncreased commun ica
tion between the researcher and the owner-operators of build i ngs was 
the Res idential Spr ink ler Project . The spr inkler industry , the manu
facturer s ,  government , researchers , the front l i ne ,  and NFPA banded 
together to develop and test a low-cost , quick-response , l ife-safety
or iented res idential spr inkler system . I n  Los Angeles , the Fire 
Depar tment r an f i re tests of a prototype of new resident ial spr inklers 
in an actual residence . Thi s  was the f irst time r igorous tests of this 
nature were r un outs ide the lab in a res ident ial sett ing . Factory 
Mutual was responsible for instrumentation and data reduction whi le 
NFPA provided the steer ing committee and served as administrator of the 
project . The new technology and developments were incorporated into 
the code process and resulted in the revision of NFPA 13D . Further 
demonstrat ions wer e  run in Ft . Lauderdale to demonstrate the 
feas ibi l i ty of this technology for hotels . 

A relat ively new forum for applied research is  the recently 
establ ished Nat ional F i re Protec tion Research Foundat ion that will 
foster communicat ion through sponsored research proj ects which are 
spec i f ically tied to needs in the f ield . In  fact , the stated obj ective 
is  • tor research and development connec ted with the protect ion of life 
and property from f ire and part icularly , but not exclusively , research 
that is related to improved effectiveness , efficiency , and safety in  
the delivery of f ire protection to the publ ic . •  Further , the Founda
t ion will •cons ider only such proj ects that have demonstrated applica
bility to the f i re problem and that will prov ide a usable end product 
in dealing with the f i re . • By establ ishing these parameters ,  the 
Foundat ion , on an organi zational level , has established a structure and 
reward system that cannot operate without br idge bu ilding . 

Code Enhancement 

The volunteer consensus standards mak i ng system suppl ies an outstand ing 
example of br idg ing the gap on the organi zational level . Both the 
researcher and the owner-operator are par t ic ipants in the balanced 
committee system and br ing the i r  needs and exper tise to the table . 
Through this effor t occurs the u t i l i zation and appl icat ion of new 
research and technology in the bu i lding industry . The future thrust 
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in thi s  area should be to enhance and ut i l i ze th i s  for um and process 
to i ts fullest extent . The NFPA i s  currently examining this by look ing 
at closer links between its computer i zed F i re I nc ident Data Bank and 
the code process . The r ecommendation was the result of a Task Group 
on F ire Statistics formed under the NFPA Systems Concept Committee . 
Implementation would provide for fuller use of the ex isting f ire data 
as well as a mor e  targeted information request by the technical com
mittees.  A spec ial resource per son on f ire stat ist ics will be des ig
nated at the NFPA to respond to a techn ical committee ' s  need for 
interpreted f ire statistics . Th is l i a i son function could also be 
accompl ished between organi zations to forge d i rec t  links . 

Joint Programs 

Joint programs are not new areas of cooperation .  The NFPA has been 
wor king for a decade on a cost-shar ing program with the federal govern
ment to invest igate s ignificant f i res , initially with the National 
Bureau of Standards and mor e recently with the u.s. F ire Administra
tion .  These activit ies have helped to br idge the gap by r equ i r ing 
ac tive communicat ion between our investigators and the researchers at 
NBS ,  wh ich has led to an establ i shed protocol to communicate with the 
r esearcher s  on a case-by-case bas i s .  A more recent effort is  the joint 
program with the model bu ilding code g roups in the area of fire inves
tigat ions . Thi s  cooperat ion will  pay of f in better information about 
f ires and the " whys" of losses , which will be translated by bui lding 
code developer s and users . However , the potential for this mechanism 
has j ust barely been tapped . 

Common Language 

Directly related to a considerable bar r ier is the development of a 
common language . The NFPA , along with other f i re protect ion organiza
t ions , took a major step in th i s  d irec t ion in  the late 196 0s with the 
development of NFPA 90 1 ,  "Un i form Coding for F i re Protection . " Further 
development of data systems , based on th is common lang uage , in the form 
of the NFPA-designed and -operated F i re Incident Data Organizat ion 
(FIDO) System and Nat ional Fire I nc ident Report ing System (NF IRS ) , has 

made it poss ible to provide informat ion to both the researcher and the 
f ront line .  NF IRS has stimulated continuation and enhancement of 
cooperat ion between the FEMA/USFA and NFPA in an envi ronment of reduced 
government spend ing . The systems provide quantitat ive informat ion on 
fr equency , causes , and consequences of f i r es and identify general 
trends in the nat ional f ire exper ience . Yet ,  the organi zational 
potential of this avenue has not been completed . Expanded use and 
d issemination , as  wel l  a s  mor e comprehensive data , wi l l  be needed in 
the future . 

CONCLUSION 

There are exc i t ing and unl imi ted poss ibi l i t ies for expanded communica
t ion and c lear inghouse organi zat ions , such as the NFPA and the National 
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Research Counc i l , will continue to play a major role as the connecting 
links between researchers and practitioners . I can assure you that the 
NFPA is prepar ing for the • a t-Tech Age . • We know that in order to 
accomplish our goals , we must foster research to its fullest potential 
and we must communicate to the research community the pract ical needs 
of our soc iety and then seek methods to effectively transfer research 
results and data into a form usable by the practioner . 

our f i re safety problems are complex and comprehens ive . Solutions 
will require sc ientific analysis and approaches to mater ials , systems , 
and ph i losophies . The gap of understanding and communicat ing can 
conce ivably become more pronounced , but I believe the organi zations can 
and will effectively br idge the gap in a common effort to make our 
env ironment safer from the ravages of f ire . 
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THE ENHANCEMENT OF THE PROFESSIONAL 

(. 
QUALITY OF PEOPLE t.f.NVt>LV� IN 'B UI.L:� :1 1J �  F�eE s A  r= (; T!J 

Dav id A .  Lucht 
Vice Pres ident 

F IREPRO I ncorporated , Wellesley H i lla , Massachusetts 

INTRODUCTION 

On February 16 , 198 3 ,  Dr . Dorothy M .  S imon , Vice Pres ident of Research 
for AVCO Corporat ion and Cha irman of the NBS Statutory Vi s i ting 
Committee , r eported to the Cha irman of the House Subcommittee on 
Science , Technology , and Space as follows : 

Improvements in the coa t-effect iveness of f ire  protect ion 
systems can have s igni f icant economic returns . The constr uc-
t ion of new bu ilding s  and the rehabilitat ion of ex isting 
bui lding s  r uns about $230 bi llion annuallyJ $7 . 6  billion is  
spent on f ir e  safety . Forty percent of th i s  expend i ture could 
be saved by mak ing more i nformed dec i s ions on the trade-offa 
between safety , cost , and funct ion . 

The overall thr ust of Dr . S imon ' s  repor t concerned payoffs to be 
antic ipated from wor k performed by the f i r e  research community . She 
has suggested that some $3 b i ll ion could be saved each year as a result 
of new dec is ion-mak ing technolog y  in  bui ld i ng f ire  safety . 

Th i s  paper concerns the profess ional qual ities of people i nvolved 
in build ing f ir e  safety . I will  discuss th i s  top ic with i n  the overall 
context of bu i ld i ng f i re safety dec i sion-mak ing processes that result 
in today ' s  f i r e  safety investment . Some of the shortcomings of these 
processes will be outl ined . The paper will conclude w ith my views 
concerning the future i n  terms of shor t-term and long-term professiona l 
development . 

TODA. Y 1 S FIRE SAFETY INVESTMENT 

The dec is ion-mak ing processes that lead to some $7 . 6  bi llion per year 
invested . in bu i ld i ng f ire  safety should be outlined before we d iscuss 
the profess ional qual i t ies of the par t ic ipants in  that process . This 
dec is ion-mak ing system per tains pr inc ipally to what I call the •main
stream• of fac ility des ign , development , constr uction and renovat ion . 
The mainstream that I am refer r ing to concerns those properties where 
the g reatest percentage of  the property loss , death , and inj ury occur 
as a result of f ire . With i n  th i s  framewor k I am not includ ing 
fac i l i t ies such as h igh f ire-challenge industr ial proper ties where the 
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potent ial for catastrophe i s  obvious and s ign i f icant . I n  these cases , 
soph ist icated exper tise is often used in  ach ieving f ire safety and this 
is a • spec ial case• for the purposes of th i s  paper . 

THE DECISION-MAK ING PROCESS FOR NEW BUILDINGS 

The process for ach ieving f i r e  safety in new buildings var ies from 
place to place and from i ndustry to industry . However ,  a common 
scenar io could be character i zed as follows : A potent ial fac i l i ty owner 
raises the necessary f inanc ial resources and engages an architec t .  
wor k i ng together , the arch i tect and the owner ident i fy the functional 
requirements for the facility .  The arch itect , along with supporting 
civil , mechan ical and electr ical eng i neer s ,  prepares plans and spec i f i
cat ions . Often , spec ialty hardware systems such as automatic 
spr ink lers and detect ion-alarm systems are  des igned by industry 
personnel .  Plans and spec i f icat ions are submi tted to a bui ld i ng 
depar tment . The bu i ld ing off ic i a l  eva luates compl iance with the 
bu ild i ng code . I t  i s  not unusua l to also submit plans to the f i re 
marshal . Some f ire mar shals enforce certa in f i re safety a spects of the 
bui ld ing code . Sometimes , the plans and spec i f icat ions are also 
reviewed by the potent ial insurance ca r r ier . Once loca l off icals are 
assured that legal requ irements are met , the bu ild ing permit  is issued 
and constr uct ion is  under way . F ield i nspections are performed by the 
bu ild ing depar tment , the f ire department , and somet imes the insurance 
car r ier . When local off icials are conv inced that constr uct ion compl ies 
with local requ irements , a cer t i f icate of occupancy is issued and the 
bu i ld i ng can be used . 

THE DECIS ION-MAK ING PROCESS FOR EXISTING BUILDINGS 

The bu i lding code generally prescr ibes the minimum level of f i re safety 
determined to be soc ially acceptable by the state or local government . 
As a general r ule , once the bu ilding is bu ilt to this minimum level , 
it i s  presumed to be in compl iance with the law even though the bui ld
ing code is changed i n  subsequent years . The impos it ion of costly 
bu i ld i ng retrof i t  requ irements is pol it ically unpopular and done only 
in spec ial c i rcumstances . For example , i t  is not uncommon to have 
retroactive requ irements for smoke detector s in res idential bui ld ing s .  

An exist ing bu ild i ng i s  not rout inely inspected by the local 
bui ld i ng department . In many communit ies , f ire department operating 
per sonnel vis it existing buildings on a r egular basis  for the purpose 
of •pre- f i re plann ing . • Further , many bu i ld ing s are reg ular ly 
inspec ted by the local f i re ma rshal to assure compliance with the f i re 
prevention code .  The f i re prevent ion code is mostlY :J housekeep ing , 
spec ial hazard , and ma intenance code . 

Depend ing on the s i ze of the fac i l i ty and the potential for a maj or 
i nsurance claim ,  the building may also be inspected on a per iod ic basis  
by f i re insur ance personnel .  Recommendat ions may be  submi tted to the 
owner as a result of these inspections . Compliance with the recommen
dat ions may or may not resul t in reduced insur ance premiums . 
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SOME SHORTCOMINGS 

Dr . S imon has est imated that we may be unnecessar i ly spend ing some $ 3  
billion per year on building f ire  safety . Wh ile I am unaware o f  the 
source of her data , I have no reason to doubt the val idity of her 
est imates . What are some of the shor tcomings in  the existing f i re 
safety dec is ion-mak ing process that lead to an over investment in f ire 
safety? 

The Tools Ava i lable 

With r espect to new bu i lding construc t ion , the bu ilding code is used 
regularly as the pr inc ipal tool in f i r e  safety dec ision-mak ing . Most 
commonly , state and local bu ilding codes are based on or adapted from 
national models developed by organ izations such as the Build ing 
Off ic ials and Code Administrator s I nternat ional (BOCAI ) , The I nterna
t ional Conference of Bui ld ing Off icials ( ICBO) , and the Souther n  
Build i ng Code Congr ess Internat ional ( SBCCI ) . 

The model codes are wr i tten through a process of consensus opinion .  
They speci fy with substantial detail  the ind i vidual f ire safety 
features that must be installed to comply with the code . For example , 
the codes deta i l  when a utomat ic spr inklers , f i re extinguisher s ,  f i re 
hoses , f ire  detectors ,  f ire  alarms , f i r e  door s ,  f ir e  ex its , and f ire 
walls are required . Taken together , these individual r equirements 
represent prescr iptive solut ions to categor ical groupings of fac i lity 
types .  The model bu i lding codes do not spec if ically s tate an overall 
level of f ire safety per formance .  

Many t imes the build i ng owner relies almost exclus ively on the 
codes ( and insurance ) to ach ieve f i re safety . Such rel iance can have 
s ign if icant shortcomings from the owner ' s  point of view .  The codes do 
not provide the owner with an understand ing of the exposure to loss , 
the probabi l i ty of loss , the potential  seve r i ty of a fire or the nature 
of the r isk in terms of property loss , death and inj ury , busi ness 
cont inu ity ,  unfavor able publ ic i ty or legal l iability .  

Technical compl iance with appl icable codes , as well as the 
standards of the insurance industry , does not necessar i ly assure the 
owner of the most cost-effective f ir e  safety des ign solution .  I t  
should be r emembered that codes a r e  wr i tten through a process of 
consensus by groups of regulatory off icials fa r r emoved from the 
owner ' s  fac i l ity .  The wr iters of the codes are only able to prescribe 
what they envis ion to be minimal ly acceptable f ir e  safety features for 
gener ic categor ies of bu ild i ng types . Often other combinations of 
bu i ld ing fire  safety features , wh ich might technically violate the 
code , can provide equal or h igher levels of safety at l ess cos t .  Other 
combinat ions of bui lding features might also provide the owner with 
fewer hardware ma intenance and replacement cos ts and longer term 
serviceabi lity .  

Finally ,  i t  should be r ecogni zed that there i s  a s ign i f icant t ime 
gap between the emergence of new technology and the incorporat ion of 
that technology into state and local codes . I f  a bui lding was built 
under a modern bui lding code in  1970 , chances are i t  reflected the 
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technology of 19 6 5  and ear l ier . Further , unless some other factors of 
outside influence come into the pictur e ,  the same bu i lding will depend 
upon pre-1965 technology for the l i fe of the fac i l i ty .  

The People Involved in the Process 

Obv iously , there is  a broad r ange of persons involved in bui lding f i re 
safety includ ing the fol lowing major categor ies : 

1 .  Build i ng official 
2 .  F ire off ic ial 
3.  Arch itect 
4 .  I nsurance representative 
5 .  Hardware systems salesmen-des igner s 

. To the degree that these par t ic ipants rely heavi ly on the codes i n  
f i re safety decision-mak ing ,  the results of the i r  efforts can fall 
shor t of formulat ing cost-effec t i ve solut ions to the owner ' s  problems . 
Many des ign-development processes lack an analyt ical approach to the 
owner ' s  unique needs . 

The bui ld ing off icial is  respons ible for address ing many technical 
issues , f i re safety be ing only one . A bu i ld i ng of f ic ial  is not 
normally h ighly trained in f i re protect ion eng ineer ing . Although some 
f ire marshal off ices employ f i r e  protect ion eng ineer s ,  th is practice 
is  not common . The arch itect i s  s im i l iar to the bui ld ing off ic ial in 
the sense that he or she i s  requ i red to know someth ing about a broad 
var iety of technical issues . Architects are not highly trained in f ir e  
protection eng ineering ;  some use f ire protect ion eng ineers a s  a member 
of the des ign team . 

Some commerc ial interests such as the insurance industry and hard
ware systems sales-design per sonnel can be helpf ul in a des ign process , 
but these per sonnel do not have a total perspect ive of the owner ' s  
requirements and the broad range of var iables that need to be con
s idered in developing solut ions . 

Most codes allow for deviat ion from spec i f ic requirements in the 
form of • equ ivalencies• or var iances where such deviations would be 
helpful in r educ ing hardsh ip or improv ing the effect iveness of the 
overall design sol ut ion . However , appea ls and var iance processes can 
be cumbersome , impract ical , or undesi rable . on fast-tracked constr uc
t ion projects there may not be time to go through the bureaucracy of 
an appeals process .  somet imes the owner f inds the appeals process 
undes i rable as it might g ive the appea rance of be ing " aga inst f i re 
safety . • Somet imes th is leads to last minute dec i s ions to go ahead and 
comply with costly code r equirements , based on the letter of the code , 
even though a f i r e  protect ion eng ineer ing analys is would ind icate these 
investments a r e  not needed . 

Another roadblock to ach ieving i nnovative f i re safety design 
concerns a reluctance on the pa r t  of some regulatory off ic ials to •go 
out on the l imb" with an interpr etat ion that var ies from local trad i
t ion or does not match wi th a str ict interpretat ion of the code . This 
reluctance can be due to l imited background and training on the par t  
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o f  the offic ial , a n  unfavorable wor k env ironment ,  o r  the lack of 
recognized c r i ter ia on wh ich to base such j udgment dec is ions . 

THE FUTURE 

The shortcoming s  in the f ire safety dec i s ion-mak ing process that I have 
j ust d iscussed are not meant to be destr uctive cr itic i sms of e i ther the 
codes or the participants in the process .  All of these elements are 
s imply • s tate of the ar t . •  Each of the par t ic ipants i s  normally per
forming to the best of h � s  or her abil i ty . The prescr iptive nature of 
the codes has evolved over the years and code wr iters have been doing 
the i r  best to keep abreast of new technology and research f ind ing s .  In 
other words , the real wor ld of mak ing f i re safety investments is  as 
good as we have been able to make it be to date . The following will 
d i scuss some of my views as to the f uture .  

NEW TOOLS 

In a recent d iscussion with a representat ive of one of the model code 
groups , I was told of the many educat ion and cer t i f ication programs 
under way or planned in the overall area of f ire  safety . The per son 
mentioned that very l ittle was be ing done in the s tr uctural area 
because it was well understood by arch itects and eng ineers , because the 
college and university system was adequately training str uctural 
eng ineers , and because the reg istered profess ional eng ineer could be 
rel ied on to u t i l i ze c redible des ign methods . I t  i s  interesting to 
note that the evaluat ion and approval of str uctural systems in the 
regulatory process is  almost pro forma compared to the tr ials and 
tr ibulat ions of wr iting , administer ing and enforc ing volumes of f ire 
safety requirements . 

I have noted that Harold Nelson , one of the other speakers par t ic i
pating in  th i s  conference , presented a paper entitled •cred ible 
Eng ineer ing Methodolog ies . • Alternat ive eng ineer ing approaches to f i re 
safety dec is ion-making stand to yield the greatest payoffs in terms of 
achiev ing des irable levels of f i re safety at least cos t .  

one example i s  the recent adoption of the F i re Safety Evaluat ion 
System (FSES ) , which i s  a method for ass ign ing weighted values to 
var ious build i ng f i r e  safety features to determi ne •equ ivalency• with 
the Nat ional F i r e  Protection Assoc iat ion ( NFPA ) L i fe Safety Code . 
Whi le the use of thi s  method is bas ically a mechanical process that 
assumes l i ttle engineer ing capabil i ty ,  it is a step in the r ight 
direction . Th i s  tool can assist loca l off ic ials who otherwise feel 
uncomfortable with mak ing j udgment dec i s ions . 

Hopefully the t ime will come when the model code groups will be 
able to recognize alternative eng ineer ing methods in the same mannner 
that they trust the s tr uctural eng ineer to use state-of-the-a rt tech
niques in str uctural design . 
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PROFESSIONAL QUALITIES 

Future improvements in the cost-effectiveness of f ire protec t ion 
investments , whether in the form of better j udgmental use of exist ing 
codes or the appl icat ion of more soph isticated eng ineer ing design 
methods , will require par t ic ipants having the profess ional qua l i t ies 
needed . Extens ive act ivities are  already under way that will have 
short term payoffs in terms of profess ional development . I n  the longer 
term , more in-depth and profound changes will be requi red in terms of 
profess ional capab i l i t ies . 

Shor t-Te rm Profess ional Development 

Over the years ,  ample profess ional development opportunit ies have been 
ava i lable to all of the part ic ipants in the bu i ld i ng f ire safety 
process . F i resafety seminar s and short courses are abundantly 
ava ilable to statutory off ic ials , arch itects and eng ineers , the 
insurance industry , and other s .  

More recent years have shown a n  encourag ing trend towards a more 
r igorous , disc iplined , and job-related approach to profess ional quali
f icat ion . 

The Counc i l  of Amer ican Building Off icials (CABO) has been operat
ing a Bu i ld i ng Officials Cer t i f icat ion Program based on wr itten 
examinat ions . The examinat ions contain three modules includ ing 
management , law , and technology . Port ions of the technical module are 
devoted to f ire safety . 

BOCA I and the SBCCI , in collaborat ion with the Educat ional Testing 
Service , have been sponsor ing Nat iona l Cer t i f icat ion Program Construc
t ion Code Inspector Tests . Two modules of this test ser ies include 
"General F i r e  Protect ion• and " F i re Protection Plan Review. • Also ,  the 
SBCCI has been offer ing a fire  inspector cer t i f icat ion examination for 
about 10 years . ICBO operates i ts own voluntary certif ication program 
and i s  currently developing a f i re inspector category in cooperation 
with the Western F ire Ch iefs Assoc iat ion . 

The Nat ional Profess ional Qual i f icat ions System of the Jo int 
Counc i l  of Nat ional Fire  Serv ice Organi zat ions has also developed 
standard s for j ob categor ies in the f i re services . These standards are 
publ ished by the National F ir e  Protection Assoc iat ion (NFPA) . The 
standard related most d i rectly to code enforcement is NFPA 10 31 , F i re 
I nspector , F ire  I nvestigator and Public F i r e  Prevent ion Educat ion 
Off icer . Th i s  system rel ies on state organ i zations to per form the 
test ing and to issue cer t i f icates . Some half dozen states are  
cur rently par t ic ipating although , to  date , none have appl ied for the 
F ire  I nspector category of cer t i f icat ion . The Nat ional F ire Academy 
has been us ing these profess ional qual if icat ions standards in 
formulat i ng courses offered to the f i re services . 

I n  the pr ivate sector , there has been recent movement towards 
nat ional testing and cer t i f ication .  The National Fire  Spr inkler 

Assoc i ation ,  in collabor at ion w i th the Nat ional I nst itute for Cer t i f i
cat ion of Eng i neer ing Technolog ies (NICET) , has established a cer ti f i
cat ion progr am featur ing three levels of competence r ang ing from 
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As soc iate Eng ineer ing Technic ian to Sen ior Eng i neer ing Techn ician under 
the subf ield of •Automat ic Spr inkler System Des ign . • 

Recent years have seen s ign i f icant act ivity i n  the profess ional 
eng ineer arena as well.  I n  1981 the Nat ional Counc i l  of  Eng ineering 
Examiner s developed the f irst national profess ional reg i strat ion 
examination for f ire  protection eng ineer s .  At the current time ,  21 
s tate boards of eng ineer ing r eg i strat ion are offer ing the examination . 

Overall , the net effect of th is nat ional movement towards testing , 
reg i strat ion , and cer t i f icat ion will  be s ig n i f icant . As these national 
standards and cer t i f icat ions are used by employer s  for h i r ing ,  promo
t ion and retent ion of employees , g reater incentives will ar ise and the 
pos it ive effects will be ampl i f ied . 

Based on aggress ive profess ional development efforts taken by a 
number of nat ional organi zat ions , the profess ional quality of per sons 
involved in bu i lding f ire safety will be enhanced . 

Longer Term Profess ional Development 

As the tools we use in mak ing bu i ld ing f i re safety dec i s ions shi f t  from 
a gener ic or pr escr ipt ive mode to an eng ineer ing analys is mode , the 
profess ional qual ities of people involved will also have to change. 
Th is is  because the analyt ical wor k will become more r igorous , requ i r
ing a heavier emphas is on mathemat ics , the phys ical sc iences , and 
eng ineer ing j udgment . I f  the cur rent pattern of technolog ical 
development cont inues , it would seem the emphas i s  will sh ift from 
profess ional qual i t ies centered on how to interpret the code to 
profess ional qualities emphas i z ing eng inee r i ng analyses . I suspec t 
that the f i r e  protect ion eng ineer will  play an ever- i ncreasinq role in 
the bu i ld i ng des ign process of the future . 

New analytical methods must be translated into the form of text
books and educat ional mater ials for use by schools of f ire  protect ion 
eng inee r i ng and other educat ional inst itutions . New des ign methodolo
g ies will have to be incorporated into professional eng ineer reg i stra
t ion examinat ions . And , f i nally , mod i f icat ions may be needed in the 
training and certif icat ion programs for other part ic ipants in the over
all bui lding f ire safety dec i s ion-mak i ng process . For new analyt ical 
methods to tr uly be accepted , these var ious pa rtic ipants must be 
sens itive to the streng ths , capabilit ies , and l imitat ions of these 
methods and be wel l-schooled in what they need to know to carry out 
the ir  ind ividual roles . 

SUMMARY 

I t  has been est imated that some $7 . 6  bill ion i s  invested annually in 
ach iev ing bu i ld ing fire safety . Ye t ,  in  the ma instream of fire  safety 
dec ision-making , there is  often no assurance that the levels of f ire 

safety ach ieved meet the owner ' s  needs or that the same level could not 
be ach ieved a t  less cost . 

Technical tools cur r ently used are not analyt ically or iented . 
Rather ,  they prescr ibe gener ic solut ions to gener ic problems based on 
consensus . The future will offer more soph ist icated eng inee r i ng  tools . 
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Professional quali t ies of people involved i n  f ir e  safety is 
improving on a nat ional bas is based on job-or iented test ing and cer ti
f icat ion . In  the longer term , f ir e  protec t ion eng ineers will play a 
more prominent role in achieving bui lding f i r e  safety based on 
eng ineer ing methods .  Training , educat ion , and certif icat ion programs 
will be required to accommodate new s ubj ect matter to help assure that 
the var ious par t ic ipants in the process are equ ipped to give the new 
technology a chance to wor k .  
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