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NOTICE : The project that i s  the subject of thi s re port was approved by 
the Governi ng Board of t he National Research Counci l, whose members are 
drawn from the counc i ls of the Nat ional Academy of Sciences , the National 
Academy of Enginee ri ng ,  and the Institute of Medicine.  The members of 
the committee responsi ble for the re port were chosen f or their competence& 
and wi th regard for appro priate balanc e .  

Thi s  report has been reviewed by a group other than authors according 
to procedure s ap proved by a Report Review Committee consi sting of members 
of  the Na tional Academy of Sciences , the Nat ional Academy of Eng ineeri ng ,  
and the  Ins t itute of Medicine . 

The National Rese arch Counci l  was establi shed by the National Academy 
of Science s in 1916 to associate  the broad community of science and 
t echnology wi th the Ac ademy ' s  purpose of furtheri ng knowledge and of 
advi s i ng  the federal government . The Counc i l  operate s in acc ordance with 
general policies determined by the Academy under the authori ty of i ts 
congressiona l  chart er of 186 3, which establishe s the Ac ademy as  a 
private ,  nonprofit , self-governing membership corporat ion . The Council 
has become the pri ncip al operating agency  of both the National Academy of 
Sciences and the Na tional Academy of Eng ineeri ng in the conduct of their 
service s to the government , the public , and the scientific  and 
engineering communi ties . It i s  administered j ointly by both Ac ademie s 
and the Insti tut e  of Medicine . The Nati onal Ac ademy of  E ngineeri ng  and 
the Institute of Medicine were e st abli shed in 1 964 and 1970,  re spec­
t ively , under the charter of the National Academy of S cience s .  

This report was pre pared with funds from the Fe deral Emergency 
Management Agency u.s. Fire Admini strat ion , under contrac t EMW-G-Q039; 
from the De partment of Energy Oak Ridge National Laboratory , under letter 
agreement 2-10-81 ; and from cont ributions by Edison Elect ri c  Institute 
and Owens-Corning Fi bergl as Corporat ion .  
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PREFACE 

The Buildi ng  Futures Counci l (BFC) functions as one of three 
s tanding commi t tees under the Building Re se arch Advi sory Board . I t s  
purpose i s  t o  provide a mechanism through whi �h the d i verse bui lding 
and construc tion const ituencies are brought together t o  identify 
common problems , to  ensu re that the more critical problaas are given 
pri ori ty attention, and to facilitate the disseminat ion of solutions 
and other infomat i o n .  I n  carrying out i t s  activit ie s ,  the B FC  plans 
and conducts forums , workshops , and other programs and pre pares the 
results  for publi c ation .  It s members serve on a voluntary basis  as 
i ndividuals and are re present ative of both the private and the public 
sectors of the building communi ty .  

Whi le thi s conference on energy conservation and f iresafety in 
buildings was being planned , the issue s became i ncrea singly prominent 
and some rather spec tacular and disastrous f ires occurred .  Thus , the 
subject remains a very timely one . 

Conf erences such as this c annot be carried out wi thout sponsors , 
and we ext end thanks t o  tho se organizations that supported thi s pro­
gram. Ap preciation also i s  extended to the members of the planning 
committee and it s staf f as wel l as to those expert s who gave so  f ree ly 
o f  their t ime and knowledge by part icipating in the conf erence.  
Through these c ollective effort s we trust  a contribution has been made 
t oward a bet ter awareness  and under standing of the issue s surrounding 
energy conservation and fire safety in  bui ldings . 
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Jack M . Roela ,  Chail'llan 
Conference Planning Comait tee 
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I NTRODUCTION 

Jack M .  Roehm 
Jack M.  Roehm and Associate s 

Vi rginia Beach , Virginia 

'lbe impetus f or thi s Conf erence on Energy Conservation and 
Firesafety in Buildings was the concern that appropri ate at tention was 
not bei ng give n t o  the secondary effects  of energy-conservation 
measure s on such other a spects of building performance as f ire safety . 
'lbe Building Future s Counci l  ( BFC) , believi ng that there was little 
objective inf ormation available based on tests or f ire experi ence 
related to  these issue s ,  appointed a planni ng committee to organize and 
c onduct a c onf erence designed to  examine the need f or a technically 
sound approach t o  measuri ng the impact of energy-conserving measure s 
on the design and c onstruction of  energy-e ff icient , economical, and 
safe building s .  

The conference provided a f orum i n  whi ch i ssue s were rai sed , 
problems were ident ified and current research and expe rience were 
revi ewed . Al though the conf erence f ocused on residential and other 
low-ri se buildings , many of the design, const ructi on, and buildi ng  
o pera t ion-and-management pri nciple s that were d iscussed apply to  high­
ri se bui ldi ng s  as  we ll . Conferee s i ncluded both energy-conservation 
and f ire safety specialist s as  well as other repre sentatives of the 
buildi ng community . 

This  report pre sent s the proceedings of  the two-day conf erence.  
Three conference sessions focused on specific areas of concern : 
defining f ire safety problems i n  relation t o  energy conservation;  
int eraction of  i nsulati ng  materials wi th fi resafe perf ormance of 
bui ldings ; a nd d iscussion of the perceived problems and potential 
solutions by those who design, construct , regulate , own , and operate 
bui ldings . The f ourth session summari zed the material presented 
earlier in the co nference . 

In these proceedings , the keynote address i s  f ollowed by the 
introduction to and presentat ions made d uring each session.  The 
conf erence part ic ipants are listed in Appendix A and biographies of 
the speaker s are presented i n  Appendix B .  
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KEYNOTE ADDRESS : 
ENERGY CONSERVATION AND F IRESAFETY IN BUILDINGS 

Paul C. Gre iner 
Vice Pres ident , Cus tomer Relat ions , 
Conservat ion and Energy Management 

Edison Elec tric Ins t i tute , Washington , D . c . 

As the keynote speaker on the subj ec t o f  energy conservat ion and 
fireaafe t y  in bui ldings , I would l ike to explore severa l avenue s :  

o What i s  energy conservation? What do people think o f  i t? 
o What are they doing about i t? What kind of resul t s  do we see? 
o What about energy conservat ion and safety? I s  there a t ie 

between them? Are we concerned about the safety a spec t s  i n  
d e s i gn  and cons truc tion? 

o What s hou ld we be c oncerned about at  this c onference? What 
ideas can we share? 

MEANINGS OF ENERGY CONSERVATION 

The necessity for conservat ion i s  wel l es tablished . Some view 
conservat ion as a s ourc e  of energy; s ome have declared i t  to be the 
moral  equ ivalen t o f  war; and many organizat ions , inc luding engineering 
soc iet ies and u t i l i t ies , have commi tted themse lves to i ta c ause . 

But wha t i s  conservat ion? Consumers view conservat ion as  • way t o  
a l leviate the increased c o a t  of  energy . Ut i l i t ies v iew c onservat ion 
as a way of saving fue l and capital expendi ture . These two views on 
what conservat ion means may be in concert or they may be divergent . 
Energy savings by the consumer do no t resul t automat ical ly  in reduced 
c api tal expend i ture s for u t i l i t ie s .  Energy conservat ion , however , can 
resul t in capital savings for ut i l ities  and their  cuatomer a.  With  
increased insul at ion , for example ,  customers may be able to purchase 
smal ler and lea s expens ive air cond i t ioners while  a summer peaking 
u t i l i ty might require leas c apac i ty to s erve those cus tomers with the 
smaller air  cond i t ioner s .  Some in the federal govermaent  bel ieve " the 
t igher the house and the more insulation ,  the better . " Perhapa moat 
importan t i s  tha t conservat ion can improve economic efficiency 
a l though , more correc tly atated , economic e fficiency ahould fuel con­
s ervat ion because the driving force for conservation is  economic s . 
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What have been the major approache s to cons ervation so far? Some 
th ink primari ly o f  the government activi t ies that resul ted in a march 
o f regulatory acronyms--Res , CACS , BEPS , and PUBPA* t o  ment ion a few. 
Some time s these regulatory approache s may seem draconian . They cer­
tainly are compl icated , expens ive , and , as we say in Washing ton , "a 
lawyer ' s  de l i ght .  11 The bes t approach , however ,  i s  to allow the free 
marke t economy to determine the amount and type o f  energy c onservat ion 
we need . The Energy Informat ion Admini s tration ' s  annual report t o  
Congre ss c onfirms this ; i t  indicates that energy conservat ion accom­
plished to date i s  large ly due to the price sens i t ivity of energy 
consumpt ion--not to government regulat ion.  

1he free marke t approach assume s tha t consumers wil l ac t in the ir 
own self-intere s t  if g iven the economic incent ive and informat ion on 
how to accompl ish the task.  A 1981 Nat ional Associat ion of Home 
Bu ilders (NAHB) survey of home buyers reveal s some intere s t ing resul ts 
that di splay the interes t o f  the consumer in conservat ion : When asked 
what their most important considerat ion wi l l  be when they purchase a 
home again , 7 9  percen t o f  the home buyers said more energy effic ienc y .  
Th ose surveyed also indicated that locat ion was mos t import ant when 
they purchased a home in the pas t , and only  60 percent said they even 
cons id ered energy e fficienc y .  When ques t ioned about the general energy 
s ituation , 7 percent said they cons idered i t  seriou s 5 years ago , 3 6  
perc ent said they cons ider i t  serious now, and 7 4  perc ent said they 
think it wil l  be extremely seriou s  in 5 years . When asked about what 
they do to  c onserve energy , 63  perc ent o f  those surveyed responded that 
they lower the thermostat in winter and raise  it in summer and 33 per­
c ent sa id they use l ight bulbs with l es s  wa ttage . 

RESULTS OF ENERGY CONSERVATION 

Th e  NAHB survey resul ts  are veri fied by data from the e lectric 
u t i l ity indus try . Example s o f  the effec t s  o f  thi s  free marke t cons er­
vat ion on elec tri c i ty use s inc e 1973 inc lude the fo llowing : 

o Growth of elec tricity use sinc e  197 3 has been approximately 
half of  the growth of e lec tric ity use prior to the 19 73 o i l  
embargo . 

o Capacity growth also has changed from 6 percent per year 
expe cted to 3 percent actual s ince 1973 . 

o El ectr i c ity use for nonweather-re lated u ses in households has 
decreased s inc e 197 3 by approximate ly  25 percent . 

*Res ident ial Conservat ion Service , Commerical and Apartment Conserva­
t ion Service ,  Bui ld ing Energy Pe rformanc e Standards , and Publ i c  Ut il i­
ties Regulatory Po l icy Act , respect ively . 
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5 

FIRESAFETY 

If economics has been the driving force in energy conservat ion , 
safe ty wi l l  be the mot ivation for improved build ing firesafe ty . 
Ca tastroph i c  f ire s at  the MGM Grand and the Hi l t on Hote ls  in Las 
Vegas ,  Nevada , and at the Stou ffer's Inn in New York , New York , caused 
a great deal of concern about the equipment needed to pro tec t l i fe and 
property . There were 84 reported dead in the MGM Grand f ire in 1980, 
and in 1979, 113 f ire fighters were kil led . 

The Nat iona l Fire Dat a  Center reported tha t in the United States 
f ire kills over 8000 people each year and resul ts in a $13 b i l l ion 
property los s and tha t the tota l coa t o f  fire los se s exceed s $20 
b ill ion. Fire c laims more l ives and property than all  o ther natural 
force s comb ined . Al though some may debate the economic s o f  providing 
f ire aafety c ontrols and equipment in build ings , I s uggest  that , with 
current bu ilding prac tice s , we can add these  feature s in a manner 
compa t ible with des ign and economics . 

Smoke and fire in buildings represen t a major hazard to life and 
property . Sys tems for prevent ion and c ontro l are o f  bas ic conc ern to  
an eng ineer as are systems ins tal led to  protec t agains t other hazard s  
such a s  building collapse and explos ion . The engineers re spons ible for 
providing heat ing , re frigeration , air-condit ioning , and vent ilat ion 
(HVAC ) sys tems and their contro l s  mus t  be involved in the design and 
cons truction proces s  i f  bui ldings and services tha t are safe agains t 
f ire and smoke , s truc tural failure , explos ion ,  and e lec tri cal defec ts 
are t o  be  produced . 

S i nce 1965 some f ires in large s tructure s have resul ted in 
l i f e-threatening hazards de spite the fac t tha t the amount o f  materia l 
being burned was surpris ingly small. The primary hazard was the devel­
opmen t o f  heavy toxic smoke and gases . Unt il the pas t decade , fire 
i tself was c laimed to be the c ause o f  mos t f ire fatal i t ies . Now, how­
eve r ,  many dea th s do no t occur on the fire floors (some t imes they 
happen many floors away) , and smoke and toxic gases , not burna , cause 
50 percent o f  fire fatal ities . Air-condit ioning systems can contribute 
to the spread of smoke both direc tly through c irculat ing fans and 
indirec t ly as  a resul t o f  the holes cu t in floors and wal l a  and the 
s tack e f fect th rough duc t  shafts when fans are shut down . There fore , 
air-condit ioning systems should provide no t only environmental contro l  
b u t  also a posit ive means o f  c ontro l l ing smoke and fire should these 
hazards develop at any t ime during the l i fe span of a build ing . 

The t ime required for t otal bu ilding evacuat ion may be much too 
long in many s tructure s .  Indeed , a large number of the occ upant s may 
be phys ically unable to evacuate the top areas o f  some h igh buildings . 
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Recently , increased quantitie s  of  h ishly hazardous material s have been 
u sed in buildings as furni ture and decora t ions as well  as in c ons truc­
t ion . The se material s ,  in combinat ion wi th new cons truc t ion technolosy 
and office planning involving such things as sealed windows , larse 
centra l a ir-condi t ionins systems and larse open work areas , may create 
s eri ous hazards to l i fe in build ings where occupants  are re s trained or 
confined . Pub lic  awarenes s  that many modern cod e-conformins build inss 
are not as  s a fe from f ire and smoke as they should be will  resul t in 
re-examination of the conceptua l basi s  of these codes that unwi ttingly 
allow unfore seen hazard s  to develop . 

The c omplexit y  and seriousne s s  o f  fire and smoke problems require 
concert ed ac tion by the entire team re spons ible for the design and 
operation o f  a bui ldins , espec ial ly the air-cond itionins ensineer .  It 
is most import ant that the entire building team meet with the owner 
early  in the conceptual stage of bu ilding des isn to de termine the us e ,  
o peration , occupancy , confiaurat ion, and special feature s o f  the 
bui lding . At thi s  time ,  the bui lding's unique requ irement s for fi re­
s a fety and smoke-c ontrol must be recognized and resolved. For example , 
bui ldings of  a s imilar type may have vas t l y  di fferent firesafety and 
smoke control problems because o f  occupancy . Elementary s chools , where 
ch i ldren mus t be led or directed to safety , require an approach d i ffer­
ent from that for a c ollese or h igh s chool . S imilarly , hosp itals or 
prisons , where occupant s are res trained or res tric ted, mus t be treated 
different ly from hotels or motel s .  Enc losed shopping malls with many 
s tore front s on a large , enc losed ,  environmenta lly control led concourse 
re quire a special approach . 

As a lready noted , firesafety and smoke-control probl ems are 
complex. Bas ic measures for fire prevention and control and smoke 
c ontrol mus t be c ons idered . Fire prevent ion , l ike preventive medic ine , 
i s  always more des irable than an after-th e-fac t cure or ext inauishment . 
Cert ain aspec ts o f  prevent ion are beyond the influence o f  the engineer 
(e. g . , human behavio r) bu t should be recognized and treated in context . 

Th e  type o f  prevent ion and control system needed mus t be deter­
mined . This involve s cons idering five bas ic factors tha t represen t the 
mos t common combinations of problems and requirements in re lat ion to 
economics:  

1. Fire Codes--A c are ful s tudy should be made to meet all require­
ment s of appl icable code s including local code s as wel l as codes o f  
o ther reaulatory bodies . 

2. Local Fire Authori t ies--During planning s tases , local fire 
au thori t ie s  should be consulted . 

3.  Type o f  Occupancy--oc cupants (ambulatory , children , bedridden) , 
materia l s tored or processed , and type s o f  ac t ivi ties are critica l 
fac tors in detec t ion and alarm .  
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4 .  Phys ica l Cons iderat ions--Size and layout , ce iling height , open 
and conf ined areas , combus t ible cons truct ion material or c ontents , and 
numerous o ther factors he l p  to de termine whe the r or no t the sys tem 
should be c oded . 

5. Number o f  Buildings--In multiple-building compl exes , a 
combination of  systems in the individual bui ldings can be arranged t o  
transmi t a n  i dent i fying ala� to one central s tation; the ind ividual 
bu ilding s  or the central station also can be connected wi th the 
municipal sys tem or pr ivate pro te c t ion agency . 

I challenge th e part ic ipant s in thi s  conference to  explore the 
various areas o f  c onserva tion and pos s ible safety concern s tart ing with 
the thermal envelope o f  the building and the various component s o f  the 
building (i . e . , walls , ceil ings , floors , f ixed windows , and HVAC sys­
tems) . A grea t deal o f  re spons ible research intended to  answer que s­
t ions about the thermal envelope sys tem currently is under way at  such 
ins t itut ions as  Brookhaven Nationa l Laboratory in Upton , New York , and 
the Solar Energy Center in At lanta,  Georg ia . Vari ous univers i t ies and 
individual s  also are experiment ing wi th envelope sys tems and monitoring 
exis t ing envelope s truc ture s .  For e xampl e ,  an envelope bui lding in 
Simsbury , Connect icut , de signed by Richard and Allan Shope , is func­
t ioning not only as Sh ope Architec ts' o ffice annex but also as a t es t­
ing laboratory equ ipped to measure airflow rate s ,  relat ive humidity , 
and t emperat ure s throughout the s truc ture. The des ign o f  the envelope 
al so must take into cons iderat ion the f ire and safety control s nece s­
sar,y to ach ieve adequate protec t ion . 

Have we really looked at  HVAC sys tems and the more spohist icated 
contro ls  we are designing in them? What kind of c oncern should we have 
wi th regard to f ire detec tion , l i fe safety , smoke movement and contro l ,  
ext inguishing ac tion , and communicat ions? With the right goal s , the 
right means and the right atti tude s toward energy conservation and 
f ire safe ty ,  we c an des ign and build an e ffic ient , safe ,  and secure 
future in the built environment . 
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Se ssion I 
DEFINING FIRESAFETY PROBLEMS 

IN RELATION TO ENERGY CONSERVATION 
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INTRODUCTION 
Haro ld E .  Ne l son 

Head. De s ign Concepts Re search. Center for Fi re Re search 
Nat ional Bureau of Standard s. Washington. D . C .  

The purpose o f  th is f irs t conference s ess ion i s  t o  define the 
prob lem and to provide the proper base for later d iscus s ion s of po s­
s ible solut ions . The sess ion will  focus on three topics: the theore t­
ica l or scientific  and phys ica l phenomena re lated to the manner in 
which energy c onservat ion changes aspec ts o f  f ire deve lopment; h i s tori­
cal data and stat i s t ical informat ion; and prac t ical field experience . 

Wi th th is as  background. I would l ike t o pre sent a s eries o f  
figure s  des igned to  emphasize tha t the solution o f  some single f ire­
i gn i t ion or f ire-development problem does not necessari ly def ine the 
f ire problem or. converse ly. the f ire-protect ion capab i l i ty o f  
energy-c onservation act ions . 

Fi gure 1 i s  a matrix that s imply provides a method for analyz ing 
the impac t of  energy subsystems on the f ire protection performanc e o f  
a building . Fi gure 2 illus trates a tradi tional f ire safety dec is ion 
tree . Thi s tre e provide s the bas i s  for the matri x; i t  emphasizes those 
i tems that relate to beat and mass balance and energy . 

In Figure 3. the items underlined are the beadings from the matrix . 
The subsets beneath them are the next leve l o f  dec is ions that would be 
involved in  an even t logic tree . The beadings presen t spec i fi c  f ire­
s a fety me thodologies . For example. the f irst column covers prevention 
me tho logie s aimed at  limiting fuel by l imit ing the amoun t; excluding 
i ts energy; or  c ontro lling s uch fac tors as i ts ignit ion t empera ture. 
its  re spons e to energy. i t s  therma l interia. or its  exposure. 

The l ef t  column in Fi gure 1 pre sents the energy subsys tems. and 
Figure 4 general ly lists  the various e lements  availabl e  to anyone 
design ing an energy s ubsys tem. the mechanical engineer or energy 
spec ial is t . Figure 4 a lso breaks down the energy subsys tems to 
ident i fy the vari ous elements that are the prime components  o f  the 
subsys tem s .  

Fi gure 5 shows bow the matrix might be used . For example. across 
the top. the triangle s wi th line s s loping upwards t o  the lef t  indicate 
are as where the c ontro l sys tems inherent in the energ�anagement sys­
tem impac t on firesafety me thodogies . I view these as  potential uses 
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FIGURE 4 Energy-re lated bui lding subsystems . 
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of energy-conservation measures tha t  can aid in such th ings as 
prevent ing i gn i t ions. contro l l ing flame spread. ini tiating suppre s­
s ion. and confining fire .  The triangle s wi th horizontial  line s show 
the u se o f  the matrix to evaluate tbe fire safe ty-energy interfaces in 
an insulated bui ldi ng . The main cons iderations relat e  to the impac t 
o f  insulat ion on fue l. flame spre ad. the rate o f  heat re lease. the 
total amoun t o f  energy or the severity  o f  a f ire. the protec t ion o f  the 
exposed. and smoke contro l .  Al so indicated in lower rows of the matrix 
are the cons idera tions re lated to the energy d i s t ribution sys tem (i . e  •• 
how i t  re lates to control l ing smoke and protect ing the exposed) . The 
goa l  here wa s only to demons trate one aechanism for using thi s  matrix . 

F igure 6 i s  a s tate trans i t ion model that emphas izes the fac t that 
f ire i s  a s tate trans i t ion. a mul ti plying level s i tuat ion . I f  you are 
c onsideri ng  the impac t o f  a f ire safety feature or i f  you are a c ode 
au thori ty cons idering trade-of fs. i t  is importan t to de termine at what 
s ta te(s ) o f  f ire deve lopment impac ts on the f ire safe ty feature involved 
will occur . Exposed insulat ion material may wel l  be mos t important in 
the trans i t ion to ignit ion where as the impac t o f  insulat ion on fire 
res is tanc e may become important only when cons idering ful l room 
involvement and c ompartment failure .  

F igure 7 i s  a reminder tha t no building was ever buil t for the 
purpose o f  f ire safety . F iresafety i s  a cons traint on a building. 
ra ther than a purpose. and no ene rgy-conservation program was ever 
de s igned for the purpose o f  f ire safe ty . Anyone seeking energy cons er­
vation has many primary and secondary objec t ive s in addit ion to fire­
safety . Those who have fire safe ty as the ir primary objec t ive will be 
bet ter abl e  to  achieve the ir goal s if  they cons ider al l o f  these 
impacts. inc lud ing the total safety impac ts and the conservat ion o f  
ene rgy and re source s .  This. of  course. means cons idering such things 
as the nat ional suppl y of energy. cost contro l. comfort. produc t ion. 
fUnc tiona l needs. a i r  qua l i ty. and whe ther the computer wil l  run right . 

FIGURE 6 State transition model .  
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ENERGY RELATED lEEDS AID OBJECTIVES 

THE TOTAL EVALUATION OF THE IMPACT OF AN ENE�GY MANAGEMENT DESIGN 

DECISION SHOULD CONSIDER: 
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FIGURE 7 Energy-related needs and obj e c t ive s .  
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PRESENTATION 
T. z. Harma thy 

Head , F i re Re search Sec t ion , Division o f  Building Re search 
Nat ional Research Counc i l  o f  Canada ,  Ot tawa 

The realization in the early 19 70s that the mos t valuable energy 
resource s of the world would dwindle away in a few decade s i f  the ir 
exploitation were to  c ontinue at  the current rate and the polit ical and 
economic crise s tha t followed have advanced the issue o f  energy conser­
vat ion, long regarded as mere ly one o f  economics , into an issue a lmos t 
synonymous wi th nat iona l surviva l .  In North Americ a ,  the heating and 
a ir c ond i t ioning o f  build ings accounts for roughly one-third o f  t otal 
ene rgy consump t ion . It is not surprising , therefore , tha t the energy­
e fficient opera tion o f  buildings , to be ach ieved e i ther by uparading 
existing bui ldings or us ing improved technology in the cons truc tion of 
new ones , has an import ant part to play in a drive for energy c onserva­
t ion . Ye t , i f  appl ied rashly , such measure s  could resul t in undes ir­
able s ide e f fec ts with respec t to the heal th or s a fety o f  building 
occupan t s . Among these s ide effect s ,  as d i scussed by Degenkol b  (19 7 8) 
and Li e (19 81) , the possible reduc t ion i n  fire safety i s  certainly one 
to be cons idered . How to reconc ile the aspec t s  of energy construc t ion 
w i th those of f iresafety in buildings is the subjec t of th is 
presentation . 

Energy conservat ion measure s re lated to the archi tec ture o f  
bui ldings wi l l  b e  reviewed . Then ,  s tarting wi th a survey o f  pre i gn i­
t ion cond i t ions , the various phases o f  a building f ire--igni t ion and 
initial fire spread , pre flashover fire growth , fully deve loped f ire , 
and interc ompartment al f ire spre ad--a s well as the smoke problem that 
may be assoc iated wi th any o f  thes e  phase s wil l be analyzed . Final ly , 
in l ight o f  the percept ion developed , the mos t common methods o f  
conserving energy wi ll  be  re-examined i n  more detai l. 

ENERGY CONSERVATION IN BUILDINGS 

S tudies conducted by governmen t agenc ie s and pro fess iona l 
organiza t ions in the Uni ted S tates and Canada (Ameri can Soc iety for 
Heat ing , Re grigerating and Air Cond i t ioning Engineers ,  Inc . 1975,  
Housing and Urban Development Association of Canada 1980 , Na t ional 
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Research Council of Canada 19 78)  have provided guidelines for the 
design and construction of energy-efficient buildings. The overall ai• 
is to minimize the energy supply needed to maintain, throughout the 
year, a comfortable temperature level inside buildings by, as a rule, 
heating during the cool months of the year and, in a .. jor part of the 
United States and some parte of Ca nada, cooling during the euamer 
season. 

Energy exchange between the building interior and the outside 
atmosphere is, more often than not, of an adverse kind that works 
against the maintenance of the comfort level in the interior. Heat 
exchange by convection (air movement) and conduction through the 
building envelope are almost always such adverse processes. Convective 
exchange by air leakage can account for 20 to 40 percent of the total 
undesirable energy exchange for buildings of average air tightness 
(Tamura 1975 , Tamura and Shaw 197 6 ) .  Conductive heat exchange amounts, 
on an average, to 70 percent of the total undesirable energy exchange. 

Heat losses by a combined heat-transmission aechanis• through 
windows facing north •ay be substantial. On the other hand, there is 
usually a net heat gain by solar radiation in the dayti.e through win­
dows facing south; this heat gain is beneficial during the winter and 
adverse during the peak eu..er season. 

Clearly, there are three ways of minimizing the energy de.and: (1) 
decreasing the convective energy exchange with the outside atmosphere 
by making the building aore airtight, (2 ) decreasing the conductive 
energy exchange through the envelope by augmenting the the�l resis­
tance of the building envelope, and (3) adjusting (either decreasing 
or increasing, depending on the circumstances) the radiative energy 
exchange by the appropriate selection of window areas or by the use of 
fixed shades. 

Making buildings more airtight is always an effective measure for 
improving energy efficiency, but there are sa.e li•its. It is believed 
that one ca.plete air change every two to three hours is required for 
health reasons as well as for warding off certain humidity problems. 
Since a large portion of the undesirable heat exchange usually takes 
place by conduction through the outside boundaries of the building, 
increasing the thermal resistance of the building envelope by added or 
higher quality insulation may be an even more effective way of cutting 
down on energy consumption. Finally, the regulation of radiative 
energy exchange between the building interior and the envirou.ent can 
be achieved by the appropriate selection of window areas or the 
installation of exterior shading devices. 
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BUILDING BEFORE OUTBREAK OF FIRE 

It has been almost traditional among fire researchers to study 
various fire-related phenomena as though the fire process takes place 
in a building space neatly isolated from the rest of the building. 
Because the temperature and draft conditions characterizing the build­
ing at the outset of fire are of vital importance in the course the 
fire will take, it is not surprising that the results of research 
studies are sometimes at variance with observations derived from 
real-world fires. 

The distribution o f  drafts in a building prior to ignition is a 
profoundly important factor. Their intensity increases with the build­
ing height. In order to emphasize the role they may play in the fire 
process, a multistory building will be discussed here. Naturally, all 
conclusions will remain applicable, to a lesser extent, to low build­
ings as well. 

Dra fts in a building are brought about by two factors: the 
temperature difference between the building interior and the outside 
atmosphere and the "air-leakiness" o f  the various building components. 
Owing to the former, drafts are, in most parts of the United States and 
in canada, especially strong during the winter heating season; for this 
reason the winter situation will be discussed. 

Leakage o f  building elements results from the presence o f  channels 
that usually are not visible (e. g. , cracks, gaps, joints, and holes) . 
Since the flow o f  air through them is analogous to flow through ori­
fices, the aggregate area of these small channels per unit area of the 
building element often is referred to as "equivalent orifice area. " 

The intensity and direction of air currents is illustrated in 
Figure la, which shows the situation in a nine-story building on a calm 
day after shutdown of the air-handling system. (The shutdown is 
effected by devices installed in compliance with mandatory code regula­
tions.) If the leakage characteristics o f  the building envelope are 
uniform with height, the air will infiltrate into the building below 
its mid-height. Perhaps after passing through one or two partitions, 
it will enter the "shafts" o f  the building (e. g. , stairwells and eleva­
tor shafts), rise to the upper floors, and exfiltrate to the outside 
atmosphere. (Because of the important role the stack-like shafts play, 
the phenomenon is often referred to as air movement by "stack effect. ") 
Naturally, strong winds may bring about substantial changes in the 
intensity and distribution o f  air currents. Since the equivalent ori­
fice area of outside walls is usually smaller than that of internal 
partitions, it is a reasonably good approximation to assume that the 
principal resistance to movement of air is that of fered by the building 
envelope. With this assumption, the total rate of air infiltration can 
be expressed as follows (McGuire and Tamura 19 75): 
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. T  
g(l - ..!.)h s Ti B (1) 

where Va is the mass flow rate o f  air , S i s  a constant (orifice 
fac tor) , aw is the equivalent orific e are a  for the outside wa ll s ,  P i s 
the perimeter o f  buildings , C is a c ons tant (re lated to the aas 
c ons tant) , Ta is the (absolute) temperature of the outside atmo­
sphere , Ti is the (absolute) temperature o f  the building interior , 
and hs i s  the heilbt o f  the build ing . 

Certain prob lems related to  the dispersion o f  smoke in a f ire­
s tricken building c an be prevented by pre ssurizing it or a major part 
o f it . The required air supply , Wa , is (McGu ire and Tamura 19 75) : 

w = 23l2v (2 ) 
a a·' 

or rou gh l y  three times the rate  o f  infil trat ion of  air into the build­
ing under normal c onditions . 

I GHITION AND INITIAL FIRE SPREAD 

Since at  l east four o f  every f ive f ire s s tart from re latively small 
iani t ion sources  (Ber l and Halpin 197 6) , the ris k o f  outbreak in a 
building i s  d irec t ly re lated to the extent o f  u se o f  produc ts not 
res i s tant to ianition by smal l eneray sources . Ianition is a very 
c omplex problem ;  the s cope of this pre sentation al lows no more than a 
cursory d iscussion o f  the subj ect . Those who wish to acquire a deeper 
understanding are advised to read such review art icles as  those by Fang 
(1970) and Thomas (1975). 

The fac tors that control the iani t ion o f  s olids are part ly 
intrins ic to the material s and part ly  extraneous .  Their roles depend 
a areat deal on whether ianit ion is pi loted or spontaneous (i . e . , 
whe ther i t  occurs with or wi thou t the aid o f a flame , spark, or &lowing 
wire ) . Much speculat ion is related to  defining the condit ions i.aedi­
ately preceding igni tion in terms of such materia l-intrinsic  factors 
as the aeometry of the s olid and the thermophys ical and thermochemical 
propertie s of the materia l and its ·pyrolys i s  produc t s  and such extrane­
ous fac tors as the nature and total eneray o f  the ianition source and 
the ambient conditions .  

I f  aaining a fair insiaht into the material-intrinsic factors o f  
ianition i s  sufficient , one can achieve tha t by examinina the eneray 
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balance immediately fol lowing ignition . (That the unders tandina so 
a cq uired is not comple te is c lear from the observation that so.e f ire­
retardant-treated plastic s  that show substantial res i s tanc e to ignition 
burn j ust as  rapidly as their untreated counterpart s once ignited 
(Friedman 19 75) . )  Sustained combus tion clearl y is possibl e only i f  the 
flame that remains a t tached to the surface o f the solid a fter re.aval 
of the ignition source is capable of evolving eneray at a suffic ient 
rate , d i acountina the energy d ispersion to the aurroundinas , to main­
tain the surface at the temperature leve l o f  pyrolysis and , i f  the 
pyro lysis is endothermic , to  provide the heat of  pyrolysis , the process 
tha t feed s the flame with gaseous fue l . Studies indicate tha t the 
energy requirement for maintainina the surface at  the level of pyroly­
sis temperature is related to the hea t capacity of the solid (the pro­
duc t pC where p i s  density and c is specific heat) i f  the solid is 
thin and to  it a thermal inertia (the group � wbere k is thermal 
c onduc t ivity) if  it  is th ick. 

Th is s imple visualization o f  the poet-ignition energy balance 
sugges t s  that the mos t important fac tors abettina ignition are: (1) 
high radiant heat output by the flame, which in turn is d etermined by 
the siz e  of the flame , by it s luminosity , and by the hea t of combustion 
o f  the gaseous c ombustion produc ts ; (2) l ow pyro lysis t empera ture ; (3) 
low (endothermic ) hea t o f  pyrolysis ; and (4) low hea t capacity ( for 
thin material s )  or l ow thermal inert ia ( for thick materials) . 

Studie s conducted by d eRis (1969) ,  Las t rina and co-workers (19 71) , 
and Fernandez-Pal lo (19 78) indicate that these are also the princ ipal 
fac tors contro l l ing the velocit y of spread of flame across the surfac e 
o f  an ignited obj ec t  in the earliest stage o f  f ire when spread is a s 
yet unaided by hea t emitted from neighboring burning objects.  One is 
l ed to believe , there fore , that produc ts that tend to ignite easily 
a l s o  tend to burn rapidly  at  the ons et of  fire . 

Th is rule becomes somewhat c louded , however , when appl ied to  
l ightweight  foam plas tic s o f  very low therma l inertia , to materials 
that melt  on heating be fore reachina the pyrolysis tempera ture , and to 
char-forming material s .  With foam plastics, the energy of the ignition 
s ource and the surface area exposed to the s ource d ic tate whether or 
no t ignition wil l occur . Al though the surface temperature o f  such 
materi als  rises quickly to the l evel of pyrolysis if exposed to even a 
smal l energy source , the heat pene tration wil l remain shallow and the 
produc tion o f  pyrolysis gases fol lowina removal o f  the ignition s ource 
probably wil l no t be sufficient to evolve energy a t  a rate necessary 
to keep the process goina because o f  the extremely l ow dens i ty and 
thermal inertia o f  the materia l . If , however ,  the ignition energy is 
large enough t o  produce a sizable initial flame and the energy supply 
t o  the surface i s  perhaps fortified by radiative feedback from nearby 
obj ects , the burnina will quickly spread over the entire surface of  
the materia l .  
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Keeping the temperature o f  the 1urface o f  ael tiaa .. teria l• (o f 
which polyethy lene , polypropylene , and polys tyrene are prime exaaples) 
at the leve l of pyrolys i s  may be di fficul t if the ir orientation is 1uch 
that the melt  flows away from the 1ight o f  the flame. With char­
fo�ing .. teri ali (o f which ce l lulos ic• are of princ ipal  importance) , 
pyro lys is produce• a porou1 carbonaceou1 coat ing on the surface ; again 
dependent on the orientat ion of the 1urface , thi• .. y be prevented i f  
the d epart ing gaaeou1 pyroly1is produc t• are prevented fro• c oming into 
contac t wi th a ir and , thu s ,  from being continuous ly removed by oxid a­
t ion. Th e  char l ayer thu1 may bui ld up gradually , blockina the radia­
t ion from the flame so that it eventual l y  .. y quel l pyroly1i s and cu t 
o f f  the fuel supply to the flame. 

Even if  flaming combustion is  stopped , charriaa .. teria l .. y 
.continue to  undergo c ombus tion o f  a d i fferent kind: 1molderiaa .  

Whereas flaming combus t ion o f  charring material • u1ually con1ist s o f  
th ree kinds o f  s imul taneous reac t ion (gas-phale combu1t ion,  pyrolys i1,  
and char oxidation) , smoldering consis t s  o f  two kind • only , the con­
sumption o f  the surface char by oxidat ion and the renewal o f  the char 
zone by pyroly s i s  driven by the heat produced in the oxidation.* 
Cel lulos i c  .. terial a o f  complex surface 1truc ture and low thermal 
inert ia (e . g . ,  loose f i l l  cellulosic insulat ion) are e1pec ial ly prone 
to smoldering . 

· 
The so-c al led oxygen index method , (Ameri can Soc iety for Te1ting 

and Material s 197 6a ,  Fenimore and Mart in 196 6) provide • a convenient 
way of arrang ing materials accord i na  to the ir propens i ty for sus ta ining 
flaming combustion fol lowina ignit ion by a s .. l l-energy pilot  flame . 
Table 1 give s the oxygen indexes for the moa t common material• u1ed in 
furniahinas and in bui lding cons truc tion .  Unfortunately , the oxygen 
index does not re fl ect the increase or propens ity aiaoc iated with the 
energy o f  the ignition source; the nature o f  the ignition sourc e ;  and 
the shape , mass ,  and surface t exture o f  the material . 

PREFLASHOVER FIRE GROWTH 

Once a f ire has grown beyond i t a  inc ipient phase , the burnina o f  
materia l s  becomes influenced more and more by such extraneou1 factor• 
as.thermal rad iat ion from external s ources and oxygen content and 
ve locity o f  the ambient air . There i s ,  unfortunately , no reliabl e 
perfo�ance test  that can be u1ed to predict the burnina charac teri•­
tic a o f  .. teria la under advanced pre flashover cond ition•· The 

*Some authors extend the aeanina of  1molderina to pyrolys i1 without 
flaming under s trong rad iat ive fluxe s .  
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TABLE 1 Oxygen Index for Se lec ted Materials 

Material Oxygen Index! 

Ca rbon, porous 
Epoxy , convent ional 
Foam rubber 
Neporene 
Po lyamide (ny lon) 
Polycarbonate 
Po lyes ter ( FRP) 
Polye thylene 
Po lyisocyanurate foam, ri gid 
Polymethy l  me thacrylate 
Po lypropylene 
Polys t yrene 
Po lys tyrene foam 
Polyst yrene foam , flame re tardant 
Pl oytetrafluoroe thy lene ( t eflon) 
Polyviny l chloride 
Po lyure thane foam, flexible 
Polyure thane foam , rigid 
Ure a formaldehyde 
Wood , whi t e  pine 
Wood , sugar maple 
Wood , plywood 

Sourc e: Hilado 196 9 ,  Tsuchiya and Sumi 1974 . 

5 5 . 9 
19 . 8  
16 . 0  
31 . 0  
2 9 . 0  
2 6 . 0 
18 . 2  
17 .4 
2 3. 9  
15 . 9  
1 7 . 4  
18. 1  
18 . 8  
24 . 1  
95 . 0  
4 6 . 6  
1 6 . 1 
15 . 3  
2 3 . 8  
2 0 . 9  
21 . 2  
1 9 . 7 

� Oxygen index equal s the minimum oxygen concentra t ion, expressed as 
volume percent , required to support flaming combust ion. 
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unresolved d i lemma o f  performance tes t a  i s  that , for the sake of  
arrang ing the teat resul t s  on a unique scale o f  meri t , the testa  are 
conducted under a spec ified set o f  cond it ions that rarely , i f  ever , 
coinc ide s a t isfac tori ly with those aris ing in advanced s taaea o f  
preflaahover fire s . 

Benj amin ( 1 9 76) documented , with data borrowed from Ca a t ino and 
c o-workers (19 7 5) , tha t for l inin& material s the sequenc e of meri t wi th 
re spec t to spre ad o f  f lames , as derived from the mos t c ommonly used 
s tandard performanc e tea t , the tunne l tea t ( American Soc ie ty for Tes t­
ing and Ma terial s 1 9 76b ) , i s  not nec e ss ari ly val id under advanced 
pre fl aahover cond it ions. Th i s  i s  no t surpria in& i f  one cons iders tha t  
the rate o f  flame spread depends rather s trongly o n  external rad iat ion 
t o  th e burnina objec t (Alvare s 19 7 5 ,  Fernande z-Pe l l o  197 7 ,  Kaahiwaai 
19 74) . Changes in the meri t rating due to  changed rad iat ion l eve l are 
cons is tent wi th Tewarson and Pion ' s  ( 1976)  findin& tha t  differen t 
materi als  re spond d i fferent ly to  external radiat ion. 

Concerned mainly wi th plas t i c  foam insulation , McGu ire and 
co-workers ( 1 9 80 )  and McGu ire and Campbell (19 80) o f fered an e xplana­
tion o f  the we l l  known fac t that the meri t rat ina o f  an insulat ion 
board , with respect to flame spread , a l so may be a ffec ted by the nature 
o f  the backing materia l i f  the fire inc ident ( teat  or rea l-worl d f ire ) 
i s  re lat ive ly s low. When the c ircums tances are such as  t o  c ause the 
flame s to propagat e  relatively slowly , as , for example , in the cours e 
o f  a tunne l teat , the heat penetra t ion wi l l  reach deep into the backing 
materia l so tha t  i t a  presence wil l  be fel t  d irectly by a reduction or 
increase of the temperature of the flaming surface o f the board and 
ind irectly by moving the ranking o f  the produc t up or down on the scal e 
o f  meri t .  In contrast , such a change in the meri t rat ing a s  a re sul t 
o f  the presenc e o f  backing materia l rarely occur s i f  flame propaga tion 
is re lat ive ly fas t , as , for exampl e ,  in the course o f  c orner wal l  tea t s  
( Ch ristian and c o-workers 197 7) . 

Whe ther a smal l f ire d ies out or grows into a large f ire depends 
on four fac tors:  ( 1 )  the rate  o f  hea t re leas e by the obj ec t f irs t 
ignited , (2) the t otal " f ire load" (i . e . , the total amount o f  combust i­
ble  materia l in the compartmen t) , ( 3 )  the nature o f  the compartment 
l ining material s from the point o f  view o f s upport ing combust ion ,  and 
(4) the therma l inert i a  o f  the l ining material s .  I f  these factors 
create a c ondit ion favorable to unl imi ted f ire growth , f lashover wi l l  
ensue and the ent ire compartmen t containing the item f irs t igni ted 
wi l l  eventually become involved in f ire . F l ashover , i f  i t  occurs , 
fol lows the ignition o f  the firs t obj ec t usually  in 5 to 2 0  minutes. 

The t ime to f lashover is extreme ly important because i t  indicates 
the maximum length of t ime that occupants have to escape or be rescued .  
For th is  reason a thorough unders tand ing o f  the chain of  events con­
necting ignit ion o f  the f irs t item wi th flashover has bec ome one o f  the 
maj or goals o f  theore t ical and experimental f ire re search (Croce 19 75 , 
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Croce and Emmons 197 4 ,  Emmons 197 7 ,  Gros s  197 4 ,  Modak 197 6 ,  Quintiere 
1976, Smith a nd  Clark 19 7 5) . An excellent review of recent advances 
in the aa thematical modeling of preflashover coapartaent f ire has been 
given by Pape and Wa terman ( 1 9 7 9) . 

The f irst two of the factors of f ire growth (i . e . , rate of heat 
re lease by the item f irst igni ted and total f ire load) relate largely 
t o the nature of the c ompartment furnishings ; they are subjec t to 
statistical probabilities and a re beyond the control of the build ing 
d esigner . The designer , however , d oes have at  least partial control 
over the other two factor s  ( i . e . ,  combust ibili ty and the thermal 
inert ia of  the c ompartment boundaries) . 

As has been pointed out , for some t ime followi ng ignit ion the f irst 
i tem ignited will burn in approxtmately the same way as it would in  the 
open.  Then, as  the flame s grow tall and perhaps other items are 
i gnited , the process of burning becomes more and more influenced by 
factors characterist ic of the compartment a s  a whole . With increasing 
rapidity , a smoky layer of combustion and pyrolysis gases build s up 
below the ceiling . As Figure 2 shows, intense radiant energy fluxes , 
originat ing mainly f rom the hot ceiliQB and the adj oining gas layer , 
gradually heat the content s of the c ompartment unt i l ,  upon reaching a 
level of about 1 . 7  to 2 . 1  • 104 W/m2 ( Fang 1975) , all combus t ible 
items are ignited in quick succession;  flashover occurs .  

A few f ire scenarios of practical interest were surveyed by 
Benjamin ( 19 7 6) .  Be pointed out that combustible wall and cei ling 
l inings may or may not play a substantial part in the chain of events 
leading to flashover depending on the total f ire load , the nature and 
d i s tribution of the combustible items , and the location and size of the 
item f irst ignited . Bruc e ' s experiment s (1959) showed that the combus­
t ibility of the wall liniQB had very little effect on the t tme to  
flashover if  no furnishing item was closer than 0.45  m t o  the wall s .  

Further experimental s tudies have indicated (Gross 19 74,  Hagglund 
et al . 19 74) that the at tainment of a t emperature of  500 t o  6000C by 
the hot ga s layer under the ceiling ( Figure 2) can be regarded as  a 
f lashover cri teri on. Such a cri teri on i s ,  o f course , of li ttle practi­
cal utili ty unless the condi tions of attaini ng that temperature level 
can be expre ssed in terms of the f ire load and the geometric and ther­
mal characteri s tic s  of the c ompartment boundarie s .  

UsiQB the ri se of t emperature of the hot gas layer above a cri t ical 
level as the flashover c ri terion, Babrauska s (198 0) and Mccaf frey and 
c o-workers (19 80) developed cri teria f or a ssessing the l ikelihood of 
the occurrence of flashover in a compartment . The lat ter worker s 
suggested : 

( 3) 
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where t i •  the •o-cal led venti lation parameter that characterize s  the 
(minimu.J rate o f  airflow into the compartment under c lass ic , draft­
free cond i t ions . It• expre •s ion i • : 

t • PaAv� (4 ) 

In the• e  equat ion• , Q i •  the rat e  o f  evolution o f  hea t by the f i re ,  
At i s  the total surface area o f  the cc.partment boundary , P i •  the 
den• ity o f  a tmospheric air ,  Av i •  the area and by i• the height o f  
the vent i lat ion open ing , and � i s the therma l inerti a  o f  the 
c ompartment l ining material s .  ( Under non-c la•• ic , drafty condit ion• , t 
is  t o  be regarded a •  a de• criptor o f  t�e actua l airflow rate , which 
may a•sume values •uch that t � PaAv ghv • ) 

Eq .  (3 ) a l low• the e s t imation o t  whe ther or not the burniaa o f  a 
large furni shing i tem ( e . g . , a sofa or bed ) can lead to fla•hover . The 
ra te o f  heat evolu tion from the burning o f  such i tems can be asses•ed 
from availabl e  da ta ( Quintiere 19 7 6) or from experimenta l  burn te•ts  
( Babrau•ka• 1 9 80) . 

O f part icular intere • t  i s  the contribution o f  the thermal iner t ia 
o f  the c ompartmen t boundarie s , · the group /K'i5C, to the l ikel ihood o f  
fl ashover . Typical value• for the thermal propert ie• o f  the many c om­
mo n  con• truc tion material s are l isted i n  Tab le 2 .  Eq .  ( 3 )  ind icate s an 
increased l ike l ihood o f  fla•hover for compartments l ined with good 
insulation ( i . e. , with material • o f  low therma l inertia) . 

A theore t ical s tudy conduc ted by Thoma• and Bu l len (19 79a and 
19 7 9b )  deserve• further at tention . They showed tha t the corre lation 
be tween the t ime to f l ashover , t f , and the thermal iner t ia o f  the 
c ompartmen t l ining material • i s  o f  the fol lowing general form : 

t f  • A + B (/KPC) n ( 5 )  

where the va lue o f  the exponent n i s  alway• les s than 1 ,  typica l l y  
be tween 0. 2 5  and 0 . 5 , and A and B are empirical cons tant• • The values 
of  A and B depend s trongly on the rate o f  growth o f  the f i re .  For 
f ire • growing at more or l ee• normal rates , A is zero .  On the o ther 
hand , for very fas t fire •  (wi th exponential ri• e in growing rate )  A 
may be h igh enough t o  c ontro l the value o f  t f • Eq .  (5 ) indicate• • 
wha t ha s indeed been known , that l ining a compartment wi th in•ulatiDg 
materi al s  tend s  to reduce the fla•hover t ime except when the f ire 
develops ex treme ly rapidly , in which case the t ime to fla•hover i s  so 
short that the reduc t ion is hard ly not iceable.  
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TABLE 2 Repre sent ative Values of The nDal Proper t ies of Selected Construc tion Materials ( in 
moi stureless condition) for Appropriate Temperature Intervals 

The� l Conduc t ivity , Dene i ty ,  Spec i f ic Hea t , lbe�l Inert i a  

k (W .-lt-1 ) 
Materia l 

( ka .-3 ) c ( J  ka-lat- 1 ) ( J  .-2 . -l l2at- l )  

Steel 42 . 0  7800 5 30 1 3 1 7 7 
Marble 2 . 0 2 650 9 75 2 2 73 
Nor��a l  we i ah t  concre te 1 . 68 2200 1 300 2 192 
Br i ck 1 . 1 0 2 100 1000 1 52 0  
Li ahtve i &ht c oncrete 0 . 4 6  1450 1 300 9 3 1  
Ph a ter board 0 . 2 7 680 3000 742 
Ver��icul i t e  pl a a ter 0 . 2 5  660 2 700 667 
Wood 0 . 1 5  550 2 300 4 3 6  
Mineral wool ( fiber frax )  0 . 04  160 1 1 50 86 
Pol yure thane fo .. 0 . 02 32 1400 30 
Pol y a t yrene fo .. 0 . 02 34 980 2 6  
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FULLY DEVELOPED PillE 
Once f ire has grown beyond the flashover stage , human survival in 

the fire compartment bec011e s impossible . 'l'he strategy of defense from 
thi s point i s  aimed at preventiQS the f ire from spreadiQS to other 
compartment s .  

I t  has loQS been believed that the coacept o f  f ire-resistant 
compa rtmentation provide s the answer to the problem of spread of fire 
through bui ld iQSS • Thi s coacept p icture s a buildina as composed of a 
number of compartments perfectly i solated f roa each other and the fire 
a s  spreadiQS by destruction of successive compartment boundaries . 

'l'he idea of perfectly isolated compartments is , of course ,  a crude 
abstrac tion. Fire must have access  t o  air ; i t  cannot develop in  a 
fully i solated space . The f ire compartment mus t  communicate with a t  
least one other i nside o r  outside space (e . g . , through an o pen door ,  a 
broken window, or any kind of ceilina or wall openi na) . There must be 
a t  least one route aloQS which i t  can spread by convection ( i . e . , by 
the advance of flame and hot gase s) . Thus ,  defe nse against the spread 
of fully developed f ire has two component s :  c ounteriQS the potent ial 
of fire for de structive spread by the use of f ire-resi stant compartment 
boundari es and counteri QS its  potential f or convective spread by such 
saf ety measure s as  sel f-clos ing door s ,  flame deflectors , or f ire stops . 
Observations over the past several decades have clearly indicated that 
the potential of fire for convective spread fa r outweighs it s potentia l 
f or destructive spread . 

The potent ial f or destruct ive spread d epends ( Harmathy 1980a and 
198 0b) on  the "no rmali zed heat load , "  H, defined a s :  

( 6 )  

where Es i s  "heat load , "  the total heat absorLed by unit surface area 
of the f ire compartment during fire exposure , and � i s again the 
thermal inert ia of the compartment boundaries.  An important character­
istic of the normalized hea t load i s  tha t ,  for a given compa rtment 
f ire , it has a pproximately the same value for all boundari es of the 
compartment ( irre spec t ive of possible d if ference s in the ir thermal 
i nert ia)  as f or the compartment as a whole . The uniformity of the 
normalized heat load is an expression of the fact that the heat load 
on any element of the compartment boundary i s  proport ional to i ts 
thermal ine rtia . 

The upper l imi t f or the normali zed heat load f or a compartment on 
f i re can be calculated on the a ssumption that all heat released by the 
c ombust ible materials eventually becomes absorbed by the compartment 
boundarie s .  Wi th thi s assumption: 

H r. m 
1 GAH - ( 7 ) 
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where Bm. i s the conceivable ma:xi•um for H, G is the total f ire load 
(total  mass of co•bustible material s i n  the co•part•ent) , �R i s  the 
heat of c011bustion of the combust! ble materials,  and {Kp'C is the 
average thermal i nertia for the compart•ent boundarie s .  

Fort unately , i t  has been found that the actual heat load o n  the 
co•partJDent boundaries i s  only 10 to 40 percent of the value calculable 
fro• Eq . ( 7 ) . So•e of the energy contained in the f ire load i s  
released by the gaseous pyrolysi s product s burning outside the compart­
•ent , but even of that released inside s ome will leave the compart•ent 
wi th the f i re gase s a s  sensible  heat and some will be lost by radiation 
through the ventilation openi� . Mehaffey and Ba :mathy (1981 )  have 
shown that i f  the fire load consist s predominantly of cellulosi c 
•ateri als , the follow!� se.i-e•pirical e quation i s  applicable : 

s o . 5 8 !;;15 + ·o . o s 5  

H; = 1 + 9 3 5  . . .  � ( 8 )  

At,IKp'C 
where 6 i s  a factor that account s for the fac t that , i n  genera l ,  only 
part of the energy o f  the gaseous pyrolysi s products of the c ombusti­
ble s is released ins ide the co•part.ent . It s value can be calculat ed 
fro• the e•pirical fo:mula : {0 • 7 9 Jh  3/t 

6 = 1 
C , whichever i s  les s ( 9 )  

where he i s  the height o f  the co•part•ent . A feature of Eq . ( 8 )  i s  
that it  de scribes the fractional f ire load o n  the compartJDent boun­
dari e s  as a function of two variables only , the group .m1 ( A  ,tipC) 
and 6 . Fi gure 3 shows the de pendence of R/Bm on the two varia\les . 

As the f i re load , G, may vary ra ther markedly fro• compart•ent to 
co•part•ent , i t s  selection usually i s  based on an analysis of statis­
ti cal data available on the specific fire load s ,  G/AF (where AF i s  
floor area) , f or various occupancies . A conservat ive �stfmate of G can 
be obtained fro• Lie ' s  arguments  (19 79) . 

Because of draft s ,  which are scarcely avoidable ,  compart•ent 
ventilation i s  also a random variable . It s •ini•um value for c lassic 
condition s  i s  defined by Eq . (4) . For drafty conditions ,  t > Pa"vi911V· 
Si nce (as  can be s een fro• Eq .  ( 8 )  and Fi gure 3) the potential of f ire 
for destructive spread decrease s wi th any increase in the value of t , 
use in  Eq . ( 8 )  and ( 9) of the •ini•UJD conceivable value of t , that 
defined by Eq . (4) ,  is clearly a practice that cannot lead to unsafe 
conclusions . 

Standard test f ires are not basically d ifferent fro• compart.ent 
f ire s ;  therefore , i t  i s  possible to characterize their destructive 
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effec t on the test speci•en also by the noDR&lized heat load , whi ch 
now, because of the uniqueness of the test , is pri.ari ly a func tion of 
the durati on of the tes t f i re ,  T .  The noDR&lized value of the heat 
load i•posed on the test spect.en has been invest igated { Ba rmathy 1981 )  
usi ng the AS TM  El l9 fire test { American Society for Testing and Materi­
als 19 76c ) . Curve 1 i n  Figure 4 shows the relation between nor.alized 
heat load and test  f i re duration for an ideal , high-efficiency furnace 
heated by highly e•issive "black" gases .  Curve 2 represent s the sa•e 
relation for an actual furnace , the floor test furnace used at the 
Divi sion of Building Re search, National Re search Counci l  of Ca nada 
{DBR/NRCC) . 

To deter.ine the condition under which the boundari es  of a co•part­
.ent can wi thstand the de structive potential of fire ,  in t erms of ti•e 
of exposure to standard f ire test , enter the value of the nor.alized 
heat load on the compart•ent along the ordinate axi s of the H versus T 
corre lation applicable to  the specific test furnace ( e . g . , curve 2 i n  
Figure 4 f o r  the floor furnace i n  the DBR/NRCC laboratory )  and read 
the c orre sponding value of T ,  the required t esting t t.e ,  along the 
abscissa axi s .  

I t  ha s been shown that i f  the f ire load consists  predo.tnant ly of 
cellulosic s ,  drafty conditions i n  a building tend to reduce the poten­
t ial of f ire for destructive spread . It remains t o  be seen whether 
thi s wi ll be applicable to  noncellulosic f ire load s and whether drafty 
conditions also will be favorable fro• the point of view of potential 
for convect ive spread , which i s  usually the greater proble• · It i s  
known that some •aterials,  noncharri ng  plastics in part icular , have a 
tendency to  pyrolyse very quickly . Unabl e to come i n  contact wi th 
sufficient a•ounts  of air ,  part of the uncombusted pyrolysi s gases may 
spi l l  out through the ventilation openi ngs and carry flame s to spaces 
far fro• the burning co•part•ent . Clearly , •aterials and burning 
conditions that are conducive to  .assive combustion of the gaseous 
pyro lysi s products outside the compart•ent boundaries pre sent a very 
grave danger fro• the point of view of f i re spread , irre spective of the 
support the combust ion can get fro• c ombust i ble l ining materials i n  the 
surround i ng  space s .  

A factor has been introduced t o  characteri ze the convective spread 
potential of f i re { Harmathy 198 0b) .  It i s  denoted by � and defined a s :  

rate o f  heat evolut ion outside fire compartment 
� - 0 

total rate of heat evolution from fire load 
{ 10)  

To gai n  a thorough understandi ng of all  a spect s of f ire spread , the 
potential of  f ires f or both destruct ive spread , as quantified by the 
normalized heat load , and convective spread , as quanti fied by the 
� -factor , were studied in  two series  of computations as functions of 
f ire load and venti lati on .  The calculations were perfor.ed as  
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de scribed by Barmathy {1980b ) ; the result s a re presented in  graphical 
f orm i n  Fi gures 5 and 6 .  Figure 5 relates to  cellulosic fire load , 
which up to thi s  point received exclusive attent ion. * Figure 6 
represent s fire s of no ncharring placti cs . The figures show the varia­
tion of  H and � against the vent i lation parameter , t {which in these 
graphs i s  looked upon as  an independent variable representative of the 
airf low rate i nto the co•part•ent) ,  at three typical values of  the 
sp ecific f ire load , G/AF • 6 0, 30,  and 15 kg/•2 · Although the 
calculat ions relate to a roo• of specifi c geometry lined with a spe­
c if ic set of •ateri ala, the plots can be regarded as typical of a broad 
raog e  of condition s . 

The f ollowing conclusions can be drawn: 
1 .  Fro• the point of view of  destructive spread potential , f ires 

of cellulo sics are usually •ore d aog erous than f ires of noncharri ng 
plasti cs . Fro• the point of view of convective spread potentia l ,  the 
opposite i s  t rue . 

2 .  For both types of f ire load , the destructive spread potential 
decreases with increasi ng venti lation {a s characterized by the ventila­
t ion para•eter , t ) .  

3 .  The convective spread potential o f  f ire decreases with increas­
ing venti lation if the fire load consist s of noncharri ng plastic s and 
increase s  with i ncreasing ventilation i f  the f ire load consi sts of 
cellulosi cs . 

INTERCOMPARTMENTAL FIRE SPREAD 

The fully developed period of fires ra rely last s longer than 30 
•inutes . In fact , a vigorously burniog building fire that  last s longer 
i s  almo s t  a certain indication of spread beyond the compart•ent of  
origin. 

Al though with pre sent construct ion practices intercompart•ental 
fire spread by de struction of compartment boundarie s i s  rare , it must 
not be looked on as a re•ote possibi li ty .  Thi s  said , the common •odes 
of f ire spread are defini tely those that take place by convection and 
radiation. 

The spread of fire by convec tion-radiative •echani .. occasionally 
can be attri buted to the presence of wal l or ceiling cavitie s or to  
the penetra tion of  floors or walls by pla stic p i pes and telephone and 

*The reader is re.tnded that Eq. {8) and Fi gure 3 a re applicable only 
i f  the f i re load consists  .ainly of cellulosi c  .at erial s .  Fairly 
recent stati stical d ata conf irm , however , that the fire load is s till 
predo•inantly cellulosi c  in re sidential and office buildings . 
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elec tric cable s .  In •oa t  case s ,  however,  open or burned-out doors and 
broken windows •ark the route of f ire spread . Three factors have major 
i nfluence on the extent and direction of thi s kind of spread : ( 1 )  the 
potential of f ire f or convective spread , as quantified by the �-factor ; 
( 2 )  the intensity and direction of draft s  in the buildi ng prior to  the 
outbreak of f ire ; and ( 3 )  the nature of the lining materi als a long the 
path of spread . The role of the �-factor in the spread of fire wa s  
discussed i n  some detai l i n  the preceding section .  

Strong draf t s  i n  a building are obviously conducive to the spread 
of f ire . As noted earlier , it is usually during the winter heating 
season that the s trongest draf t s  a rise , and it come s as no surprise 
that winter is the season of the worst f ire incident s .  

Fire spread tends to  follow the path of air current s ( se e  Figure 
la) . If , on a calm day ,  fire breaks out in  a c ompart•ent below the 
•i d-height of a building ,  i t  wil l  first enter the corridor and then,  
i f  doors are left open, tend to ri se in the stairwell s or e levator 
shaf t s .  Equippi ng a building wi th sel f-closing doors on al l floor s 
below i t s  •id-height i s  probably the best investment in f iresafety . 

In the upper f loors the spread of f ire will  be towa rd the building 
envelope so that the use of self-c losing doors •ay not be justified . 
On reaching the building envelope , flae s i ssuing from broken windows 
•ay igni te the exteri or c ladding i f  i t  i s  c ombusti ble or •ay break the 
windows above and set a compa rt•ent on the next floor on f i re .  
(Naturally , s trong winds •ay modify the f ire spread pattern just 
de scribed • ) 

The nature of l ining .. teri als i s  an i•port ant f actor i n  the spread 
of f i re along cor ridors . Experi•ental studie s conducted by Schaffer 
and Ei ckner ( 19 65) , McGuire (1 9 68) , Chri stian and Waterman (19 70) , and 
Wate�an ( 197 3)  have shown a limited success in correlati ng  the rate 
of  spread along corri dors with the re sults of s tandard tunnel test s .  
However ,  so•e experi•ents have revealed that the presence of a combus­
t i ble lining is not an absolute prerequisite for fire spread . This i s  
conf irmation o f  the clai• that the propensity o f  f ires t o  spread along 
a corri dor depend s not only on the characteri stics of  the corridor but 
also , and perhaps •ore i•portsntly , on conditions i n  the co•partment 
tha t f eed the f ire i nt o  the corridor , as quantified by the �-f actor .  

SMOKE PROBLEM 

Fi re s tatistics ( Berl and Ha lpin 1976 ,  Thomas 1 9 74) reveal that 
•ore people d ie in burning buildings fro• inhalation of toxic fire 
gases than fro• heat-i nf licted i njuri e s .  Even in  deaths that are 
caused by burns , s•oke is  often a cont ributing fact or ; dense smoke 
obscure s the vi sion of the occupants and prevents the• fro• reaching 
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safety . In fact , there are good reasons to believe that obscuration 
of vi aion is the principal  threat to  life safety in building fire s 
( Friedman 197 8) . 

The seri ousness of the s•oke problem depends on three factors . In 
orde r  of i•portance , these are : ( 1 )  the extent to which .aterial s of 
high s•oke-producing propensity are used , ( 2 ) the intensity of the 
draf t s  in the building at the t ime of f ire , and ( 3) the toxicity of the 
pyro lysis and c ombustion products of  the combus tible contents of  the 
buildi ng .  

A nmilber of  experi•ental t echni ques for •easuri ng the 
s•oke-producing propensity of .aterials have been reviewed by Bilad o  
and Murphy ( 1 9 79) . It  appears that the experi.antal result s  d epend not 
only on the che.tcal co•position of the .aterial but also  on such fac­
tors as the na ture and a•ount of addit ives ,  the density and thickness 
of the sa•pl e  •aterial,  the nature of the �l exposure , and the •ode 
of ventilation.  Repre sentat ive value s deve loped by a gravi.atric 
technique (Hilado and Cummi ng  19 7 7) are list ed in Table 3 for a few 
c ommon plast ics .  

TABLE 3 Representative Val ues of  the S•oke Producing Characteri stics of 
Selected Mat erial s 

Mat e ri a l  

Acry l i c , uniden t i f ied 
Lino l eum 
Po l ycarbona t e  
Po l y chloro prene rubber , fi l led , 

f ire re tardat 
Po l yes ter , b ra.inated , re i nforced 
Po l yme thy l lll8 thac:xry late 
Po l ypropyl ene , fire re tardant 
Po lys tyrene 
Po l yviny l ch loride , flooriq 
Po lyviny l  ch loride , fl exib le , fire 

re tazdant 
Po l yvi ny l  ch l ori de , ri gid 
Wood ,  bard 
Wood , soft 
Wood . board 

Sourc e :  Hi lado and Cumming 197 9 .  

Percen t S.Oke 
Bas ed on Ini tial We i gh t  

0 . 3 3 
o . s z  
0 . 89-1 . 34 

o . 8o 
1 . 70 
o . o8 
1 . 64 
4 . 86 
o . u  

Z . 3 6  
1 . 33 
o . os -o . lJ 
o . o8-o . z J  
o . o6-o . s 7  
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The effec t of the intensity of draft s OD the spread of ..oke i s ,  
in  a way, similar t o  t he  e ff ect  on the spread of f ire . Yet ,  since 
smoke i s  not a combustion-carrying mediua but merely an qgregate of 
c ombustion gases and airborne part icles , it is much more mobi le than 
the fire that breed s i t  and can di sperse throuabout the buildina i n  a 
much short er time .  

The air currents that arise i n  a nine-s tory buildin& during the 
· wint er heati ng season were desc ribed earlier and illustrated in Figure 
la. Figure l b  shows how the same air currents would distribute saoke 
on the various level s of the buildi ng wi thin a mere 10 to 1 5  minutes 
of  the onset of a f ire on the f irst f loor . ( The smoke contamination 
of the second floor would be the resul t of  vertical leakage current s 
not mentioned i n  thi s  pre sentation. ) 

There ha s not yet been any att empt to re strict the uae of materials  
on the basis of  their propensity to  generate t oxic gase s .  The most 
likely reason is that carbon monoxide , whi ch aay be produced by any 
material as a re sult of· incomplete combustion, i s  still believed to be 
the only toxic gas worth consideri ng . Accumulated dat a  ( Swai and 
Tsuchiya 1 97 5) i ndicat e ,  however , that other t oxic gases such a s  hydro­
gen cyanide , hydrogen chloride , ni trogen dioxide , and sulfur d ioxide 
may be the cause of f ire deaths or injurie s  more often than is c ommonly 
believed . 

· 

EPPE·CT ON ENERGY-cONSERVAT ION MEASURES 

Airtightnes s o f  Buildings 

Increased airt ightnes s of a build ing i s  re flected by reduct ion of 
the equivalent orifice area for the out side walls and , by virtue of 
Eq .  ( 1 ) , a pro port ional reduc tion of the air inf i ltration .  Because air 
cur rent s are the vehicle for di spers io n  of smoke if  f ire occurs ,  an 
i ncrease in the airt ightness of  a buildina i s  unconditionally benefi­
cial from the point of view of the smoke problem . It may be added that 
i f  pre ssuri zation i s  u sed t o  combat spread of smoke , by virtue of Eq .  
( 1 )  and ( 2) , there will be a reduction i n  the air supply requi rement 
a s  a re sult of increasina the a irt ightness of the bui ldin& • 

As far as  the spread of fire i s  concerned , the effect of i ncreasing 
airt ightness is not necessari ly beneficial .  Figures 5 a nd 6 suggest 
that by cutting down on the draft s  (vi sualized a s  a reduction in the 
apparent value of the ventilation parameter , t ,  the potential of f ire 
f or de s tructive spread i n  the compartment of origin will tend to  
i ncrease , e specially i f , as is  usual , the fire load consi sts mainly of  
cellulosic materi al s .  Thi s observation, however ,  should not weigh 
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heavily in the overall assessment of the conse quences because spread 
by destruction of compartment boundari es i s  a relatively rare occur­
rence . More significant i s  the expectation tha t with reduc tion of 
draft s the convective spread potential will decrease for cellulosic 
mate rial s ( Figure 5) . Furthermore , there also will be a decrease in 
the support the air current s provide f or i ntercompartmental f ire 
spread , ei ther through corridors and shaf t s  if the f ire compartment i s  
located below the mid-height of the building or along the building 
facad e if the f i re compartment is above mi d-height . 

Augmented ihermal Insulation of Building Envelope 

In the no DD& l  operation of a �ui lding the effec tiveness  of a layer 
of insulation d oes not depend on i t s  location in the building envelope . 
It i s  common sense to  sandwi ch combustibl e  insulation as far from 
e i ther surface of the envelope a s  possi ble . According to the rules of 
sound design f or fire resi stance (Barmathy 196 5) , it may seem advanta­
geous to place noncombust ible i nsulation on or near the inner surface 
of the envelope , the one most  often exposed to f i re .  Such practic e  i s  
not recommended , however , f or the f ollowing reasons : ( 1 )  according to 
Eq . ( 3) , the likelihood of flashover i ncrease s i f  material s of low 
thermal i nertia are used in the inner lining ; ( 2 )  if there i s  any like­
lihood of flashover ,  according to Eq . ( 5) it will occur in a shorter 
t ime ; and ( 3 )  the temperature of f ire gases will reach higher val ues 
duri ng the period of full f i re development and , if the pyrolysis of  
combustibles in the compartment is  sensit ive to  radiative thermal feed­
ba ck (noncharri ng plastic s in general) , the potential of fire for 
destructive spread (a s characteri zed by the normali zed heat load) may 
i ncrease .  

I f  insulation i s  added t o  the envelope of  an existing building , the 
choice of where to  place i t  i s  somewhat limit ed . It i s  clear that i t  
i s  unwi se to  attach i t  t o  the inner surface o f  the building envelope 
even if the insulation i s  noncombustibl e .  Furthe�ore , if i t  is co.­
bustible , there are regulations that prohi bi t its  application to the 
i nner surface unles s  i t  i s  covered wi th an additional noncombustible 
coating . 

The most common method of  adding insula t ion to  the out side walls 
of existing low bui lding s  is to apply it over the external sheathing .  
To avoid condensat ion problems, i t  usually i s  recommended that a narrow 
ventilation cavi ty be lef t between the insulation layer and the ext e­
ri or cladding . This  pre sents no problem if the insulation i s  e ssen­
tially noncombust i ble , but in  recent years ,  combusti ble insulation ,  
mainly rigid polyurethane a nd  polys tyrene foams, has become 
i ncreasingly popular . 

The nature of the insulation near or on the outer surface of 
outside wall s has very little effect on the characteristic s  of a f i re 
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in  the interior ( i . e . , on the likelihood and tiae of flashover and , 
f ollowing flashover , on the potential of  f ire for destruc tive or c on­
vective spread) . As aentioned above , the typical duration of a pre­
f lashover f ire i s  5 to  20 minutes and that of a f ully d eveloped f ire , 
30 minute s .  The ful l duration of fire i s  rarely so long that insula­
t ion near the outer surface of the walls can influence the temperature 
conditions of the bui lding interi or . 

The practice of using combus tible i nsulation over external sheath­
i ng i s  rathe r common for buildings wi th fewer than three floors . The 
problem i s  that any f lames i ssuing through the windows in the event of 
f ire may penetrate the gap between the insulation layer and the exter­
nal cladding . Af ter igniting the i nsulation, they can spread verti­
cally to  the upper floors . A recently completed study by Taylor 
( 1 9 8la) , in which polyure thane and polystyrene foam board s were used 
as insulation, revealed that the danger of f ire spread along these 
hidden cavities depend s  on the nature of  the plastic foam, the thick­
nes s  of the cavity , the design of the flame barrier s ,  and the cladding 
materi al . 

In Taylor ' s  t ests , a f laming heat source was applied t o  the 
insulation along a narrow horizontal slot in the claddi ng .  The tests  
revealed that polyure thane and polys tyrene f oam behave entirely differ­
ently . Thi s i s  no t surpri sing considering the marked dif ference in the 
characteri stics of the two material s .  Po lyure thane i s a char-f orming 
material whereas polystyrene i s  a the moplastic that melt s  on heat ing 
before i t  reaches the pyrolysis temperature . 

Wi th noncombustible  cladding and narrow cavitie s ,  les s  than 7 5  mm 
wide , the spread of f ire along polyure thane foam insulation t ends to 
stop about 2 to 3 m above the flaming heat source , irre spective of  the 
flame spread characteri stics of the f oam as developd by the s tandard 
tunnel test . Beyond tha t height , the los s of heat , mainly through the 
cladding , becomes i ncreasingly signif icant ; because of  insufficient 
venting , the char coati ng i s  unable to oxidize and Eke up f or the heat 
loss and , therefore , pyrolysi s and f laming combustion are no longer 
possible . If the thickne s s  of the cavit y  i s  larger than 25  mm ,  how­
ever , improved venting wi ll ensure the oxidation of char and continous 
f i re propagation throughout the full height of the cavi ty .  Claddi ng 
products that crack or s hrink on heating ( e . g . , PVC s iding ) allow for 
sup plementary venting and are therefore ins trumental in the unre­
s tri cted propagation of f ire in the wall cavitie s .  

Wi th polyst yrene foam , the insulation board s  me l t  to  a height of 
about 1 m above the slot where the flames e nter the cavi ty ,  and part ial 
melting of the board s extend s to a height of several meters . The aelt 
flows down and accumulates on a flame barri er . If the barrier is below 
the level  of the f laming heat source , the melted polystyrene will 
solidify and pre sent no f urther problem . If , on the other hand , the 
ba rri er coincide s with the location of the heat source , the melt  wil l 

Proceedings of the Conference on Energy Conservation and Firesafety in Buildings

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19611


43 

igni te and serve as  added fuel ,  causing destruction of the foam to a 
higher level , possibly throughout the full height of the cavity .  

Flame barriers  of  any kind were found to  be effective in reducing 
f ire spread , especially where the cavity thickness was laraer than 2 5  
DlDl · Flame bar riers that allow the drainage o f  melted DlBterisl away 
from the f ire source offered superi or result s  with polystyrene foam 
insulation.  

With stud-walled buildings devoid of insulation, a frequently used 
te chnique for  providing insulation i s to puncture the interior lini ng 
and pump f oamed plast ics i n  a fluid state into the stud cavities . The 
plastics  later harden into  insulating slabs . Owing to it s proximity 
t o  the i nner boundary surfaces , the insulation may be assumed to  have 
some effec t on the history and characteristic s of a f i re .  '!be same DlBY 
be a ssumed if , by design ,  the i nsulation i s  applied as a coat of foam 
plastic  to the inner surface of the walls and over it , in compliance 
with some bui lding code regulations , a cover of gypsum board ( 13 DlDl 
thi ck if  the buildi ng i s  less  than 18 m high or two gypsum boards 16 
DlDl thick i f  the building i s  taller than 18 m) .  In some areas in the 
United State s ,  equivalent s of gypsum board covers are permitted . 

It  may be pointed out that i t  i s  difficult to f ind a true substi­
tute f or gypsum board . Gypsum i s  the ideal f ire protective material ;  
i t  contains 21 percent hydrated water that i s  released o n  heating in 
an endothermic decomposition reaction . Unti l the reaction is  com­
pleted , the temperature of the materi al i s  held back at a level of 100 
to 18oPC ; after completion, a porous matrix of low thermal inertia 
i s  lef t behind . 

The ruling that f oam plastic insulation applied to  i nner wall 
surfaces i s  to be covered wi th gypsum board has been brought down on 
account of the peculiar behavior of foamed plastics . As discussed 
earlier , when ignited by large ignition sources and perhaps irradiated 
by other burning items , f oamed plastics are capable of propagating 
flames at a very high rate . '!be primary purpose of the application of 
gypsum board cover is to eliminate the possibility of fast flame propa­
gation . There are , however , other benefi ts . Computer-executed numeri­
cal s tudies  have indicated that an insulatiQg layer attached to the 
back of a 13-mm gypsum board cannot possibly i nfluence the temperat ure 
on the f ire-exposed side of the board for a period much longer than the 
usual time of flashover . Thi s finding can be translated into the claim 
that .the effective value of the thermal inertia to be used in Eq . (4 )  
and ( 5) , and possibly also  i n  Eq . ( 8) , i s that of the gypsum board ; 
consequently , the pre sence of an i nsulation layer behind the board has 
no noticable effect on either the likelihood of flashover or the time 
of flashover and ,  possibly , none on the potentials of the f ire for 
des tructive and convective spread for some time into the pos t-flashover 
phase. 
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Wi th time , pos sibly well int o  the period of full fire develo�nt , 
the de�drated gypsum board s tend to shrink and fall apart , pre auaably 
owing t o  a transformation in the calcium sulfat e .. t rtx .  !be fire­
re sistant , so-called Type X gypsum board s aanufactured with the 
addition of  special aggregate s exhibi t superior resistance to disinte­
gra tion. The di sintegrat ion of the pro tec tive boards has two conse­
quence s .  Firat , the insulation layer is  ignited and auaaent s the heat 
evolution in the compartment and , possi bly, al so the evolut ion of  
smoke . However ,  because of the small mas s of the insulatio n, thi s 
effect is  of  negligible iaportance. The second and aore iaportant 
consequence is the weakeni ng by burning of the bui ldiQS envelope and 
the increased likelihood of destructive and convective f ire spread . 

Another serie s of  experiaents perfomaed by Taylor (198l b) , usi ng a 
corner wall asseably ( Ch ri stian et  a l .  1977) , indicated that in fast­
developi ng f ires a single layer of 13� ordinary gypsum board cover 
i s  capable of  delayiQS the penetration of flsmes into the interi or of  
the cons truction for some . 30 ainute s ;  a aiQgle layer of  16� f ire­
re sistant gypsua board delays it f or 45 ainutea . Ne ither polyure thane 
nor polystyrene insulation tend s to ignite behind the gypsum board s  so 
l ong as the boards reaain a ttached to the surface . The gaseous pyroly­
si s product s  of polyurethane aay seep int o the compartment along odd 
joints and feed the fire . With polystyrene , the foaaed aaterial will 
me l t  at  some advanc ed stage of the fire and accuaulate a t  the bot tom 
of the wall cavi t ies.  

Li e ( 19 7 2) s tudied the performance o f  plast ic foaas sandwiched 
(airt ight ) between two layers  of noncombusti ble aaterial a .  Be found 
that the rate a t  which the f oam is consumed � pyrolysis when the 
assembly i s  exposed on one side to  a standard f ire re sistance teat ha s  
n o  relation t o  the ranki ng o f  the foaa with respect to  surf ace flame 
spread and tha t the area of  pyrolysis rarely extend s far beyond the 
a rea of exposure t o  the teat fire . 

In sulation added to the roof i s  unlikely t o  influence not iceably 
the principa l characteristic s of a f i re ( e .g . , the likelihood and tfae 
o f  flashover or i ts potential for destruc tive and convective spread 
onc e  flashover has occurred) for the very reasons di scussed in conne c­
t ion wi th wall insulation. It aay have some influence , however , on the 
fire resistance of roof decks and load-bearing roof beaas ( i . e . , on the 
ability of  these building elements t o  yield sat isfac tory structural 
perfo maance under a heat load characterizi ng  a fire under adverse 
conditions i n  the c ompartaent below) . S tanzak and Konicek ( 1 9 79) 
found that additional insulation a t  the top of the roof struc ture aay 
s light ly reduce its f ire resistance if the heat load on the construc­
tion is very la rge . Luckily , the structural failure of a roof eleaent 
i s  scarc ely of  any consequence froa the point of  view of  the perf or­
mance of a bui lding as a whole .  
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A popular way of i ncreasing the the�al resistance of low buildings 
is  by the addition of loose-f ill cellulosic insulation to the roof in 
the attic . Loose-fill  cellulose insulation is , as discussed earlier ,  
susceptible to  smolderi ng combustion i f  ignited in some uncommon way , 
possibly b7 a short circuit . Although the perfo�nce of the insula­
t ion can be substantially improved by chemical treatment , the quality 
of treatment i s  often not satisfactory ( Degenkol b 19 78) . 

Regulat ion of Heat Gain or Loss  Through Windows 

In moat  pa rt s  of the United State s and Canada ,  substantial savings 
in the energy demand for the operation of  building s can be effected by 
installing larger than usual windows on the south side o( the building 
while keeping the window size normal ,  usually 10 percent of the floor 
area of the adjacent compartment s ,  for windows facing north . Larger 
window size means improved vent ilation, according to  eq.  (4 ) , provided 
that the glas s pane i s  shattered by the f ire and , thu s ,  the whole 
window area i s  avai lable f or the inflow of air . 

Eq . ( 3) indicate s that the likelihood of  flashover decreases wi th 
increas ed ventilation. Figures 5 and 6 suggest , furthermore , that 
even i f  flashover occurs and the fire becomes fully developed , 
i ncreased ventilation will tend to  lower i ts potential for destructive 
spread , as  quantified by the no�li zed heat load . A alight reduction 
i n  i t s  convect ive spread potent ial also can be expected i f  the fire 
load i s  predominantly noncharring plasti cs . Unfortunately , the latter 
two considera tions are somewha t outweighed by two others . Firat , as 
Figure 5 suggest s ,  in the most common cases where the fire load 
consists of cellulosic materials , the convect ive spread potential 
increases wi th increasing ventilation.  Second , higher venti lation, 
even if restricted to the fire compartment , adds to the intensity of 
draft s  and , thus , for any type of f ire load wil l  aggravate the problem 
of smoke di spersion throughout the building . To a lesser extent i t  
aggravates the problem o f  intercompartmental fire spread . 

To allay the danger of spread of f ire vert ically along the facade 
of a bui ldi ng the use of flame deflectors has been suggested (Bam.athy 
19 76) . As Figure 7 i llustra tes , they may be mounted vertically above 
the windows and , when activated by flame s  issuing from the windows , 
fall down to assume a hori zontal posit ion and shield the upper 
compartment from convected and radiated heat .  

According to  Eq� ( 4 ) ) tall windows allow better ventilation o f  a 
compartment than shallow windows of the same area . 'lbe designer there­
f ore has a limited degree of freedom i n  regulating the ventilation 
conditions in  a way that seems to  be beneficial from the point of view 
of the problem at hand . 

In some part s of the Uni ted States and Canada i t  i s  usual to  
res tric t heat gain  by equipping the south aide of the building with 
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FIGURE 7 Flame Deflector s .  
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direc t or camouflaged fixed window shades .  Horizontally projectiQS 
shades act very much like flame deflectors  and are there fore useful in 
fire .  Vertically projecting shade s ,  on the other hand , restrict the 
air entrainment into the flames i ssuing from windows and tend to pro­
long the flame hei ght ; wi th their use , the daaaer of vertic al spread 
of fire aloqg the bui lding facade i s  greatly increased . 

SUMMARY 

A review has been presented of the va rious factors that play 
deci sive role s  i n  the course of  a buildiqg f ire . Followiqg a brief 
de scription of  the preignition conditions that to some extent predeter­
mine the main charac teri stics of  a f ire , the following phases of  the 
fire were discussed : ignition and initial f ire spread , preflashover 
f ire growth , fully developed f ire , and intercompartmental f ire spread . 
The smoke problem that may be associated wi th any phase of a fire also 
has been outlined . 

S pecial attention was paid to two factors : the air currents  i n  the 
building that result from a temperature difference across the buildiqg 
envelope and have a marked influence on the nature and path of fire and 
smoke spread , and the theDDal inertia of the construction material s 
that plays a more or less important role in all phases of the fire 
history . 

The three pri ncipal ways of  reducing the energy demand for a 
buildi ng (i . e . , improving the airtightness of the building envelope,  
increasing its  thermal resistance ,  and selecting the appropriate window 
size s)  have been examined in light of the i nfoDDBtion presented . It 
has been s hown that these energy-conservation measure s are not neces­
sarily in conflic t wi th the interest s  of firesafety . Energy-efficient 
buildiqgs that are also f iresafe can be built i f  the design i s  based 
on careful planni ng .  
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NOMBNCLATUIE 

A - constant . 
Ap - area of f loor , -.2 .  
At - total surface area of c ompartaent , .2 . 
Av - a rea of ventilation opening , a2 . 
B - constant . 
c - specific heat , J kg-lK-1 . 
C - constant , 3 5 3 . 3  kg K .-3 . 
Es - t otal energy absorbed by unit surface area of the compartaent 

boundaries during f ire exposure , J .-2 . 
g - gravitational acceleration, 9 . 8  a s-2 . 
G - total fire load , kg .  
hB - height o f  building , • ·  
hv - height o f  ventilation o�ning , • · 
H - normalized heat load , sl/ 2( . 
am - aaxiaum conceivable value of no�li zed heat load , sl/ 2K . 
ilH - heat of combustion of  combustibles,  J kg-1 . 
k. - thermal conductivi ty , W .-lK-1 . 
n - exponent . 
P - periaeter of  building , • · 
Q - rate of heat  release by fire ,  w .  
Ta - teaperature o f  ataospheric air , K .  
Ti - t emperature o f  buildiDS interi or , K .  
Va - rate o f  air i nf iltration, kg s-1 . 
Wa - rate of  air sup ply f or pre ssuri zation, kg s-1 . 
�w - e quivalent orifice area for outside walls ,  diaensionless . 
B - orifice factor , 0 . 6 , diaensionles s .  
� - fraction of energy released by gasious pyrolysis  products  in 

compartaent , diaensionles s .  
� - factor characteri zing potential of f ire to spread by c ouvection, 

diaensionles s .  
p - density , kg a-3 . 
P,a - density of ataospheric air , kg .-3 . 
T - duration of test fire ,  s .  
� - ventilation parameter ;  parameter characteri zing ventilation 

under drafty condi tions , kg s-1 . 
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Th e  United State s and Canada share the dubious distinction of 
having the highest f ire death rates per capita in the world . The 
United States also has one of the highest , if not the highest , fire 
incident rates per capita . For one- and twO-family dwellings ,  heating­
related pro blems are the number one cause of these fire s .  The fire 
problem is di sproport ionately severe aaong the poor, aaong those living 
i n  the large st ci ties and those in the most rural a reas , among those . 
who are native Americans or blacks , and among those living in the North 
or the Southeast . 

For decades the f ire death rate had been decliniag . But i n  1976 
and 197 7,  when we had particularly severe winters as  well a s  the ene rgy 
cri sis, the fire death rate went up . The s truggle i s  on now between 
rising numbers of heating-related fires and " save s" froa smoke detec­
t ors and other prevention approaches . 

The participant s i n  thi s conference a re in an excellent position 
to do somethi ng a bout the fire problem and to kee p it from becoming a 
ba rrier to the achievement of goals of energy conservation, reduced 
fuel costs , and well-being in the home . I would like to summari ze for 
you the nature of the fire problem a s  it  relates to your effort s and 
to suggest what you can do  to help solve the problem . 

NATURE OF THE PROBLEM 

Each year over 8, 000 Americans lose their l ives in f ire s .  There 
are also over 200, 000 injuries ,  over $5 billion in direct property 
loss, and a s taggering $2 0  billion in t otal cost f or providing fire 
protection.  

The vast majori ty of the deaths and i njuries from f ire--over 75  
pe rcent of them--occur in residence s ,  usually in fires that ki ll o r  
i njure one o r  t wo  members of a household . The big , spectacular f ire s 
such as the MGM Grand Hotel fire account for only a few percent of fire 
casualties . 
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The fire problem is not at all homogeneous across society . Tbe 
fire death rate among blacks i s  al.ast three t imes that of whites .  
Inner city areas have up  to  ten ti.e s the fire incident rate s of  the 
rest of  the city .  Rural areas have triple the f ire death rate of 
mediu.-size communitie s ,  but , at the other extreme , large cities  have 
over double the rate of lll!diu.-size ones . The problem is  not homoge­
neous geographically either . The Southeast and Alaska have the highest 
f ire death rates in the United States . New England bas the highest 
f ire i,xidence . 

What i s  the role of heating and weatheri zation in these extremes?  
Nat ionally , heating-related problems are the leading cause of fires  
and dollar losses i n  residences . Heating i s  the second leading cause 
of fire deaths i n  the Southeast . Specifically , there are about 146, 000 
f ire s , $5 00 million in d irect losse s ,  aDd 1 , 2 00 deaths from 
heating-related fire s  i n  residences each year. 

Heating Equipment 

The heating fire problem has several dimensions . Throughout the 
nation, and especailly in the South , one major problem i s  with the use 
of portable space heaters and fixed room heaters .  Bed s or other furni­
ture often are pushed c lose to space beaters at  night during the occa­
sional cold snap , clothes may be thrown near or draped over the beater,  
the heater s may be placed too c lose to curtai ns ,  they may be knocked 
over and thei r fuel spills out , and people--e specially the elderly--get 
t oo close to  them aDd their clothing ignites . Failure s of the heaters 
themselves also are a problem, but much les s  so than their misuse . 
Portable and fixed room heaters account for 35, 000 f ire s annually . 

A second major problem wi th heating involve s the use of f ireplace s 
for heating or just plain enjoyment . One source of trouble is  when 
chimneys are not kept clean, and the creosote inside them ignites . 
Another even more deadly problem occurs when the fireplace has not been 
installed or maintained properly , and the fire eventually breaks out 
of the chimney or f ireplace and moves into the wal ls of the home itself 
igniting stud s  or wallboard . A thi rd c01111on problaa with fireplaces 
occurs when combustibles are placed too close to  them. Fire place f ires 
account for 2 7 , 000 fire s annually with another 33 ,000 f ires in chimneys 
of f ireplaces and other heating equipment . 

In the past few years we have seen the start of a dramatic trend 
toward the use of woodburniQB stoves and fireplaces inserts , especially 
i n  the North and Northeast . We are very concerned that there v.lll be 
an epidemic of deaths , injuries , and property losses due to  these 
woodburning stove s and insert s in  winter.  

One of  the pri ncipal reasons for this concern i s  the widespread 
ignorance about installation of the stoves and insert s and the chim­
neys associated with them. Of ten they are placed too close to a wall 
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or the hot pipe s are run through flammable surfaces without adequate 
collars and other spacins devices . There also is some concern about 
how insert s perform in fi replaces  that were not originally de signed for 
that purpose .  For example , they may accelerate the buildup of creosote 
and may stress  the fireplace s with longer and more intense usage that 
will sooner reveal flaws in construction or maintenance.  The Center 
for Fire Research of the National Bureau of Standards ( NBS )  is doiua 
re search in this area . Woodburniqg s toves and insert s also share a 
similar problem with fireplaces--namely , that combustible s are placed 
too close to them. * 

Central heating systems a re a problem primari ly in one- and 
two-family dwellings . In apartment buildings,  where the central hea t­
iua systems usually are professionally maintained , they tend to be less 
of a problem . The fires involving central heating usually are a result 
of il1Bdequate maintenance of gas hea ting systems ( the leadiQB problem) 
or flammable liquids such as  cleaning fluids being placed too close to  
the heating equipment . Central heatiua systems account for 24, 000 
residential fire s  annually . 

Water heaters are a leadiQB cause of heatiqg-re lated fire injuries . 
Again,  flammable s bei ng placed too c lose i s  a leading cause . Systems 
in poor condition, which may explode,  and mi suse of the gas or liquid 
fuel associated with the heaters are other major problems . Water 
heaters account for 1 7 , 000 residential fires annually . 

Thermal Insulation 

Al though i t  i s  one of the keys to improved heatiua efficiency , 
adding insulation present s dangers if  i t  i s  not done properly . One 
hazard i s  the flammability of certain types of thermal insulation .  
Insulation made out of cellulosic material s that are not properly 
treated may provide a source of fuel for fire and increase chances for 
an ignition . Another less co11110nly known a spec t of the flammability 
of insulation is the vapor barri er (often paper ) and its adhesive 
(often a pe troleum-based bonding agent) , both of which have been found 
to ignite and spread f ire s .  The Consumer Product Safety Commission 
( CPSC) has been monitoring such thermal insulation flammabi lity 
problema . 

•Because of the way the Na tional Fire Pro tection Association 
standa rd s  for fire reporting are set up , fires involving woodburning 
stoves are included in the totals for fixed room heatiua , chimneys ,  and 
other categorie s .  An accurate estimate i s  not yet avai lable but we do 
know that woodburning stoves are involved in more than 10 , 000 fires a 
year and possibly many more than that . And the number i s  increasing 
sharply . 
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More insidious ,  however,  is the problea that result s when thel'lllll 
insulation i s  placed on top of lighting fixture s or certain types of 
electric wiring . The se fixtures and wi ring often require air coolimg . 
Insulation placed on top of thea can develop hot spots that can ignite 
wood joist s or other adjacent flammables ( includi mg the thel'll81 insula­
t ion itself i f  i t  i s  not fire resistant) . This  i a  a coamon danger 
e specially in attica of older houses .  It i a  aggravated when there ia 
"over-fusing " (i . e . , fuses or circuit breakers aet for currents higher 
than the electrical wiring can handle wi thout overheating) . An over­
loaded circuit aay s tart a saoldering fire that eventually breaks out 
and cause s great daaage and dange r .  Many in-depth investigations of 
f ire s have revealed charriDg aloqg the leDgth of a wire where it vas 
covered by insulation and no charring beyond the edge of the insulation 
where the wire eaerged into the air . 

In a survey conducted by the NBS for the - Community Services 
Adainistration, as aany as one in f ive housefold circuits were fouDd 
t o  be over-fused in hoae s selected to  participate in weatheri zation 
prograas . These homes are candidates for fire when insulation ia  added 
(Harwood 19 79) .  Thi s subject will be discussed i n  greater detail by 
other conference part ici pant s .  

One part o f  weatheri zation involves aakiDg a house "t ighter " with 
better caulking , veatherstrippiDg ,  and insulation.  Some people believe 
that this adds to  the danger when there i s  a f ire by preventing toxic 
gase s froa venting and by creating an oxygen-starved atmosphere . In 
the judgaent of several fire experts  with whom I spoke, i t  vas felt 
that thi s va s probably � true in any significant way . We did not 
know of any evidence and there seemed to  be no reason why there should 
be any significant difference in risk to  the occupant s fro• fire . 
There could well be a difference in the nature of the burning ( e . g . ,  
whether a fire reaained in a saoldering stage or broke into  flaae s) , 
but the differences in safety were considered secondary re lative to the 
problea of starting ignitions in  the firs t  place and other considera­
t ions discussed in this paper . In other word s ,  one should not refrain 
fraa such things as weatherstripping , caulking, and insulating due to 
a fear of f ire .  

SOLUTIONS 

One of the siaplest , quickest , and cheapest approache s to  getting 
a sharp increase in f iresafety is to add a saoke detector to  your home ,  
preferably o n  every level . Smoke detectors protect against aost types 
of fire . As of January 1980, alaost 50 percent of the households in 
the Uni ted States had at least one smoke detector . However,  for house­
holds with a family income below ilO , OOO, only about 33 percent had 
detectors  and , thus ,  the group that ha s  the highest fire rate has the 
fewest detectors . 
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To encourage the use of detectors , e spec�ally among disadvantaged 
families, aany communities have passed ordinances requirins detectors 
in residence s or at least when the residences chanse hands with the 
seller or landlord responsible f or providing thea. Another possi ble 
approach i s  to give detectors or credit s  for buying thea to the aost 
disadvantaged . ( De tectors can be purchased for as little as $10. ) 
Several communi tie s ( e .g . , Wilaington , Delaware , Kansas City , Missouri , 
and Phi ladelphia, Pennsylvania) have programs to  do thi s .  Still 
ano ther alternative i s  for aajor eaployers and civic groups in 
communities to  arrange for discount purchases  of detectors  ( this has 
been done by Fairfax County , Virginia) • Where aoke detectors are 
installed , i t  is  iaportant to encourage their aaintenance--especially 
battery replaceaent . Vandalia• in apartaent s by the tenants theaaelves 
also i s  soaetiaes a problea. 

You can assist in firesafety by encouraging the use of detectors 
and their aaintenance . You also can encourage e scape planning so that 
when there i s  a f ire , even i f  there are no detectors ,  faailies will 
have thought out at least two ways to get out of their residence froa 
any point . 

A s econd aajor approach toward improving firesafety related to  
weatheri zation i s  through pub�c education on the causes of  fires and 
how to prevent thea. The education can take place as part of vi sits  
to homes for other purpose s ( e .g . , as  counseling or aiding the 
elderly) . Fire saf ety inforaation also can be pre sented as  part of the 
brochure s or other aedia aessages tranaitting the weatherization 
inforaation i t self . In addition, you can encourage public service 
announceaent s on firesafety , e specially for the disadvantaged . 
Reaching inner c ity residents and people in the rural areas are aajor 
probleas in current fire prevention programs , and any thing you can do 
to help would be iaportant . * 

Here are a f ew of  the aajor poi nts  to eaphasi ze relating to  
weatheri zation : 

1 .  Make sure that woodburning stoves and fireplaces are properly 
installed . Follow aanufacturer ' s  instructions (and local codes) on 
required spacings exactly or with additional aargins . 

2 .  Hake sure flammable object s such as furniture , paper , and fire­
wood and flammable liquids are not placed too close to  space heaters ,  
fireplace s ,  furnace s ,  woodburning stoves , etc . Do not drape clothes 
over thea either . 

*Inf oraation on the types of public education prograas and aaterials 
available can be obtained by froa the Office of Planning and Education, 
u . s . Fire Administration, Washing ton, D .C .  20472 . 
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3 .  Do not put portable apace beaters close t o  fla .. ble objects  
such as drapes . Make sure they are used accordiDI to the manufac­
turer ' s  instructions , and do not knock them over .  

4 .  Thermal i nsulation should be installed with proper spacing 
around lighting fixtures as �equired in the National Elect rical Code.  
Electrical circuits should be properly fused . Puttiag theraal insula­
tion over wiriq that i s  overfuaed or wiriq that was designed for air 
cooliDI is a high risk.  If  in doubt , check it  out . 

s .  Chimueya from fireplace s and woodburnina stoves should be 
c leaned often enough t o  prevent creosote from buildiag up . 

However , i f  you can give only one aiqle message to those with whoa 
you work, tell them t o  get a smoke detector and keep it  working . 

There are other more innovative approache s to  consider , too.  In 
Europe , chimney sweeps are used much more than in the Uni ted States and 
are mandatory in some countries . The chimney sweeps are trained not 
only in c leaniD8 chimneys but in  checkiD8 and adjusting heating systems 
t o  be energy efficient and low pollutiD8 as well as firesafe . The 
chimney sweeps are highly trained by a combination of courses and 
apprenticeshi p for as  lotJ8 as four years . They a re private entrepre­
neurs with e ssentially a local monopoly and are regulated ( to various 
extent s) by government to keep standard s  high . 'lbe net result is that 
heatitJ8-related fire s  are much leas of a problem in Europe than in the 
United States even in the colder count ries with similar usage of wood 
frame construc tion (e . g . , Denmark and Sweden) . Perhaps we can encour­
age improved standards and greater usage of chimney sweeps here . 

Another approach i s  to  a treDg then local codes and code enforcement · 
regarding heati ng systems and elec trical systems . Again, in several 
European countri es , do-i t-yourself wiri Dg i s  not allowed , and woodburn­
ina stoves have to be ei ther professionally installed or tested before 
use.  

The European approaches tend to produce major i nc reases in safety 
at  the cos t  of greater intrusion of government into the home . That 
choice can be made by each s tate and local juri sdic tion . However , we 
probably should firs t try to  improve the public ' s  knowledge of the fire 
problem and of what an individual can do about it and t o  promote our 
simple , cheap technological fix--the smoke detect or . 
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'Dle f iresafety problems created by design cha�e s,  new materials ,  
and new systems have been consistent over the years . Mo st i f  not all 
of the problems are generic to  cla ssic conditions that have been core 
i ssues in  our unenviable fire loss experience : large open areas , 
increased fire loading , concealed horizontal - and vertical space s ,  
unprotected openings o n  vert ical arteries , inaccessi bility , a nd  con­
finement ( lack of ventilation) . Tbus ,  one logical approach to  evalu­
ating the impact of energy-conservation systems on f iresafety would be 
to  determine the extent to which a given energy-conservation measure 
contri butes to  creating these classic conditions . 

To analyze the effect tha� energy-conservation systems and methods 
have on f ire prevention and control,  I have chosen some of the classic 
problems that have confronted f ire protection specialists  f or years and 
have selected individual energy-c onservation approaches and designs to 
illu strat e the manner in  whi ch they create these problems anew. It  
pro bably would be possible to  take most innovations and classify them 
in one of the following general categories : 

1 .  De sign chanses contri buting t o  concealed f ire spread , 
2 .  Acces s  and egre ss difficultie s ,  
3 .  Insulation (heat a nd  gases,  containment , increased fire load) , 

and 
4 .  Ignition sources (l ocali zed heatiQ& devices and passive energy 

systems) . 

DESIGN CHANGES 

Design change s can create the classic physical conditions that make 
manual f ire control di fficult and that lead to f ire extension and large 
losse s .  For example , some attention has been given to double wall sys­
tems for buildiQ&S • They are an adaptation of the ice block storage 
house s that were popular in the past . One version consist s of a con­
cre te inner wall with reflective insulation .  It i s  separated from a 
cedar wa ll by an air gap . Heat absorbed through the outer wall and 
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reflected from the i nner wall cause s an expansion and convection of 
the air t o  the roof . It i s  channelled under the roof aDd between the 
rafters to a ridge vent . Combined wi th other energy-conservation 
f eature s (e . g . , lot orientation and closed recirculatiQ& f ireplaces) ,  
i t  i s  antici pated that the d_esign will produce worthwhile energy 
savings . 

The potential for f ire spread in the concealed spaces and for 
involvement of the roof voids is  obvious .  · The difficulty that fire­
fighters have in  exposiQ& concealed f ire before i t  extends to  a point 
where i t  threatens structural stability is well known . In .. 11 resi­
dences, the property ri sks may be absorbed if  the fire experience i s  
low. However ,  pa s t  experience in ice storage houses has been suffi­
ciently bad to cause concern should this design become attractive to  
architects . The number of such buildings could increase and the scale 
of  the next step in the progression could be a re turn to cork or s tai­
lar combus tible insulation and combuatibile interior aurfaciQg ,  both 
of which would add to the f ire load . It revive s the problem of fire 
i n  a concealed combustibile material with sufficient oxygen to feed a 
spreading smoldering f ire beyond the reach of f irefighters . The ri sk 
to  the firefighter s  as well as  t o  the property increases .  Although one 
may be inclined to doubt that . thi s scenari o could develop , past experi­
ence has shown that result s such as these are likely to  occur wben we 
introduce changes into traditional buildiDg designs . 

Energy conservation also can take the form of designs directed 
toward a reduc tion in e lectrical energy costs in the operation of a 
buildi ng . One actual case involve s a hotel . 'lbe first floor,  houaiDg 
the main ballroom and several other public rooms , is serviced by an 
individual floor air-condit ioning syst em . The walla of the public 
rooms are separated from the adjacent corridors by rated valls . There 
are no mechanical exhaus t systems provided and no return duct s are 
used . The supply air i s  ducted to  individual areas and the pre ssuri za­
tion provided i s  relied on t o  initiat e the flow of the return air to  
vall vents in the corner of the buildiDg where the air i s  removed to 
be reci rculated or released to  the outer air .  To facilitate the move­
ment of the air ,  openiDgs have been cut in the rated walls . Fire 
dampers have not been provided because they would restrict the flow aDd 
interfere with the air-c onditioning system . The ballroom is protected 
by an automatic sprinkler system usi ng light-fire-hazard design c rite­
ria . The f ire load will exceed 10 pound s per square foot when the 
area i s  used for trade shows . Given the st orage , di splay , and boo th 
arrangements common to these shows , i t  i s  not unreasonable to expect , 
a t  the very leas t ,  a heavy aoke condition should a fire occur . Where 
thi s positive-pre ssure air-c onditioniQ& system will push the smoke­
laden air i s  anybody ' s  guess . The absence of a positive exhaust system 
could re sult in the contamination of thi s floor , the floor above which 
is  serviced by an open escalat or, and even the nearest elevator shaf t s .  
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If the automatic sprinkler system was overwhelmed by a fire load 
beyond the limits of a light-hazard water supply and the f ire extended 
t o  the open ceiling space , a major problem could occur . A major 
involvement of the floor would severely test the skills of the fire­
fighters and threaten the r�inder of the complex with serious smoke 
contamination. Initial construction costs probably played a part i n  
the development of  thi s unfortunate design;  however, the energy con­
siderations are obvious . The eliminat ion of exhaust fans , motors , and 
electrical cost s are all considerations , but the uawarranted increase 
in  ri sks condemns thi s cost-c onscious approach. 

A simple design that can i llustrate the care that must be exercised 
in  installing innovative energy-saviua devices i s  the roof window. 
Designed to provide solar heat and illumination, it  is an attract ive 
installation but it creates several conditions that may threaten fire­
fight er s .  In a smoky condition, a fi refighter could step on  the win­
dow, fall through the opening , and be seriously injured . On the plus 
side , in the event of a fire ,  the window could have a positive i nflu­
ence in limi tiua f ire spread . If the heat were sufficient to  fracture 
the glas s , we would achieve an automatic venting action and a release 
of toxic ga ses and heat . It would increase the survival time of the 
peo ple located on the upper floors and channel the fire toward the 
opening rather than allowing it to propagate hori zontally . On the 
minus sid e ,  it also would create a natural draf t that would deliver 
more oxygen to the seat of the fire and accelerate i t s  development . 
The soffit  around the opening at ceiling level would be a critica l 
point . It would have to  be fire resistive should the fire actually 
travel through the openi Ill • If i t  were not ,  it  would provide an exten­
sion point for f ire travel through the space between the roof and the 
ceiling and , i n  the ease of row houses ,  would lead to multiple building 
involvement . The fire control· s trategy and tactics would have to  be 
iaplemented quickly and would have to include an appreciation of thi s 
potential extension point . Once again,  design cri teria must include a 
sensitivity to  the possi bilities that are created by design ehauae s .  

ACCESS AND EGRESS DIFFICULTIES 

The ease of access  to fire area s in buildings and other structures 
often determines the success of f ire control operations . Lo sses 
increase in all building type s when acces s is limited by the number of 
access points , heat levels,  or the di stances to be travelled . 
Windowle ss buildings are increasing in popularity again and are a 
classic example of design without an appreciation of the loua-term 
consequence s in terms of firesafety . Limited visibility and ventila­
tion and access constraints all have been treated before . I t  seems 
improbable that anyone would design buildings with these features with­
out including a sprinkler system;  however , as  the example of the hotel 
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HVAC system i llustrated , you cannot take a basic Ullderstandin& of fi re 
pro tect ion and sound design for granted when · other objectives have 
higher priorities . 

Another energy-saviag approach i s  t o  build below grade or i nto the 
side of a hill to reduce heat loss . This may be c011bined with orienta­
tion of the buildiag to  expase one wall to  the south to offer the 
greates t  exposure to  solar energy . This limit s access to one direc­
t ion or location and removes the option f or vertical or cross ventila­
tion . If the buildinas involved are U.ited-area private residences , 
the consequences may not be t oo severe from a property loss s tandpoint . 
Even if  such a buildin& should become ent irely involved in  fire due to  
the inability to  penetrate the heat barriers ,  the loss would not draw 
much attention.  Firefighters will have t o  be cautioned , however , about 
the increased danger of  roof collapse i f  there i s  an additional dead 
load created by an earthen cover for the roof . Given the increased 
d ifficulty involved i n  making a penetrat ion i nto the building due to  
higher heat level s and the increased exposure of structural supports ,  
thi s possibility must be considered . This raises  the corollary i ssue 
of structural collapse due to  prolonged burnina should interior fire­
f ight ing tactics be unsuccessful as well as a more rapid weakening of 
the structural members due to the contaiament of the beat and a more 
severe exposure of the members .  

An obvious consequence o f  designing a building with only one 
exposed surfac e is that there is only one direction to  travel when you 
want to leave the building . If that route i s  blocked by smoke or f ire , 
you are out of options . Furthermore , the same limitation will prevent 
f irefight ers from achievi ag their maximum effectiveness in  rescue 
effort s .  If thi s design were t o  become fairly c01111on, you probably 
could mea sure the i ncreases in fatalities attributable to this type of 
buildi ng .  

As we limit airflows due t o  conf inement wi th earth berms or s imilar 
wall protection, we increase the possibility of deprivin& the fire of 
oxygen. In a limited area you may extinguish the fire by s tarvation; 
however ,  thi s will increase the risk of carbon monoxide poisoning to 
the occupants , a condi ti on that will be magnified by a seri ous reduc­
tion in the number of egress points . An appreciable i ncrease in the 
ri sk to life safety i s  obviously involved . 

When large area s  are involved and high temperatures are reached , 
oxygen-s tarved fires  can create strong inward airstreams when an o pen­
i n&  to  the outside i s  made . 'Dlis i s  followed by very rapid COIDbustion 
of unburned combustible gases once they mix with the incOIIiD8 oxygen 
that cause s an explosive reaction wi th sufficient force to cause 
s tructural damage or injury to  anyone in  i t s  path . 
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INSULATION 

'lbe i nstallation of  insulating aaterials i s  the aost comaon aeans 
of reducing energy costs . When done iaproperly , it can cause difficul­
t ies. In one case , an addi tional blanket of insulation laid in  the 
attic over a lighti ng fixture deprived i t  of a aeans of shedding the 
heat the fixture generated . An attic fire i nvolving the wood fralling 
and the i nsulation resulted . 'lbere also  is concern about coabustible 
i nsulation such as polyure thane being used without a fire-re sistive or 
noncoabustible aaterial shield . The insulation' s increased suscepti­
bility to ignition in this  state , part icularly when used by someone who 
i s  not acquainted with the risks involved , adds to the overall risk.  

Tinted plastics used as window aaterials and fiberglass screens are 
reported to  afford aeasurable savings in energy cos ts . Howeve r, 
effecting ventilation openings in  f ixed-sash· windows aade with these 
aaterials i s  difficult , which i ncreases the potential for smoke daaage,  
heat contaiuaent , f ire extension, and injury . 

A aethod that has been eaployed to  increase the insulati ng effect 
of exteri or valls. is to increase the depth of the cavi ty between the 
exterior surface of the wall and the interior finish . One aethod of 
doing thi s has been to use 2-inch by 6-i nch studs ,  24 i nches on center , 
instead of  2-inch by 4-inch studs . In at lease one instance , the studs 
were nailed directly to  the wood floor joists  that rested on a wooden 
plate , and no fires topping wa s provided in the space created between 
the s tuds and between the floor joists . Furthermore , the cavi ty was 
filled only partially wi th an insulation blanket leaving enough space 
for f ire to travel vertically along the coabustible studs . An exten­
sive fire occurred in  the cel lar while thi s building was unoccupied ; 
i t  extended to  the roof space and resulted in  an almost t otal loss . 
When the floor joists failed on the first floor , they disturbed the 
attached s tuds and the alignaent of the exteri or wall .  Fortunately , 
no one wa s injured , but fire contaiuaent was iapossible.  

Sealants also a re beiQg used with greater frequency. The 
containment problea become s a concern and soae of the aaterials used 
could add t o  the toxicity of the gases produced i f  they have sulfide 
bases or other potentially toxic base s .  

IGNITION SOURCES 

Another energy-conservation approach involves the use of localized 
heating devices to reduce reliance on and the cost of central heating 
systeas .  Kerosene heaters  are back with designs that will exti nguish 
the flaae if the heater is tilted beyond a f ixed lilli t .  Closed filling 
systems to avoid spillage and ignition also are provided . Zero­
clearance f ireplaces and woodburning s toves also are selling strongly . 
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Economic: survival i s  a strong mo·tivation for returning t o  traditioaa l ,  
i f  somewhat ri skier , means of heatina . Candles c:an be expected to 
return too . Ca re will have to  be taken in the installation and use of 
these products i f  the posi tive resul t s  i ntended are to be achieved . 
Valid testing prior t o  their bei ng placed on the market , installation 
in  ac:c:ordaoce with i nstructions, use only within design c onstraint s ,  
and care in operation are al l prerequisite s to their safe usaae .  

Pa ssive solar energy systems a lso may create probleas i f  they are 
no t properly designed ·and installed . If the remova l of heat from sol ar 
energy systems is not effective , due t o  the malfunc tion of equi�nt 
or summertime conditions , elevated temperature s  and c ri tical conditions 
c:an be created . Ac cumulated heat in passive solar c:011ponent s c:an gen­
erate temperature s i n  excess of 3 5�F i f  accumulated theraal energy 
is no t properly removed from the system . It c:an cause self-ignition 
over pro loqed exposure a t  temperature s as  low a s  21 2oF .  Tempera­
tures f or the ignition of plastics and/or insulation c:an be even below 
that of wood . The select ion of materials for use in these systeaa 
req uires a g reat dea l of attention . It also i s  possible that insula t­
i ng  materials may degrade at e levated temperature s and lose their abil­
ity t o  protec t adjacent combusti ble material s .  CO.bined wi th the 
accumulation o f  heat , this c:a� pre sent a problem. 

StMMARY 

It c:an be reasonably stated that the c:hanae s in progress or 
contemplated c:an create f ire problems . The best way to  avoid them 
would be through education that emphasize s  the general as well as the 
sp ecific: areas of  ri sk. To the extent that thi s meetiq c:an contri bute 
to tha t education , it wil l be worthwhil e .  

The problem i n  the past has been that the people engaged in the 
development of a given improvement become so i .. ersed in their own di s­
c i pline that they neglect associated i ssues . If that oc:c:urs , the next 
step must be t o  a lert those people who will be responsible for dealing 
wi th the c onditions created . Thi s becomes somewhat more d ifficult 
because there i s  no centra l agency committed to investigating and col­
lecting the facts pri or to  the advent of an emergency . Again, to  the 
extent that we c:an contribute to the di ssemination of i nformation to 
the proper people prior to the oc:c:urrenc:e of a series of los ses , our 
conference will have been profitable . ta t  us hope that thi s conf erence 
at least has sensi tized us to the point that we wi ll share any unpleas­
ant experience s tha t do oc:c:ur with those who may not have been aware 
of  them and thereby keep our overall losse s t o  a minimum. 
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. IN'l'ltODUCTION 
Willia• E .  Pi tch 

Manager , Ma rket Developaent 
Owens-Corning Fi berglas Corporation, Toledo, Ohi o  

Am.ong the factors that st aulated the convening o f  this confe re nce 
were the questions raised in •agazines and newspaper s about the i•pact 
of energy-conservation •easures on building f iresafety . Sillilar que s­
tions and comments have cropped up in litigation, legislative heariQI& , 
and a variety of resea rch reports . 

One . of the •oat common euergy-c onservation •easure s i s  insulation;  
therefore , we have selected that as the topi c for thi s session. 
Insulation is bei ng used in greater thicknesses aDd in new areas of 
buildings , and uew .. terials are bei ng used . 

So•e of the questions that have been raised focus on the combusti­
bility of the insulation . Wi U i t  i gni t e ?  Will it  spread the f i re?  
Will i t s  place•ent cause overheating or  probla.s with o ther buildiQI 
co•ponent s ?  

Earlier we heard references t o  recessed light f"ixture s,  vents ,  
chi•uey s ,  elec t rical wiring , and surface1ounted light f ixture s .  We 
heatd c omment s about the effect of insulation on f ire-ra ted assa.blies 
and about the oven effect ( i .e . , if a structure is superinsulated , hea t 
i s  re tained aDd thi s .tght cause the rate of f ire growth within a space 
t o  be •ore rapid and could decrease the ti•e t o  flashover) • .  

Dr . Ba naathy noted that lining a roo• with insulat iQ& •aterials 
increase s the likelihood of flashove r .  It also ueed s to be reae•bered , 
however , that i t  i s  the type of ro011 l ining that has the •ajor effect 
( e .g . , insulation behind gypsum wallboard see•s to have no direc t 
effect  on the t ae t o  flashover whereas behind sheet •etal i t  •ay have 
a significant effec t) . Thus ,  i t  i s  the ap plication and the tota l 
systa. of the s tructure that affec ts f ire safety .  

We also have heard cOIIIIlent s about the i•pac t o f  energy-conservation 
•easure s on s•oke and toxicity in tenas of the products of combustion 
generated by insulation aaterials  and the effec t  of building tightaes s 
on the spread of s•oke and gase s .  One very brief •ention also was •ade 
of wiudow t reat•nt s and tha t i s  one subjec t that concerns •e because 
I d o  no t think it is  beiQ& considered very carefully . Older buildiQgs 
wi th large wiudow area s are being retrofitted wi th wiudow t reat•ent s 
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intended to reduc e the heat loss through the windows ; yet , there seeas 
t o  be very l i ttle a ttention given to the combust ion characteri stics of 
uny of those window t reatments .  

One o f  the key points t o  be made here i s  that these i ssues are not 
being ignored , and you will hear about the re sult s of so.e of the work 
that has been done . There i s  more , but obviously it i s  not possible 
to di scus s all of it in only a few hours . I will mention brie fly now 
only a f ew of these effort s .  

Th e  Na t ional Bureau o f  Standard s ( NBS )  has done considerable work 
on insulati on flammabili ty in i t s  Center for Fi re Research.  The NB S  
re searchers have been testiQ& the eff ects of i nsulation o n  electrical 
wiring and other component s and have been researching the •olderi na 
characteri stics of  cellulosic materi als . They also  have been tryiq 
t o  find retardant s that would affec t •olderi na characteri stics . The 
Co nsUIDer Product Safety Commission ( CPSC) also baa conducted teat s and 
stati stical field s tudies on the effec t s  of therul insulation on wir­
i ng  and light f ixture s .  The CPSC also has been one of the major 
sponsors of the NBS work.  

The Po rt land Cement As sociation ha s  been working on the effec t s  of 
insulation on the perf oxmance of f ire-rated assemblie s ,  and , in fact , 
a paper on the results  of  s ome  of i ts work was pre sented at the May 
1 9 81 meeting of the Nationa l Fi re Protection Association in Dalla s ,  
Texas. A repre sentative o f  one manufacturer o f  suspended c eiliq 
aaaterial s will address you today . Other manufacturers such as Arll­
s troQg and u . s . G,y psUID are doing similar work,  and I wish to explain 
that our choice of only one unufacturer i s  not meant to exclude the 
effort s of the o thers . Studies have been ude of the f lamaability 
characteri stic s  and perf omance of insulation on pipe sys teas . Some 
of the work of which we are aware has been done by Armstrong and 
Factory Mutual Resea rch Corporation . Underwri ter s  Laboratorie s cur­
re ntly i s  doiQ& s ome work with the Thermal Insulation Manufacturers 
Associatio n .  The Stevens Institut e ,  with fundi ng from the u.s . De pa rt­
ment of Energy ( DOE) , also i s invest igating i nsulation over electrical 
wiri ng . I believe that Tennessee Tech als o  i s  doing some work for the 
CPSC and DOE on l ight f ixture s .  

Some time ago evaluations were made of the e ffec t of i nsulation 
wi thin wall a and i t s  relationshi p t o  flashover time . This was done by 
Owens-Corning Fi berglas wi th the sponsor shi p of the Mineral Insulation 
Manufacturer s Association . The resea rch confi med what Dr . Hamathy 
said earlier . 

A great deal of research has been devoted to  the perf ormance of 
foam plastics , much of it sponsored initially by the plastics industry 
and by the Produc t s  Research Commi t tee established by the Federal Trade 
CoDDission in conjunction wi th the plastics industry . Underwri ter s 
La borat ori es and Fac tory Mu tual have conducted both large- and sull­
scale tests  to assess  the effec t s  of foam plastic roof insulation . 
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Finally . the Universi ty of California at Berkeley has done soae 
re search f or the u . s .  Department of llousiag and Urban Development on 
the effec t s  of insulation on the performance of exterior sidiag .  

These effort s a re  just a sapliag of the many thiags that have been 
done . You will hear more detail during the following presentations 
and . hopefully. at least a few answers to some of the questions that 
were rai sed during the first confe re nce session.  
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Jose ph R .  Bagan 

Re search As sociate,  Ce llular P.lastics Department 
Ji• Walter Research Corporation,

· 
St . Petersburg , Florida 

A seri es of seven ful l-scale building f ire tests have been 
conducted by the Ji• Walter Research Corporation (JWRC) . the purpose 
of the test progra• was to  evaluate the perfomance of wood fra. and 
metal skin buildi ag s ,  JDeta l frsae and metal skin buildings,  and , where 
pre sent , themal insulation in f ire situations based on full-scale fire 
tes t s  on unoccupied buildings . 

The series  of tests conducted were as  f ollows : 
o BFT-1--1-inch Tbexmax Insulation Board TP-600, wall s  and roof , 

out side wood fra.tna and inside •etal skin ( i nsulation and wood 
expos ed) . 

o BPT-2--1-inch extruded polystyrene foe. board , walls and roof , 
outside wood framing and ins ide •etal skin ( insulation and wood 
exposed) .  

o BPT-3--3-inch glas s f i ber blanket with white vinyl faciag , walls 
and roof , outside  wood fra.tng and inside •etal skin ( insulation 
and wood exposed) • 

o BPT-4--1-inch Thermax Insulation Board TP-600 ,  walls and ceilina , 
inside wood f ra.tng , •etal skin build ing (only insulation 
exposed ) . 

o BPT-5--Control , uninsulated wood frame buildiag with •etal skin. 
o BPT-6--1-i nch The max Insulation Board TP-600, walls and roof , 

outside •etal fra.tna and inside •etal skin (all •etal buildina , 
insulation, and •etal fra.tna exposed ) .  

o BPT-7--3-i nch glass f iber blanket with white viuyl facina , walls 
and ceiling , inside wood fra•iug , •etal skin building (only 
insulation exposed) . 

In planniug thi s t est seri es ,  i t  was realized that •any potentially 
significant test variable s could not be studied except  through a pro­
gra• of enomous •agnitude and expense . In order to •axi.tze benefits 
fro• the li•ited number of test s that could be run, it was decided to 
utilize a s tandard size and type of a relatively common wood-pole agri­
cultural buildina . the all-metal building was chosen to  duplicate the 
geo•etry a nd  d imensions of the wood frame buildiag a s  nearly as  possi­
ble .  An ignition source capable of generating a large , high-intensity 
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fire wi thin a relatively short period o f  time would also be provided . 
A wood pallet type crib was chosen a s  an ignition source , pri .. ri ly 
because of extensive prior f ire test experience with such c ri bs in 
Factory Mutual and JWRC corner test s .  The specific weight o f  wood in 
the cri b ,  140 pound s ,  was designed t o  provide a solid coluan of flaae 
reachina up into the 12-f oot-high corner of the buildiQI ( s imilar to 
Factory Mutual corner tes t  circumstance s )  that would generate and 
sustain t•perature s in the 1400 t o  1 7 0<PF ranae at the wall-roof 
junction above the cri b .  The crib was placed in the corner of the 
building in  order t o  generate maximum heat buildup and the greatest 
opportunity for generation of a se lf-propagating spread of flame i f  
the c ombinations of materials were susceptible to such a result . Any 
other positioning adjacent to  one of the four wall s  would allow for 
ea sier heat d issipation from the crib f ire and a le ss cri tical f ire 
condition . No ridge or stack. vent s ,  windows ; or skylight s were used 
in either the walls or roof since these also would have al lowed heat 
di ssi pation, e specially in the case  of the plastic skylight s used in 
the roof of some fa� buildiQI& • 

It was decided to leave both of the large slidina doors open f or 
the test s primarily to facilitate an adequate supply of fresh a ir into 
the buildiQI , which would lead to a more cri tical f ire situation .  
Although closed doors would have allowed more heat buildup within the 
building , oxygen starvation could have inhibited the type of rapid f ire 
spread actually observed in several of the test s .  Open doors also 
pe�itted easy observation of the progress of the tests and the mak.ina 
of movie s .  

TEST DESCRI P'l'ION 

Test  Buildings, Auxiliary Services , and Equipment 

The buildinas used in the t ests were constructed as follows : 
1 .  Wood Frame and Metal Skin Building ( BFT-1 through BFT-S aDd 

7)--'lbi s  was a standard type fa� buildina 24 f eet wide by 81 feet lona 
wi th an eave height of 1 1-1/ 2 fee t and a peak. height of 15 feet . 'lbe 
wall poles , spaced at  9-f oot intervals,  were S-i nch by S-inch wood and 
were se t in earth mixed with dry concret e to a depth of about 4-1/ 2 
feet . Five rows of  wooden 2-inch by 6-inch nailer s trips were f ixed 
hori zontally a t  3-foot intervals to the out sid e  of the wall post s .  
Standard 4-i n-12-p itch ,  2 4-f oot-wide wooden trusses were nailed and 
bolted through the tops of the wall pole s .  'lbe 28-gauge , prepainted , 
s teel wal l panels were nailed to the outside of the hori zontal 2-inch 
by 6-inch wall s triuaer . 7b fo� the roof , 2-inch by 4-inch wood pur­
line on 2Q-i nch c enters were nailed to the truss tops in the loQg 
direction of the building . Prepainted 28-gauge steel roof panel s were 
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nai led to the outsid e  of the roof purlins . 'lbree doors we re included 
i n  the buildiq : a 3-f oot by 7-f oot access door a t  the eud of one 
81-foot  wall , an 18-foot by 11-foot sliding door centered 36 feet froa 
the corner adjacent t o  the small access door, a Dd  a 12-foot by 11-f oot 
sliding door in the 24-foot wall at the o ther end of the buildi QB •  The 
two large doors were wide o pen duri QB the test and the small door was 
closed . There were no other vent s i n  the buildi q and any air gap at 
the base of the walls was sealed wi th dirt f ill pri or to testilll • The 
floo r of the buildi ng was d irt or low-cut gras s .  the t ota l weight of 
wood in thi s  s tructure was 15 , 800 pouuds . 

2 .  Metal Fraae and Meta l  Skin Buildiy ( BFT-&-Thi s standa rd 
aetal buildiq was 24  f eet wide and 80 f eet loQB wi th an eave height 
of 12 feet and a peak height of 16 feet . The fraaing of the bui lding 
consisted of f ive sets of I-beam wall columns and 4-in-12-pitch trus ses 
spaced 2 0  fee t apart . The base s  of the wal l ·  collans were bolted to  
reinforc ed concre te f ooters . Two hori zontal leq ths of 8-inch wall 
Z-g irt s  were bolt ed  to the outside of the wal l  colUIIDs at a height of 
1 f oot aDd 7 f eet , 2 inches,  re spectively , above floor leve l .  Two 
8-i nch roof Z-purlins were attached to the top of each half of each 
truss at  d istances of  approximately 6 f eet and 11-1 / 2 f eet , re spec­
t ively , froa the eave line of the bui ldi ng . Prepainted 2 6-gauge steel 
panels were attached to the outside of the wall g irt s and roof purlins 
wi th se lf-tappi ng fasteners .  The floor of the buildi q  was dirt , 
leveled with the tops of  the c oncrete f ooters . Any air gaps a t  the 
base of the wall s  were sealed wi th dirt f i ll .  three do ors were 
i nc luded i n  the buildiQB : a 3-f oot by 7-f oot access door near the end 
of one 80-foot wall ;  an 18-foot  by 1 1-foot sliding door centered 30 
feet froa the corner adjacent to  the small access door ; and a 12-f oot 
by 11-foot slidi ng door in the 24-foot wal l at the other end of the 
building . The 12-f oot by 11-f oot door was wide open f or the test aDd 
the smal l  access  door wa s  closed . the half of the 18-foot slidi q 
door neare st the access door wa s  part ially c losed so that a c losed 
24-foot wall section resulted . the purpose of this was to approxillate 
the 2 7-f oot-l ona wall section pre sent in the wood frame t e st buildiq s .  

the insulation and aethod o f  ins talla tion wa s  a s  follows :  
1 .  Out side Wood PrallliiJI and Inside Metal Skin--th i s  type of 

test utilized the bui lding de scribed in itea 1 above . The insulation 
panels or blankets were held in place by nails driven through the aetal 
skins and insulation and int o the 2-inch by 6-inch wall nai lers or 
2-i nch b y  4-i nch roof purl ins . Both wood and insulation were thus 
exposed to the f ire fro• the ignition sourc e .  

2 .  Inside Wood Praaiua--In this aethod of testiQB only the 
insulation wa s exposed ,  a t least i nitially , to the igni tion source 
f ire . The basic bui ldiQB structure described in i tea 1 above was used 
wi th the addi t ion of 2-inch by 4-inch nai ler strips runnina i n  the long 
d irect ion of the buildiQI and spaced 36  i nches apart , nailed to the 
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underside of the bottoa truss chord and to the 5-i nch by 5-inch wall 
posts. The insulat ion vas nailed to  the inside of the 2-inch by 4-inch 
s tri ps ,  foraing a box-like structure of aonoli thic insulation surfaces 
within the building . When blanket-type insulat ions were i nstalled in 
thi s unner ,  a network of l-inch chicken wire was stapled against the 
exposed s ide of the ceiling only t o  prevent the insulation fro• falling 
out during the test . nte total weight of wood in thi s building wa s  
approxiutely 18, 000 p ounds . 

3 . Out side Me tal Fraai!J8 and Inside Metal SkiD""'-tbe building 
described i n  itea 2 above was used for thi s test . The insulation was 
held in place by self-tapping screw fasteners driven through the aetal 
skin and insulation and int o  the wal l girts or roof purlins . Both the 
aetal fralling and the i nsulation were thus exposed t o  the f ire source 
during the test . 

The wood crib ignition source f or the wood fraJDe aDd aetal skin 
bui ldings was designed to weigh 140 pound s at cont rolled aoisture con­
t ent but actual weight s varied fro• 135 to 150  pounds . The cri b  was 
placed in  the corner of the test building , leveled on a thin sheet of 
plywood or hardboard , and positioned so that the side s  of the crib were 
10 i nches away fro• the insulation on the ad jacent wall s . Ignition of 
the cri b was accompli shed by placing two f laJDing swab sticks , previ­
ously saturated wi th 500 al of kerosene , under the crib.  

The cri b f or the aetal f raae and aetal skin buildings was the same 
a s  for the wood fraJDe and 11etal skin buildings except that one corner 
of the cri b  was notched to accommodate the steel corner column, thus 
allowing the cri b t o  be placed 10 i nches f rom the insulation. 

Teaperature s were aeasured by plac ing 16 chroael-aluael , Ty pe K 
themocouples at selected locat ions wi thin the tes t  structure s .  The 
themocouples were c onnected to 0 t o  2400DF range teaperature 
recorder s .  Al l  wiring wa s  external to the building with only short 
l eads extending into the test bui ldings . 

Sixteen ailliaeter color aoVies were taken fro• three locat ions 
during the test . The aovies were suppleaented by 3� color s lides 
and color print s . Ap propriate lighting wa s  provided wi thin the inte­
ri or of the building s . Suitable t iaing devices were eaployed for the 
benefi t  of observers and f or tiae documentation on aovie s and 
photographs . 

Procedure 

After the tes t  building and all other supporting equipBent were in 
a s tate of  readiness,  l ocal weather c onditions were considered before 
ini tiati ng the test . It  i s  d if ficul t to  specify exactly wha t  consti­
tutes " favorable" weather c onditions , and some c ommon sense judgaent 
had t o  be exercised . Generally , · however , dry weather and wind s les s 
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than 10 mph were deemed desira ble , and it vas necessary to po stpone 
tests on s everal occasions due to heavy rains one or two days prior t o  
the scheduled tes t  day . 

The test was i nitiated by placina the flaaiag swab s ticks under the 
cri b .  'l'his i s  the zero time reference point , and all recorder s  and 
c locks were s imultaneously s tarted . Subsequent events were recorded 
on film and tape a s  previously de scribed . One person, uninvolved in 
other activi ties,  was solely responsible f or i ssuiag orders to f ire 
department personnel staudiq by in readiness to ter.inate the tes t .  
This  was t o  avoid confusion i n  the event rapid ac tion was required . 
It was found , however,  that in most te st s  a logica l tel'llination point 
wa s  self-evident ( i . e . , either the entire buildiag was rapidly involved 
in f ire or the cri b  igni tion source was eXhausted wi th slow or minfaal 
f lame spread wi thin the s truc ture ) . 

RESULTS AND DISCUS SION 

BPT-1 

Thi s tes t involved the l-inch Tbemax Insulation Boa rd TP�OO, 
outside wood framing , and inside metal skin.  The cri b f ire reached the 
wal l-roof junc ture in the corner a t  2 minute s into the test . Between 
2 minutes and 3 minutes , the wood began to burn aDd f lames spread alous 
the horizontal s tri nger s connec ti ng the trusses .  Tbermax Insulat ion 
Board mounted on the lower part of the wal l  near the crib also i gni ted . 
At 4 minute s 15 second s ,  the f i re exited the side door and material wa s  
beginning to  fall t o  the floor . The f ire increased in severi ty and at  
a pproximately 4 minute s  35  seconds was out the end door . All interior 
surfaces in  the buUdiag ap peared to  be f ully i nvolved . The maxiaua 
temperature recorded a t  the wall-ceiling juncture immediately above the 
cri b was 17 3QPF , which occurred at  3 minutes 30 s econds into the 
test . 'l'he maximum temperature recorded elsewhere in the buildi ng vas 
17 6QPF a t  4 minutes 30 s econd s ;  i t  occurred at the peak. of truss 2. 
It  i s  int ere st ing to note that four of the thi rteen eave- and peak­
l eve l thermocouple point s yielded t emperature curves that a scended 
stee ply from a sharp breakpoint in the 4 50 t o  60QOp area.  This 
temperature range roughly coi ncides wi th the auto-ignition temperature 
of wood . Many of  the other tempera ture c urve s also exhi bited abrupt 
changes of  slope but at lower temperature s (e . g . , 200 to 4000F ) . No 
similar change s i n  the curve s could be detected in the area of 9 00 t o  
lOOoPF , the auto-ignition temperature of TF�OO .  

Figure 1 shows eave-line and roo f-peak. temperature s a t  various 
t imes throughout the test . The shaded areas, defined by lOOoPF 
contour line s , re present an attempt to show the direction of flaae 
spread through the building interi or . 
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FIGURE 1 Teaperature (OF )  vs . total e lapsed test t ime for BFT-1 
( l-inch TP-600, outside wood fraaiug) . Shadiug indicates teaperatures 
of lO OOOF or greater . 

The i nterior of the building was c ompletely involved in f ire , and 
damage throughout the buildiug to bo th the Thermax Insulation Board and 
the wood fraaing aeabers was highly unifora. The Theraax Insulation 
Board and wood fraaiug exhibited charac teri stic char patterns . 'lbe 
building reaained structurally sound . 
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BFT-2 

Thi s  tes t  involved the l-inch extruded polystyrene foaa board , 
outside wood framing , and inside •etal skin.  At 2 •inutes into the 
test , the extruded polystyrene began •lt ina in  the c ri b  area.  At 2 
•inutes 15 secoud s ,  the f ire had reached the wall-c eiliq junc ture with 
extruded polystyrene continuing to •el t  and f al l  to the floor .  The 
f ire began increasing and at 3 •inutes was burniQS intensely in the 
corner and out to truss 2 wi th molten polystyrene fallius fro• the 
ceiling . At 3 •inutes 30 s econds ,  the polystyrene was f lamiQ& and 
drippi ng fro• the cei li ng  and the entire end wall wa s on fi re .  At 3 
•inutes 45  s econds,  flaming brands were f alliQ& fro. the ceiliug and 
all trusse s down t o  trus s  4 had ignited . Flame s exited the side door 
between 4 f eet 3 0  i nches and 4 f eet 4 5  inches and then erupted out the 
end door t o  a height of 30 to 40 fee t at approximately 5 •inute s .  The 
entire interior of the buildiQ& was  burniQg violently at this point . 

Tbe .a:xi•u. te•perature recorded at  the wall-ceiliq juncture �e­
d iately above the crib was 186oPF at 3 •inutes 4 5  seconds into the 
test . The maxi•u• te•perature rec orded elsewhere wi thin the test 
s tructure was 1 7 9oPF at 5 •inutes ; it occurred at  both the peak and 
the eas t wall juncture of trus s 2 .  Five of the thirteen eave- and 
p eak-l evel te•pera ture curves exhi bi ted the same abrupt slope chaQge 
at 4 50 to  6000F previously noted in the analysis  of  BFT-1 . Figure 2 
shows eave-line and roof peak te•peratures at  various ti.es throughout 
the test . The lOOoPF contour lines show the d irection of f lame 
spread wi thin the buildi q . The interior of the buildi ng wa s  coa­
pletely involved in f la.es and da•age to the interi or wa s  very unif om 
throughout . There wa s no polys tyrene foa• boa rd reJI&ini q  in the 
buildiug . 

The wood i nside the buildiQ& had burned and charred and d ... ge to  
the wood was heavy in  the north end of the test  structure . Trusse s 2 
and 3 a t  the north e nd were cracked and saggiQ& into the interior . I t  
was estimated tha t the roof in  thi s area out to  truss 4 wa s not 
s truc turally sound . 

BFT-3 

Thi s tes t  involved the 3-inch glass  fiber blanke t wi th white  vinyl 
facing , outside wood framq , and ins ide •etal skin . At 1 •inute 30 
second s int o the test , the hori zontal wood wall me•bers began to burn; . 
a t  the sa•e ti•e , the faced insulation blanket c lose to  the cri b 
ignited but then se lf-extinguished within about 15 seconds . At 2 m n­
utes, flames approached the wall-roof corner j unc tion over the cri b .  
Th e  faced insulation blanke t i n  thi s area and the wood corner braces 
also ignited at about thi s same t i•e · At 2 •i nutes 30 seconds , the 
upper corner area .as fully involved and a localized fireball had 
developed . Fla•es began spreadiQ& along the side wall , reachiq truss 
2 at  2 mnute s 4 5  seconds . Relat ively little further action occurred 
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FIGURE 2 Temperature (°F ) vs.  t otal e lapsed test t ime for BFT-2 (1  
i nch polys tyrene , out side wood framing) . Shaded areas indicate 
temperature s of lO OOOF or greater . 

be tween 2 minutes 45 seconds and a bout 4 minutes 15 seconds i nto the 
tes t a s  the f ire spread slowly across  the width of  trus s  2 .  At 4 min­
utes 15 second s, most of trus s  2 was burniJ:W and flames began approach­
ing truss 3 ,  travelling along tb• hori zontal 2-incb by 4-incb center 
striJ:Wer which c onnected all the trusses in the 81-f oot direction. The 
flame spread rate after 4 minute s  15 seconds became much more rapid , 
and at  4 minutes 30 seconds,  the leadit:W edge of the flame front bad 
passed trus s  5 .  Visua l  observations through the open side door at this 
point i ndicated c learly that the f ire was spreadiJ:W down the centerline 
of the building via the center striJ:Wer and in the roof-peak area . 
Th i s  ini tial front was followed by lateral f ire spread on the trusses 
unt i l  the ent ire trus s wa s involved . 

Af ter about 4 minuted 45 seconds,  vi sual observations were hampered 
by the large volume s of white 811oke pouri aa from both doors . Flames 
exited the side door at  5 minutes 20 seconds, and by 5 minutes 40 
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F IGURE 3 Temperature (°F ) vs. total e lapsed test t ime for BFT-3 (3 
i nch vinyl-faced fiberglas s ,  outside wood frami ng ) . Shading ind icates  
areas with t emperature s above lOO<PF . 

second s ,  flame s had broken out the end door . 'lhe flame colUIIn out both 
d oors extended about 30 f eet above ground level and was accompanied by 
very heavy black smoke . The ent i re interior of the building appeared 
t o  be fully involved a t  thi s point . 

Figure 3 shows roof-peak and eave-line temperature s at various 
t imes throughout the t est . The shaded areas , def ined by the e sti .. ted 
lO OQPF contour line s ,  repre sent an a ttempt to  show the manner of  f ire 
spread through the building interior . 

The damage sustained by the i nterior of the bui lding was re .. rkably 
unif orm . All wood wa s  charred and all the vinyl facing of the fiber­
glass was cracked and charred . The f iberglass had been c omple tely 
destroyed over a 1o- to 12-foo t radiu s in  the corner over the c ri b. 
The rest of the fibergla ss wa s  intac t but was hanging in festoons f rom 
the roof . The basic buildi ng s t ructure wa s intac t and structurally 
s ound . 
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BPT-4 

This test i nvolved the l-inch Theraax Insulation Board TF-600 and 
inside wood fraaiua . At 2 llinutes into the test , flaes had reached 
the c:eiliua and the foil facer began t o  blacken and blister . The f irst 
sign of ignition of foa• on the c:eili ua appeared at 3 minut e s  at a 
te•perature of about lOOCPF . As the cri b f ire intensified , black 
•oke evolve d and the valls ad jacent t o  the crib began to  burn . The 
f ire began to  spread on the c:eill ua  and d own the w ll-cei liua juncture 
at about 3 minute s 30 second s .  The taperature recorded by the c omer 
thermocouple at thi s point vas 134CPF . Concurrently,  black s•oke 
ac:c:uaulated just below the The �x Insulation Board c:eili ua  and exited 
both the e ud  aad side doors . Vi sual observations of  the degree of . 
fl .. e front expansion were severely hindered , but by 4 minutes t o  4 
•inutes 15 seconds,  i t  became apparent that f ire spread had been li.­
ited and the f i re receded back into the corner a re a .  '!be maxflau• 
t eaperature s in the corner and a t  the s ide vall junc tion of truss 3 
occurred at 4 •inutes and were 6000F and 6800F , re spectively. 
Since the flash ignition teaperature of  Thermax Insulation Board i s  
ap proxi-tely 9 00 t o  lOOOOF , i t  c:an be conc luded that no active 
burning occurred at these two point s .  Thu s ,  flame propagation vas 
somethiua less than 24 f eet aloJW the j unction of the eud w ll  and 
ceiling and le ss than 18 feet along the junction of the side wall aDd 
c:eiliJW . Fo llowing recession of this i nitial flame front , the crib 
f i re remained very intense , but there was li ttle active flamiua on 
either valls or c:eilitW in the corner for the next several •inutes . 
'lbe tes t was allowed t o  continue fo r .a tota l of 42  llinutes,  but unfor­
tunately , very f ew vi sual observations could be •ade after about 8 
minute s  because the buildiua again bec:aae filled with smoke and 
remained so for the duration of the t est . 

Teaperature diagrams shown in Figures 4,  5, and 6 ,  suppleaented by 
the f ew vi sual observations •ade duriua the test do, however, a llow a 
recons truction of  the progress of the fire during the re-inder of the 
test . The t e��perature above the c:eiliua in the northeast corner began 
ri siJW

.
steeply from 4 200F at 6 minutes to 13 500F at 7 •inutes , • 

indicating that , duri ng  thi s interva l ,  the crib  fire had broken through 
the Thermax Insulation Board and i nto the attic: . 

The t emperature a t  the peak of  truss 2 ro se from 4 000F to 
14 5oPF between 7 minutes and 8 minutes,  and the f ire i n  the attic: had 
reached trus s 4 by 10 minutes , based on a roof-peak temperature of 
l lOoPP at that point . In the lover port ion of the buildiJW , portions 
of the 'lbermax Insulat ion Board mounted on the wall adj acent to the 
c:ri b had been consumed and wood meabers behind the panels were burning . 
'lbe cri b collapsed at about 1 1  to 13 llinutes into the test , and at 2 0  
•inutes, when the smoke cleared momentari ly ,  the only f ire visi ble i n  
the lover part o f  the building wa s  a small flame from the remains o f  
the cri b. The fire in the a ttic: area progressed very s lowly since the 
TheDUlx Insulation Board in the cei ling below remained in place and 
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re stri cted the oxygen sup ply to the f ire above . Be tween 10 minutes and 
25 minute s ,  the attic f i re stil l had not progressed beyond truss 4 .  
At 2 7  minutes 30  seconds,  the smoke c leare d somewhat and a small amount 
of flame exited the top of the ves t  door . The ceiling was clearly 
o bserved to be burning slowly out to truss 6 at 30 minutes . At about 
3 2 minute s  15 second s ,  an increase in flame act ivity was observed 
th rough the side door; short ly thereaf ter , flames again exited the side 
doo r .  At 32 minute s  30 second s,  a large amount of material vas 
observed to have fal len out of the roof area and was landiug and on 
f ire jus t inside the side door . Closer inspection revealed thi s to be 
the remains of trusse s  4 and 5 and port ions of the Theraax Insulation 
Board from thi s area . The half of the metal roof i n  the igni t ion end 
was sagging badly by thi s t ime .  Fi re activi ty had again dimini shed by 
3 4  minutes , and f rom then to the end of the tes t  very little f ire could 
be seen except for various small f lames and gloving embers on the 
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TF-6 00, inside  wood fraaiJW ) . Shading indicates areas with known or 
e stiaated teaperatures above lO O<PF . 

floor . Large quantitie s  of gray-yellow saoke continued to i ssue f roa 
the eaves and door at  the south end of the building . No fire vas ever 
observed exiti ng the end . 

Upon e nteri ng the structure af ter the test , the aost s trik1118 
feature vas the substantial quant i ty of The rmax Insulation Board 
reaainitW . Al l the ceil1118 panels f ro• trus ses 7 to 10 were s till i n  
place , although the eabossed facer ha d  been blackened . The Thermax 
Insulation Boards mounted on the vall on each side of the cri b were 
aissing ,  but aost  of the other wll panel s were undamaged below the 
lQ-f oot level.  The aetal roof on the ignition end down to truss 6 had 
collapsed i nward , f o rmi ua  a V-shaped structure in the center of the 
lower part of the building . It appeared that , a t  the termination of 
the test , the slo�oving flame front had just barely reached the peak 
only of truss 8 .  

• 
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measured above Thermax ceiling f or BFT-4 ( l-inch TF-600, inside wood 
framiJW ) . Shadiaa indicate s areas with tempera ture s above lOO<J>F . 
Cri b-corner (NE )  temperature was measured several inches above techni­
f oam; a ll o thers are roof-p eak-area mea surements,  2 to 3 f eet above 
technifoam . 

BFT-5 

Thi s wa s the control tes t  involving the uninsulated wood frame 
bui lding with metal skin. At 3 minutes into the te st , f lames had 
reached the wall-ceili ng juncture , and the two lower hori zontal member s 
on the side and end walls were burning in the c orner area.  The f ire 
continued to intensify , and at 3 minute s  40  second s ,  the whole corner 
was involved with the f ire moving toward truss 2 .  The f ire c ontinued 
t o  spread towa rd trus s 2 a t  4 llinutes wi th appearance s of the beginniaa 
of f lashover activi ty . At 4 mi nutes 45 s econds,  the f ire reached the 
pea k of the buildi ng a t  truss  2, and it began to impiaae on truss 2 at 
the eave at 5 minute s 20 second s .  The f ire remained fairly steady, 
burning in  the corner a rea only , unt i l  at 6 llinute s 45 secoad s ,  truss 
2 and the post sup port ing truss 2 igni ted at the eave on the side wall . 
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for BFT-5 (uninsulated wood fraae buildi ng) . Shading indicates areas 
with t emperature s above lOOCPF . 

A small flaae wa s noticed at the peak of  truss 2 a t  8 minutes . At 9 
minute s 30 second s ,  the c ri b  fire wa s weakening ,  and the crib collapsed 
at 13 mi nutes . The fire at trusses 1 and 2 continued to diminish, and 
the test was t eminated at 19 ainutes  4 5  seconds . 

The c ontinuous teaperature recordiJWS taken at  ridge and eave 
locations are shown f or va rious time s in Figure 7 .  '!be 118Xiaua t eaper­
ature recorded a t  the wall-c eiling juncture immediately above the crib 
was 1710°F at  5 ainutes 15 seconds into the test . The maxiaua t ea­
perature recorded elsewhere withi n the building was 9 9CPF at 7 min­
ute s ;  it occurred at the peak of truss 1 .  'lbe damage sustained by the 
i nteri or of the building was ainimal and was conf ined to  the corner 
def ined by truss 2 and the peak of the buildiQ8 • 
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BFT-7 

Thi s  te st involved the 3-inch fiber blanket wi th whit e  vinyl 
facing and inside wood fr•ina . The vinyl facina on the walls in the 
corner ignited at  2 minute s 15 second s into the test but then se lf­
extinaui shed at 2 minutes 4 5  seconds af ter a re latively minimal f lame 
spread . There wa s no further change , except f or intens if ication of the 
cri b f ire , between 2 minutes 45 seconds and 6 minutes 15 second s ,  at 
which tilDe more of the vinyl facing adjacent to the crib ignited and 
burned briefly . Al though not visually observed,  f ire broke through the 
f iberglas s ceili ng  at about 7 minute s since the temperature in the 
ignition corner above the ceiling went from 3 200F at  7 minutes t o  
15000F at  8 minutes.  Th e  hori zontal wood wall members on the valls 
in the corner were burni ng intensely at 9 minutes 45 second s ,  and even 
though the cri b had c ollapsed ( a t  9 mi nutes)- , a solid colUIID of f l._ 
wa s s t reaai ng up into the attic a rea .  Beyond about 10 minute s,  the 
f ire progre ssed slowly down through the attic , and few visual observa­
tions were possible . The continuous temperature recordi ngs shown in 
Fi gure s 8 and 9 do, however , a ll ow reconstruction of the pace of f ire 
activi ty throughout the bui lding for the duration of the 45-.inut e 
t est . Arbitrari ly chosen lOOoPF contour lines show how the f ire 
moved down the length of the buildi ng during the test . 

At approximately 10 minutes,  the fire had reached truss 3,  and i t  
ap proached trus s 4 a t  1 1  minute s  3 0  second s ( based on both teaperature 
readings and di scolored paint on the roof at the peak of truss 4) . 
Black saoke filled the interi or, but no further change s were observed 
until 2 0  minutes i nto the test when the f ire reached truss 5.  The 
progre ssion of the f i re vas slow, reachi ng truss 6 at about 22  to 25 
minutes and truss 7 a t 27 to 28  minutes .  At 29 minutes 45  second s ,  the 
fiberglass ceili ng on the ignit ion end of trus s 6 began sagging ; it  
then f ell completely on one side  but rema i ned fastened to the eave on 
the othe r side . The ceiling remained in thi s position, al110s t com­
pletely blocking the side d oor , unti l the end of the test . By 35 min­
ute s ,  the f i re had passed the peak of truss 8, and the metal roof vas 
sagging . The only vi sible flame throughout the latter port ion of  the 
test was that  behind the fallen ceili ng in the side door . The peak of 
truss 9 ap peared t o  become i nvolved at about 38  minutes, but judging 
from the temperatures recorded , the f i re was relat ively mild , perhaps 
due to oxygen starvation. At the t ime of the decision to t erminate the 
t est at 45 mi nutes,  all recorded temperature s were less than lOOoPF . 
No flame s exited the south door at any time duri ng the test . 

Damage t o  the buildi na was extensive in the ignition corner and in 
the attic . Most of the roof had col lapsed and come t o  rest in a hori­
zontal plane at eave leve l .  Trusses 2 through 7 were almost completely 
consumed , and trus s 8 was charred and saggi na .  Truss 9 vas black and 
showed sl ight charri na near the peak. All the 2-i nch by 4-inch vood 
nailer s on the wall below the lo-foot level were in good condition 
excep t f or those in the cri b  corner . Al l  three doors were operable and 
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FIGURE 8 To tal elapsed t est time (min : sec) vs.  temperature (OF ) 
measured at point s 6 inche s below fibergla s s  ceili QB for BPT-7 ( 3-inch 
vinyl-faced f iberglass, i nside wood framias) . ShadiQB indicates areas 
with known or e stimated t emperature s above lOO (J)F . 

in good condition . Most of the fiberglass insulation below the lo-foot 
level appeared t o  be unburned , but this was hard to determine because 
a large amount had fallen with the ceiliaa and the water hose s had 
d islodged the wall i nsulation in o ther areas . The fiberglass ceiliQB 
from truss 8 to the end door was intac t wi th some •oke damage. 

BFT-6 

This te st involved the l-inch The rmaz Insulation Board TF-600, 
outside metal fraaiaa , and inside metal skin (all metal buildiQB ) .  At 
1 ainut e into the test , the f lame vas through the top of the c ri b  to a 
height of 3 feet . At 1 minute 30 seconds,  the flames were approxi­
mately 9 fee t above floor level and , at 2 ainute s ,  were beg inniaa to 
impiaae on the wall-roof junct ion.  The floe coluan was broken up to 
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F IGURE 9 Total e lapsed test t ime (min:sec) vs . temperature (OF ) 
measured above fiberglass ceiling f or BFT-7 ( 3-i nch vinyl-faced fiber­
glass, i nside wood f raming) . Shading indicates areas with known or 
e stiaated t empera ture s above lOO�F . Cri b-corner ( NW )  temperature 
was measured several i nches above fi berglas s ;  all others a re  
roof-peak-area measurement s .  

some degre e by the wal l g irt s and the steel column structure in the 
corner . At 3 minutes 40 secoad s ,  the Themaz Insulation Boa rd on the 
lower side wal l  ignited , but then the flames slowly receded until 5 
minute s 40 second s when the Themaz Insulation Boa rd on the ceiling 
igni ted . The flame front spread across the end wall la terally t o  a 
maximum distance of 8 feet and then receded . From 6 minute s to about 
8 ainutes, only small patches of f ire were vi sible on the side wall and 
on the roof ove r  the cri b .  At 1 1  minutes,  the crib  fell over against  
the end wall and thereaf ter the f ire diminished steadily in intensity . 
Very li ttle smoke was generated and visibility inside the buildi ng vas 
g ood throughout the t est . 

Al though some slight warpage of the corner column did occur , the 
building was certif ied to be structurally sound . The only other d ... ge 
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FIGURE 10 Air t emperature s (°F ) vs . t otal elapsed test t ime 
(min : sec )  for BFT-6 ( l-inch TF-600,  al l1etal building) . 
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was the charac teri stic flared char pattern on the Theraax Insulation 
Boa rd in the comer . Approxi-tely 250 squa re fee t of Thei'IIUlx Insula­
t ion Board wa s easily re placed in the repair of the buildizw . Ex terior 
damqe was limited t o  a small area of paint char on each side of the 
northwest corner adjacent t o  the cri b .  

Figure 10 shows a ir te•perature s attained a t  the ridge and eave 
thermocouple point s  and Fi gure 11 shows temperature s recorded by the 
thermocouple tha t had been welded to the steel bea•s prior to the te st . 
The maximma air t empera ture recorded durizw the t est was 12 4<PF a t  a 
point on the cei li ng  c omer directly over the cri b .  Al l  o ther 
temperature s were below 6000F throughout the t est . The maximma 
s teel t emperature recorded was 58<PF at a point halfway between the 
eave and the roof peak on the west sid e  of trus s 1 .  
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FIGURE 1 1  St eel t emperatures (OF ) vs . tota l  elapsed test t ime 
(min : se c )  for BFT-6 (l-inch TF-600, all-metal building) . 

CONCLUSIONS 

Qualif ications 

e ·  . .so 
no �3o 

.P O  

The conclusions pre sent ed below apply to  the performance of wood 
fraae and aetal skin buildings and aeta l frame and metal skin buildinas 
in these fire situations based on f ull-scale unoccupied building fire 
test s .  It mus t be recognized that the variables which can effec t 
perfomance in an ac tual f ire situation are infinite in nWDber and i t  
i s  virtually iapossible  to  conduc t test s,  even sophi st icated ful l-scale 
building f ire test s ,  which take into consideration all of the possible 
variable s .  

These tests were designed and conduct ed using reasonable scientific 
practice to provid e conclusions about the f ire performance of such 
buildings under generally severe f ire conditions involvi ng such things 
as an adequate air supply and a large igni tion source . The conclusions 
are considered valid and scientifically accurate subject to the 
following qua lifications : 
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1 .  The conclusions apply only to the structure it self and its  
aajor aateri als of cons truction--wood fra11iog , aetal f raaiog , exterior 
metal ski n, and , where pre sent , thermal insulation. 

2 .  The conclusions a pply t o  a f ire source inside the buildiog . 
3 .  The conclusions apply t o  such buildiaas where the exposed 

i nteri or surface of the buildings i s  wood and aetal, wood and thermal 
insulation, aetal and the�l insulation , or the�l insulation only . 
They d o  not apply to other interior liniog aaterial s  that aight ini­
tially or subsequently be installed in the buildiog s .  

4 .  The conclusions d o  not apply t o  o r  t ake into consideration 
certain coaponent s of any typical buildi og  such a s  the plumbing , 
electri cal , and heatiog or a ir-c onditioniog and ventilatiQS systeas . 

s .  The conclusions apply t o  a siaale open f ire area on the int e­
rior of the buildiog and do not apply or take into considerat ion the 
effec t of partitions . 

6 .  The conc lusions d o  not apply t o  o r  take into consideration the 
content s of such buildings .  

1 .  The c onclusions apply only t o  unsprinklered buildiogs . 
8 .  The conclusions are based o n  what i s  considered t o  be a large 

source of i gnition in relation to the size and geometry of the build­
l ogs employed . The 14 ()-pound wood c ri b  a t  peak leve l of f ire develops 
a solid t unnel of flaJDe that iapinges on both the walls and the 
11-1/ 2-foot (or 1 2-foo t) ceili ng or roof . Thi s wa s specifically 
designed to a pproximate the type of large ignition source utilized in 
the Factory Mutual ( 25-foot high) corner flammability te st . Thi s type 
of ignit ion i s  c onsidered capable of proaot iog a flashover or rapid 
flame spread condition i n  a buildiog if  the aaterials of construc tion 
are susceptible t o  such a result . 

Couclus ions 

The conclusions regard iQ8 ac tual f ire performance of wood frame and 
aetal skin and aetal fraae and aeta l skin buildi ngs based on this ful l­
scale building f ire test prograa are a s  f ollows : 

1 .  The use of thermal insulation i n  a wood fraae and aetal skin 
buildiQS increases the susceptibility of such buildings in a severe . 
f ire situation t o  spread of f i re and subsequent f ire damage . This 
occurs because the insulation tends to conf ine heat released by the 
ignition sourc e ,  burning wood and insulation, and direc t such heat to 
preheat unburned wood and thermal insulat ion in advauce of the spread­
i ng  flame front , thereby making the wood and insulation susceptible to 
continuiQS ignition and f ire spread . 

2 .  The use of thermal insulation i n  a wood frae and aetal skin 
buildiQS constructed so that the wood fraae is exposed on the interior 
of the building create s a susceptibility to flashover, rapid flae 
spread , and early total f ire involveaent of the entire buildiog i nte­
rior, regardle s s  of the fire performauce charac teri atic s of the 
insulation i t self . 
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3. In an insulated wood fraae and •tal skin building constructed 
so that the wood fraae i s  exposed on the interi or of the building , the 
f i re performance characteri stics of the the r.a l  insulation employed can 
have a minor effec t on the speed of f lame spread and a ao�t greater 
effec t on the heat and intensity of the fire that develops . From a 
pract ical standpoint , however , these differences are not considered 
significant relative to the haza rd to both life and property in thi s 
f ire situation. 

4 .  An uninsulated wood frue and metal akin building constructed 
so that the wood frue i s  exposed on the interior of the building is 
s ignificant ly less susceptible t o  spread of f ire and subsequent f ire 
damage than an insulated bui ldi ng .  'lbe reason for thi s i s  that so• 
of the heat generated by the ignition source and burnias wood fra.ing 
can dissipate through the metal skin,  resultiQS in lea s  preheati ng  
effect o n  the wood adjacent t o  the f lame f ront . Thi s should not be 
interpreted to  JDean tha t a buildi QS  of thi s type will never be subjec t 
to  rapid f lame spread and t otal f ire involvement since i t  i s  conceiv­
able that much larger source s of ignition could cause such a result . 

s .  The use of thermal insulation i n  a wood fraJDe and metal akin 
buildiQS cons tructed so that only the the rma l  insulation i s  exposed on 
the interi or of the buildiag prevent s a susceptibility to f lashover , 
rapid flue spread , and early tota l involveJDent provided tha t the 
i nsulation i t self i s  not subject to  f lashover . However , such construc­
tion is subjec t to slow flame spread , prf.aarily in the plenum apace 
a bove the i nsulated ceili ag . Class I flue spread rated f iberglass and 
'lbemax Insulation Boa rd 'l'F-600 behave in thi s manner . 'lbe perfolll8nce 
of polystyrene foam in thi s type of construction is not known aiuc e i t  
ha s  not b ee n  so tested . 

6 .  It should be recogni zed that the three thermal insulat ions used 
in thi s test program have an Underwriters Laboratories Cla s s  I ( 2 5  
maximum) flame spread rating and , as  such ,  are not easi ly ignited by 
small source s of ignition ( e . g . ,  a match ,  we lde r ' s or plumbe r ' s torch, 
or electri cal short circuit) ; o ther i nsulations generally lower in coat 
( e .g . , those employi ng polyethylene and paper facings) a re easily 
igni ted by both la rge and small sources of ignition and more l ikely to 
be subjec t to flashover regardless  of the JDe thod of ins tallation . 
These latter i nsulations would , from a practical s tandpoint , constitute 
a significantly g reater fire haza rd risk. 

1 .  It i s  d i fficult to conclude that the better performias theraal 
insulations , such a s  those employed in thi s program , should not be used 
in a wood frame and metal skin buildiQS with the wood frame exposed . 
It  mus t  be recognized that such construction will ignite and result in 
rapid flaae spread only when exposed t o  a large source of ignition and 
an adequate a ir sup ply . 'lbe decision to use or not use these the�l 
insulations i n  this manner must concern i tself with many factors , 
ineludi QS cos t  of construc tion and end use of construct ion. 

8 .  An insulated metal f rame and metal skin building i s  not suscep­
tible to flashover provided that the thermal insulation material,  of 
and by i t self , is not subjec t to f lashover . Thi s conc lusion i s  

P r o c e e d i n g s  o f  t h e  C o n f e r e n c e  o n  E n e r g y  C o n s e r v a t i o n  a n d  F i r e s a f e t y  i n  B u i l d i n g s
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considered valid regardles s  of the relative positions of the themaal 
insulation and aetal fraae ( i  .. e . , both metal frame and thermal insula­
tion exposed on the interior or only the �l insulation exposed on the 
interi or ) . 

9 .  'lbe use of  themal i nsulation in a metal frame and metal akin 
building aay inc rease the au•cepti bility of such buildiQ18 t o  spread 
of fire and subsequent f ire damage becau•e the thermal insulat ion tends 
to confine heat released by the ignition source . Distortion of framing 
metal could be greater than in uninaulated buildiaga . 

10.  As a corollary t o  conclusion 7 ,  the better perfo�ins insula­
t iona ( i . e . , those not subjec t  to flashover) should be eaployed in 
meta l frame and metal akin buildings to avoid susceptibility to 
f lashover. 
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PBESENTATION 
John w .  Gi lle spie 

Spec ialist , Technical Sale s Service 
Conwed Corporation, St . Paul, Minnesota 

There are many bui ldi ngs in the United States that were built 10 
or 12 years ago when buildi� owners were not concerned about the cost 
of fuel . Becent fue l  shortage s and ri si �  ene rgy cost s ,  however, have 
caused these buildi� owner s to  add i nsulation on the back of Conwed 
ceiling boards wi thout considering what could happen to the fire rat­
i ngs of the buildings . When the buildi�s original ly were constructed , 
one of the teasons f or fire rati ng  was to lower the insurance rate s ,  
but by add ing insulation o n  the back of the board , the bui ldi� owners 
were de stroyi ng all of the fire-rated value that they were getti � by 
having the c eiling board insulation.  

Department of Energy ( DOE ) figute s indicate that approximately 25 
bi llion square feet  of ezi stiQB roof area in  the Uni ted States t oday 
ha s no insulation or insufficient insulation.  Many build ings are built 
today accord ing to f ire-ra t ed design but with less than adequate insu­
lati on . The result i s  that building owner s decide they are spending 
t oo much money f or oil , gas , or e lect ricity and put in more insulation. 
They save some money on fuel but lose the savings they had from the 
f ire rati� . 

Several factors  are cons idered important in a s sessi� the effect  
of the i ntroduction of additiona l i nsulation on fi re ratings .  Adding 
i nsulation t o  the back of the ceili� panels certainly will reduce the 
temperature transmis sion through the assembly , but it also will 
increase the tempera ture s on the ceiling component s .  Conwed had nine 
f ire te st s  run on various types of ceili ng  material and various types 
and thicknesses of i nsulation. These te sts i ndicated that the type and 
thermal resistance of the insulation and its  location wi thin the plenum 
space are extremely important . The basic construction of the assembly 
also  i s  very important and should not be altered by the addition of the 
i nsulation. 

Underwri ters  La boratori es ( UL) ran two tests on identical 
cons tructions . In one , insulation was placed directly on the back of 
the ceili� board and a 4 �inute time duration was achi eved . In the 
other ,  insulation wa s placed at the roof line and the te sul t  wa s  a 
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tiae duration of 65  11inutes .  Thu s ,  by locatina the saae aaount of 
insulation in the same construction in a d ifferent position, additional 
ainute s are obtained . 

A 2-bour aDd a 1-bour design were tested . In the 2-bour design 
(UL Design P23 7) , the �estrained asseably ratiQS,  the unrestrained 
ratizw , and the beaa ratizw an all 2 hours ( Figure 1 ) . Thi s ratizw 
was achieved : ( 1) because a gypsu. board eeiliQS was used wi th the 
iDBulation placed on t op of i t ,  (2 )  because the insulation vas placed 
above the eeilins line and the gypswa board acted as  a beat sink, and 
( 3 )  because of the f ire resistance of the Conwed eeraaie eeiliQS board . 

In the tes t  of  UL Desian P238 ( Figure 2) , the insulation used was 
f oil-f aced f iberglass with a UL flame spread ratiog of 25  ( UL  wi ll not 
allow the use of anythina on the ir designs unle ss it does have a 2 5  
flaae spread ratizw o r  less) . The i nsulation vas placed over the top 
of the fixtures and on top of a eeiliQS board ( i .e . , the eeraaie 
boatd ) . The res t of the construct ion vas a bui l t-up roof with 3-1/ 2 
inches of insulation board over a 1-1/2-i neb aetal deck and 1/ 2-ineh 
f ire-ra ted gypswa boatd . 

We have approval for use of both the air-bandlizw static fixture s 
and the duet work and we tested thea both . 'l'here a re 576  square i nches 
per duet openizw per 100 square f eet of eeiliog area . Twenty-f ive 
percent of the 100 square feet of the eeiliog a�ea aay be light-f ixture 
openizw area. The light-f ixture pro tect ion material vas R-19 f iber­
glass ,  the saae material a s  vas used on the back of the board . 

One reason that we achieved the 2-hour durat ion was because of the 
eeraaie materia l .  We also tested many o ther fire-rated aaterials and 
none of thea worked . When you place the insulation on the back of the 
board ,  you do iapede the passage of the beat through the construction, 
but you a lso kee p the beat on the surface of the aaterial . We found 
that when the teaperature of the eeiliQS board reache s approximately 
14 00DF , it  beemaes fluid and sli ps out of the suspension system . The 
reason Conwed ' s  ceramic produc t works i s  because i t  bas been previously 
f ired;  therefore , it  remains s table . 

If insulation i s  to be placed on the back of the board , we 
recommend that the plenum space be vented , which is not a lways possi­
ble . The reason for ventiQS the plenwa space i s  t o  a llow the e scape 
of aoisture that can condense and collect in that space . Obviously , 
if  the plenwa spac e i s  vented t o  dis sipate aoi sture , any beat or gase s 
that aight e scape into the plenum space through the vari ous cracks or 
openi ogs crea ted duri ns a fire also would be vented . 

UL De sips P237 and P238 provide the buildizw owuer and the 
acoustical contractor wi th a means of re-insulating an existiQS build­
izw . It is very possible that the existizw buildizw is not fire rated 
but tha t by installiq thi s type of eeiliQS and thi s type of construc­
t ion, two things wi ll be gained--an R-19 insulation and a 1-bour f ire 
ratina--whi le aaintaini ng the buildiq as i s .  Of course , if you vent 
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FIGURE 1 UL De sign P237 . The re strained a ssembly,  unre strained asseably, 
and unre strained beam ratings are a l l  2 hours . 
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FIGURE 2 UL De sign P238 . The re strained assembly , unre strained a ssembly, 
and unres trained beam ratings a re a ll 1 hour . 
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the plenum apace , you negate  everything above the insulation ;  i n  o ther 
word s ,  i f  you have an i nch of roof insulation the value of the roof 
insulation i s  negated because the roo f insulat ion i s  on the cold a ide 
of the R-19 f iberglass  insulation.  

The P2 3 7 doub l e-ceil ing des ign wi th the gypsum board and the 
ceramic board c eiling baa a U-factor of 0. 0445 or an R-factor of 2 2 .46  
wi th a vented plenum . With an unvented plenum , i t  ba a a U-factor o f  
0. 0 312 or an R-fac tor o f  3 2 .  ( As  anyone that baa t e s ted a t  UL knows , 
they are not equipped t o  tea t wi th any type o f  vent ing because the ir 
furnaces run a t  a s l igh t ly negat ive pre ssure . ) 

Des ign P2 3 8  ba a a U-factor o f  0 . 0473  or an R-factor o f 21 . 14 wi th 
a vented pl enum. With an unvented pl enum, i t  baa a U-fac tor o f  0. 0335 
or an R-fac tor o f  2 9 . 85 .  This cons truc t ion give s the bui ld ing owner 
or the arch i tec t the chance to upgrade an exist ing build ing to a 1-bour 
f ire-rated cons truct ion.  

Some o f  the c ondi t ions that are neces sary to achieve the P237  and 
P2 3 8  des igns  are tha t :  

1 .  Th e  c eramic panel mus t be u sed ( insulat ion pl aced on the back 
of a regular f ire-rated board negate s any fire rat ing that cons truc tion 
mi&bt have received) ; 

2 .  Al l o f  the cross Ta mus t  be f ire-r ated and hanger wire mus t be 
used a t  mid span o f  each 4-foot cro s s  T (we found tha t we bad to bang 
them a t  mi dspan b ecause o f  the weight o f  the ins ulat ion on the back o f  
the board ) ; and 

3 . Th e  6-i nch R-1 9  insulat ion mus t  have a UL-approved flame spread 
rat ing .  
In addi tion, cons iderat ion mus t  b e  g iven to  venting the plenum i n  order 
t o  preven t any damaging moisture buildup and that , o f  course , mus t be 
done on the back or cold a ide. 

Du e  t o  the t ime constraint I have not g iven any o f  the d imens ions 
or spac ings . Anyone tha t i s  interested in tha t  can contac t me for them 
and both of these des igns are l is ted in the UL f ire-re s i stanc e 
d irectory .  
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Energy conservation has been the f ocal point of coacern for aany 
state and federal agenc ies aiac e  the coa t of energy has increased dra s­
t ically in the past decade . In the residential building area,  builders 
are a tteaptina to build homes that are energy efficient . ODe way t o  
conserve energy i n  homes i s  t o  iacreaae the insulat ion level , which i s  
expected to reduce energy consuaption and heating and cooling coat s .  
Insulating new construc tion and exiatiQS homes has been the major focus 
of residential energy conservation . 

Energy conservation has becoae a necessity in the 1980s; however, 
thi s doe s not mean tha t fireaafety in homes should be de-e•phaaized 
when one uses energy-c onservation techniques .  Such federal agencies 
as  the Consumer Product Saf ety Com.iaaion ( CPSC) , the National Bureau 
of Standards ( NBS) , and the Depa rtment of Energy (D<E) have been con­
cerned with the relative f i resafety associated with increased tbe maal 
insulation levels in an a ttic and the effect thi s has on the residen­
tial elec trical wiring systems . These organizations have identified 
several potential hazard and problem conditions associated with ther.al 
insulation and re sident ial electrical systems ( Gross 197 8 ,  Harwood 
1978,  u . s .  Consumer Product Safety Commission 1980) . Both NBS and CPSC 
researchers have performed limited laborat ory test a to deteraine the 
e ffects of thermal insulation on elec trical wiring aysteaa and ha� 
hypo thesized that themal insulation uy change an exiatilll elect rical 
deficiency into a fire hazard ( Evans 1979,  u . s .  Consumer Product 
Safety Commission 1979) . The CPSC ( 1980) has collected data on actua l 
reported fire s  that identify elec trical wiri QS aysteas as the source 
of ignition in a significantly large nuaber of residential fires . Fire 
s tatistics also show that the greatest number of fire incidents vas 
associated with the use of cellulosic insulation (U.s . Depa rtaent of 
Co11111terc e 197 9 ,  Berl and Balpen 19 79) . Ex .. ples of wirilll probleaa 
include overloaded wiring systems , oversized fuse s in circuit  breakers ,  
faulty junction boxes,  and overheated recessed lightilll fixtures . Data 
generated by the NBS ( Evans 197 9 ,  Beausoliel et al . 1978) show that 
e lectrical wirill8 , when encased in thermal insulation and when operated 
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at continuous high loads , will overheat and exceed the permitted wire 
temperature le"Vels (1400P) of the Nat ional Electrical Code (Rational 
Fire Protection Association 1978) . 

OBJECTIVE 

The concerns expressed by several federal agencies about firesafety 
and energy-conservation techniques are of intere st  to manufacturers of 
thermal insulation materials . A research program vas established at 
Owens-Corniag Fi berglas to generate data concerning the effect of 
fibrous glass  insulation on electrical wi ring . The purpose of the 
program vas to measure the t emperatures generated by electrical viriag 
when it vas covered by different levels of fibrous glass insulation a nd  
the electrical viriag va s  operated with abnormal condi tions . Abnormal 
operating conditions can be achieved only if the residential owner 
violates hi s electri cal service safety devices (e . g . , by removing the 
fuse or current breaker and directly wi ri ng  the circui t to the electri­
cal service , by placing a penny behind the fuse in the fuse holder , or 
by usi ng an oversized fuse ins tead of the proper fuse ) .  

EXPERIMENT 

Since the atti c i s  the most commonly reported f ire area in a home , 
i t  vas decided to simulate the at tic conditions for thi s fire test 
program . A fi re tes t  method has been proposed to the American Society 
of Te stiag and Materials (AStM) to measure the fire performance of 
loose fil l  thermal insulation mate rials when subjected to  a localized 
heat source (e lectrical wire or recessed light fixture ) . Thi s proce­
dure was modified to measure the temperature s associated wi th elec tri­
cal wiring and to use batt insulation instead of loose fill insulation. 

Tes t  Apparatus--At tic Simulation 

The proposed ASTM method , Localized Beat Sources and Their Ef fect 
on Loose Pi ll  Insulation, use s a 4-foo t-square simulated attic con­
s truction that is  enclosed in a box with a temperature-regula ted energy 
conservation space above the sample at a temperature of 1400P . The 
tea t box i s  composed of a base of 1/ 2-inch gypsum board with nominal 
2-i nch by 6-inch wood j oist s on 16-i nch centers ( Figure 1 ) . A 14-2NM 
electrical wire vas used as the localized heat source and was placed 
as shown in Figure 2. The rated current load on a 14-2NM wire i s  15 
ampere s . An Edison base plug fuse holder vas placed in series wi th the 
e lectrical wire before it entered the test apparatus . For the abnormal 
operating condi t ion,  the fuse holder vas removed so that the system va s 
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FIGURE 1 

FIGURE 2 
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d irec t-wired for test conditions A and B; for test condition C, the 
- nomal 15-aapere fuse was re placed with a 3<>-aapere fuse. 

The current load was generated by a power systea that sup plied a 
aaxiaua of 30 aaperes of ac power to the electrical wire i nside the 
test apparatus . The current load was monitored wi th a calibrated 
ammeter and was controlled aanually with a variac every hour. 

Teaperature Monitoring Systea 

A teaperature monitori ng system was used that consisted of 11 
chroae l-al\Diel thermocouples ( 2 8  gauge) . The teaperature of the ele c­
trical wire j acket was aonitored as i ndicated in Fi gure 2 .  Three 
chroae l-alumel thermocouples (28 gauge) also monitored the attic air 
teaperature and the ambient t eaperature . An Ac curex Autodata-9 data 
scanner was used to  record the te111perature s on a variable time cycle 
(every ainute or every 30 mi nutes) . 

Sample Descript ion 

The themal i nsulation used during the test prograa was 
Owens-Corni ng Fibergla s insulation . The insulation was kraf t-faced 
R-19 (6 i nches thick) fibrous glass insulation, 15 inches  wide . Two 
levels of R-19 i nsulation were used to obtain a R-38 level ( 12 inches) . 
The vapor barri er was reaoved froa the second level of insulation f or 
R-38 level s . 

Te st Conditions 

A serie s  of test s was perf onaed i n  the attic siaulation apparatus 
to study the temperature ri se associated with the electri cal wire 
(14-2NM) whe n loaded t o  the rated capacity of 15 aapere s  and t o  twice 
the rated capacity ( 3 0  aapere s) . Tes t s  were performed at each load t o  
measure the teaperature o f  the elect rical wire wi th and wi thout insula­
t ion. Two levels of insulation were used , R-19 (6 inches) and R-3 8 
( 12 inche s) . The test conditions and levels of insulation are summa­
ri zed in Ta ble 1 .  The t est conditions li sted i n  thi s table are f or 
abno �l operating conditions under laborat ory conditions . As noted 
above ,  t o  achieve these conditions the re sidential owner would have to  
violate hi s electrical service safety device s .  

Te st Result s 

The aaximum teaperature s were aeasured for each test cond ition. 
These values are listed in Table 2 f or condition A, in Table 3 f or 
condition B and in Table 4 for condi tion c .  Figures 3 , 4,  and 5 show 
typical teaperature versus time curves for thermocouples 2 ,  4 ,  8, and 
9 for te st  condit ion A .  Figures 6 , 7 ,  and 8 show typical teaperature s 
ver sus t iae curve s f or thermocouples 2 ,  4 ,  8, and 9 f or test condition 
B .  
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TABLE 1 Tes t  Conditions , Elect rical Viri q , Attic Siaulat ion Te•t • 

Ampere Fuse 
Load (amp) (amp) 

15 a 
15 a 
15 a 

30 a 
3 0  a 
30 a 

30 30 
30 30 
30 30 

� The electri cal circuit was direct-wired to the power supply . 

TABLE 2 Maximum Temperature s f or Te st Condition A ( 15-ampere load on 
a 15-ampere circui t ,  14-2NM wire , no fused c i rcui t , di rect-wired) 

Maximum Tem2erature (OF� 
ll-38 'nlermocouple No ll-19 

Number and Po si tion Insulation Insulation Insulation 
( Time Maximum Reached )  ( 3-1/ 2  hr) ( 6-1/ 2 hr) ( 18-1 / 2  hr) 

1 .  Top o f  jois t 129 140 185 
2 .  Air s pace between joist s 129 135 203 
3 .  90  deg . bend , t o p  o f  joist 129 140 192 
4 .  Straight · run, top of j oist 12 5 140 205 
s .  9 0 deg . bend , to p o f  j oist  130 140 180 
6 .  Sid e o f  jo ist 126 14 0 1 7 2  
7 .  9 0  deg . bend , bot tom of joist 125 125 146 
a .  On gypsum board 12 6 13 3 13 3 
9 .  9 0  deg . bend , botton of joist 125 131 128 
10.  Straight run, bottom of joist 121 136 12 2 
1 1 .  9 0  deg . bend , botton of joist 121 136 122 

Te st peri od (hr) 25 33 so 
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TABLE 3 Maximum Temperatures for Te st Condition B ( 3Q-ampere load on 
a 15-ampere circui t ,  14-2NM wire , no f used c ircuit , direct-wired) 

Maximum Tem2erature (OF ) 
The rmocouple No R-19 R-38 
Number and Po sit i on Insulation Insu lat ion Insula tion 

1 .  To p o f  j oist 183 202 36 5 
2 .  Ai r  space be twee n joi st 171 208 460 
3 .  90  d eg .  bend , top o f  j oist 131 214 453 
4 .  Straight run , t op of joi st 143 220 46 5 
5 .  9 0  d eg .  bend , t op of j oist 14 0 234 383 
6 .  Side of joi st  1 12 272  332  
7 .  9 0  deg . bend , bot tom of j oist 1 71 24 0 262 
8 .  On gypsum board 174 2 71 283 
9 .  9 0  d eg .  bem , botton o f  joist 1 5 9  262  268 
1 0. Straight run ,  bottom of joi s t  123 287 288 
l l o  9 0  d eg .  bend , bot ton o f  j oist 183 26 3 24 7 

Te st pe riod (hr) 30 44 48 
Time maximum reached ( hr )  5 11  11  

TABLE 4 Maximum Temperatures for Test Condition C ( 30-ampere load on 
a 1 5-ampere c ircui t , 1 4-2NM wire , 30 ampere fuse circuit)  

Thermocouple 
Number and Po sition 

1 .  To p of j oist 
2 .  Air spac e be tween j oi s t  
3 .  90 d eg .  bem , t op of  j oi st 
4 .  S traight run , top of joist  
5 .  90 d eg .  bend , top of  joist 
6 .  Side o f  j oi st 
7 .  90  d eg . bend , bottom of j oist 
8 .  On gypsum board 
9 .  9 0  d eg .  bend , bot ton of j oi st 
10.  Straight run , bot tom of  joist 
l l o  9 0  d eg . bend ,  bot ton o f  j oist 

Te s t period (hr) 

Te st peri od range (hr) 

Maximum Tempera ture (OF )  

No 
Insulation 

174  
165 
158 
161 
169 
142 
1 6 5  
152 
153  
153 
1 7 0  

0 . 63 

0. 2 5  to 0 . 63  

R-19 
Insulation 

19 0 
195 
196 
200 
10 4 
230 
18 7 
205 
19 8 
222 
230 

0 . 55 

0 . 2 1  t o  0. 55  

R-38 
In sulation 

249 
306 
283 
28 3 
259 
239 
18 7 
202 
180 
205 
214 

0 . 48 

o . 35 t o  0. 10 
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DISaJS SION 

Tes t  Condit ion A 

When a 15-ampere load was placed on the 14-2NM wire without a fuse 
in the circui t (direc t-wired) and wi thout insulation sur rounding the 
wiri ua , the maxi11W1l wire teaperature was 1300F . Thi s  t emperature i s  
below the Na tional Electri cal Code limit of 1400F . When R-19  fibrous 
g lass  insulation �s placed in the tes t apparatus,  the maximum tempera­
ture was 14 00F.  The e lectrical wire j acket did not crack , char, or 
become brittle . When R-38 fibrous glass i nsulation was placed in the 
test apparatus , the maximum t empera ture was 20,0F . Thi s t emperature 
i s  above the recommended Nationa l  Elect rical Code wire temperature·; 
however , the wire j acket d id not char , crack , or become bri ttle . When 
the ele c trical wire was surrounded by the insulation or by the wood 
j oists ( positions 1 through 5) , the wire jacket material was slight ly 
defonaed . Thi s te st  lasted for 50 hours . No f ire s  were observed . 

Te st  Condition B 

Whe n a 3Q-ampere load wa s placed on the 14-2NM wire wi thout a fuse 
in the c ircuit (d irect-wired) and without insulation in c ontact with 
the wire , the maximum wire temperature was 183DF . The plastic insu­
lati ng  wi re jacke t did not cha r ,  crack , or become bri ttl e .  'lbe wire 
temperature exceeded the Na t ional Electrical Code specifications of 
14 00F . The maximum temperature was 2870F for the test s  when R-19 
fibrous gla s s  insulation wa s i n  contac t wi th the wire . These tempera­
ture s were above the recommended Na t ional El ectri cal Code wire t empera­
ture;  however , the wire jacket did not Char ,  crack, or become b ri t tle . 
Again when the wire was in c ontact with the insulation and the wood 
joists  ( position s 7 through 11) , the wire jacket materia l � s  slightly 
d ef ormed . 

ibe maxillum wire temperature f or the t ests wi th R-3 8  f i brous g la ss  
insulation was 4650F . The wire jacket was pyrolyzed and the copper 
wire was exposed in  spot s .  ibe wood joist  was charred about 1/ 4 inch 
deep over the leng th contacted by the wire . The port ion of the wire 
in contact with the gypsum board was not charred but only slightly 
deformed . Even though the wood in contac t with the wire was charred , 
a f ire wa s  not observed during the te st period , which la sted f or 48 
hours . 

Te st Condition C 

A J Q-ampere load was placed on the 15-ampere circuit which used  a 
14-2NM wire and a 3Q-ampere fuse . Te sts were run without insulation 
surrounding the wi re . ibe 3 Q-ampere fuse operated wi thin 15 t o  3 8  
minutes . The maximum temperature s reached on the e lec tri cal wire 
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j acket ranged from 140 to 17 IPF . When the tests were repeated with 
R-19 f ibrous glas s insulation in  contact wi th the wire , the fuse oper­
ated within 16 t o  33 minutes .  The maximum temperature s reached o n  the 
wire jacket were i n  the range from 190 t o  2240F .  The highest wire 
temperature s we re recorded f or the test s when R-38 f ibrous glass insu­
lation was in contact wi th the wire . The fuse operated between 21 and 
4 2  minute s ;  however,  the mald.mum temperatures ranged f rom 187 to 
3060F . 

In test C the wire t emperature s were i n  excess of the reco.aended 
Na t ional Electrical Code maximum temperature of 14 <PF .  Even thouah 
an �versized fuse �s used in  the 15-ampere c i rcui t , the fuse did 
operate within t ime peri ods  of less than 45 minutes . The wire jacket 
wa s not damaged . The overheated electrical wire did not ignite the 
insulation or the wood j oists before the fuse o perated . 

OO!CLUSIOHS 

The attic simulation test s  on e le c trical wiri ng indicated that the 
wire temperature increased as  the current was raised from 15 to 3 0  
ampere s with the same i nsulation leve l .  Th e  addition of  i nsulat ion had 
a greater effec t whe n i t  encased the elec trical wire . Thi s  result i s  
a s  expected from a heat-transfer viewpoint . When the e lectri cal wire 
wa s  in contac t wi th the gypsum board , the heat was di spersed quite well 
even with R-3 8  insulation above . Although re latively high temperatures 
were rec orded f or the elect rical wi re covered by insulat ion, the 
f ibrous glass insulation d id not igni te even when the temperature s were 
high enough t o  de stroy the elect ric al wire jacket and char wooden 
s tructural members ( t est condit ion B) . These temperature s were 
obtained only after the e lect rical circui t safety device s were violated 
by d irect wiring of  the electrical c ircuit to  the power supply or by 
placing an oversized fuse i n  the fuse holde r .  

The addition of f ibrous glass thermal insulat ion in the attic 
increased the operating temperature s of e lect rical wire when the wire 
was exposed to an overload c ondit ion. The f ibrous glass insulation did 
not i ncrease the apparent f ire hazard since no f ire s were observed 
under laboratory test conditions . 
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Fire resistanc e i s  a fundamental pa rt of bui lding code s and other 
fire safety regulations . Energy c onservat ion has been highlighted 
recently in code s ,  and there is concern about its effect on construc­
t i on assemblies that have fire re sistance e stabli shed without insula­
tion . Insulation in both combustible and noncombustible constructions 
may have an effect on f ire resistanc e .  Data available from two s tudies 
by the American Iron and Stee l Institute (AISI)--one on load-beari ng 
s teel stud walls and the other on s teel C-j oist and metal deck roof 
cons tructions--permi t evaluation of it s e ffects . 

WALL TESTS 

The study of load-bearing steel stud walls wa s  conducted at 
Underwri ters La boratori es ( UL) using Type X gypsum wal lboard as the 
surface protection ( Figure 1) . The assembly was tested wi th load 
cells under each of the six steel studs to monitor the loads in each 
stud throughout the test . 

T�mperature measurements were taken at the midheight of the steel 
studs and on the unexposed side  of the wall face . In order to monitor 
wall  deflections continuously up to the point of load failure , trans­
ducers were located on the unexposed side  of the wall assembly a t  
midheight . 

Nine walls were tested with and withou t insulation. The wall 
cons truction included 3-1/ 2-i nch, 18-gauge steel studs wi th punchouts 
in the web. S tud s - varying from those with many punchout s to  those 
with almost a solid web were used . The stud s were spaced 24 inches on 
center . 

The walls were surfaced wi th either one or two layers of 5/8-inch 
type X gypsum wallboard or three layers of 1/2-inch Type X gy psum wall­
board . The t est assemblies in the test program were ins trumented to 
provide maximum data and a basi s for analytically assigning fire­
re si stance  ratings . The load , the stud cavi ty insulation ,  and the 
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FIGURE 2 Te st ins trumentation ;  cross sect ion at  each stud . 
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gy psum wallboa rd surfacing on each face of  the wall were p rimary 
fac tors i n  wall performanc e .  The i ns trument s were extreme ly important 
in the analysi s of the effec t of each of these  fac tors . 

Figure 2 shows the load cells ( located under each s tud in the wall 
and on top of a head er beam) tha t  we re used to transfer the load f roa 
the hydraulic jacks to the s t ud s . It  a l so shows the location o f  the 
thermocouple s on the steel s tud s as wel l  as on the unexposed side of 
the wall a s  required in ASTM Ell9 , S tandard Me thods of Fi re Te s t s  of 
Bui lding Cons tructio n  and Mate rial s ( Ame rican Society for Testing and 
Ma terials 1980) . Te st walls 1 th rough 7 had only selected s tud s ther­
mocoupled whe reas test  wall s 8 and 9 had each stud thermocoupled at  
m idheight . 

Af ter t he test , vi sual i nspec t i on o f  the t est a ssembli e s  p rovided 
i nformatio n t o  conf i rm  the reco rded te s t  dat a  ( Figure 3) . The wal l­
board was removed so t hat the deforma t i on of  the s t uds could be 
studied . 

F IGURE 3 Vi sual i nspec tion f ollowing test  c onf irms deforma t ion o f  
wall stud s  rec o rded i n  t e s t  dat a .  

P r o c e e d i n g s  o f  t h e  C o n f e r e n c e  o n  E n e r g y  C o n s e r v a t i o n  a n d  F i r e s a f e t y  i n  B u i l d i n g s
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FIGURE 4 Temperature vs . t ime (OF) for t est wall 6 . 
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The data presented in Figure 4 a re for tes t wall 6 wi th two layers 
of 5 /8-i nch wallboard and no i nsulation and show the t emperature s on 
the stud s . The hottest  stud tempera tures occurred near the Diddle of 
the wall at  midheight . At 120 minutes , the t empera ture had not yet 
reached 120<PF .  

Test wall 9 also had t wo  layers of 5 /8-inch-thick gypsum wallboard 
wi th insulation but the temperature s on the stud s were slightly differ­
ent ( Fi gure 5) . Stud 4 ,  which was very c lose to the midd le of the 
wa ll, showed a temperature at 12 0 minutes well beyond the 1200°F but 
no load failure occurred . Thus , insulation does make a differeace on 
the temperature of the structural e lements in a wall ,  but if the wall 
i s  properly designed , the load-beari ng characteristics  are not 
affected . 
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Temperature vs . time for test wall 9 .  

Looking at  t emperature versus t ime , test wall 8 consisted of one 
layer o f  5 / 8-i nch-thick gypsum wall board and no insulation and Figure 
6 shows the temperature spread on the studs throughout the wal l .  In 
thi s particular test , each stud was ins trumented with ther.ocouples on 
the web and f lange s . The studs neare st the edge of the wall , affected 
by their  location t o  the concrete test frame , generally were cooler.  
The unexposed surface temperature was reached at s light ly over 60 ain­
utes . The load c apability of wal l 8 continued and there vas no load 
fa ilure ;  the t est was t erminated at 90 minutes . 

Figure 7 examines the deflection of load-bearing steel members as  
i nfluenc ed by i nsulation .  The data are for wall 8 ( one layer of 
5 / 8-inch gypsum wallboard , no insulation) and show that the deflection 
was fairly uniform and minor throughout the peri od during which the 
load was maintained (up to 90 minutes) . 

Proceedings of the Conference on Energy Conservation and Firesafety in Buildings

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19611


ao 0 -- -
11( 

u.. • 

RS T 1'1  FURNACE  
T E M PE R A T U R E.  

2 0  4 0  

113 

6 0  8 0  1 00 
T E S T  T t M E . M I N U T E S  

FIGURE 6 Temperature vs . time for tes t wal l  8 .  

't = 5 ("F·'32 ) /9 

1 2 0  1 40 

Figure 8 pre sent s similar data for test wall 9 ( two layers of 
5 / 8-inch gypsum wallboard with insulation) . The deflection of the 
wall, although quite large at the center , did not re sult in load fail­
ure ,  and the test was stopped at approxtmately 140 minute s . 

The most i nteresting data , for load versus t ime ,  are pre sented i n  
Figure 9 f o r  tes t wall 8 .  I t  provides  a n  interesti ng  examination o f  
tests f or load-bearing walls under AS TM  Ell 9, which states that the 
applied load i s  to be maintained throughout the test period . As Figure 
9 i ndicates , the steel studs were heated unevenly and , there fore , 
expanded unevenly . Some stud s  developed an increase in  load , and thi s 
has an important bearing on the d eflec t ion curves i n  Fi gure 8 .  Figure 
9 shows that the average load va ried in the tes t  from slightly more 
than 3000 p ounds per s tud t o  approximately 5000 pounds per s tud .  

Figure 1 0  shows that with an insulated wall cavity ( test wal l 9)  
the individual studs also expanded and the load on each stud varied .  

1 8 0 
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For example , stud 5 varied froa the initial load of approximately 3 . 5  
kips to more than 1 2  kips throughout the t est as the stud s were heated , 
grew, and then d eflected . 

The data f rom these t ests  suggest that the eff ective fai lure 
deflection versus time curve ( Figure 1 1) c ould be affected by the 
ap plied load , the amount of cladding , and /or the pre sence of 
insulating material s between studs . However ,  until  more data are 
available , the quadratic curve pre pared by ll i ppatein (19 79) i s  
considered to  account for these effect s conservat ively . 

Further , the ASTM Ell9 f ire test methods need more specific test 
criteria to  ensure the structura l-thermal duplication of test cond i­
t ions f or all component s in successive test s .  

Figu re 1 2  represent s the load ratio (LR) versus failure time rel a­
tionship for all investigated panels , with or without i nsulation. LR 
equals the failure load at elevated teat temperature s divided by the 
fai lure load at room temperature . The horizontal line i s  shown at LR 
• 12/23 . Thi s line represent s the inverse of the safety factor i ncor­
porated in the usual room-t emperature design of s tuds . 

Fi re endurance i s  determined from Figure 12 by using the vert ical 
scale on the ri ght , which i s  a design load ratio . Where that band 
curve .crosse s that horizonta l line at  100 percent of the design load , 
the wall will have the rating--l oad failure will occur--in minutes 
along the bottom . A wall constructed wi th three layer s of  1/2-inch­
thick Ty pe X gypsum wallboard at 100 percent of the design load , with 
or without insulation in the cavity , will  have a 2-hour rati ng . In the 
c ase of  two layers of 5 /8-i nch Ty pe X gypsum wallboard , with or without 
insulation in  the cavity , 100 percent of the design load wil l  not 
re sult in a 2-hour rating unless the percentage of the design load i s  
reduc ed t o  8 pe rcent o f  the maximum des ign load pe�i tted o n  that wall .  

Th e  data c ollected during the nine tests c onducted a t  AISI and 
three others conducted by an  AISI member company pe rmitted the above 
analysi s and UL publi shed f ire re si stance ratings for load-bearing 
steel stud s ,  wi th or wi thout insulation,  as shown in the UL Fi re Resi s­
tance Di rectory a s De sign U4 25 ( Figure 13) . 

The inte resting thing i s  that the interior wall ratings also can 
be used f or exteri or wall  ratings , provided the same number of layers 
and thickne s s  of fi re-rated gypsum sheathing board are applied on the 
exteri or face of the wall . If an exterior wall rating i s  needed only 
from the interior of the wal l ,  then on the exterior face use a 1/ 2-inch 
layer of  regular gypsum sheating , metal siding , stucco,  or other f inish 
wi th the cavi ty insulated and on the interior wal l surface use the nu.­
ber of layers o f  wallboard shown i n  UL De sign U4 25 f or an ext eri or wall 
rati ng .  For example , three layer s of the 1/ 2-inch gypsum wallboard 
with 100 percent of the design load will have a 2-hour rating . 

On the o ther hand , i f  brick veneer i s  used on the outside and two 
layers of 5 /8-i nch Type X gypsum wallboard are used on the inside and 
a single layer of 1/2-i nch regular gypsum sheathi ng is used on the 
out side , the wall wi ll have a ra ting from both sides of 2-hours . 
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FIGURE 12 Load vs . time relat ionshi p for walls with steel studs . 
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FIGURE 1 3  Fi re Rating s f o r  U L  Des ign U425 . 

ROOF TESTS 

The second series of test s  conducted by AISI at UL were on an 
insulated s teel roof deck supported on 18-gauge C joists 7-1/ 4 inches 
deep . The pri ce of wood goe s up or down and , dependi ng  on how the 
pri ce fluctuates , wood sometime s i s  more difficult to obtain than 
stee l .  For example , several years ago the Perl  Mac Company in  Denve r, 
Co lorado,  bui lt a bout 6000 homes in  that a rea . The pri ce of wood 
fluctuated so much that about half the house s used light-gauge stee l  
framiQB • Th e  steel industry wa s  and is  extremely interested in this 
and other comme rcial marke t s ;  however,  test  data we re needed to deter­
mine the eff ect  of insulation on a roof system where a f ire resistance 
rati ng  was requi red . 
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Figure 14 illustrates the construction tested . It consisted of two 
layers ( 2-7 /16 inches each ) of Owens-Corning fiber glas s i nsulation on 
steel deck wi th 1/ 2-incb-thick gypsum sheathing boa rd ,  all supported 
F IGURE 14 UL De sign P512 ; the unre strained assembly rating--i s 1 
hour . 
by 7-1 / 4-i nch ,  18-gauge , s teel C joi st s ,  2 4  inches on c enter . The 
ceiling protection wa s two layers of 1/ 2-i nch gypsum wallboa rd (any UL 
c lassified type ) .  

The a s sembly , UL De sign P51 2 ,  received a 1-hour f ire resi stance 
rati ng . But more impo rtant , UL agreed to analyze a small 3-foot-squa re 
specimen of thi s roof to see i f  i t  was pos s i ble t o  substitute other 
types of roo f  insulation for that used in the tes t .  

Several small-scale fire tests were conducted to  d etermine the 
teaperature or thenaal gradient through the assembly . Using this 
t emperature data as  a reference , small -scale tests may be run with 
substitute insulation for acceptance i n  UL Des ign P 512 .  

Figure 15 i llustrates that teaperatures were recorded at vari ous 
point s . UL ha s stated that for alternate insulating material s t o  be 
acceptable , the re sults of the small-scale f ire test should be a s  
follows : 

1 .  The test assembly must meet the conditions o f  acceptance 
d i sc ribed in UL 263 (ASTM Ell9) ; 

2 .  The average temperature of the steel roof deck units  during 
the 6 o-minute f ire tes t  mus t  be similar to the average temperature of 
the roof deck units  shown for the small-s cale test samples ; and 

3 .  At 60 minute s the average temperature of the steel roof deck 
uni t s  must be equal t o  or less that 52SOF .  

Table 1 present s the teaperature s a t  the midheight of the plenum . 
Ta ble 2 g ives the steel roof deck tempera tures on tha underside of the 
d eck in  the plenum area ; at  60 minutes they were SlSOF and SlOOF . 
Kee p in mind UL says that the t rend of temperature s throughout the 
6()-minute t est must be similar t o  the temperature s and the f inal tem­
perature i n  Table 2 .  Thus , Table 2 i s  a key temperature cha rt for any­
one seeking to subs titute i nsulat ion materials in thi s  tested assembly . 

Table 3 shows the temperature chaoge from start to finish on the 
unexposed surface of the second layer of i nsulation underneath the 
buil t-up roof coveri og . The chaoge i n  temperature i s  small indicating 
that more insulat ion should not adversely af fect the 1-hour rating f or 
thi s construction. 
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Gypsum Wallboard 

FIGURE 14 UL Design P 512 ; the unre strained assembly ra1ing--i s 1 hour .  
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FIGURE 15 Locat ion of thermocouples . 

• THERMOCOUPLES 

SECTI O N  A·A 

1V4" thick, 6.5 PCF 
Mineral Wool Batts 

..._ __ 2W' x 4Yz" x 9"' Refractory 
Brick (TYP .-4 Sides) 
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TABLE 1 Average Temperature s (OF) at Mid-Height of  Pl enUIIl 

Ti11e Full-Scale Small-scale Small-Scale 
(min) Test Test  1 Test 2 

5 12 0  110 108 
10 170 143 192 
15 180 161 165 
20 195 17 5 1 70 
2 5  210 195 195 
30 2 20 205 215 
25 2 28 215 2 20 
40 270  225 233  
45  462 2 7 8  32 7 
50 445 466 
55 543 547 
60 642 615 

TABLE 2 Average Temperature s (OF ) of Steel Roof Deck Uni t s  

Time Full-scale Small-s cale Small-Scale 
(mi n) Test  Tes t  1 .  Tes t 2 

5 110 9 5  100 
10 165 130 130 
15 17 5 150 150 
20 190 163 165 
25 200 170  17 5 
30 205 175  185  
35  2 05 180 190 
40 210 185 1 95 
4 5  307 21 5  218 
50 323  340 
55 4 28 440 
60 51 5 510 

Proceedings of the Conference on Energy Conservation and Firesafety in Buildings

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19611


122 

TABLE 3 Average Teaperatures (OF) of Unexposed Surface of Second 
layer Insulat ion 

Time 
(ain) 

5 
10 
15 
20  
25 
30 
35 
40 
45  
5 0 
55 
60 

Pul l-8c:ale 
Tes t  

72  
72 
7 2 
72 
7 2 
72 
7 2 
72 
7 3 

Sllal l-8c:ale 
Test 1 

80 
80 
80 
80  
80  
8 2 
83 
8 5  
8 5  
8 5  
8 5  
8 5  
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82 
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MULTISTORY FIRE EVALUATION PROGRAM 
Jesse J .  Beitel 

Manager , Fi re Perf ormance Evaluations and Fire Protec tion Systems 
Southwe s t  Besearch Iustitut e , San Antoni o ,  Texas 

Energy conservation has become an iaportant factor in building 
design . In order to make exterior wall s aore energy-efficient and 
e specially to reduce the high construc tion cost s of exterior walls , 
foaa plast ic insulation currently i s  being used i n  exterior nonload­
beari ng wall systeas , predomi nantly in s ingle-story buildings , through­
out the United State s .  These systeas basica lly consist of a sandwich 
panel with steel or aetal facings on both sides and some type of f oam 
plastic insulation i n  the core ; i nsulation thickne ss depends on the 
geographic location of the construction. Typically , the foam plastic 
insulation is ei ther ure thane or isocyanurat e rigid foaa. 

Due to their i ncreased energy efficiency and their lower coustruc­
tion cost s ,  these wall systeas uow are being considered for use i n  
aultistory applicat ions . However , code officials throughout the United 
States  have requi red that the pane l aanufac turers demonst rat e that the 
use o f  thi s type of exteri or wall· systea does not pose a signi f icant 
increase  i n  fire hazard in aultist ory constructions . The aaj or que s­
t i ons about the use of these •all systeas in aultistory construct ion 
a re : 

1 .  Would the combustible f oam insulation provide a vehicle for 
rapid flaae spread froa compartaent of fire origi n t o  a vert ica l 
adjacent space?  

2 .  Would the wall panels warp and buckle in such a aanner a s  t o  
provide an avenue for heat and flame transai ssion through the openings 
protected by the fire safe aateri al ? 

3 . Would there be a signi ficant vert ical spread of f ire along the 
exterior fac e  of the panel s ,  predominantly along the seaas? 

4 . Would there be a vertical spread of f ire along the i nteri or 
face of the pane ls into  the second s to ry ?  

5 .  Would the panel s warp and buckle away from the fire-rated or 
pe�anent wall s  of adjacent space s on the same floor to provide an 
avenue through which the flames and the heat would be transai tted into 
the ad jacent compartaent s ?  

I n  order t o  answer the se questions , a broad-based i ndustry group , 
the Exteri o r  Nonbeari ng Wall Task Group, wa s  fo�ed under the auspices 
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of the Society of the Plastics Industry ( SP I) . This task group wa s  
charged t o  addre ss the concerns o f  the code officials and to show that 
thi s type of wall construction would not pose an increased fire hazard 
in aultistory a pplications . In ord er to accompli sh thi s task, the 
group contracted wi th the Southwest Research Institut e  ( SWRI) to help 
in the design and the perfo�auce of a aulti story f ire evalua tion 
prograa . 

The objective of this prograa vas to d eteraine the perforaance 
characteristic s of foaa plastic insulated wall panel s in a •ult istory 
application based on f ull-scale t est conf igurations . The priaary panel 
performanc e characteristic s of concern in  thi s progra• were : 

1 .  The capability of the panels to resist vert ical spread of f la.e 
wi thin the core of the pane l from one story t o  the next , 

2 . The capability of the pane ls to resist significant f lame propa­
gation over the exterior face of the panel s , 

3 .  The capabi li ty of the panels to resist vert ical spread of f la.e 
over the interior face of the panel s fro• one story to  the next , and 

4 .  The capability of  the panel s to  re sist significant lateral 
spread of f laae froa the compartment of fire origi n to ad jacent space .  

In ord er to  perfora the prograa objec tive and to evaluate the per­
f ormance characteri stic s ,  a tes t protocol was developed usi D8 i uput s 
froa the SP I task group aember s ,  froa the technical directors  of the 
three aodel buildi1J8 code group s, and fro• various code official s and 
f ire consultants throughout the United S tates . The test protoc ol was 
finalized and the aaj or e lement s of thi s protocol consi sted of the 
f ollow!� : 

1 .  Test Structure--Thi s was to be a peraanent two-s tory 
buildiD8 cons tructed so that the test wall systems would fora two 
i ntersectiD8 walls and ,  thus , provide a corner configuration. The 
f irst  floor would be the rooa of fire orig in. 

2 . Ventilati on--one of the test walls would contain a window 
openi � ·  Thi s window openi D8 not only would sati sfy f ire venti lati on 
re quireaents but also would have relationship to the energy­
conservation requi rement s of the codes . 

3 .  Fuel Source--Initial d i scussion i nvolved a fire load 
siaila r to that peraitted by the code s in the type s  of aulti story 
s tructure for which these tests were beiD8 conducted . Thi s  f ire load 
would have resulted in  a wood cri b  of approximate ly 5000 pounds . Thi s ,  
of  course , would alaost cert ainly destroy any fixture that aight be 
cons tructed . It al so was sugge sted that a wood c ri b  vas preferable to 
a ga s-f ired source because of the need t o  i nclude radiant energy . The 
final approach va s t o  design a wood cri b  that would reproduce the AS'lH 
El l9 t iae and temperature conditions for the room of f ire origin for 
the tes t  duration. 

4 . Te st Duration--The test peri od vas initially set at 15  
ainute s .  However,  due to  the nature of thi s nonstanda rd test , the test 
d uration was extended to 30 ainutes in order t o  assess  aore fully the 
perforaance of the wall systeas under pes simd stic conditions . 
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5 .  Benchmark Tes t-As a point of camparison, the performance 
o f  the wall systems tested should be viewed relative to the performance 
of a noncombustible , cod e-acceptable wall system . In thi s prograa , a 
f iberglass-i nsulated steel panel vall system was selected a s  the bench­
mark to e stabli sh a performance level based on the finalized test 
protocol. 

A penaanent two-s tory t est f ixture vas constructed at  the SWRI . 
Thi s fixture consi sted of a building ,  two storie s in  height , with the 
f loor-t o-c eiling height of each floor being 12 feet . The i nteri or 
rooms wi th the te st wall s i n  place were 15 feet by 15 feet . 'lbe per­
manent wall s of the test structure were of c oncrete block construct ion 
and the floor s and cei lings were of concrete slab construct ion . Pri or 
to the teat , all interior valls , floors and ceiling s ,  spandrel beams , 
and columns were f ireproofed in order to  protect the test structure .  

A s  noted above , the t est walls inter sected to fora a corner conf ig­
uration. The east test  wall was constructed wi thout any opening s . The 
north t est wall was constructed with a window opening centered with 
re spect to the room of fire origin .  The window opening wa s  8 feet wide 
by 4 feet high with a sill height of 3 feet . The wall systems extended 
beyond the permanent concrete block wall s in order to s imulate ad jacent 
lateral spaces . 

The wood cri b used vas of Douglas f ir and was basically 8 feet 
long , 4 fee t deep , and approximately 2-1/ 2 feet high .  It wa s con­
structed of 2-i nch by 4-inch board s so that the longitudinal rows were 
made up of seven 8-foot le ngths and the transverse rows,  of fourtee n 
4-f oot leng ths . The cri b vas raised above the f loor in order to  pro­
vide adequate ventilation duri ng the teat . In order to ignite  the 
cri b, approximately 1 gallon of kerosene wa s  d ivided among ei ght pans 
placed undernea th the c ri b .  These pans were i nterconnected wi th 
kerosene-s oaked rags and approximately 2 pints  of kerosene were poured 
over the crib just  prior to  the te at . In older t o  ini tiate the te st , 
the kero sene-soaked rags were ignited and fire spread rapidly through 
the kerosene , providi ng an immediate increase in temperature in the 
room of f ire origin and also igniting the wood cri b .  

Ins trumentation in the test  program consisted p rimarily of  tempera­
ture measurement s .  Approximately 100 thenaocouples were placed at 
various loca tions in the rooa of fire origi n to  monitor the progres s 
o f  the f ire and along the exteri or f ace of the vall panels , both the 
no rth and the east walls . The naocouple s also were placed acros s the 
window openings to monitor the t eaperature of the flames exiting from 
the window and at various locations i n  the core of  the wall systems to  
monitor the temperature inside the cavity of the system. The i n-c avity 
temperature measurement s were used to determine whether or uot there 
was a spread of f ire into the adjacent space through the core 
i nsulation materia l .  

The t e st program consi sted o f  a total of s ix tests ; however , only · 
the f irst  four will be di scussed . These were : 
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1 .  Wall System A, Gypsua Boa rd  Wall s-Thi s test wa s  conducted t o  
determine the performance o f  the wood cri b  (i . e . , to veri fy that i t  
would meet the time and temperature re quireaent s that we re iaposed on 
i t) . 

2 .  Wal l  Systea B ,  The Benchaark Te st--This vas a test of the 
cod e-acceptable , noncoabustible wall . Thi s  system consisted of metal 
panels wi th 4-1/ 2 i nches of  fiberglass insulation in the cavities . 

3 .  Wall Systea C-Thi s wall system consisted of co-ercially 
available s teel-c lad urethane foam insulated wall panels with a thermal 
barrier .  The facings were of 22-gauge st eel and the core wa s  of 2 
inches of urethane f oam insulation.  A thermal barri er consisti ng of 
one layer of 1/ 2-i nc:h Type X gypsua wallboard was placed on the int e­
ri or face of the wall systea. Thi s  i s  a normal construction technique 
current ly used in  re sponse t o  the requireaent s of code official s . 

4 .  Wall Systea D--Th i s  vall system was similar to vall system C, 
a commerc:ally available steel-clad urethane foam insulated wall pane l 
system; however , no thermal bar ri er vas applied to the interi or 
surface s of the val l  systea .  

Ba sic f ire propert ies o f  all the vall systeas evaluated i n  thi s  
program were that the test panels had a flaae spread rati ng  of le ss 
than or equal to  25, a smoke developaent rating of less than or  equal 
to 450, and the potential heat of the foam plastic: insulation was les s 
that or equal to  6000 Btu per square foot . 

The U-value s of the wall systeaas tested also were obtained . Wall 
systea A, the gypsua board wall, had a U-value of 0 . 263 ,  a much higher 
value than the other systeas because no insulation wa s  used . The 
U-value s  of wall system B ( 0 . 062) , C ( 0 . 064) , and D ( 0 . 062) were kept 
very siailar so that any differeDCe s in the pe rformaDCe of the vall 
systems would not be re lated to either an i DCrease or a decrease in 
the insulation value of the systems . 

Te st 1 (wall systea A) vas perf ormed to verify that the cri b would 
aeet the time and temperature re quire��ent s a s  specified in  the t es t  
protocol .  The wa lls that were used i n  this test were gypsua board con­
s truction wi thout insulation materials . At approximately 10 ainute s 
i nto the t est flames began to  exit from the window openings up to an 
elevation of ap proximately 11  to 12 feet and continued to do so 
throughout the entire test period . It wa s noted that at a pproxiaately 
3 5  minute s into the test period the smoke mergi ng from the room of 
f ire origin changed color fro• the grey that i t  had been to a very 
dense black . Thi s wa s  due to the ventilation-controlled situat ion of 
the f ire , but i t  also showed that black smoke , normally associated with 
burni ng plastic s ,  ca n be produced by only burning wood mat erials .  

Figure 1 i s  a plot of the t eaperature s obtained i n  the room of f ire 
origi n duri ng the te st . These data show that the time and temperat ure 
curve obtai ned during the test very c losely followed the ASTM El l9 t ime 
and teaperature curve . In the tiae fraae of approximately 3 5  to 45  
minutes, a aarked increase in  temperature due to intensification of the 
f ire was noted . Thi s tiae coincide s  wi th the emergeDCe of the black 
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FIGURE 1 Temperatures obtained i n  the room of fire origin duri ng the 
t e st of wall system A.  

smoke from the window. It also should be noted that in t ests of wall 
systems B ,  C and D, thi s fire intensification period occurred signifi­
cantly earlier a t  approximately 2 5  to 30 minutes into the test peri od .  
'lbi s probably was due to the reflec t iveness  o f  the metal panels 
( re-radiating the heat back to the wood cri b and intensi fying the fire )  
and/or t o  the i nc reased i nsulation of the wall systems te sted i n  sys­
tems B ,  C and D ( re taining the heat i n  the room of f ire origin and 
the reby reintensi fyi ng the burni QS of the cri b) . 

Te st 2 (wall system B )  was conduc ted a s  the benchmark test usiag 
the cod e-acce ptable , noDCombustible wal l system . 'lbe wall system was 
constructed of 2 2-gauge steel panel s on both faces and the cavi ty 
contained 4-1/2 inche s of f iberglas s insulation . At the end of the 
test , the test panels were dismant led and an evaluat ion was made of 
the damage to the c ore insulation mate rial s .  On the oorth wal l ,  the 
i nsulation immediately adjacent to  the room of f ire orig in was com­
pletely de stroyed for the full wid th of the test wall and vertical ly 
to a hori zontal f ire stop a t  the second f loor line . There was some 
damage of the fibe rglass insulation above thi s hori zonta l f ire stop on 
the panel s direc tly above the window openiag up to a hei ght of approxi ­
mately 1 t o  2 feet above the second floor l ine . 'lbere also was aaoke 
d i scoloration of the fiberglass i nsulation all the way up to the 
2 6-foot mark . On the east  wal l,  the fiberglas s insulation immediately 
adjacent to the room of f ire origin was  completely destroyed , and i n  
the corner area , de s truction of  the i nsulation extended above the 
second floor line approximately 1 to 1-1 / 2 f ee t .  
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Te st 3 (wall system C) was perfo�ed using a commercially available 
stee l-clad sandwich panel consi sti ng of 2 2-gauge stee l on each face and 
2 i nche s  of urethane foam in the core . In thi s test , one layer of 
1/ 2-i nch Type X gypsum wallboa rd was installed on the interior face of 
the wal l panels.  It  should be noted that in t est s using panels of thi s  
type , there wa s  intermi ttent flaai q along the exterior seaas because 
the seams expanded and warped ,  thereby exposiq the urethane f oaa which 
i gnite s .  Smoke also •erged through the seams that opened up due to  
heat expansion duri ng  the test period . The core i nsulation of  the 
no rth wall was c ompletely destroyed up to the second f loor line , aDd 
full-d epth char extended approximately another 1-1 / 2 fee t t o  2 feet 
above the second floor line in  the thre e  panels d irectly above the 
wi ndow opening . On the east wall, c011plete foam degradation was noted 
in  the areas of the wall adjacent to  the roo• of f ire origin; however, 
thi s charri na did uot extend above the second floor line . The corner 
panel had full-depth char extendiq approximately 1-1/ 2 feet above the 
second floor l ine .  

Test  4 (wall system D) was perf ormed o n  a wall system very s imilar 
t o  wall system C exce pt that the thermal barrier was not installed on 
the interi or surface of the wall panels . Damage to the core insulation 
was such that full-dep th char extended approximately 2 feet  above the 
second floor line in the three panels directly above the window 
openi ng .  There wa s tot al destruction of the core insulation iDaedi­
ately adjacent to the area of f ire origfn i n  the north wal l . In the 
east wall ,  the core insulation immediately adjacent to the room of fi re 
origin was totally destroyed with full-depth char extending up to  the 
second floor l ine ; howeve r ,  no Char was noted above the second flo or 
line on the east wall . 

Several conc lusions were drawn based on this test seri es : 
1 .  The crib  used i n  the program doe s provide a fire intensity 

similar to  the AS'lH Ell9 time and tempera ture conditions for a period 
of  30 minute s . 

2 .  In all  t ests there was no flame penetration i nto the second 
floor a rea duri ng the 3CMainute tes t period . 

3 . In all tests there was no significant flame propagation over 
the exterior face of the wall panel s .  

4 .  I n  all tests there was total destruction of the core insulation 
i n  both the east and north wall s to  an elevation of approximately 
1 1-1 / 2 to  12  feet . 

s .  In all tests there was heat damage t o  the core i nsulation above 
the second floor line on the wall wi th the window openi ng .  

6 .  In tests  3 and 4 ,  there was no lateral spread of f lame from the 
compartment of fire origin  to ad jacent space s duri q the 3<Mainute test 
exposure . In test 2, the fiberglass insulation was damaged for the 
full wid th of the wall system . 

1 . Duri ng all tests smoke was observed i n  the sec ond f loor room 
during the 3<Mainut e te st period . 
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In summary , a test protocol has bee n deve loped and tests have been 
performed to  evaluate the fire perf ormance characteri stics of exterior 
nonload-bearing wall systems for use i n  aultistory applications . These 
test re sults have been submit ted to various code officials throughout 
the United State s and acceptance of the wal l systems ha s  been aranted 
by aany of the code bodies . For a nyone requiri ng further information 
coacerni na these tes t s ,  the final re po rt of thi s prograa i s  available 
froa the headquart ers of the Society of the Pl astics Industry in New 
York,  New York.  
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J. R . Beyreis 

Managi ng Engineer , Fire Protection Department 
Underwri ters Labora tori es,  Inc . ,  Northbrook, Il linois 

The changing economic s of energy utilization have resulted in the 
increased use of thermal insulating material s in all forms of bui lding 
cons truction . Cellulose fiber insulation is one such material .  A 
major use of cellulose f iber insulation i s  as  attic joist cavity f ill 
insulation in residential and light commercial-indust ria l construction.  

The i ncreased use of cellulose insulation material s has raised so.e 
question s : What are the f ire charact eristic s of concern for these 
materials? Bow c an these f ire characteri stics be measured? Wha t i s  
the re lati onship o f  pe rfo�nce both between various test aethod s a s  
well a s  between test method s and actual installation situat ions ? What 
i s  the impact of recessed light fixture s and elect rical wiring on such 
installations . 

These questions and others were the subject of i�ouse studie s and 
sponsored resea rch recently undertaken at Underwriters Laborat ories . 
One project of special interest was undertaken under the sponsorship 
of the Department of Energy ( through Oak Ridge National Laboratorie s) . 
Th e  program was intended t o  develop data for the evaluat ion of the fire 
performanc e characteri stic s of building insulation mat erial s used in 
wood frame attic s . 

FilE TEST STUDIES 

Ful l-scale and standarized laborat ory fire test s were used to 
evaluate the fire perfor.ance characteri stics of several insulation 
materials . The degree of f i re retardance produced in cellulosic mat e­
ri als by commonly used treating methods and the relationshi p  between 
laborat ory test s and ful l-scale pe rfor.ance were explored in the 
inve stigations . 

Full-Scale Fi re Te sts 

The full-scale attic burns involved both flami ng  and no nflaming 
ignition sourc es and were conduc ted i n  s imulated attic constructions 
such as that shown i n  Figure 1 .  Flami ng ignition source s included a 
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PIGURE 1 PUll-Scale Siaulated Attie . 

butane torch a pplied to the surface of the insulation material and a 
flammable liquid spill (alcohol)  poured on the insulation material and 
then ignited . Only one ignition source , applied at one ignit ion loca­
tion, vas used in any particular experiment i n  order to reaove the 
possibili ty of i nterac tion between two ignition condi t ions .  This vas 
done to  maximize i nformation from the study wi th regard t o  the effec t 
of each ignition cond iti on indivi dually.  

The nonflaaing ignit ion source s included a recessed lighting fix­
t ure ,  an  e lectrically energ ized wire , and a smoldering cigarette . The 
light fixture was used wi th a 6o-wat t incandescent light bulb specified 
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a s  the maximum si ze for  use wi th the particular light fixture as well 
a s  with an overlamped condition of a 15G-watt incandescent bulb . 

Ful l-scale test s were conducted wi th an 8-foot by 12-foot plan 
attic encl� sure with a sloping roo f .  The attic had nominal 2-inch by 
6-inch wood joi s t s , nominal 2-inch by 4-inch wood rafters , plywood 
sbeat ing over the raf ters ,  and a 1/ 2-inch gypsum wallboard c eilia& 
nailed to the underside of the joist s a s  would occu r in typical con­
s truction• The attic was provided with i nsulat ion over the top 
surface of the exterior sheathi na in orde r t o  facilitat e teaperature 
ri se within the a t tic const ruction. The i nsulat ion material f or each 
experiment wa s blown into the space between the joi st s to provide a 
s imulation of exposed insulat ion as would occur in a typical , open 
attic , wood frame residentia l dwelli q .  

Al l o f  the experiaents i n  the at tic were conducted with elevated 
ambient temperature s repre sentative of those that would occur on a hot ,  
sunny day i n  au.aer . The aabient teaperature in the attic was 15<PF . 
'lbe temperature wa s  achieved usina two different heatina aethod s :  a 
convect ive heating method using a hot air heater t o  blow hot air i nto 
a duc t that led int o the attic cavity , and a radiant eneray source 
c onsi sting of two electric radiant heaters located within the attic . 
In each case , the heati ng  wa s  continued for about 5 hour s until teape r­
ature equilibri ua had occurred in  the at tic and i nsulati on . 

Laboratory Tests 

'lb e  laboratory test phase of  the investigation i ncluded two test s 
ae thod a . First of these wa s the 2 5-foot tunnel tea t  ( ASTM E8 4,  UL 723,  
Te st s for Surface Burnina Characteristics of Building Ma terials) . The 
test develops a value for flame spread and smoke development fo r mate­
rial under speci fied t est conditions with respect t o  a referenc e aate­
rial of red oak lumber classified a s  100 and a noncombustible asbestos­
c ement board as 0 on the classification scale . The second teat aethod 
used was the attic  floor radiant panel tes t  presently specified a s  one 
of the flammabi lity t ests contained in the Consuaer Produc ts Safety 
Commi ssion Interia Safety Standa rd and the General Service s Admini s tra­
t ion Fe deral S peci fication HH-I-515D for cellulosic loose f ill 
insulation mat erials . 

Materials Evaluated 

Cellulosic , glas s  fi ber , and mineral wool "loose fil l" insulation 
products were included in the i nvest igat ion .  Two groups of cellulo sic 
insulation material s were included in these studie s .  One se t of cellu­
losic samples was manufactured using a specific chemical formulation 
f ire-reta rdant t reatment but wi th varyiq chemical "add-on" rates . The 
chemical add-on rates were designed so that a raaae o f  f lame spread 
value s , as determined by the tunnel  test method , of approxiaate ly 2 5 ,  
3 5, 4 5, 55 ,  and 6 5  would be exhibi ted . 
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The se material s were used in a series of attic expe riment s t o 
bracket the value of f lame spread corre sponding to the full f ire 
involvement in the simulated at tic . The range of flame spread value s  
was selec ted to show a ramae o f  performance i n  the simulated attic . 

The second set of cel lulosic samples wa s t reated with four differ­
ent chemical treatment systems . each of differing chemical composi tion.  
These mate rial s we re intended to be re presentative of the spectrum of 
chem ical treatment systems commerc ially in use .  These were obtained 
with va rying treatment levels t o  produc e a range of performance in fi re 
t esting . 

EXAMINATION OF RESULTS 

Fire testing in the full-scale simulated attic construction was 
f irst conducted using cellulosic materi als treated at various levels 
wi th a single chemical t reatment syst em .  In full-scale simulated attic 
tests with cellulosic insulation having a flame spread value of approx­
imately 3 5 1  the fi re tended to ext inguish of it s own accord in the 
immediate vicinity of the ignition sourc e .  Propagation occurred f or a 
distance of several inches with little vigor but extimauished bef ore 
extending more than a few inche s beyond the immediate ignition area . 

Cellulosic material with flame spread value s greater than app roxi­
mately 4 51 as determined by the tunnel test method 1 supported combus­
tion and led t o  f ul l  or near full att ic involvement . In test s  i n  
full-scale simulated a ttics with higher f lame spread materials . flame 
propagation extended over the top surface of the cellulosic mat e rial .  
and a char developed that extended approximately 1/ 4 t o  1/ 2 i nch into 
the material . Beneath the char layer.  the cellulose material wa s 
unchamaed in appearance . 

Once test ing was completed with cellulosic material with various 
level s of a single chemical t rea tment system . the next step was t o  
c onduct tests with c ellulosic materials treated with four different 
chemical t reatment systems representi ma a spectrum of c ommercially 
used chemical treatment systems . Thi s  was i ntended to examine whether 
perf ormance charac te ri stic s in ful l-scale simulated at t ic s  applied 
only to a s ingle t reatment f ormulat ion or t o  other kinds o f  chemical 
treatement s as wel l .  

Again. where the material had higher flame spread value s 1  propaga­
ting fires we re produc ed . Materials wi th flame spread values of 
approximately 3 5  or less burned only in the immediate location of  the 
ignition source . · 

Simi lar result s were acquired with other materials--shredded glas s 
fiber and minera l wool insulation . The compo sition of these material s 
was such that all samples exhibited f lame spread values in the range 
of 2 5  or le ss . The se material s .  consistent with the perf ormance of low 
flame spread 1 cellulosic materi als.  did not support pro pagating f ire s 
where flaming ignition source s were used . 

Proceedings of the Conference on Energy Conservation and Firesafety in Buildings

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19611


134 

Smoldering Fire Tes t ing 
To investigate smolderi ng conditions , testa were conduc ted in 

attic a  in which the insulation materi al was installed into the cavity 
in the blown-i n c ondition. Saolderi ng ignition condi tions incorporated 
i n  these studies included a smoldering ( l i t )  cigarette , a recessed 
e lec tri c light ing f ixture , and an e lectrically energized copper wire . 
In experiments that utilized the cigarette  ignit ion sourc e ,  the insula­
t ion material was blown i nto the joist cavities and a aaall , round­
tipped rod wa s inserte a  into the insulation aaterial t o  create a sma ll 
cavity . A lit cigarette was then inserted i n  the cavity with the lit 
end up . The burning of the cigarette and the smolderi ng  of the cellu­
lose insulation that ensued was permitted to  continue for not le as than 
4 hours . The rat e of smolde ring in inche s per hour was rec orded for 
each material . 

Al l c el lulosic materi als included in these studies exhibited 
continuing smolde ri ng combustion after placement of the lit ciga re tt e .  
Smolderi ng combust ion d id not lead t o  flaming combustion i n  t esta with 
any of the cellulose materials . The rat e of smolde ri ng  combustion 
propagation ranged from 3 . 2 5  i nche s per hour for cellulo se loose f ill 
material havi ng a flame spread of approximately 25  to 6 . 6  inches per 
hour for untreated cellulose material . 

Experiment s conducted wi th the recessed light fixture us ing the 
maxiaua specified 6o-watt incandescent bulb resulted in no change in  
the appearance or  color of the cellulosic insulation material after 5 
hours of  exposure regardless of the treatment type or level of treat­
ment . lbere wa s some temperature rise in  the insulat ion aaterial 
adjacent to  the f ixture , but i t  was not sufficient to  cause auy appar­
ent degradation of the mat erial after the system reached teaperature 
e quilibri um .  With the fixture improperly overlamped with a 15Q-watt 
incande scent bulb ,  higher system teaperature s were recorded , and smol­
d eri ng occurred . Smolderi ng combustion pro pagation rates were s imilar 
to those which occur red when smolderi ng  combustion was initiated by the 
c igare tte ignition source . 

Experiments with the building wire were conducted with the wire 
embedded in the cellulose insulation . The wi re was a No . 14 gauge 
c opper wire s tri pped of ita  insulation. The circuit  was energized at 
1 15 volt a ac provided through a load bank to develop approximately 48 
ampere s in  the system. lbe current was applied for 8 hours a f ter 
steady state temperat ures were developed . The maximum teaperature 
mea sured adjacent to the wire was 3200F . No di scoloration or o ther 
change in the appearance of the cellulose insulation wa s  noted . 
Smo lderi ng combustion did not occur . 

Compari son of  Laboratory Teat Me thod s 

Flame spread values f or vari ous cellulosic materials , as d etermined 
by the tunnel teat , are shown in Figure 2 in relation t o  the add-on rat e 
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FIGURE 2 Flame spread vs . percent chemical ad d-on . 

of  chemical f laae-re tardant treatment s .  Cri tical radiant f lux as 
determined for the same materials u sing the radiant panel is shown in 
Figure 3. As is evident , the ·variation in full-scale performance 
repo rted for cellulosic  materials of various flame spread i s  consistent 
with variat ion in treatment levels . Thus , the tunnel fyrnace method 
i s  able to  provide di scernment of mate rial perf ormance that relate s to 
the actual attic involvement . Conversely , the inability of the radiant 
panel method to assess cri tical radiant flux values above 0. 10 W/ca2 

result s i n  an inability to compare result s of the re spect ive method s . 
The d iscernment of performance characteri stics provided by the tunnel 
furnace method i s  no t provided by the radiant panel test method . 

FINDINGS 

A complete report of these fire test studie s currently i s  being 
pre pared for i nclusion in the f inal report of thi s investigation .  
Ce rtai n preliminary findings can be summa rized. as follows : 
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1 .  Under smolderi ng and flaming combustion conditions, both the 
attic floor ra4iant panel and the 25 foot tunnel test aethod provide 
data that correlates t o ,  varying with flame propagation, characteri s­
tic s of the same materials in simulated full-scale att ics . The attic 
floor radiant panel provides essent ial ly a " pa ss-fail" judgment mode . 
The 2 5  foot teat method provides a means of ranki ng or gradi ng perfor­
manc e ,  includiQ& the ability to provide indication of performance in 
both high ambient temperature and normal ambient temperature at tic 
conditions . 

2 .  Materials having a 2 5  foot tunnel flame spread value of  2 5  
generally developed a crit ical radiant flux value o f  0. 12 W/cm2 as  
determined by the attic floor radiant panel method . Materials having 
flame spread values of approximately 30 t o  35 exhibited cri tical radi­
ant flux values less than 0. 10 W/cm2 . The end of the test speciaen 
in the cri tical radiant flux me thod coincides with a c ritical radiant 
flux of 0 . 10 W/cm2 . As long a s  the specimen does not propagate the 
full leng th of the specimen in the attic  floor radiant panel te st 
method , a c orrelation with 25 f lame spread value materials can be 
shown . Thi s performance level coincide s with the likelihood of lit t le 
propensity f or total fire involvement in attic enclosure s .  However , 
material s  that have marginally higher flame propagati ng  charac terist ics 
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a re beyond the capability o f  the attic  floor radiant pane l t o  provide 
i ndi cation of likely performance of materials in the full-scale attic 
enc losure . 

3 .  Loo se f i ll materials placed i n  joist cavi ties in at tic floors 
demons tra te a great er propensity for smoldering and flaming combustion 
when the at tic ambient temperature s  are elevated . In experiment s con­
ducted i n  simulated at tic s at ambient temperatures  of approximate ly 
lSOPF , loose fill material havi ng E84 flame spread values of 45 or 
greater supported both smoldering and flaming combustion . Flaming 
combustion of loose fill materi als having flame spread value s of  45  or 
greater generally led to  full fire involvement . Loose fill materials 
having f lame spread value s of  35 or less generally failed to support 
flaming combustion or sustain combustion at  all ; accord ingly , they did 
not lead to full at tic involvement . Those materials having approxi­
mately a 3 5  flame spread tended to exhibit some amount of p ropagati ng  
flame in the immediate region o f  igni tion but generally tended to c ease 
burni ng prior to full involvement of the material in the attic spac e .  

4 .  The f act that materials will meet either the cri tical radiant 
flux acceptance requirement of the a t tic floor radiant panel or the 25 
flame spread requirement of the tunnel method does not nece ssari ly 
indicate that smolde ri ng combustion will not occur . There appears t o  
be a need to  e valuate smolderi ng characteri st ics  apart from these 
me thod s .  Smolde ring combustion was not produced when various ce llu­
losic materials  were exposed to the recessed light f ixture in  a rated 
lamp condition regardles s of the tunnel flame spread va lue . In o ther 
word s , t emperature s with the bulb in the f ixture at i ts rated level 
did not rise high enough to produce a degradation of the mate rial .  
However ,  when the f ixture was overlamped , the temperature s developed 
led to degradation of the cellulosic material . It i s  important t o  
adhere t o  the bulb requirement specified for a f ixture . I t  should be 
noted that the Nat ional Electrical Code prohibit s the placement of  
insulat ion ad jacent to  a f ixture . Temperature s moni tored during the 
overheated elec trical wire experiment re sulted in temperature s withi n 
the insulation of  a maximum of ap proximately 32 00F af ter 8 hours 
exposure with a 48 ampere load . Thi s condit ion did not lead to the 
onset  of  ignition during the 8 hour exposure period . 

· 
These findi ngs are pre liminary in nat ure . 'lbi s paper i s  i ntended 

primari ly to  provide an i ndication of  the nature of  f ire re search work 
that UL i s  carryi ng  out with loose fill insulation material in f ul l­
scale simulated attic a .  The full f indings of thi s work will be 
i nc luded in a final report t o  the sponsor . 
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INTRODUCTION 

H. J. Roux 
Coordinat ing Manager ,  Product Fi re Perfo�nce 

Armstrong World Industries , Inc . ,  Lancaster , Pennsylvania 

During thi s se ssi on of the conf erence , eight expert s will desc ribe 
what they are doing wi th respect to the conflict between energy conser­
vation and f i re safety in buildi ng s . They also will explain what might 
be done in the future . 

The expert s have been selected to c over as  broad a range of 
interest s as po ssible . One speaker represents the Department of 
Energy and another , the De partment of Housing and Ur ban Development . 
One speake r repre sent s the building code community , specifically the 
model building codes . One speaker represent s the Ameri can In stitute 
of Archi tec t s ,  ano ther i s  a profe ssional engineer representing the 
air-c onditioning f ield , and another i s  a practicins f ire protection 
engineer .  the remai ning two speakers represent building owners ,  
contractors , and developer s .  
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PRESENTATION 

Ernest c . Freeman,  Jr. 
Program Manager , Arch itec tural and Eng ineering Systems Branch 
Conservation and Renewable Energy , u .s .  Department of  Energy 

Wa shing ton, D . c . 

Before di scussi ng problems associated wi th the fire properties of 
insulation materi als ,  let me revi ew a broader p icture : Ameri ca ' s  
energy goal s  and the energy-efficient society we all are working to 
create . Our national energy goal s are clear ; we must move our economy 
away from it s reliance on oi l and toward new, d iversified energy 
sources . It is important to remember that we a re i n  a trans it ion from 
an oi l-dependent economy to an energy-diversified economy . This tran­
sition has reflected i tself in several crises , beginning with the oil 
emba rgo i n  19 7 3 .  

When we talk about oil , we are talking about the s ingle most 
important element affect ing our national securi ty,  our economy , our 
s tandard of living , our social and polit ical freedom , and the kinds o f  
lives our children and grandchildren will  b e  living . Oi l expenditures 
a lready have more to  d o  wi th our i nflation rate , the value of the dol­
la r ,  and our balance of  payment s defici t  than any other economi c 
factor .  

Energy i s  a truly pervasive i ssue that affect s every American . 
Ri ght now, the peo ple of the United States are sending $10 mi llion 
a broad to  feed our oil appetites--and that happens every hour of every 
day and every night at present oi l price s . At current levels of 
import s , Ameri ca wi ll spend about $9 0  billion thi s year f or foreign 
o i l .  

Th e  basic object ive o f  our energy policy i s  to  cut our imports  i n  
half by 199 0 .  In the meantime , we must not inc rease our import s beyond 
what they were i n  197 7 .  This policy mus t be deve loped and enforced 
with concern for i nflation, unemployment , and other economic issue s .  
I t  also has to  be developed within the framework o f  internat ional 
cooperat ion. 

Reduced energy c onsumpt ion i s  the corners tone of re-establi shing 
our energy balance in the i!llllediate future . 'l'he key is energy­
ef ficient ut ili zation .  Thi s means doing things a little better--or a 
lot better--than they have been done in the past and getting more use 
out of our resources . Energy efficiency is productivi ty . Too much of 
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the energy we use t oday i s  was ted through ineff icient home c onstruc tion 
and inefficient appliances . It doe s not contribut e t o  productivity and 
i t  does nothing to  improve or mai ntai n our standard of l iving . I t  i s  
simply wa sted .  

For the past  10 years , the main thrust for energy savings from the 
use of thermal insulation came from applications in residential 
housing . Much has been done and yet a great deal st ill need s to be 
done wi th new and exi sting buildings . 

There a re  three major performance characteri stics that should be 
considered in asse ssi ng the effect s of addi ng insulation material s  i n  
bui lding construc tion with re spect to  f ire deve lopment . These charac­
teri stics are : ( 1) flammabi li ty or flame spread , ( 2) combustibility , 
and (3 )  the inf luence of insulation on the hourly f ire-re sistance 
rating of bui lding structure element s previously tested and classified 
without insulation . 

The f lammabi lity characteri stics of building materials generally 
are measured by means of flame sp read test s conducted in accordance 
wi th the standard f or tests of surface burning charac teri stics o f  
bui lding material s (ANSI/AS'IH E8 4, NFPA 2 5 5, and UL 7 2 3) . Thi s test 
method provides inf ormat ion regard ing the flame spreading characteri s­
tic s over the surface of material s ,  temperatures developed by their 
c ombustion, and the standard f ire t est exposure . 

" Combustible" i s  generally taken to  mean "capa ble of undergoing 
c ombustion in  a ir a t  pre ssures and temperatures that might occur during 
a fire in a bui lding or in a mo re severe environment when speci fied . " 
Combustible materials are considered contributory to  the severi ty of 
the fire environment wherea s material s that are not readily combustible 
are generally not c ontri butory to f ire development . Ma teri als of lim­
ited combustibility will  ignite and burn to some degree when exposed 
t o fire environment s conducive to such combustion but generally a re 
considered a s  not contributi ng  signi ficantly to the severity of the 
energy environment .  In general , a material that i s  not readily c ombus­
tible can be considered to be one that will not ignite , burn, support 
combust ion, or release flammable vapor s when subj ected to fire o r  heat . 

Building code s regulat e  and limit the use of combustible mat e rial s 
with respec t to  building cons truction type. Therefore , the combusti­
bility charac teristics  of certain types of insulation may need to be · 
determined dependi ng on applicable building code requirement s and the 
types of building construction involved . 

Fire propert ies of insulation materials are extremely c omplex 
problem areas that have numerous a spec t s  ( e . g . , ea se of ignition, 
transit ion from smolderi ng to f laming c ombustion , rate of spread of 
combustion, rat e of heat release , ease of spread to other materia ls , 
rate of smoke generation, and toxicity of c ombustion produc t s) . 
Quant itat ive measures of each of these a spect s a re dependent not only 
on the nature of the insulation but also on bow it  is u sed . Thi s 
impli es a need for new test methods that ref lec t the real usage cond i ­
t ions of current i nsulat ion materi als . 
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The c urrently most pressing concerns about f ire pro perties fall in 
a limit ed number of catagorie s ;  these a re defined by the f requency of 
present usage and the available f ire stati stics . In large part , these 
involve loose fi l l  cellulosic insulation; however,  the inc reasing usage 
of cellular plastics and pressed wood products in  wall structure s mer­
i t s  attention a s  do similar potent ial problems with other insulat ions 
that I wi ll mention. 

As you may know, loose f ill cellulosic insulation is now required 
to pass the attic floor radiant pane l test and a cigarett e-based smo l­
d eri ng  ignition test . This i s  the first  step in e ffectively addre ssing 
the combustibili ty of these mate rial s .  The fo DDer test  simulates a 
reali stic f laming igni t ion and spread situation in a re sidential attic ; 
the latte r  i s  les s  realist ic but certainly provides some measure o f  
smolderi ng ignition.  Re si stance t o  smolderi ng igni tion and spread 
appears diff icul t  t o  achieve wi th current retardant s so the next poi nt 
i n  the sequence must be examined , t ransit ion from smolderi ng into 
flaming ; no test c urrently exist s  but one i s  needed . Basic studie s on 
smolderi ng me chani sms are needed to assure a scientific basis for such 
testing and t o  guide the development of more smolde r-resistant pro­
ducts •  I t  i s  not c lea r  whether the radiant panel test provides a 
proper mea sure of the flami ng that follows smoldering , e specially with 
regard t o  the tendency t o  i nvolve other materials . Thi s  implies a need 
for more expl oratory work on the flami ng  characteristic s  of thi s  
i nsulation. 

Environmental cycling effec t s  and permanency of combust ion retar­
dant s in cellulosic insulation current ly are under investigat ion at  the 
Oak Ridge Na tional Labora tory and the Na t ional Bureau of Standard s . 
These are serious concerns ; their impact would be measured ap propri­
ately with an improved smolderi ng ignit ion test . 

Other insulation materials with an appreciable organic content ( in 
bulk or a s  a facing ) share uni que fire propert ies , notably a propensity 
for rapid flame spread . Recommended practice prec lude s their exposure 
to building interiors ; however , i t  i s  unclear to what extent such 
materials  may aggravate smo ldering or flami ng susceptibi lity  of wall 
structure s  to i nternal igni tion sources such as electrical failures . 
Continui ng research i s  needed to ident ify effect ive ways t o  mea sure and 
suppre s s  the combust ibili ty of such insulation materi als i n  these t ypes 
of applications . At pre sent , there a re no tes t me thod s that measure 
thi s type of hazard ; i t is not clear whether performance i n  the E84 
tunnel tes t  bears on thi s question. 

Te st s for rate of heat re lease , heat cont ri but ion ,  smoke formation, 
and toxicity of combustion produc t s  a re under act ive development for 
general application to building materials  and structure s . Their appli­
cability to  the evaluation of the f i resafety of insulating materials 
mus t be reviewed , and appropriate investigations and recommendat ions 
must  be made when the need is indicat ed . These items should be devel­
o ped jointly by the public and private sectors with opportunity for all  
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t o  part i c i pate and /or review the result s of the work . Organizati ons 
such a s  the Advi sory Board on the Bui l t  Environment , the Na t ional 
Inst itut e  of Bui ldi ng Science s ,  the American Society of Beat i ng , 
Re frigeratina and Ai r Condit i oni na  Eng ineer s ,  the Am erican Society f or 
Te s t ing and Material s ,  and the Int ernational Standard s Organi zation 
should be ac t ive ly solic i ted f or input . New or revi sed s tandard s and 
code s should be ra pidly developed and implement ed . 

In summary ,  the applicat ion of energy-e f ficient materi a l s  t o  exis­
t ing or new buildi ngs will never t ot ally be wi thout risk of haza rd t o  
the occupant o f  the bui ldina or t o  the s t ructure i t self . However , I 
believe the se ri sks can be minimized through the us e of quality mat e­
rials designed and t ested t o  re spond to the rigor s  of the environment 
i n  which they a re placed . If we can CCIIIIIli t  our selve s t o  tha t , our 
c ountry can l ook forward t o  a s ecure and safe energy future . 

Proceedings of the Conference on Energy Conservation and Firesafety in Buildings

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19611


PRESENTATION 

Jame s McCollom 
Director , Mobile Home Research 

u . s .  De partment of Housing and Urban Develo pment , Washing ton, D . c . 

I would like to approach thi s talk on the use of the sy stems 
approach not mainly from the mobile home a spect , but rather from an 
al l-residential housing view with emphasi s on building technology 
research .  

In the early 1970s ,  the De partment o f  Housing and Urban Develop­
ment ' s  (BUD ' s) buildi ng  technology research foc:us concentrated on 
demonstrat ing the use of factory-built housing to meet the needs of all 
income groups . In Operation Breakthrough , we also attempted to  advance 
the state  of the a rt in resident ial f ire safety by the deve lopment of 
mini-fire ratings and test procedures wi th whic:h to  judge quite innova­
t ive building mat erial s .  Us ing the systems approach , B�eakthrough 
explored the capabilities  of many kind s of buildi ngs--from single­
family plastic: dwellings to 25-s tory modu lar c:onc:rete apa rtment bui ld­
ings ( in wbic:h the modules themselves provided their own support 
wi thout any columnar assistance ) .  

The energy cri si s  and its  afterma th conf ronted HUD with a pro blem : 
how to save energy without appreciably raising the c:ost per squa re foot 
of bui lding . The consequent inflation af ter 1 973 has impacted BUD ' s  
time-honored goal of providi ng  "decent safe and aff ordable housi ng for 
eac:h Ameri can. "  As inflation increased , we have adapted our re search 
to c:onc:entrate on reducing buildi ng c:ost s ,  using the systems approach 
t o  assure that the f inal research delivered i s t imely and realistic: . 

In my opinion ,  the only way that thi s c: onferenc:e c:an achieve an 
answer to questions c:onc:erning the suc: c:essful marriage of  energy con­
servation and f iresafety i s  through the systems approach . I recognize 
that the t erm ,  " systems approach, " i s  muc:h maligned , but properly used , 
it  c:an provide surprisingly suc:c:essful result s to  difficult problems . · 
.Let me share wi th you a few examples . 

Consider the energy-consumption leve l of America ' s  one- and two­
family homes . To find out i f  i t  was prac: tic:al to reac:h muc:h lower 
U-value s and become energy-efficient , we ent ered int o  a joint vent ure 
wi th the Na tional As sociation of Home Builders Research Foundation.  
TWo home s were conceived , designed , and built i ncorporati ng  very inno­
vative structural envelope and BVAC f eatures that c:ould substantively 
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reduc e the occ upant ' s  fuel consumption . 'lbese h011es were built by a 
typical builder and their performance was scientifically c ompared to  
adjacent homes of  similar but conventional construction in  order to  
determi ne cost-effec tiveness . In addition, the trade-of f between 
f iresafety and advanced energy-conservation design was systematically 
made . 

Another example of the rigorous use of the systems approach are our 
" OVE "  homes that we re designed to reduce labor and buildi n& mat erial 
cost s through improved engineeri ng design . Here we t ied t ogether other 
BUD-sponsored research result s ,  such a s  the use of comply wood stud s  
(which are composed of lumber mill scrap combined with i socyanate 
resins to f orm a very dependable , dimensionally stable board) . In our 
very large  so lar demonstration pro ject , BUD re searchers scrupulously 
used the systems ap proach to  select and judge the potential of hund reds 
of  pro posed solar collector , s torage , and d istri bution systems t o  pro­
vide optimum energy performance , to be f iresafe , to meet durabi lity 
requirement s, and t o  be cost-e ffec tive . 

Ano ther example was our as sistance to  the Department o f  Energy in 
i t s very substant ive effort to  develop Building Energy Perf ormance 
Standa rd s  ( BEPS ) . 'l'he use of a systems approach was vita l  in o rder to 
addre ss the enormous amount of information and choices available to the 
t echnical and economic professionals assembled from industry , academia ,  
and government . Here , t oo,  fire safety was a highly important factor . 
In our Modular Int egrated Uti lity System (MIUS ) program , we spons ored 
resident ial power plants to  demons trate a MIUS system for burning a 
community ' s  waste s and recovering the energy for reuse . 

In a diff erent area,  we have sponsored extensive re search and then 
demons trated the use of electric flat-conductor cable ( PCC) . PCC has 
the potential t o  revolutioni ze the expensive e lec trical rehabilitation 
methods used in older urban residences  since the PCC wi ring i s  no t 
installed in  wall or ceiling cavi ties . Ra ther i t  is simply placed 
directly unde r  the carpet or linoleum , resul ti ng  in minillllllll tear-down 
effort s  and installation t ime . To as sure i ts f ire safety perf ormance , 
we have sponsored extensive elect rical f iresafety testing with the 
Na t ional Bureau of S tandard s ( NBS )  and Underwri ter s Laboratori es ( UL) 
and the re sult s have been good . It appear s that the use o f  PCC also 
c ould improve life-cycle energy perf ormance (by removing the insulation 
compression and connect ing paths often caused by conventional wiring 
i n  wall cavit ies) as  well as reduce overall rehabi litation f irst c ost s .  
Int eresti ngly , we understand that Western Elec t ric  was s o  impressed 
tha t i t  now is using FCC in  many of i ts office buildings .  

To further  narrow our focus , let us turn to research on trade-of fs 
betwee n  f ire safety and energy . Take , f or example , factory-built 
housi ng .  As you are aware , expensive , ful l-scale testi ng generally i s  
re quired  before a manufacturer can obtain building code approval to  
cons truc t  and se ll a dwe lli ng containing innovative mat e ria l ( e . g . , 
foam plastic)  that might affect the home ' s f iresafety performanc e .  To 
reduce testing cost s ,  we sponsored research with NBS t o  experiment wi th 
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1 / 8- and 1 /4-scale testing module s i n  order t o  develop a re liabl e ,  
reusable , economic ,  small-scale test me thod . Its  use could economi­
cally benefi t modula r ,  mobile , and paneli zed systems manufact urers in 
their search for safe , high-thermal-performance materials and render 
obsolete the more expensive full-scale testing .  

In an earlier effort , we sponsored the development o f  a specialized 
ful l-scale f i re test wi th the Il linoi s Institut e of Technology Research 
Ins titute so as  t o  j udge the f iresafety performance of the rigid f oam 
used a s  the rmal insulati on in ceiling and wall cavit ie s .  Elect rical 
receptacle f ire s were generated t o  determine in-the-wall reac tions i� 
order to develop criteria for pas s-fail testi ng .  

Even smoke detector perf ormanc e bas been examined i n  conjunction 
with the manufactured home ' s energy system to  note if  the operation of 
the home ' s  HVAC system would suck the smoke away from the detector and 
thereby prevent the detector from warni ng the occupant s of danger . 
Earlier tests bad implied thi s ,  but the subsequent research, systemati­
cally pursued , proved that the detec tors were effective in most loca­
t ions under f urnace and air-c onditioning "on" conditions . 

In co nc lusion , you may judge from these example s that we have been 
using the systems approach in our e fforts  to generate re sident ial 
energy improvement s and to identify any adverse side-effects  on f i re­
safety . If there are trade-off s ,  these can be measured and evaluated . 
the end result can provide cost-effective and safe homes f or our 
citizens • 
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Charle s o . Everly 
Di rector , De partment of Building and Mechanical In spec tion 

City of Alexand ria , Virginia 

I do not pretend to be an energy exper t ,  and I suspect , g iven what 
I have heard at thi s conference , that there are no real ene rgy expert s 
here .  Mo s t  of our concerns are with f iresafety rather than with 
energy . However ,  I have observed that many cha�es in building codes 
over the past two years were brought about as a d irect  result of the 
energy crisi s .  

For the most part , these changes are practical soluti ons t o  known 
problems , and that i s  what building codes deal with . We really repre­
sent the front line , and I think of the building code as  the aperture 
of a funnel through whi ch everythi ng else passes and eventually get s 
down t o  the user . Research pro jects are great , but until their re sults  
are transmitted i n  some f orm to  the fellow wi th the hammer and the saw, 
they are not going to have any great impact on building construction .  

To begi n,  I think we need t o  consider what a building code i s  and , 
i n  a very broad sense , what its  approach to the two basically unrelated 
subject s  of energy efficiency and f iresafety really i s .  Energy eff i­
ciency in terms of the bui lding code i s  a brand new topic . No one was 
concerned wi th that problem prior to  1973  when the oil embargo 
occurred . 

To the extent possible , codes over the years have been wri tten in 
pe rf ormance language , but they s till  mus t be simple enough for the peo­
ple i n  the field to  understand . In the minds of many of us involved 
wi th code s in the mid-197 0s ,  energy conservation or ene rgy efficiency 
was rea lly not a perf ormance cri teri on . Bui ldi� codes for years had 
allowed the builder  to  balance how much insulation he put in the wall  
against how much would be  spent for fuel ( i . e . , you could spend your 
money on a capital investment or pay more for operat i ng  expense s) . The 
d eci sion between the two was economic and it could be analyzed by eco­
nomic me thod s ;  i t  had nothing t o  do wi th codes . However, in the brief 
time since the f irst embargo,  energy efficiency has become a part of 
all of the major model code s ,  either by i nclusion in the body of the 
c ode or by direct adoption of the model code for energy c onservat ion. 
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On the other hand , firesafety always has been one of the three 
major topics of modern building codes (along with health and environ­
ment and structural safe ty) . In terms of the personnel time that i s  
devoted t o  the subjec t , unquestionably fire safety ranks number one . 

To s ame extent , thi s conference vas stimulated by concern that 
energy c onsiderations occasionally have compromised accepted f ire 
protect ion crite ri a . Characteristic s of new materials generated the 
need f or new test methods and new test method s never gain unquali fied 
overnight acceptance . We. sti ll have considerable a rgument at cod e  
hearings a bout the requirements for vari ous material s ,  primarily due 
to  the questionable nature of many of the tes t s .  

Th e  Board f or Coordination of  Model Codes has been consideri ng how 
to balance the requi rement s  of the three model codes regarding foam 
plastic s •  We had bare ly began discussing the subject when the Na t ional 
Bureau of Standa rds ( NBS )  sent us a letter que stioning the validi ty of 
t ests that were performed and proposed by the Society of the Pl a stics 
Indust ry . Given the lack of anything else , we probably will refer to 
those tests in spite of the NBS . Give us s omething better and we wi ll 
use i t . 

It should be kept in mind , particularly by those of us  who make the 
rule s , that f i re safety i s  a very subjective term . It cannot be mea­
sured on a numbered scale ; it has no absolute value . To be sure , there 
are statistics , but there is little correlation between those stati s­
t ics  and the ac tual acts that we perf orm with a building . 

Adding an inch of a specific kind of insulation wil l  produce pre­
d ictable change in the energy c onsumption of a building , but its  spe­
cific effect on f i resafety probably will never be known . It s effect  
on a fire system will be  known, but I doubt very s eriously whether a ny­
body will ever quantify it s effect on people in  the building . 

Our system of regulat ing bui lding c onstruction has e volved over 
many years .  Buildi ng codes are a catchall ; they pull together the 
thinking of diverse and i solated sources and attempt to make them all 
mesh .  Fi resafety , health , energy , security ,  st ructural safe ty ,  and 
other c onsiderations are important in solvi ng a problem i n  one area but 
they often creat e a problem somewhere else . There i s  a constant st riv­
ing f or balance by the people who write  the building codes . 

The fac t that energy conservation i s  a newcomer t o  the list d oe s  
not mean that it s hould not also be balanced with the others . Energy 
efficiency really boil s  down t o  a pure engineering problem . Onc e you 
e liminat e  the economic questions , your empirical d ecision i s  made by 
cod e a s  t o  how much energy consumption you are going to allow and the 
engineer can, from that point on, d etermine the required insulating 
prope rtie s of the envelope .  In many instance s ,  thi s insulation 
re quirement will be greater than what was traditional ly supplied at the 
time of many of our older fi re test s ;  therefore , if you are dealing 
with an envelope that mus t have f ire-re sistant propertie s ,  the added 
insulation cannot be a llowed to  reduce those propertie s below the 
minimum. 
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I t  i s  difficul t to  add insulation to  a n  a ssembly wi thout affecting 
the fire rating of that assembly , frequently in an adverse manner . I 
say frequently because obvi ously if  a system fail s by heat transmission 
a ll the way through and if  temperature s of  the individual c omponents 
wi thin reach the maximum , perhaps the addition of  a little insulat ion 
to the t op s ide wi ll change the mode of failure ; it may even improve 
the system but that i s  highly doubtful . The only exception I can think 
of would be the addit ion of insulat ion t o  the f ire-exposed side of an 
assembly , and , as Dr . Banaathy pointed out yesterday , the problem would 
be one of increasing the flashover problem i nside of a spac e .  

Det ermining the need f o r  rated construct ion, however ,  i s  not a n  
exact science . I am speaking now i n  t erms of retrofit .  The c onstruc­
tion type table s and code s jump , in most  case s ,  in 1-hour inc rement s .  
One must wonder what magic has transpired , for example , when a 19, 00o­
square-foo t busines s building does not need any rating on the roof but 
a 20, 00 Q-s quare-f oo t  building must have a 1-hour rating . The height s 
and areas chart s of the buildi ng code s  are , to  some extent , a mat rix 
re present ing point s on a curve and i t  i s  not improper f or a build ing 
officia l ,  i f  he chooses ,  t o  exe rcise judgment wi th that in mind . 

I wil l  now use my 19 , 00Q- and 20 , 00Q-square-foot example again . 
If you are dealing wi th an existing situat ion,  you might be inclined 
to  make your evaluation with those parameters in mind . As a building 
officia l , I personally might be more inclined to worry about the 
effec ts  of insulation on a roof rating if a building had a taller , 
close by neighbor than I would if there was ample fire separation and 
the roof obviously had no effec t on i t s  surroundings . 

If I am to  judge by the case report s in  the va rious journa ls , I 
thi nk that the problem of c ompromised f ire-rated a s semblies may be more 
theoret ica l  than actual al though I admi t there i s  sti l l  a lot of  expe­
rie nce to  be gained . A factor of demonstrable importanc e ,  however , i s  
that of highly combustible  insulation materials used i n  exposed loca-

· t ions . The use of f oam plast ics caused c onsidera ble public concern a 
few years ago unt i l  tha t mat ter was addressed by the code s .  The code s 
now limit the quanti ty that can be used and require protec tion of  the 
material wi th at  least  a 15-minute barrier or ,  to  put it in very prac­
t i cal t erms as the c ode i s  somet imes inclined t o  do ,  a minimum of 1/ 2 
i nch of gypsum boa rd . 

An a rticle in a recent i ssue of  the F.i re Journal discus ses re flec­
tive insulation, and the severity of the f i res  involvi ng it that have 
been reported i s  something I would not have predic ted . The material 
involved is an alumi num foi l wi th a paper backing and the problem , I 
think, i s  that the ASTM E8 4 tunnel t est probably was not valid f or the 
mat eri al . Howeve r , I mus t res erve my judgment on thi s unti l mo re com­
plete i nformation i s  available . I am sure that i f  such insulation 
prove s to be a widespread problem and more people have difficulty with 
i t ,  someone most likely wi ll sponsor a practical soluti on to it in the 
code . 
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ln any case , the flame sp read charact eristic s and combustibility 
characteri stics of i nsulat ion materials a lways should be c arefully 
checked for compliance wi th the cod e . Buildings are not alway s 
required t o  be f ire resistant ; however , building code s always have a 
requi rement regarding the insulation of a building . 

I recently participated in a project to  examine the part icular 
problems of solar energy utilization and to develop guideline s f or 
building officials that would help enc ourage the development and use 
of solar energy . We identified a number of firesafety problems that 
solar equipment and methods might create and al so a number of pro blems 
that the c ode s  create for solar .  A report that perhaps some of you 
have seen and I hope gets  wide distribution was pre pared f or the 
Department of Eneray as a guide for the bui ldi ng  of ficial c oncerning 
solar energy;  i t  i s  not written to be a c ode , but i t  does addre ss c ode 
problems and the potential solutions to those problems . I will touch 
on a f ew of the points  made in that re por t . 

The amount of solar energy that i s  available is directly related 
t o the area of a part icular site.  On small sites , every square f oot 
can count i f  you are goi ng to use solar heat in a build i ng . Since 
c odes pre sent ly permit street projections , l ike awnings over a stree t , 
we c all at tent ion in the document to the fact that thi s space also 
c ould be made available to  collect solar energy.  

On the other hand , open s pace sometime s is specific ally requ ired 
around a building f or f ire separation. You are allowed to build a big­
ger bui ldi ng under the bui lding code s if you have open area all the way 
around it . One o f  the purposes of this space is  t o  provide acces s for 
f irefighter s . The space , therefore , should be kept c lea r ,  and solar 
component s should not be placed there . Collectors on roofs als o create 
a probl em that had not occurred to most of u s .  Many roof surface s a re  
required to  be c lassified a s  t o  their fire-re sistance 
characteristic s--Cla ss A, B ,  or C roofi ng .  The ASTM El08 tes t rightly 
a ssumes that the roof surface will be exposed to the sky ; however , the 
presenc e of solar c ollectors , or any other equipment for that matt e r ,  
seri ously alters the characteri stics of  a burning brand a nd  can serve 
to concentrate the effec t s  of flame s on the roof surface , causing 
failure . Where the surface characteri stics of  a roof are important , 
care mus t  be exerci sed . Co llector s  ei ther should be mounted right 
against the roof surface or the space beneath them should be c losed t o  
prevent the intrusion o f  burni ng brands o r  flames . If such equipment 
i s  mounted a c onsiderable d i stance above the roof , the problem is not 
significant , but the exac t clearance that should be required ha s ye t 
t o  be demonstrated by test . 

Collectors mounted a s  much a s  2 f eet above the roof did not seem 
to interfere with the rati ng .  Obviously , it is no t a huge problem for 
a small installation such a s  solar heating f or resident ial hot water . 
Ai r-conditioning unit s and similar things currently are placed on the 
roof and I know of no problem that has been generated by that particu­
lar practic e ;  the refore , sma ll solar collectors should not be of 
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concern.  Heati ng an entire bui lding , however ,  will require covering , 
perhaps ,  acres of roof area and that becomes a very significant 
problem . 

Techniques f or the utilization of solar energy also often make use 
of natural convective f orces ,  particularly in pas sive designs . Such 
t echni ques run headlong into  the very serious f ire hazard generated by 
concealed spac es . Code s have for many year s required f ire stoppi ng at 
the f loor line in such c oncealed spaces t o  prevent the vertical spread 
of f ire by the same f orces that sola r technique s seek to uti li ze . To 
my knowledge , there i s  no c ommerc ially available e quipment that solves 
the problem easily becau se all of  the systems are largely experimental 
and have not been s tandari zed . However , smoke-detector t echnology i s 
avai lable and f i resafety absolutely demands that f irestoppi ng be main­
t ained in  those spaces by some kind of a Rube Goldberg rig that i s  
smoke-detec tor-activated and that wi l l  operate in  the fai l-safe mode. 

There are o ther ways i n  which smoke detection devices might be used 
a s  an alt ernative t o  the f i resafety systems required by building code s .  
In many areas o f  the c ountry the temperature a short distance beneath 
the ground surfac e remai ns fairly constant and temperate al l  yea r .  
Energy conserva tion pioneer s have buri ed bui ldings beneath the ground 
t o  take advantag e of this nat ural climate control . Mr . Bagan showed a 
cross section of one such bui lding earlier . Be low-ground dwelling s ,  
howeve r,  confli c t  wi th the exi t provi sions of the building code s .  All 
c odes require a secondary means of exiting a bedroom . This normally 
i s  provided by a window wit h  certai n minimum dimensions . Code s ,  inci­
d ental ly , are not c onsi stent in  thi s area because a window obviously 
doe s not serve as a second means of exi t if it  is on the top floor of 
a 1 5-s tory high-ri se .  For thi s  reason, those of us who were discussing 
it in terms of the document we were preparing suggested tha t an alt er­
native would be t o  provide two exit paths from the bedroom d oor . That 
i s  wha t the hi gh-ri se buildi ng  ha s in that when one exit s an apartment , 
there are two ways t o  trave l .  These exit paths  should be monitored by 
a smoke-detector system and a smoke detector should be placed i n  the 
bedroom .  The unique charact eri stic of that particular c ode requirement 
i s  tha t i t  add resse s a second exi t from the bedroom . 

The code does not actually require a smoke det ector i n  the bedroom ; 
it  require s one i n  the c or ridor spac e in  the vicini ty of the bedroom , 
i ntending t o  notify people that are in  the bedroom of a f ire in another 
pa rt of the house so that they can ge t out bef ore it blocks thei r exit . 
If the smoke detector was in the bedroom , the occupant s would be awa k­
ened i f  a fire occurred and then could take advantage of  the two means 
of egress . In my j udgment , that i s  a safe system.  

Whi le we  a re t alki ng about windows , another code change tha t was 
brought about by energy conservation c onsiderations comes to mind . The 
Nationa l  As sociation of Home Builders sponsored thi s change a number 
of years ago and it concerns the requirement for na tural light and 
vent i lati on .  The 10 pe rcent of the floor area requi rement for light 
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ha s  been reduced by 2 0  percent and only 8 percent i s  required at thi s  
point . Window g lass has very poor i nsulating qualitie s and ,  even i n  
•ultiple layer s ,  i s  very ineff icient . 

I•pro per use of  woodburniQg appliances,  in  •Y judg.ent , has been 
the greates t  f i re hazard that has been generated � the energy c ri si s .  
Mr .  S chaeuman dwe lt o n  i t  i n  his s tatistical pre sentat ion . Improper 
installat ion and maintenance both are re sponsible for a dramatic 
i ncrea se in  f ire deaths related t o  thi s equipment . Proper ly construc­
ted chi•neys and proper .aintenance are e ssential . So is proper •ount­
ing of the e quipment . The c learance s  fro• i t  •ust be •aintained , fuel 
•ust be kept at a reasonable leve l ,  and combustible materials •us t be 
kept fro• the vicini ty of s t oves .  

As I l i stened to  the earlier speaker s one a t  a t i.e coveri Qg virtu­
ally every point that I have •ad e ,  I realized several things . First , 
I would like t o  e•phasize that bui lding code s  are the •ost i11portant 
communicating link between the thinker s and researchers and the ult i­
•ate user of the product , the building . Second , codes are reactive . 
They do not lead technology and they addzess real,  not theoretica l,  
proble•s · In that regard , g iven what I have heard at thi s c onf erence 
about current technology and proble•s , code s are �rkably up-t o-date . 
Third , •issing fro. thi s conference i s  the energy-c onservation spokes­
man, the individual who i s  not at all concerned wi th buildi ng safety 
and who i s  pushiQg energy conservation wholehearted ly .  

I will conclude by inviting every one o f  you to at tend and t o  
become active in  building code hearings to  learn , i f you do not already 
know, the language of buildi ng code s and then to submi t your idea s in 
the form of changes t o  these code s .  I of ten hear c od e s  cri tici zed f or 
failing to addre s s  a part icular proble• · Thi s c riticis• f zequent ly i s  
not j ustif ied , but i f  i t  i s ,  keep i n  •ind that codes are wri tten by you 
and those who are sitting around you . If you know about an unadd ressed 
proble• to which you can contri bute any part of the solution,  you are 
the one who i s  negligent if you do not do so .  
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Before beginning , I would like to  point out that I am here 
representing the American Institut e for Architect s (AlA) , where I serve 
on the Board and as the commi ssioner for the AlA' s energy activi ties . 
I wil l  try to  convey a general and broad per spective of the problem 
without getting t oo deeply involved in some of the details . 

Our ea rth i s  known as the wat er planet . Int eresti ngly enough, how­
ever , we also are a product of the sun because all  of our energy, both 
our direct energy on a daily basi s as  well a s  our fossi l fue l ene rgy , 
has come from the sun. 

The sun also, of course , creates a great many of our problema . 
Becaus e we have thi s ene rgy ,  we have learned how to  release  it  and that 
i s  what g ives ri se t o  our fire problema . Early man learned t o  use the 
regular cyc le of the sun, both its  diurnal and it s seasonal cycle , and 
i n  his  early de signs he learned how to create an environment that wou ld 
re spond t o  the condit ion of natural sunlight as wel l as the environment 
t�at surrounded i t .  He also learned how t o  use f ire a t  a very early 
stage and we have been using it ever sinc e .  

One o f  the f inest example s of working with nature , o f  c ourse , was 
provided by the Hop i Indians and the cave dwellers in the Southwest who 
t ook advantage of natural earth f orms t o  shield their buildings from 
the north wind ; to use the overhang to shield them from the hot ,  high 
south sun ;  a nd to take advantage of the l ow winter sun for heat . A 
lat er development in the Southwest was the adobe bui lding ,  which also 
used the thermal mass process and small window openings and e liminated 
as much as possible the harsh breeze s that , in a dry , hot climate , are 
not effective f or c ooling purposes . 

Movi ng  t o  the Northeast of the Un ited States , we f ind another great 
adaptation of climate and architecture , the New England saltbox . The 
building faces north with a low, sloping roo f that protec ts i t  from the 
gale s from the north . It s latg e  or open side ,  its  glazed side , face s 
south t o  get maximum sunlight . It  also has a f ire pit  in the center 
wi th a la tge masonry mass so that only one f ire source i s  needed t o  
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heat the entire building in the most efficient way possible . Ac tually , 
i t  i s a pret ty good piece of architec ture and people are still bui lding 
New England saltboxes today . 

It aly ' s fa.ous hilltop towns also were designed to  t ake advantage 
of natural climat e by catching the breeze s from the Med iterranean . 
Tho .. s Je fferson, one of America ' s great architects who als o  happened 
t o  be President at one ttme , did the same thing at Monticel lo . Be put 
his house on a hi lltop ,  captured the breezes that were available in the 
rather damp , war. Vi rginia summers , and c ze ated , once again, a great 
piece of archi tec ture in tune wi th nature . 

As we moved into a more confined city environment and began t o  feel 
the economic p iuch because of the value of city land , we began to cram 
our buildi ng s together .  Thi s  cr81111li ng toge ther c reated certain energy 
problems, but , more important , i t  crea ted f ire problems . We are all 
aware of what happened i n  some of the earlier citie s  where we had the 
great f ires . Chi cago , of course , c omes to mind as  does the great f ire 
o f  London,  which destroyed e ssentially all  of that great city . 

Now t o  consider the ultimate f olly , New York Ci ty ,  where we have 
jammed together more people than one can i .. gine on less zeal estate 
than one wants to  think about . This i s  probably the end point of cen­
tri fugal developme nt focused int o the high-density core . 

A l ot of technology went into the construction o f  city buildings , 
but I think we f orgot some very stmple thi ng s ,  s tmple things that we 
should have learned from our predeces sors . We have compounded the 
energy problem as well as the f i re problem . 

The great c i ties that we live in are energy hogs . They also have 
other problem s--for example , water problems . In some si tuations there 
i s  not even enough water to allow a city to operate.  

The typical bui lding of the 196 0s and 19 70s has its  own problems . 
Instead of using the wind as  an advantage ,  as did the Italian hi lltop 
towns , the typical bui lding now fight s  the wind . Probably 5 0  percent 
of the structure is intended to support i t  against wind loads as  
oppos ed  to support i ng  it  against gravi ty . The typical building is  all 
glass and has all  the problems of energy consumption that we spoke 
about . It also obviously ha s  f i re problems that can sometime s be dra­
matic siuce i t  i s  tall and encourages thi s  type of phenomenon . This 
does not happen very often in thi s country ,  but when i t  doe s ,  i t  is  
very dramatic and i t  gets the nation ' s a ttention .  

Thus fa r I have talked about architectural failure s . What do we 
do when we have an a rchitec tural f ailure ? We call in  the enginee rs and 
we try to  f igure out some way to  solve the problem; theref ore , we have 
t o  have high-pre ssure f ire pumps , automatic spri nkler systems , and a 
.. nual backup syst em .  

When the home remedy does not work , we call the professional . 
Samettmes the professional ,  who is  usually prompt , ar rives on the 
scene , and i f  he i s  early enough , he ends up being a hero . 
Unf ortunately , i f  he is too late , he .. y end up being the vi ctim .  
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The AIA has recognized that we have both an energy problem and a 
f ire problem . Addre ssing the energy problem back in the early 19 70s , 
the AIA began t o  look at what we should be doing about i t . 

We were one of  the earliest groups to propose a national program 
for energy cons ervat ion . It took us a while to  get the rest  of  the 
c ountry to catch up wi th us,  but that has now happened . The energy 
conservation program i s  being d riven by economics a s  much a s  any thing 
e lse . Whe n I t alk to  my c l ient s ,  their greatest concern i s  not that 
we a re dependent on Arab oi l but that oi l co sts $1 . 32  a gallon and 
their utility bi lls have tri pled in the past f ive years or s o .  

Thus ,  the economic engine now i s  d riving energy conservation, but 
we  unfort unately do not have the same kind of drive behind f iresaf ety . 
We have t o  look at that from a diff erent point of view. In 19 7 7  the 
AIA publi shed a paper c alled " Fire and Li fe Safety , Educating the 
Architec t . " We a re about t o  move forwa rd wi th the program proposed in 
that paper even though it  doe s not have the same kind of  public support 
that energy conservation doe s .  We recent ly have had a sporadic  out­
burst of c oncern about f ire safety because of  c ertain major building 
f i re s,  but it seems to  die out aft er a whi le . I think the AIA i s  going 
to take the lead on thi s ,  however , and begin to  push more f orcefully 
because we do see an area whe re we can integrat e in our energy act ivi­
t ies a more sophist icated approach t o  f ire saf ety de sign . 

. Le t  us look at what the architect doe s when he begins t o  design a 
building .  Be i s  the t rue synthesizer of  the building process . All the 
technology tha t i s  developed , bo th by manufacturers and re search labo­
ratori es , really cannot be brought t o  bear until the architect brings 
i t  t oge the r int o  the buildi ng form i t self . 

Be wants t o  design a new building , a fascinat ing building , and he 
ha s a lot of things t o  consider . First , he ha s to  look at the build­
i ng ' s f unction, i ts economic s ,  i t s  aesthetics ,  i t s  marketabi li ty , and 
i t s  maintenance  ove r the long term . He al so ha s  to  consider securi ty 
problems, zoni ng , and histori c  pre servation. Environmental impact also 
i s  a big i ssue a s  i s  socia l impact ,  and access for the handicapped i s  
now becoming more import ant . Finally , he must c onsider the codes , 
f iresafety , life  safety , and energy conservation. 

Putting a ll these things t ogether in thi s mix we c all design ,  we 
sometime s come up wi th some exc iti ng buildings,  and the re sult s of thi s  
process  are somet imes quite unique . We have bui ldings , f or example , 
that have the mechanical systems  on the out side of the bui ldi ng expo sed 
rather than on the inside of the bui lding . We have a building that has 
a unique s truc tural system , namely , wat er-fi lled columns for firesafety 
purposes . However , somet imes we are not quite as f orward-thinking a s  
you might imagine because we can s ti ll have in a very "high technology" 
bui lding a pretty ancient system f or c ontrolling a f ire . 

Getti ng back to the de sign proces s ,  the architect f irst mus t t ry  
to diagram the problem he i s  t ry ing t o  solve , a nd  he has t o  take one 
step a t  a time . Since he i s  synthe si zi ng the whole bui ldi ng  proces s ,  
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he begins to look at  options , trade-of fs  if  you will.  Thi s re sult s in 
s ome buildings that are obvious trade-offs . We talked earlier about 
the underground house or the earth-sheltered design, and there are some 
trade-offs i nvolved . I do not know that I would be happy about living 
underground , but some people seem t o  think that is  the way to  g o .  It 
doe s  have the problems of access  to  fight ing the f ire i nsid e ,  egres s  
f or the occupant s ,  and the possi bility o f  roof collapse wi th a heavy 
surcharge on the roof . 

A t otally diff erent approach i nvolves looking a t  the sun a s  a 
source of l ight and energy and dete l'lllini ng how to contro l that . In 
s ome ca ses, the sun c ontrol system, the balconies and the overhangs ,  
i s  not ant i thetical t o  f i re safety and life safety ; those balconie s 
might c ome in very handy in case of  a f ire . 

Other t echnique s involve the use of daylight ing and sola r heat i ng  
and a l so c reate c ertain problems . Internal atri um spaces in  a building 
can create  area s that make smoke evacuation difficult , and roofs essen­
t ially made entirely of glass pre sent a pro blem in terms of collapse 
in  a f i re situation.  However ,  sometime s we go back a li ttle bit and 
re ali ze there i s  no thing wrong wi th being able t o  open the window f rom 
time to t ime .  

One g oa l  in de signing a bui lding i s  t o  let light i n  because we have 
found in our energy analyses tha t one constant from season to season 
i s  the need to  light space f or people who use i t . In o ffice bui lding s ,  
the energy load f or lighti ng i s  probably the greatest  cont ributor t o  
the t otal energy package . I f  we can e liminate art ificial light and 
substitut e daylight , we can save a considerable amount of energy and , 
obviously , a considerable amount on the utili ty bill.  

The tri ck is to  le t the light in  where we can use it . Sometimes ,  
however, we want t o  kee p  the sun out because o f  vert ical surfaces with 
high energy absorption . A sun sc reen probably wi ll work very well to 
keep the sun out , but , should a fire occur,  it also wi ll work very well 
to keep the people i n  and to keep  the f irefighters ' water out of  the 
bui lding . 

One of the most d i sastrous f ire s i n  Wa shing ton occurred in the 
ICann' s Bui ldi ng on Pennsylvania Avenue .  I am f•i liar wi th that bui ld­
ing because we surveyed i t  as a histori c pre servation project f or the 
Pennsylvania Avenua Development Commi ttee and then a few months  later 
i t  burned down. What had happened wa s that over a peri od of time the 
owners of the bui ldi ng had covered old Vi ct orian masonry with an alumi­
num scree n that s t ood about 3 f eet out from the face of the bui lding . 
When the buildi ng wa s abandoned and a vagrant , I thi nk, se t fire to  the 
building i nternally, there was no way t o  get water i nto the building . 
1he f ire hose s could not ge t the wa ter up high enough to  the roof ; they 
could not get through the g lass  because there was thi s  marvelous alumi­
num scree n protect i ng  the gla s s ; and the f ire was raci ng up i nside thi s 
marvelous f lue on the out side.  The building burned uncontrolled f or 
about 16 hour s . Washi ngton had every piece of f i re  equi pment on hand 
t o  try t o  work against i t  and i t  was all  to  no avail.  
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We are using a lot of t echnology today . We are usi� active solar 
panels and act ive sola r pane ls toge ther wi th passive systeas of roof 
overhangs and balconi e s .  We even have gone so far as to have totally 
int egrated sy stem s  that combine both active and passive solar, 
daylight !� , and earth shelter . 

There are buildi ng s  that have many f eature s that are tre•ndously 
effect ive for energy conservation and I am sure tha t they probably have 
some l i fe safety problems i nherent a s  well.  The se are problems that 
must be resolved by the architec t as he produce s hi s  de sign. 

Another thing we are d oing today is j oini� buildi�s . We have 
f ound that by joini ng two buildi ngs t oge ther we can reduce energy 
c onsumption• The use o f  a galleri a space is  a classic example o f  how 
we do i t . The Henapin County bui ldi � in Minneapoli s i s  a great exam­
ple of thi s ;  two high-ri se bui ldi�s o f  a bout 25 s tori e s  e ach , origi­
nally de signed as two separate structures , were brought t oge ther on a 
s i te and j oi ned by virt ue o f  a large galleri a space 25  storie s  high.  
the result wa s great energy efficiency and great ef ficiency f or peo ple 
who work in the two separate bui ldings , but some fire egre s s  pro blems 
were created . 

Another typical example of  what we are d oing today in modern 
bui ldi ng s  i s  the atrium . At rium bui ldi ng s  were very popular in thi s 
c ountry before 1900, but they went out of vogue when we developed 
me chanical air-condi tioning sys tems . Now we have found that the at rium 
i s  very - e f ficient as an energy-saving device.  One atri um bui ldi� in 
CBlifornia i s  qui te unique in that it  use s the day light cycle of wa rm 
d ays and c old eveni�s t o  cre ate draf t s  that ventilate i t .  It  uses a 
heavy co ncrete frame a s  a the rmal mas s  to absorb heat i n  the daytime 
and give i t  back a t  night . It utilizes daylight to the grea test extent 
possible . It also ha s ,  a s  doe s any at rium bui ldi � ,  certain f i re  and 
smoke problems .  

A northern c limate poses a d iffere nt type o f  problem from 
californi a . In one Minnesota bui ldi ng a south-faci ng  overhang i s  used 
that a llows the sun to c ome i n  at low a ngles in the winter but that 
keeps the hot sun out in the summer . The north side i s  fully shelt e�ed 
so we do not have to worry a bout wind blast from the north. A therma l 
poo l i n  the front o f  the bui ldi ng i s  used both for heati � and cooli ng 
via a heat pump . It i s  very i ntere st!� that thi s type of modern 
buildi ng i s  simila r to the early cave dwelli ngs of the Hopi Indians in 
almost every re spect . 

Every improvement f or energy i s  not antithe tical t o  l i fe safety 
desi gn.  The Minne sot a bui ldi � ,  f or example , doe s not have any serious 
l ife saf ety d esign problems bui lt i nto i t .  The important lesson I 
think we ca n all learn from this  i s  that architect s have had to  
re spond , from the earliest t imes ,  to  natural events--t o the ri se and 
fall of the sun , t o  the loca l c limate , and to new technology . For 
example ,  when we got better glass ,  we got larger windows, When someone 
di scovered steam , we got ce ntral heat . Stee l and eleva tors brought us 
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the skyscraper ,  and air conditioni ng  brought u s  large sealed building s .  
All o f  the se changes have created new i ssues and new problems to  be 
solved . 

Today we are not i n  a d esign revolut ion. Rather we are part of  a 
loms , continuing evolutionary proce s s  of  design . I think today i s  
really a gre at peri od f or archi tects  because we are going back no t t o  
reinvent the whee l ,  but t o  red iscover and understand Wha t our predece s­
sor s did when they designed buildings years ago . 

We are see ki ng  wha t we cal l  regi onal architect ure , bui ld ings that 
re spond t o  their part icular c limate .  I thi nk a great error was made 
when we began t o  take a slick, all-gla s s  bui ldi ng  that won a de si gn  
award i n  New York Ci ty and put i t  in every village and hamlet i n  the 
Unit ed State s and e very f oreign country oversea s .  As a matter of fact , 
a building that won a recent design award has every facade exact ly 
alike . Bui ldi ng s  should no t be alike north,  south , east , and west  
because the c limatic c onditions are d ifferent on e ach of the f our s ide s 
of a bui ldi ng .  

One of the earlier speaker s ment ioned another phenomenon, right s 
to the sun. Thi s i s  probably the next frontier.  Wil l  we be able t o  
define a Jay that people can have solar right s?  In a very i ntere sting 
study , by Ralph Knowles  on the West  Coast  inve st igated e stabl ishi ng  
solar envelopes that would indicate that i f  you have a piece of  pro p-

· erty i n  an urban set ti ng ,  you c an only bui ld a certain si ze and shape 
bui lding so that you do not shield your neighbor from hi s right t o  the 
sun. Tha t i s  a very intere sti ng analogy he has worked out . 

As we look at  what an archi tect should be d oing , i t  i s  pre tty c lear 
that the energy e ngine i s  drivi ng us now. We are als o ,  however ,  always 
facing pro blems o f  f ire safety and life safety and we would like to  be 
able t o  re spond to those a s  intelligent ly a s  we can. 

I know the AlA is c0111Ddtted t o  d oing somethi ng about i t .  We have 
spent , duri ng thi s current yea r ,  almost a million do llars on rese arch 
and education in energy-conscious design .  We are taking a modest step 
thi s year to  start some thi QB on firesafety and lif e  safety and , 
hopefully , i t  wi ll gain that kind of  momentum downstream. 
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What has been said at this conference thus fa r ha s  laid some 
groundwork for a f ocus on the relationshi p between f ire saf ety and 
energy cons ervation.  To explore the relationship , we must widen the 
f ocus t o  i nclude the concept of integrat ion--the integra tion of 
building sys tems and function s .  

A good start ing point i s  to ask what we mean by energy c onserva tion.  
It  i s  fascinati ng to listen t o  the various ap proache s and to  understand 
the different orientat ions that affect our ideas about the subject . In 
one sens e ,  you can reduce energy consumption by simply e liminati ng or 
degrading a function. If you eliminate or do not create air condit ion­
i ng , you eliminate  the problem ( i . e . , there i s  no need to consider the 
energy implicat ions of the func t ion) . 

From the standpoint of design , however,  the fundamenta l i ssue i s  
energy efficiency , using energy to  achi eve maximum produc tivi ty i n  
providi ng needed functions . Tha t i s  a central conc ern in the des i gn of 
our build ings today--and in the des ign of their energy-using subsystems . 
What ,  the n , are the element s of energy effic iency and how d o  they re late 
to the d ifferent subsystems and to fire safety? How can we f ocus in a 
rationa l  way on the va riables and how they interac t ?  A key question is 
whether there i s  a de sign me thodology that enable s us to i nterrelate the 
d iverse element s of a buildi ng--a rchitectura l feature s ,  mechanical and 
e lectri cal systems , f ire safety, etc . --t o  achi eve a truly energy­
eff icient s tructure re lative to current t echnology . 

To expl ore these quest ions concre tely ,  it  will be worthWhi le a t  this 
point to t urn to spec ifics  and to look at some of the va riable s ,  the 
ord er of magnitude of those vari ables ,  and how they interact . Fi gure 1 
identifies the va rious components tha t go int o  establishing how large a 
bui lding ' s a ir-c onditioning system must be . For example , i f  the facade 
of the buildi ng envelope i s  2 5  percent glas s ,  ap proximately 3 5  percent 
of the so-c alled heat gain i s  due to solar input , 32 perc ent i s  due to 
the int ernal hea t gain from light s ,  15 percent is due t o  the venti lation 
re quirement (bring ing in outdoor air and coo ling and dehumidifying that 
air) , 4 percent i s  due t o  the o paque wall s ,  and 14 percent i s  due t o  the 
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Genera l  charac t eristic s of the heat gai n p rof ile . 

heat g iven off  by p eople . There a re techni que s for modifying these 
element s and numbers , but Figure 1 i l lus trate s the genera l charac t e ri s­
t ic s  of  the heat gain prof ile . 

As we look a t  this profile , we can begin to appreciate some 
interesting and hi ghly relevant fac t s .  The air-cond i t i oning system i s  
actually a ma jor heat si nk .  I t s  purpose is to  kee p  people c omf or table 
wi thi n the envi ronmen t ;  i t s  pri ncipal me thod i s  removing hea t generated 
by va ri ous o ther component s .  In a sense , i t  i s  a l arge ref rigera t i on 
sys t em,  ref rigerat i ng the ski n of a build i ng t o  hand le the solar hea t 
gain and the i nteri or t o  absorb heat from the light ing . The amount of 
ene rgy a s soc iat ed wi th removi ng heat generated by peopl e i s  sma ll 
c ompared t o  these o ther elements . 

To g e t  a sense of how much of this i s  unavoidable , l e t  us l ook f or 
a moment at wha t peopl e need t o  be comf orta bl e . For peopl e ' s  comfort , 
we must d o  t wo thi ng s  simultaneously--remove heat and dehumid i fy the 
space- -t o  maint ain c ond i tions of a bout 7 5  to 7 fPF and about 50 p er­
cent relat ive humidi ty . The humidi ty requi remen t--the need t o  bri ng  
i n  dry air--e stablishes that c onditioned a ir enteri ng the s pace mu s t 
be a t  about 5 5°F . The real vari ables here a re how much c ond i t i oned 
a ir mus t  be brought in and the quant ity  of ref rig eration required t o  
c ool tha t air . The se quanti t i e s  de pend on the amount o f  heat tha t i s  
i n  the s pac e a s  a resul t o f  the hea t-generating factor s p re sented in 
Fi gure 1 .  

Thi s p oi nt s t o  a c entral ques t ion re lated t o  energy e ffic i ency : 
Ca n  we de sign t o  ga in the benefi t s of such feature s a s  g la s s  and lights 
wi thout all thi s heat gain in the space?  Do we really need to c ommit 
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the ma chinery and energy to  ref rigerate  this  quantity of  hea t in  a 
"brute f orc e" attack on the problem a s  was d one in the past or  can we 
use our wit s  instead of our ene rgy t o  remove the heat?  

There are examples  that point t o  a new approach to design and show 
how systems can be integrated to  solve some of the se problems . The ke y  
i s  looking at the total building system from a n  energy-c onscious per­
spective and thinki ng a t  the same t ime about wha t people ' s  real needs 
are . How c an we reduce energy consumpt ion--re frigeration, f or example 
--whi le providi ng  the environmental conditions people need to be co.­
f ort able and productive? When our thinking i s  reori ented in thi s way , 
all kind s of new que stions arise . For example , i s i t  neces sary t o  
remove heat and humidi ty s imultaneou sly , a s  part of a s ingle process , 
as has been done i n  the pas t or can we find way s t o  remove hea t bef ore 
i t  become s  a l oad on the refrigeration and dehumidificat ion system? 
Thi s pa rt icula r question will attrac t inc reasing at tention as designers 
f ocus on saving energy;  therefore , i t  i s  important t o  understand the 
concep t  and how it relate s  t o  f ire protecti_on systems . 

We got into thi s area of design some years ago in explori ng how t o  
minimi ze the amount of re frigeration associated wi th a i r  conditioni ng 
the space . Which component s of heat and how much o f  the heat could be 
removed at higher temperature s wi thout requiri ng ref rigeration? Put 
another way , how c ould we limit the ref rigeration to the amount 
required by people , excludi ng as much as possible hea t  from other 
s ourc e s .  such as l ight ing ? It became .obvi ous that the fundamental 
principle s of the rmodynamic s had not been applied effectively to the 
d esign o f  a ir-c onditioning systems for buildings . This area i s  just 
now bei ng  reexamined in light of the concern about ene rgy efficiency . 
De sign of  environmental systems will increasingly take acc ount of  the 
fact  tha t i t  i s  more eff icient to remove hea t at the highe s t  tempera­
t ure possible whi le still meet i ng  environmental needs ; c onversely , i t  
i s  more eff icient i n  energy terms t o  add heat  at  the lowe s t  possible 
t emperature . 

Ap pre ciat ion of these facts  leads t o  design t echnique s that allow 
us t o  examine energy source s and flows and t o  disc riminate among the 
d ifferent 'c omponent s of  the heat load . With these techniques we have 
a rational basi s for refining our design and treati ng diff erent heat 
c omponent s different ly based on their relation to each other and t o  the 
des ired perf ormanc e result s .  These technique s show us how t o  int erre­
late a building ' s systems and subsystems to minimi ze energy use .  They 
wil l  be an i nc reasingly prominent part of buildi ng  de sign. 

In a pr act ical sense then, what we are talking about is i ntegrating 
systems and hardware--looking a t  the element s tha t go into heati ng ,  
c ooling , light ing , f ire safety , etc . , and then designing or arrang ing 
the component s and systems in a more effective , energy-efficient way . 
Fi gure 2 helps us f ocus on how to  design for energy-utili zation 
efficiency . Al l  the element s a re here : internal heat gai n c omponent s 
such a s  peopl e ,  l ight s ,  and equi pment ; external c omponent s defined by 
the a rchi t ectura l design ( e . g . , window are a ,  bui ldi ng  orientation ) ; 
and all the requirement s defined by user needs ,  standard s ,  and other 
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F IGURE 2 Interrelationshi p of vari ous e lement s of energy-ut ilization 
efficiency coefficient . 

c onstraint s . When we break out the elements  in  this way and think in 
te�s of thermodynami c efficiency , we have a rational ba sis f or mani pu­
latiQB these component s to minimize energy consumption. The key ques­
tion to ask--the "bottom-line" of energy efficienc>--i s thi s :  What i s  
the actual amount of  purchased energy that has t o  be put into that 
system to maintain that bui lding load ? 

An import ant point to appreciate i s  that the quantity of  purchased 
energy a building require s is a funct ion of the kind of air­
c onditioning syst em i t  has as well as of the archi tec ture or the load 
in the space .  You can reduce the amount of glass  area,  for example , 
.and you c an improve insulation, but you will still have energy waste 
if  the HVAC system is not properly designed . Thi s system ' s design must 
take account of i t s  interactions wi th the architect ural element s ,  
lighting , and other bui ldi ng systems . The energy flow diagram in  
Figure 3 i s  a u seful tool f or c onceptualizing these energy interactions 
and thinking of the buildi ng as one energy system with component s that 
c an be manipulated to  achieve energy e fficiency . The diagram is  an  
abs traction in that it i s  about energy flows that we cannot see but 
must evaluate rather than about mechanical equi pment and pipe s  and 
ductwork.  It can he lp us understand energy eff iciency from yet another 
angle , that of the so-called c oefficient of perf ormance ( COP ) . Then 
we wi l l  be ready to look at the desi gn of some ac tual bui ldi ng s  where 
the HVAC, light ing , and f ire protec tion systems were integra ted t o  save 
energy .  
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FIGURE 3 Ene rgy flow diagram of  a conventional system . 

The COP d efines the ratio of the aggregate heat gain i n  a space t o  
the amount of machine ry used t o  of fse t that heat gai n .  It i s  one gauge 
of how e fficiently machinery i s  being used . It i s  part icularly helpful 
in compa ri ng the ef ficiency  of alt ernative des igns . Figure 3 provide s 
the numbers needed to  compute the COP . It shows the heat given of f  by 
different component s in terms of  Btu per squa re foo t : 20 . 3  Btu from 
light s, 4 . 5 Btu from people,  12 Btu from walls , and so on. The t otal 
load that mus t  be of fset by the ai r-conditioni ng  sy stem i s  4 7 . 8  Bt u of 
heat gain per square f oot . Normally the system provides c old air equal 
to the amount of hea t gai n .  This i s  done in a cont rolled way by the 
air-handling e qui pment , re frigeration e qui pment , and the equi pment that 
reject s the hea t t o  the outdoors . In our example i t  take s 15 . 6  Bt u per 
s quare f oo t  t o  run the machinery t o  c ool this part icular space . The 
COP , computed by dividi ng the heat load ( 4 7 . 8  Btu) by the energy used 
to remove it ( 15 . 6  Btu) , is about 3. The less energy used to handle a 
given heat load , the higher the COP will be . 

Thinking in t erms of the COP i s  simply one t echnique for explori ng 
the energy relationships between the hea t-load element s and the syst ems 
and component s that make up the hardware .  What are the sources and 
quantitites of heat  the system mus t handle ? What i s  the relationshi p  
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of the fan horsepower t o  peopl e ?  Wha t i s  the relationshi p o f  the fan 
horsepower and re frigerat ion to  glass  and light ? What happens to the 
COP if we chana e  component s and technique s of  air conditioni ng ? 'lbe 
COP defines a key re la t ionship ; the h igher the COP , the more e nergy 
efficient the total system i s . Therefore , i t  provide s a too l for 
evaluating and compari ng various design o ptions . 

Another major c onsideration that must  be tied into the evaluat ion 
process  i s  c ost . As we all know, every pro ject , every design , has cost 
cons traint s .  Bow we deteDDine what the trade-off s  wil l  be is a c rit i­
c al factor . The technique of  lif e-cycle costiq--f indiq the minimum 
combination of initial capital cost and operati ng cost for a specified 
peri od--provides an extremely helpful and rati onal methodology f or 
making the many trade-of f deci sions tha t go  int o a s ophi sticated de sign 
process. It can help us make deci sions about all the buildiq vari ­
able s that mus t  be evaluated simultaneously against specific  c riteri a .  
Which archi tectural materi als will we select ?  Which e lectrical a nd  
me chanical sy stems or combi nat io ns  of systems wil l  we include , and how 
d o  we determine at what point a particular t echnology becomes t oo 
expensive to justify the benefit s ?  Bow do  we select the energy type 
and source ?  Li fe-cycle c ostiag permits  us to e valuate and balance all 
the se variable s in a logical way . It justifie s a higher capit al cost 
f or a system--an energy-saving system , for example--i f the payback 
period i s  short enough so that the system actually save s money over the 
life of the bui lding . Thi s kind of evaluation process support s and 
encourage s  the use of advanced technology to  achieve buildi na perfor­
mance goals with the least cost and energy .  S pecifically , it  justifies 
and encourage s  the integration of buildi ng systems in new way s  that 
minimize energy consumption. 

Fi gure 4 shows a life-cycle cost analysis that wa s  used for a 
pa rticular General Service s Administration ( GSA) projec t a few years 
ago. The bidding and select ion was based on a li fe-cyc le cost proce­
du re that took into account all the va riables of design that we have 
been talking about , inc luding , for the first t ime , the energy as soci­
ated wi th the HVAC syst em .  'lbe design that resulted from thi s analysis 
and an energy flow analysi s was a " systems" design that interre lated 
component s (includi ng the fi re-protection system) to sati sfy all build­
ing crit eri a in  a c ost-ef fective and energy-e fficient way . 

Systems bui lding i s  what we a re really talkina about when we speak 
of integrating or interre lating functions in design to achieve the 
optimum balance of cos t and energy use . I cal l it  energy integrated 
design,  and I c all the new combina tions of systems that result energy 
integrated systems . Thi s  i s  where the subject s  of f iresafety and 
energy i ntersect . There are aany aspects of design that are not inter­
related--that are s t rictly mechanica l or architectura l  or elect rical .  
But the c utt ing edge o f  energy-conscious design i s  in the overlay area 
where there is opportunity to  conserve by integrati ng functions where 
system energ ies i ntersect . 
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A speci f i c  exampl e i s  the GSA sy stem s  proj ec t ref erre d  t o  above , 
which e nc ompa ssed the t h ree Social Securi ty Admini s t ra t i on ( S SA) bui ld­
i ngs shown i n  Figure s .  In the s e  bui ldi ng s  the f i re s p ri nkler sy stem s  
a nd t he l ight i ng , heat i ng , cooli ng ,  vent i la t i ng , air-c ond i t ioning , a nd 
s truc tural sy st em s  were a l l  i nt er re lated f o r  opt imum pe rf o rmanc e  a nd 
e nergy savi ng s . As wa s ment i oned ear l i er , t h e se build i ng s  were 
a cqui re d  by the S SA on the basi s o f  l i f e-c yc l e  cost biddi ng .  The 
d e sign had t o  t ake i nto account the e nergy cha rac teri s t i c s  o f  a l l  the 
component s a nd sy stem s . Lig ht i ng , for exam ple , i s  p rima ri ly a hea t 
s ourc e that a l so pro duces a l i t t l e  bi t of l ight ; 80 p er c e nt o f  the 
sys t em ' s energy i s  give n  of f as hea t  whi l e  only 20 percent goe s i nto 
l i ght . Thi s hea t  is  norma lly re f riger a t ed . However , i n  the i ntegrated 
system that wa s  deve loped , whi ch int er re la t e s a me chanica l and an 
e le c tri ca l  c omponent , nonre f ri gera ted water c irculat i ng  through t h e  
li ght i ng fixture s a bsorb s a nd car rie s of f t o  the coo l i ng t owe r mo s t  of 
the heat wi thout impos i ng  t hat l oad on the re f ri gerat i on s y s t em .  No t 
only i s  the amoun t o f  re f ri gerat i o n  a s soc iated wi th l ight i ng  s i gnif i­
c ant ly reduc ed , the c oo ler space a round the f ixture s i nc reases the 
e f f i c ienc y  of the l i ght i ng  s o  tha t  more l i ght i s  ava i lable from the 
s ame amount o f  e nerg y .  Fi gure · 6  s hows wha t the devi c e  l ooks l ike and 
how the e ne rgy flows : powe r i n, hea t ·  out through the p i pi ng ,  and light 
i nt o  the spa c e . Thi s i s  a vivid exampl e o f  the i ntera c t i on o f  sy s t em 
ene rgi e s  tha t wa s ment ioned earli er and o f  the ene rgy savi ng s  tha t can 
re sul t  f rom i nt egrat ing sys t ems i nto a new kind o f  system . Seventy 
p e rcen t  o f  the hea t  from the li ghts--a maj o r  port i o n  of the usua l hea t 
load--i s removed be fore i t  enters the oc cupied space . As a c onse­
quenc e , the amoun t of condi t i oned a ir tha t ha s to be c i rculated i s  
s ign i f i cantly red uced a nd the si ze of a i r-handling e qui pment i s  
mi nimi zed . 

Thi s  pa rt i cular integra t i on s tory does not end there . Th e  f ire 
prot e ct i on syst em al so i s  relat ed t o  the light i ng  and mechanica l hea t­
removal sy st em :  i n  fact , the nonre f ri gerated water loop i s  i nt egra ted 

FIGURE 6 Lighti ng fixture i nc o rporate s non re f rigerat ed wat er 
uni form ly c irc ula t e  to carry o f f  heat . 

Proceedings of the Conference on Energy Conservation and Firesafety in Buildings

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19611


170 

wi th and supplied f ro• the sp rinkler systea . An extra saf e ty featu re  
o f  thi s systea ,  in t erms of f ire protect ion, i s  that any i nterrupt ion 
in the sprinkler syste• flow is rapidly detected due to the cbaQBe in 
coafort c onditions as beat fro• light e nters the space .  With thi s 
systea , when bea t i s  de s i red , the ci rculati ng  water i s  throttled back 
and l igbt iQB beat i s  d rawn through the plen1.111 and i nto a ceiliQI i aduc­
t i o n  box t o  be aixed wi tb a lli niai zed 8110unt of coaditioned air and 
then c irc ulated uniformly through the space . 

The sy stea al so i s  related to s tructure . 'lbe us e of sp rinklers 
eliminated the need to fire proof the c ellular floor a ad ,  thus , signi fi­
cant ly reduced cost . Economically we were abl e t o  trad e-of f f i re p roo f­

. i QI requireaent s for spri nkler s ; the u se of spri nklers justified the 
bea t-re ject ion sy stea , a nd that syste• wa s  traded-of f agains t  sbee t­
aetal• Thi s design c learly i llustra tes the c oncept of e nergy i nte­
grated design tha t involve s aany systems and stea s fro• a c011pl ex 
pattern of trade-o f fa . 

Fi gure 7 i s  a schemat ic diagram o f  the energy i ntegra ted lighti ng , 
a i r-cond i t ioni ng , and f i re sprinkler systea . As a resul t  of the suc­
c e s sf ul use o f  thi s systea in the GSA-SSA bui ldings , the NFPA code w s  
changed , and the 197 8  i ssue o f  NFPA 13 now permit s such dua l-purpose 
p i piQB u se .  Th e  c od e  o f f ici ally recogni zes the f easi bi l i ty o f  i nte­
grat i ng the f i re protec t ion sprinkler sy stea wi th the BVAC and light ing 
sys te•• · 

Another i ntegrated systea that i s  receivi ng  a lot of considerat ion 
i s  wate r-cooled unit a ry bea t pWDps in a closed c ircui t  of nonre f riger­
a t ed wat er tha t is a l so the spri nkler syst ea .  Severa l systeas like 

30% alr 

30% lighting loed 
30% air circulated 

All primary outside air 
CoMtant 
volume Chiller 30% lighting load 

ow. to 70% lighting load 

FIGURE 7 Scbeaa tic di agraa of the energy integrated l ighti ng ,  
air-c ondi t i oning , and f ire-spri nkler syst em .  
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thi s , usi ng a water-air unitary heat pWilp and sometiae s i ncorporati ng  
water-c ooled luminaries ,  now are being installed . Fi gure 8 i llustrates 
such a systea on one typical floor . Froa a centra l pump , the pipi ng 
systea di stri bute s nonre frigerated water to uni tary heat pumps on each 
floor . In the normal (nonfire ) aode , water flows through the heat pump 
and i nto the spri nkler loop on the f loor and then out of the spri nkler 
loop and back to the central plant . In effec t , the sprinkler standpipe 
and the hori zontal spri nkler piping on the floor a l so are eleaent s of 
the HVAC systea.  

A unique f eature of  thi s systea is  that i t  can def ine where a f ire 
i s . When f ire occurs , the d irectio n  o f  water flow i s  reversed , and the 
f ire i s  i denti fed a nd located as  f ollows : When the spri nkler head g oe s  
of f there i s  a dro p i n  pressure which act ivate s a centra l f ire pump . 
The f ire pump pre ssuri zes the pi ping systea through the re turn side of 
the closed loop circuit , reversing the d irection of  water pressure . 
The c onsequent reverse flow of  the fire water s tart s in pipes on the 
endangered floor where sprinkler release ha s lowered pressure . As 
water i s  f orc ed out of the fire standpipe on thi s floor , one-way check 
valve s d irec t  the water through a water flow indicator that immediately 
annunc iates the existence and location of  f ire at a c entral alarm 
supervisory pane l .  Only in the reverse-flow fire mode do the check 
valves adai t water t o  the water flow indicator that signa ls fire , and 
the elapsed tiae froa automatic sprinkler relea se to  automatic central 
alaDD i s  only about 1-1/ 4 ainutes . Thus , the i ntegration o f  the fire 
sprinkler and �VAC systea s aeet s st ri ngent f iresafety standards , and 
i t  i s  thi s c oncep t  of  d ire ctional check valve s  tri ppi ng  a water f low 
indicator and pi npointi ng the th reatened floor that aake s the systea 
both practical and safe . 

An intere stiag and iaport ant aspect o f  the se multipurpose inte­
grated systems i s  that economically they pe rmi t  u s  to  bri ng  sprinklers 
i nto buildings where they might not be j ustified with a s tandard HVAC 
des ign . Co s t  savings from the integrat ed sy stea i n  effect pay for the 
spri nkler system that otherwise cannot be financed even with the 
insurance preaium associated wi th sprinkl er s . 

The pri ncipal points I have tried to c ommunicate add up to thi s :  
Energy and cos t  pre ssure s have created new probl ems that require new 
kind s  of d esign solut ions . The most ef ficient designs , in t erms of 
both cost  and energy , integrate different bui ldi ng  system s that trad i­
t ionally have been separate , i ncluding the f ire protect ion system .  
Dua l-purpose or multipurpose component s--such a s  pipi ng serving di ffer­
ent f unctions--are the pract ical or hardware key t o  these integrated 
systeas . The conceptual key i s  a t otal bui ldi ng per spec tive tha t 
a nalyzes energy flows and focuses on areas of func tional i nteraction. 
The re sult i s  t o  st reamline or rationali ze our use of energy and systea 
hatdware ; s alvaged re sources then can be applied to  high-pri ori ty goals 
such a s  a safer environment . Energy i ntegrated systems design wil l  
become , i ncreasingly , a re quireaent in  the design o f  successful 
bui ldings . 

Proceedings of the Conference on Energy Conservation and Firesafety in Buildings

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19611


172 

-T'(� �i�'4 
!�NC) � �p�. 

O�AI� �� ----t 

COMeo. �WI�� 
hW� �I!:IE.R 

�e� GONTROI...5 
Afl �Q.' P I!'( BOCA 

FIGURE 8 Combination HVAC and Fire Protection System. 

Proceedings of the Conference on Energy Conservation and Firesafety in Buildings

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/19611


PRESENTATION 

Roland F .  Bellman 
Senior Associate 

Rolf Je nsen and As sociates,  Inc . ,  Deefield , Il linois 

I have been asked to  talk about energy conservation and it s eff ect 
on building f ire safety from the practical viewpoint . How d oes a f ire 
protection engine er working on new building designs and concept s  i nt e­
grate , in  a practical way , the building f ire protection program with 
buildi ng code compliance and energy-conservation requi rement s ?  Whil e  
thinking about the subject i n  pre paration for this program, i t  gradu­
ally became apparent t o  me that energy-conservation requirement s sys­
tematically have affected the f ire safety problem,  part icularly over 
the pas t  10 year s ,  but that thi s had happened s o  gradually that the 
re lationship wa s not recogni zed until now. 

Fir s t  I would like to identify the problem as I see it and then 
discuss the solutions to the i ndividual part s  of the problem from the 
viewpoint of a f i re protection e ngineer worki ng with buildi ng designer s 
and building c ode c onsultants on a daily basi s .  Probably the most 
signif icant single factor has been the increased use of more e ffect ive 
i nsulating materi als.  Thi s has affected the fire problem in at least 
two way s : ( 1) wi th insulation in the wall s and ceiling of a room , less  
o f  a heat sink is  provided , and (2)  the possibility of  f lashover , 
should a f i re occur , i s  enhanced .  

I have part icipated in numerous f ire t est s as  a former eng ineer at 
Underwriters Laboratorie s ,  and i t  was possible to  see how the insula­
t i on affec t s  flashover . A seri es of fire t est s was conducted for the 
American Iron and Steel Institute approximately 15 years ag o .  Wood 
cri bs were i nstal led in a f ire t est room approximately 120  s quare feet 
in area with vari ous window configurations . '!be fire tes t room was 
c onstructed wi th concrete walls and roof . In the f irst f ire tests when 
there was much moi sture in  the c onc rete , flashover was much slower in 
c ompari son to later f ire test s  when the moi sture had been driven out 
and the specific hea t  of the concrete had been reduced . 

Li kewi se ,  I have investigated f ire s  that occurred in  mobi le homes 
where the relat ively small amount of mas s i n  the ext erior wall s and the 
i nsulat ion wi thin the walls tended t o  re tain the heat generated by an 
incipient f i re wi thi n the space and enhanc e flashove r .  'Ibi s resulted 
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i n earlier f lashover than in  a coaparable s iQBle-faaily re sidence with 
plaster or gypsWB boa rd partitions .  Of course , the fl•e spread cha r­
acteri stics of the interi or paneling and ceiling are a n  iaportant 
fact or . 

Soae of the aore effective insulat iQB materials used i n  building 
cons tructi on , particularly the foaa plast ic s , have had a hist ory of 
beiQB highly c ombustible , the second way insulation has affected the 
problea . Al though cont ributi ng to energy conservatio n, they have 
created a severe f ire protection problea because they ignite easily, 
burn intensely , and spread fire rapidly . I believe foaa plastic s 
pro bably are the aoat seri ous part of the f ire problea associated wi th 
energy conservation.  

Al though aost people do not think of thea as such , a triums in  a 
bui ldi q a re a aeans o f  energy conservation . In effect , the at riUID 
building has •uch l ess exteri or wall area exposed t o  the ele.ents s ince 
a substantial part of the exterior wall faces the at riu. , whi ch then 
i s  roofed over and protected fro• the e leaent s . Thi s serves t o  reduce 
the energy lo s s ,  but the roofed-over at riu• tend s to  violate the bui ld­
i ng  c ode· requireaent s for fire-r e si s tive construction t o  separate one 
floor fro• the next . When a f ire occur s, the roof retains the heat and 
saoke in the building , i ncreasing the hazard t o  the occupants . Atriu.s 
have been a pa rt of  the a rchitectural bag of tricks for only a short 
t iae ; however , fire pro tection engineer s have learned to c ope with the 
problea even though aost bui ldiq code s still do not of ficially 
recogni ze atri ums . 

Mechanical systeas i n  aany new buildiQBs , and increasingly i n  
exi sti ng buildiq s ,  have be e n  designed to reci rculate a s  auch air a s  
possible and there� reduce the aaount of  fre sh air i ntroduced into the 
systea . Thi s is in contrast  to the practice used not too long ago when 
aany bui ldings were designed with the 100 percent fre sh air c oncept 
( i . e . , air went through once and wa s di scharged to the exterior) . In 
c onjunction with thi s ,  toilet exhaust requireaent s are so.ewhat reduced 
fro• earlier years .  The resul t  i s  that the aechanica l  systea aay not 
be effective as a saoke c ontrol or saoke exhaust tool if a f ire occurs . 
Rather than aove the smoke out of the bui ldiq ,  the systea may rec i rc u­
late the saoke and dangerous products of  combustion throughout the 
bui ldi ng o r ,  at best , allow thea to remai n in the f ire a re a. 

Along with aechanical systea air recirculation, aany new buildings 
have windows wi th fixed sash instead of operable windows .  When a f ire 
oc cur s, there i s  no practical way for buildiQI occupants or f ire­
fighter s t o  open windows t o  ventilate the buildiq and ge t f resh air 
in and saoke out . BreakiQB of windows e ndaqers  people on the ground . 

In short , design effort s to  ainiaize heat loss i n  c old weather and 
heat gain in wam weather serve t o  e nhance early flashover of an i ncip­
ient f i re ,  cause the f ire t o  spread rapid ly after flashover occur s ,  and 
re tain heat and saoke withi n the building . The question now i s  what 
can be done . 
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What ever measure s the fire protection engineer take s must be 
consistent and i n  c oncert with the energy-c onservation e ff ort s i ncorpo­
rated int o  the building design and wi th the applicable bui lding code . 
From a practical viewpoint , a number of things can be d one that are i n  
keeping wi th these goal s .  

Bu ilding specifications should require and construction should 
involve use of noncoabustibl e  buildi ng mate rial s to the greates t extent 
possible . Acceptable building materi als would include steel and con­
crete , gypsum wallboard , mineral wool insulation,  and mineral fiber 
acoustical t i le .  If combus tible materi als (e . g . , wood paneli ng )  are 
needed , they should be o f  a flame-retardant-treated type . Thu s ,  if  a 
f ire should occur , the buildiQI structure and i ts c omponents will not 
of themselve s contribut e t o  the spread of the f i re .  Where buildi ng 
i nsulat ion i s  t o  be exposed , i t  i s  important that it be of a noncombus­
tible type . There a re many manufacturer s throughout the United State s 
producing noncombustible i nsulat ion,  of  a glas s-f iber base or rock-wool 
base , tha t i s  acceptable under the various buildi ng code s . One mus t 
be careful to s ecure insulation with a noncombusti ble facing , such a s  
aluminum. foi l ,  rather than wi th a paper facing , which could itself  
c ontri bute t o  a f ire . 

The f oregoing assumes an i nsulation that i s  exposed t o  the interi or 
of the building .  As noted earlie r ,  foam plastic s are a desirable 
building materi al since they are effective insulators .  If used , such 
i nsulat ion should be covered wi th a flame barrier t o  protec t i t  f rom 
d irect exposure t o  a f ire .  An effective way t o  d o  thi s i s  t o  cover the 
insulation wi th 1 /2-inch gypsum board mechanically secured to the 
i nsulation. The gypsum board , because of the water o f  hydration i n  the 
gy psum , will absorb large quantitie s of beat while calcining before the 
f oam plac tic sub strate i s  sufficient ly heated to  c ontri bute to a f ire . 
The substrate can be kept at  or below 2000F for 30 minutes or more 
dependi ng on the severity of the exposi ng f i re .  

Because of  their beat sink quali ties , gypsum board part itions and 
ceili ng s  wil l  he lp absorb bea t from an incipient fire , thus p reventi ng 
f lashover for a longer t ime than would be the case i f  thin high-f lame­
spread wood and ce llulosic paneli ng bad been used . Thi s ha s been seen 
in a number of destructive f ire s i n  mobile homes that were built with 
such paneling . Thu s ,  gypsum board and plaster partition s  are p re ferred 
over light , thin paneling . 

Al though buildings are designed t o  be tight , building codes u sually 
have re quired operable windows i n  ce rtai n occupancie s  such as ho spitals 
and hotels · Today , recognizing the need f or energy c onservation, many 
code s have relaxed thi s requi rement and instead require that the bui ld­
i ng  mechanical systems provide a means t o  e vacuate smoke . Under normal 
conditions , the system may recirculate all or mos t  of the ai r ,  but in 
a fire emergency ,  the system i n  the fire area goes into an exhaust 
mode , air supply stops ,  al l return air i s  exhausted to the out side , and 
adjacent mechanical systems go i nto a 100  percent fre sh air supply 
mode . The purpose i s  to keep smoke away from other floor s and to let 
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the smoke ou t of the f ire-affected floor . A number o f  va riations are 
used , but the primary approach i s  t o  exhaust the fire area and pre ssur­
i ze adjacent area s .  Likewise ,  some juri sdictions will recognize tem­
pered plate g lass windows i n  lieu of operable windows. Fi refight ers 
can break such glass wi thout endangeri ng people on the ground and 
ventilation of the f ire floor is thus achieved . 

As noted earlier,  at riuas have bec aae an important factor in build­
i ng  de sign, and buildiug codes have not directly recogni zed thi s .  Fi re 
protection e ugineer s and bui ldi ng code official s ,  however ,  have rec og­
ni zed that they are an archi tectural des ign considerat ion which has 
arrived on the America n construction scene and that they mus t  be dealt 
wi th .  The re sult has been that most atri UDt buildiugs have been 
designed wi th complete fire protection programs whi ch dea l directly 
wi th the problem of life safety . The programs generally have been 
based on complet e  sprinkler protection, a highly reliable wat er supply , 
smoke control consis tiug o f  exhaust at the atri iD roof and make-up a ir 
a t  the base , and a reliable f ire alarm system by which all of the o ther 
f ire protection functions are controlled . In add i tion, many atrium 
buildings are hi gh-rise s , and dedicated elevators are provided to get 
f ire fighter s to upper f loor s .  

Over the years automat ic spri nklers have been an important fire 
protection t ool . 'lbe insurance indust ry long ago rec ognized the i r  
value by g ivi ug substant ial premium reduc ti ons t o  buildiugs a nd  con­
tent s protect ed by s prinkl er s . Nbw we f ire protection e ugineer s fi nd 
that when sprinklers protec t  property ,  they wil l  a t  the same t ime pro­
tect live s .  When the sprinkler s operate ,  they di scharge water onto the 
f ire and will extiuguish it . At the same t ime they l imi t  the smoke 
generated , maki ng them a smoke control too l ,  and sound alarms , making 
them a f ire a larm tool. In short , spri nklers are an e ffective means 
t o  he lp compensate for the incrementa l  increase i n  the f ire hazard 
caused by energy-c onservation measure s .  

Current ene rgy-conservation measure s pose problems to the fire 
pro tection engineer in  that buildings are designed t o  be better 
insulat ed and combustible insulations and paneling often are used , 
mechanical systems re circulate high percentages of air duri ug extreme 
temperature conditions , and atriuas have been designed into many 
bui ldings . Nevertheless , f ire pro tec tion measure s have been f ound and 
are available today t o  mitiga te the se hazard s .  'lbey include use of 
noncombustible i nsulation, u se of pro per coveri ng where combusti ble 
insulation i s  used , flame-retardant treatment of combusti ble fini she s , 
smoke control usiug the mechanical system where opera ble or breakable 
windows canno t be used , and special f ire protection programs keyed to 
automatic sprinkler protection for buildings wi th a triums . In short , 
I be lieve that fire protecti on e Qgineers have met the problem of energy 
conservation i n  buildings and have provided reasonable solutions t o  the 
pro blem . 
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In my brief pre sentat ion I wi ll discuss how we in the Bell System 
view fire safety and energy conservati on . I wil l be focusing on poten­
t ial problems and how we are dealing with them, i nc ludi� s ome of the 
positive a spec t s  of combining f iresafety and ene rgy conservation . In 
order t o  g ive you a f eel f or the Bell System view of thi s i ssue , I will 
f irst  prese nt a framework from which we can operat e .  

I a m  i n  the real e state management organi zation a t  AT&T . We a re a 
staf f group for the real  estat e management organi zations within the 
Be ll operating telephone companies . Our missi on i s  t o  provide the 
operating companies and long line s with advice and guidance ,  prima rily 
through practices concerning the planning , d esign ,  construc tion, and 
operation of Bell System faci lit ies .  In thi s capacity , we work closely 
with Be ll La boratori es and perfodically wi th Western Electric . From 
the standpoint of numbers , we operate 2 9, 000 building s  of  all size s .  
It i s  noteworthy that 20, 000 of these buildings a re  facili ties that 
house hea t-producing telephone equipment . 

In order to  appreciate our perspective , it i s  useful t o  share with 
you how we view the buildi ng standa rds and code s proces s .  We_ view thi s 
process a s  follows : Technology is  the basis f or consensus standard s ;  
the standa rds are referenced i n  the mode l code s ;  the model code s are 
adopted by s tate and/or c ity codes to become binding requirement s ;  
buildings a re de signed and constructed t o  local code requirement s .  Our 
group at AT&T f i t s  into thi s  process by attempting to s tay abreast of 
buildi ng technology and t o  participate in the consensus standards and 
model code ac tivities.  Much of the knowledge gleaned from this inter­
action find s it s way into our building e �ineering and buildi ng opera­
t ions practices,  te�ed Be ll System Practices ( BSPs ) . The BSPs a re 
guideline s for planni� ,  des igning , constructing , and operating our 
fac ilities • In effect , the BSPs provide the necessary guidance to the 
operat i ng  companie s in  thi s area ,  unle s s  local codes are more 
s tri ngent . 

As you mi ght imagine , however , the BSPs d o  not addre s s  all 
buildi ng-related details . In fact , they prima rily address unique 
c onsiderations, special pro ject s ,  and new programs , and we rely 
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heavily on the mode l building codes and consensus standard s  for the 
majori ty of our requirements .  With facili ties as complex as tele phone 
equipment buildings , there are many unique and special requirement s . 
Two that are fre quently of importance concern f ire safe ty and energy 
conservati on . 

Th ree a reas of specia l i ntere st wi th respect to f ire safety in  
tele phone equipment building s  are detection and ala � ,  smoke cont ro l ,  
and f ire stopping . In t e�s o f  energy conservation, our program i s  
aimed at  designing new building systems and fine-tuning exi sting bui ld­
i ng  system to  handle a c tual loads versus antic ipated growth loads . Our 
concerns include excessive ref rigeration capacity , excessive fan horse­
power , excessive f re sh air i ntake , humidity control ,  control systems 
designed for simultaneous heati ng and cooling , and insulati ng t o  an 
optimal U-value . 

From our perspective , in implementing our f iresafety and energy­
conservation program s,  there are two possi ble area s  of conflic t : 

1 .  Smoke Control--Are we caapromising our sJDOke-c ontro l program 
� reducing fan capaci tie s  and total fresh air intake t o  conserve 
e nergy? 

2 .  In sulation--Does the use of combust ible plastic f oam insulat ion 
mate ri al s  i ncrease the fire haza rd i n  our buildi ng s ?  Let us deal wi th 
each of  these i ssues se parately. 

Af ter examining what is  i nvolved in the smoke contro l i ssue , we 
have found more pluse s than minuse s whe n combini ng smoke contro l  and 
e nergy management : 

1 .  We f ind that even reduced fan capacitie s are still high e nough 
for an effective smoke control system ( i . e . , we can maintai n sufficient 
positive pre ssure in the compartments ad jacent to the compartment 
involved i n  the f ire while exhausti ng the smoke and hot gase s from the 
f ire c ompartment) . 

2 .  Si nce an e conomi zer cycle i s  u sed to  c ool heat-produc ing equip­
ment wi th outside air when possibl e ,  the capability for 100 pe rce nt 
outside air i s  necessary . Thi s 100 percent out side air capability also 
i s  needed for  an effective smoke control system . The economizer c ycle 
has been a s t andard recommendat ion for HVAC de sign i n  the Bell System 
since  the early 1 97 0s .  

3 .  The bigge st benefit we see involves the use of microprocessors 
in facilitie s management systems . We have found that � combining the 
controls f or f ire detec tion and alaDD , securi ty , energy management , and 
smoke control int o a single system , the cos t-effectivenes s  of both the 
energy management and smoke control programs i s  considerably improved . 
thus ,  the bot t om-line i s  po sitive whe n we bri ng smoke control and 
e nergy management together in an integrated approach . 

As part of our energy-conservation program , the amount of build ing 
i nsulation i s  dete�ined by designing to an optimal U-f actor , c onduc­
tance of heat , t o  minimize energy consumpti on .  Because of the exce s­
sive heat generated by the newer elec tric switchi ng systems and some 
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older type s of telephone equipment , thi s actually could resul t in  a 
reduc tion of  the amount of insulation required in some cases . Si nce 
we do no t provid e guideline s  on type s of insulation, plastic foam mat e­
rials c an be used ;  however , the use of exposed plast ic f oam i nsulat ion 
is  precluded through an interior finishe s  and furni shi ng s  B SP that 
limits the flame spread and smoke contribut ion characteri stics of these 
material s .  In effect , what we are doing is relyi ng on loc al code s i n  
the area of i nsulation s ince i t  i s  not viewed a s  a situation unique to  
telephone fac i lit i e s . 

Be f ore c losing , I would like to add that , from our involvement and 
per spective i n  a rea l  e stat e  management organization, we do not see 
major conflicts between f iresafety and energy conservation in t elephone 
equipment building s .  We also  believe that there are significant bene­
f its t o  be achieved by c ombining energy management with smoke c ontrol,  
f i re detection and ala na ,  and other feature s in a single facilitie s 
management systea . Que stions concerning proper t esting procedure s and 
evaluat i on of  plastic foam insulation must be resolved , however ,  possi­
bly by a new s tandard that would replace the pre sent !84 t est . We c on­
sid er a good plastic insulation test standa rd tha t will ultimately 
impact on the use of plastic i nsulation and be referenced by the model 
code s and then adopted i n  local code s as a high-pri ority i ssue . 

I want t o  emphasi ze that our views on this i ssue are weighted by 
the fac t tha t we are an owner and operator of a larg, number of unique 
facilities ( i . e . , te lephone e quipment buildings) . Our phi losophy has 
been to develop our own programs when they are related to  the unique­
ness of the f acili ties s inc e  we would not expect them to be addre ssed 
adequately in the building standard s and code s ;  our combined smoke 
c ontrol and energy manageaent concept i s  an exampl e .  On the other 
hand , we have relied on the buildi ng standard s and code s for those 
aspects of  our facilities that are common to most building de sign and 
cons truction;  the insulation issue falls  into thi s category . 
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Ray El li son Deve lopment , Inc . ,  San Antonio,  Texas 

In the hoae-building busines s ,  firesafety i s  not the aos t  pressing 
thing because the homeowner can f igure out more ways to set hi s house 
on f ire tha n a developer c an . About three years ago a strange serie s 
o f  f ire s  was taking place . The most telling one occurred when a family 
was having dinner and watchi ng a television set on a bitter cold Janu­
ary night in  s outh Texas where the winter s normally are rather mild . 
'!be house wa s  about three yeare old , but thi s wa s  the f irst c old winter 
and the f ire place was lit  for the f irst t ime .  The phone rang and the 
nei ghbors called to ask these people whether they knew thei r house was 
on f ire . You can imagine the sequence af ter that . 

the problem occurred wi th about four other house s .  What turned up 
duri ng  the i nvestigation c aused us to  go through about 14 5 houses and 
to  rebuild many of the vall s .  (In the case of the fire s, we rebuilt 
the house s at no c ost to the homeowners ,  less any insurance that would 
be recovered • ) 

What we f ound was that the i nstallers of  these f ireplaces  ( primar­
ily subcontractor s) were rather sloppy in the ir work . Since you cannot 
f ind out what i s  going on i n  a f ire place or a chimney unless you t ake 
the side of  the buildi ng off , we had t o  have crews take the side s of 
the f ire place s off  t o  examine what was inside . We f ound that many had 
sections of  the flue , a s  much a s  12 and 18 inche s , mis si ng . In o ther 
c ases, sections of  the f lue had slipped d own and there was 3, 4 ,  5 ,  or 
6 i nche s of open spac e . We al so found that the caps on to p of the 
f ireplaces, on t op of the chimneys , were very f aulty . Ne edless  to say ,  
i t  wa s a ve ry  di sconcerti ng situation.  

The s trategy f or rectifying the pro blem f inally turned out to  be 
the mos t  simple one . One of our be tter managers toured the neighbor­
hoods looking f or these part icular f ire places .  He explained the situa­
tion t o  the family , set up a repair time , and asked them not to use the 
f ire place unt il we f ixed i t . 

'!be builders of those types of f ire place have since revi sed their 
entire fiel d  crews and construction and supervisory operations . It 
vas a very d i sastrous si tuation and it appeared that these f ireplace 
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builder s had thi s trouble all over the count ry but had been telling 
the homewoners that they did something wroug . 

Now t o  move on to how we make a home energy eff icient . In south 
Texas energy cost s had been very , very low but skyrocketed within about 
two years t o  triple the cost . We took the ini tiative to find out how 
we c ould make a very energy-e fficient house . 

We had to make a tight house . '!be resul t of havi ng made a t ight 
house , I was told by one of our construction superintendents , was that 
the Veterans Admini s trat ion (VA) i nspector s said they thought our 
houses are getting t oo tight because there did not seem to be enough 
air comi ng i n. 

We also use a caulking system, and everything i s  caulked to the 
sla b .  We use tar paper sealing around windows and wea therst ripping and 
s tona windows are s tandard . We site the house for a solid vall, 
wherever possible , on the west side (our sun i s  more intense on the 
west than on the south ) and every house has overhangiug eaves . We a lso 
try to place the house carefully wi th regard to the tree s that will be 
put on the lawns . The upshot is that the hCDe owners  re port to us about 
a 3 0  percent savi ng in their ut ility bil l s . 

Be fore c losiug , I a lso should note that we use attic fans but are 
phasing them out . Although they move an e no naous amount of air , they 
do not appear to be a very efficient way of removiug heat . 
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INTRODUCTION 

Charle s E .  Schaf fner 
Execut ive Vi ce Pre sid ent and Director 

Syska and Hennessy , Inc . ,  New York, New York 

Thi s c onference i s  a t ypical example of the good news-bad news 
syndrome . The good news i s  that we are drawing nat ional attention to 
the secondary problems created by single-minded conc entration on a 
national objective . Peo ple talk today about the systems ap proach, but 
when we get i nvolved i n  something l ike the energy problem , we f orget 
all about systems . The bad news i s  tha t thi s concentration illustrated 
our f ailure in Ameri can l ife to c oncentrate on the system rather than 
on the pa rt s  of  the syst em .  

We tend t o  f orget that we have gone through hundreds  o f  years o f  
history i n  thi s  country wi thout ever havi ng energy conservation i n  a 
building c ode , and I do  not think that there are many bui lding code 
people i n  the country who are really convinced ye t that energy co nser­
vation belongs there . At any rate , we have put it there . Mr . Everly 
pointed out earlier that the three important aspect s of buildi ng  codes 
are health , s tructura l safety ,  and f ire safety . I think that when we , 
i n  our si ngle-mind ed devotion t o  solvi ng the problem s of energy con­
sumption, went pell-mell putting i t  i nto building c odes , we l ost sight 
of those thre e basic reasons for the buildi ng code . 

Th i s  c onf erence cert ainly i s  helpful i n  pointing out the problems 
and some of the successe s of i ntegrati ng energy conservation wi th fire 
pro tect ion, but we a lso should be taking a look a t  the impact of energy 
conservat ion on structure s and , more important , on heal th . We have 
g iven very l i ttle a t tention t o  the effec t of energy-c onservation mea­
sure s on the heal th of the occupant s of all kind s of bui lding s ,  and I 
think i t  i s  long overdue .  I know some re search i s  under way , but I 
believe we als o  have t o  be talki ng about i t  very loudly i n  publi c so 
that we do not lose sight o f  the fact that the sing le mos t  important 
a spec t  of the uti lization of a buildi ng i s  the people ' s  comfort and the 
creation of c onditions under whi ch they c an f unc t ion mo st  productively . 

Thi s conference session really i s  intende d to tie  together brie f 
summari e s  of the f irst three sessi ons by the leaders of  those sessions 
and critique s by four panelist s who represent academi a ,  archi tecture , 
eng ineeri ng , and f ire practice . The remainder o f our t ime i s  reserved 
for di scussion and questions by the audienc e .  
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SES SION I SUMMARY 
Harold E .  Nelson 

I sp eak now neither as a repre sent ive of the Na t ional Bureau of 
Standa rd s  nor as an officer of the Society of Fire Protection 
Eng ineers . Ins tead , I wi ll present ay personal o pinion of  the f irst 
conference ses sion.  

I come away from thi s conf erence with one question. Is there a 
problem o r  i s  there no t a problem? In general I believe tha t for every 
fire problem, real or not , there i s  a clear and simple but often 
extremely expensive answe r .  Often we find the se answers very readi ly 
and we i nstitutionali ze them. The effectiveness or worth of the solu­
tion i s  often a randoa variable t o  be wor ried about later.  We see• to 
be more concerned a bout the proce ss of institut ionalizing the approach 
than about the effectiveness  of the approach.  

Wi th respec t to  whether there i s  a problem , my personal opinion i s  
that there truly are some real fire ri sk problems a rising from energy 
conservation. Soaetimes these ri sks are minor and sometimes they are 
maj or . Wha t d o  I aean by ma jor ? Soaetime s there i s  a major f ire pro­
blem and sometiaes there i s  a major design problem. The degree to  
whi ch i t  i s one or the other i s  an open ques tion . 

Lo ss data are hi stori c data. They are good f or yest erday ' s  design 
but are no t really good for tomorrow ' s  design unles s  i t  i s  like yester­
day ' s design . If we are goiag to talk a bout innovat ion, loss data are 
unreliabl e predict ors . Part of the diffi culty arise s  in my own profes­
sion and involves the inability of traditional f ire protec t ion t echnol­
ogy to handle a new problem , one that requires new applications of  
t echnology and i s  no t support ed with feedback f ire data .  We seem to  
be totally incapabl e of  handli ng a problea if  we do not have a body 
c ount to c onsider . 

There i s  cert ainly a real  problem created by our belief that there 
i s  a problem . Jus t  the statement that there i s  an energ y-f ire problem 
i s  part of the energy-f ire problem.  We encounter voids or confl icts 
in our code s , regulations , and insurance impact s ,  and we the n try to 
f ill them wi th a new c ode , a new regulation, or a new i nsurance rating 
requirement . 

The true cause of  f ire and f ire produc ts in a building i s  really a 
complex , nonlinear , s tat e transition typ e of  situation and one of our 
probleas is the desire to keep thiugs so s imple that , as was stated 
thi s  morni ng ,  the man wi th the hammer can handle i t .  Ye s ,  he can 
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handle i t  but only i f  you put enough money behind that hammer . If you 
want efficiency and cos t-eff ectivene s s , i t  i s  not going t o  be an ea sy 
problem t o  solve . 

Our c urrent cri teri a generally are on a component perf ormance basi s . 
Component performanc e  works well  for standa rdized tes t s  but no t for 
total sy stems or engineered solutions . Our current problem really is a 
golden oppo rtunity to  move the t echnology forward .  Mr .  McCollom empha­
s i zed i t  i n  h i s  pro posal for a systems approach . I like to think of i t 
more a s  an engineered approach . A tractable syst em i s  wi thin view--a 
sound and , I thi nk, rationally conservative system of e ngineering analy­
si s using the best mix of specif i c  analysi s from f i re modeling and o ther 
d evelopment s , empirical data, and c onservative engineering a s sumptions . 
A good dea l , but by no means all , of the engineering model s ,  dat a ,  and 
t est re sul t s  needed are avai lable now. 

SES SION I I  SUMMARY 
William E .  Fi t ch 

What we heard during the second c onf erenc e  sessi on, as Mr . Ne lson 
pointed out , were example s of some of the work tha t i s  being done in 
evaluating applications of  materi al . We h eard presentat ions on the 
energy los s-gain control pa rt of energy subsystems and we learned that 
work i s  being done on conf ining the f ire ( i . e . , on c ontrolling f lame 
spread , rat e  of heat release ,  and t otal energy) , on controlli ng igni­
t ion, on preventing ignit ion, on c ontrolling the fuel , and on shielding 
the fuel from ignition sources . 

We l earned that the problem i s  not being ignored . But I believe 
Mr . Nelson i s  correc t i n  saying tha t the problem i s  bei ng atta cked in a 
di sjointed manner . We a re gatheri ng bits of inf ormation, but nobody has 
put it a l l  together .  I mus t  say , howeve r ,  tha t Dr . HaEmathy ' s  presenta­
t i on was a f antastic attempt to  do  just that and I l ook f orward t o  read­
ing hi s paper in the proceedings of thi s conferenc e  because  I think that 
with i t  we can begin to  pull our d isjointed inf ormation together . 

What do  we do wi th the i nf ormat ion? As Mr . Everly said , we need t o  
get i t  i nto the hand s  o f  the people who can use i t , both the d esigners 
and the enforcer s ,  and to have i t  in teEms tha t they can us e .  
Fort unately , much i s  being done i n  this area . 

A D\DDber of the resea rch programs described duri ng  thi s conf erence 
a lready have provided the bases f or revi sions to  the building codes . 
In fact , when the Bui ldi ng Official s and Cod e Admini strators meet s, 
sp ecific code chang es concerning the combustiblity hazard s of  i nsulation 
mate ria l s  wi ll be di scussed . 

What we need t o  look a t  i s  education and the c ost of t echnology . 
It i s  not enough t o  wri t e  a new law .  We mus t  understand what we are 
g oi ng  to gain from that , what other paths there are to t ake ,  how we c an 
educate the public , and how we can educat e the contractors and 
d esigners . We must determine where i s  the best point t o  att ack and 
whe ther we should attack all of it . 
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We attempted t o  present i n  the second session and throughout this 
c onference i nf ormation on the i ssues aDd how they are being attacked . 
Now we need t o  provide that missi na link that will ti e i t  all toge ther . 
Ho peful ly , we can d o  that duri ng  thi s discussion . 

SESSION III  StlfMARY 
B .  J .  loux 

I wi ll summari ze the pre sentat ions made during the third conference 
session and at least convey what I thought to  be the highlight s of thos e 
pre sentat ions . I also wi ll draw some c onclusions that might prompt 
di scussi o n .  

Mr . Freeman, i n  his discussion of  the f ire propert ies of  insulati on 
mat e rial s ,  made two key point s .  'lbe f irs t wa s that we are i n  a "tran­
sition from an o i l-dependent economy to an energy-d iversified economy . " 
To me thi s means that new type s of energy source s will be used and that 
we must determine whether these new sources , used f or home heating and 
coolina , creat e some unidentified problem s i n  the form of new ignition 
sourc es . One example of this mi ght be solar heat ing panels , something 
that mo s t  of  us a re not t oo familia r wi th but some thina that can c reat e 
f ire problems . Mr . Freeman ' s  second major point was that "e nergy effi­
cienc y i s  productivity . "  We mus t consider the chanaes being made to 
e liminate i nefficient home c onst ruction and i nefficient heatina and 
cooling equipment i n  home s and determine how these change s might i n  
themselves affect the f ire problem. 

Mr .  McCo llom spoke about the systems approach , the only real way t o  
achieve energy-efficient and fi resaf e building s .  Be effectively con­
veyed , c i ting the various projec t s  that the u. s .  De partment of Housing 
and Urban Development has been involved i n, the need t o  look at  the 
overal l picture rather than at the i ndividual part s and to seek,  i n  
combini ng those pa rt s  i n  a systeas approach , a far better solution .  

Mr . Everly spoke about energy conservation and fire saf ety i n  build­
i ng code s .  One point he mad e wa s that energy efficiency i s  now part of 
a building code and that in the past fire safety has bee n a large part 
of the buildi ng code . '!bu s ,  I concluded that the bui ldi ng code i s  
e ssentially a kind o f  playing f ield , a ground of c ombat i f  you will , 
where the two interest s of energy conservation and f i reaafety are coming 
t ogether and that there i s  a nee d f or a balance between the two 
int erest s . 

Mr . Everly made two other intere sting point s  relat ive t o  the bui ld­
i ng  code : ( 1) tha t i t  i s  a communications link and one therefore might 
look at that very purpose a s  a way of addre ssing this conf lic t be tween 
energy conse rvation and f i resaf e ty , and ( 2) tha t i t i s  reactive , which 
i s  probably most appropriate . 

Mr . Mari ani spoke about architec ture as  a challenge for the 1980s . 
Be related the history of  buildi ngs from when they were tuned to nat ure 
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t o  their concentrati on i n  the citie s and the f ire problems t ha t  c reated . 
Be noted that c itie s are energy hogs and made the very t elling point , 
at least in my mind , tha t the ene rgy program i s  bei ng driven by eco­
nomics whereas the f ire safety program i s  not . The fact that these two 
program s are driven by different force s may , in a sense , create some of 
the problem . If we could f ind some common f orc e that was the driver f or 
both of the s e  program s ,  maybe we could obtai n a better resolution of the 
c onf lict in  a quicker way . 

Mr .  Me ckler spoke about how t o  provide energy-e fficient and firesafe 
buildi ng s . Specifically , he talked about the integrat io n  of bui ldi ng 
systems (l ighti ng ,  heating , c ooling ) . He emphasized life-cyc le c osting 
(and economic s certainly has been a considerat ion all through thi s di s­
cussion) and showed us  two excellent examples of  i ntegrated systems 
( i . e . , of  a sprinkle r system i nt egrated wi th a water-cooled recesse d 
f ixture or a s  part of the loop of a heating pump system) .  

Mr . Be llman talked about ene rgy conservation vi s-a-vi s fire protec­
t ion from a practical viewpoint . He specifically addres sed some very 
real and immedia t e  problem s : the increased use of insulation mat erials 
and atriums and the recirculation of smoke by mechanical systems . He 
emphasized that systems nee d to  work in concert . 

Mr . DeCa pua spoke about f ire safety and energy conservation i n  Be ll 
System buildi ng s  and he referred to the problems involved in bo th 
designiQg new building systems and fine-t uning exist ing building s .  He 
speci fically addressed two area s of co nflic t--smoke control and the use 
o f  increased i nsulation.  

Mr .  Be rg spoke a bout energy c onservation and f ire safety in  homes . 
Be exemplified wha t  I would characte rize as  a very re sponsible builder 
by re port ing on a part icular f ire problem created by the quality of 
installat ion of fireplace s .  

In reviewing these presentat ions , three thought s came t o  my mind : 
Is there a problem ? If the re i s ,  may it  not be better t reated a s  an 
opport unity since the goals of  both energy c onservation and f ire safety 
are acceptable one s ?  Is there i n  all of thi s the need for both 
i nterests  t o  meet on s ome c ommon f ield of play , some common f ield of 
solution ?  We have a fo:mal sort o f  playing field i n  the buildi ng code 
where there are requirement s for both energy conservation and f ire­
safety , but the practicing e nginee r ,  the mechanical engine er ,  the fire 
protection engineer , and the architect or building owner also repre sent 
playi ng field s where both the se inte rest s can come toge the r in a more 
i nf ormal manner . 

Maybe our overall goal , i f  we look a t  i t  a s  a n  opportuni ty and can 
find some common playi ng field for bo th i nt erest s ,  i s to s ee k  a balance 
between the two goals . Intere st ingly that may require redef ini tion of 
the goal s themselve s . Maybe we should not seek optimum ene rgy co nserva­
t ion or o ptimum f ire safety but rather some optimum be tween the t wo .  
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PRESENTATION 

Richard E .  Bland 
As soc iate Profe ssor of Eng ineering Re search 

the Pennsylvania Stat e University , University Park 

I was invited to  thi s conference s ession a s  an academic , but I will 
approach the subject from my position wi th the Rat iona l Commi ssion on 
Fi re Prevention and Control . The Commission was composed of a dedi­
cated group of peopl e represent i ng  a wide spectrum of int erest s and 
vi ews . Its  stated goal was to reduce s ignificant ly u . s .  life and 
property lo s se s  from des t ructive f ire .  It then defined "significant" 
to be a re duction by half in a generation. On that basi s ,  the pri ori­
tie s were established as  prevention , detection, and suppressio n,  i n 
that order . The Colllllission worked for a very i ntense two years--s o 
intense , in  fact , that I crawled back into a hole a s  soon a s  the two 
years were over and have only ventured f orth now to  g ive my  personal 
views on wha t  i s  goi ng on in the fire world . 

I o bserve a continuing scarcity of  programmat ic i nnovation t o  serve 
the need s  of the general public , the people impacte d by f ire .  Those of 
you who m ight like to explore same of the polit ical reasons for this 
should read the report of the Advisory Commi ssion on Intergovernmental 
Re lations ( ACIR) , Fire Prevention and Co ntrol : Two Ca se Studies i n 
Pragmat i c Federali sm .  The report analyze s how the federal governme nt 
became i nvolved in the matter of f ire and outlines a prognosi s .  It  
isolate s three s t reams of i nfluence that converged i n  the Fire Preven­
t ion and Co ntrol Ac t  of 1 9 74 .  The s tream s  were the engineeri ng commu­
nity , the f ores t protect ion group , and the fire suppression f orce s . 

The e ngineeri ng community wa s  c omposed of the u . s .  Bureau of  S tan­
da td s ,  the National Fire Protec tion Association , the insuranc e indus t ry , 
and a vari ety of c ommerc ial and industrial groups . In re trospec t ,  i t  
i s  not qui t e  clea r what they want ed . Thos e in  the second group were 
c oncerned about f ore st f ire prevention and control . They had a unique 
position since they had an established link wi th federal , state , and 
l ocal government s that had matured since the late 1920s .  They were 
wel l-i nformed and expe rienced but cautiou s  participant s . the f ire 
s uppre ssion group was composed primari ly of members of  the International 
Associat ion o f  Fi re Chie fs  and the Int ernational Association of  Fire 
Fight ers . The ir motivati on was primari ly one o f  e stabli shing their 
identity  and gaini ng influence . 

What I thought I saw, at the t ime , was a c onstituency that could put 
the federal government i n  a proper functional position and that could 
lead a carefully considered prevent ion program against f ire los s .  Since 
al l level s of  government are involved in  f ire as  stewa rd s  of the public 
trust (we lfare , health , and happiness) , the f ederal role should be one 
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of  contri bution based on a unique capacity or capabi lity . For i nstance , 
the federa l government ha s re st ricted polici ng power s under the Const i­
tution; the s tat e s  have the c learly vested power t o  enact  and enforce 
f iresafety code s .  Earlier someone mentioned the European fi re experi­
ence and tha t  i t appears to  be be t t er .  In this regard one must remember 
tha t few European government s are the same as  our s wi th re spec t t o  
policing powers or s afety services . Fore ign f ire department s are pri­
marily milita ry uni t s ;  they are a function of the nationa l government 
and regulat ion generally is a responsibility of the central government . 
In the United State s ,  we do  not encourage regulation at the federa l 
level . 

Now I wi ll d i scuss what I thi nk has happened during the 10 years 
since  the Commi ssion disbanded . First , the constitutency , the coalition 
that support ed a f ederal role , ha s evaporated . To put it bluntly , 
eve ryone came int o the program to get hi s two bit s ,  and whe n bi g funding 
did not emerge ,  each pulled away toward his  traditional posi tion. 
Splint er groups eme rged t o  establi sh influence and the fragile struct ure 
collapsed . In e f fect , we "threw the baby out with the bath water . "  

The basi c  problems now concerni ng de structive f ire control are tha t :  
( 1 )  the public i s  not rea lly excited about f ire losses , and ( 2 )  their 
elected re pre sentative s are not excited about f ire as a social problem. 
The f ederal e ffort concerning f ire i s  going to  d isappear . It already 
lost  i t s  identity whe n i t  wa s  submerged int o the Fed eral Fmergency Man­
agement Ag ency . Admini stratively , i t f its well with dam safety , f lood 
insurance , and nationa l  defense . However , the probability  tha t a dam 
wi ll break t oday or that a d i sastrous flood wi ll result from a lOo-year 
statistical rai nfall i s  remote wherea s  the dea th of  40 or  more people 
from destructive f ire during the two days  of  thi s c onference i s  highly 
probable .  

As a rchi tects ,  archi tec tural engi neer s,  a nd  professionals i n  the 
provision  of the built  environment , you are goi ng t o  need t o  understand 
aore about the phenomenon of f ire i f  you are t o  f ulfi ll your obliga­
tions . Yo u t al k  about pragmati sm in relation to your client who pays 
f or your expert i se ,  but i t  i s  the public who really pays through i nsur­
ance and los s of resource s when a de structive fire occur s .  

You will have t o  i ntegrate life safety a nd  loss management i nto your 
future design and mat e ria l configurations on a systemati c  basi s .  The re 
i s  not much Mr .  O ' Ha gan and I a s  f ire fight ers can do except a ttempt t o  
control further los s onc e a f ire i s  i n  progre s s .  We can squi rt thou­
sands of gallons of wa ter on f ire s but nature has a t ime-t emperature 
relationshi p that dictate s de struction.  You can depend on us to  inhibi t 
the temperature ri se , but ours i s  an a fter-the-fact operat ion that i s  
nei ther very effective nor very efficient . For example , i f  you take all 
the f ire houses i n  Pe nnsylvania and place them on a uniform gri d ,  you 
wi l l  place two fire house s withi n 2 -1/ 2 mile s of any structure i n  the 
s tate . De spite  that fact , the destruction of life and property 
continues to grow. 
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At thi s conference you have di scussed f ire a s  bo th a social and a 
t eChnical problem . It also i s  an economic problem and , as e ngineers ,  
we must fac e tha t  problea .  I believe we have the maturity t o  acca.ao­
d ate that re sponsi bility . 

What are we going t o  d o  t o  bring the public al ong ? We are going t o  
have to  learn t o  asse ss and express  ri sk . A pa rt of ri s k  i s  stati stica l  
(you can number crunch t o  expre ss probabi li ty) . Another part of risk 
i s  social acceptanc e and , thu s ,  a matte r of  social and econoaic value s 
and judgments . 

We are not going to  d esign the perfect f ire system since nature has 
the ca rd s .  However , we can desi gn a dynami c and re sponsive system and 
the public wi ll decide the ri sk i t  i s  willing to accept . 

PRESENTATION 

J .  Armand Burgun 
Chai Dl&n of the Board and President 

Rogers , But ler , Burgun and Shahine , Hew York, Hew York 

The conference sessions have led me to conclude that intelligent use 
o f  the natural environment , imaginative e ngineered design of  mechanical 
and elec t rical system s ,  and knowledgeable use of material s  can reduc e 
cost� conserve energy , and enhance firesafety . As a corollary , if you 
use flammable insulation,  if  you overbulb fixture s, i f  you overload 
electri cal c ircui ts ,  i f  you do not c lean your chimney , or i f  you have a 
windowle ss  buildi ng wi th only one way out , you probably a re going to 
have a f ire and you surely are going to ri sk entrapment . I think this 
make s great and good sense . 

The o ther thing that we have talked about i s  the matter of  retrofi t .  
We have already bui lt by far the majority of  the bui ldings that will be 
in existence i n  2 000, and that their retrofit has to be done intelli­
gently and economically , or  i t  wi ll  no t be done at al l ,  i s  obviou s .  

One o ther thing we t alked about i s  the development of the Fire 
Safety  Evaluation System , which i s  in the appendix of the 1981 Life 
Safety Code . Mr. Ne lson was the leader of the delphi group at the 
Rational Bureau o f  Standa td s  that developed a system to measure the 
degree of  f ire safety i n  an exist ing health care faci lity . He i s  now 
extendi ng that system t o  includ e re sidential bui ldi ngs and i s  doi ng a 
really magni ficent j ob and I must give him credit f or that . 

We also have ta lked about the code s  and how they should be re spon­
s ive to new t echnology a nd should maint ain credibility i n  the eyes of 
the public , the authoritie s havi ng jurisdict ion, and the desi gn profe s­
sion• Codes ,  standard s ,  and regulations should be based on f act , where 
possible , and no t opinion,  and I agree completely wi th wha t Mr . Bland 
and Dr .  Ba rmathy have said about their c ontent . 

One thi ng doe s concern me however . I believe tha t thi s study should 
be i ncreased in scope to inc lude health and other safety a spect s  as well 
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as the probleas of firesafety and energy c onservation. The Departaent 
of Health and Human Service s (BBS ) currently i s  aeeti ng t o  revise the 
federal regulations concerning the des ign of and equipaent i n  hospitals .  
It is  concerned wi th the iapac t  of energy conservation on ge neral heal th 
and safety (e . g . , i n  t e�s of cro ss c ontaai nation and toxicity) . I do 
not know whether or no t you know what happens to that document ; but i t  
usually goes out t o  the states and the s tates automatically aake i t  part 
of their licensure law. It also was used for Bi l l-Burton grant s when 
such grants were g iven. The BBS i s  c onsideri ng ,  for exaaple , whether 
or not t o  u se variable air volume i n  place s such a s  operati ng rooms , 
i ntensive care units ,  and nurseri e s. The regulations currently call f or 
2 5  air  change s of outside air ,  positive pressure , all air exhausted , 
e tc .  I think this s t udy should t ake i nto considera t ion these i teas a s  
well a s  f i re safety and energy-conservation factors . 

PRESENTATION 

ThOJD&s P . Goonan 
Consultant 

Schi�er Engineeri ng Corporation, Springfield , Vi rg inia 

I think Profe ssor Bland i s  auch too aodes t  about hi s accompli slaent 
with the Fi re Commission. The d evelopaent and widespread use of saolte 
detector s  i n  thi s country has it s root s d irectly i n  the National Fi re 
Co .. ission, and I thi nk i t  i s  s tart ing to  aalte a d ifference concerning 
our mai n problem , the dwelli ng f i re .  

There has been a little d iscus si on duri ng this c onference of the 
difference betwee n a perceived problea and a rea l problea . In fire 
pro tection engineeri ng c onsulting , a perceived problea to a building 
official bec ome s a rea l problea to ae . Therefore , jus t a s soon as we 
a ssert that energy efficiency produces f ire probleas , I have a problem 
wi th buildi ng off icial s .  

Ge tti ng back t o  the point Mr .  Ne lson aade yesterday , we need rated 
roof s because the building code say s  that we need rated roof s . Now 
there i s  a problem wi th increasing the energy efficiency of a rated roof 
because 111e say there i s  a problea . 

I recent ly had t o  recQIIUDeDd a very expensive f ix �n what I thought 
wa s a very goo d  design for a rated roof that should not have bee n 
re quired to  be r ated a t  all.  The need to improve the heat-l oss charac­
teri stic s of the roo f mad e it necessary to forego an econoaica l rated 
roof and switch to an expens ive roof systea . 

There ha s  bee n some d iscussion of  the effec t of ainor deficiencies 
in rated f ire asseablies . It is a tradition to re ject an a ssembly that 
i s  lacki ng in any way . Howeve r ,  a growi ng number of bui ldi ng officials  
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a re receptive t o  e ngineeri ng analyse s of fire probleas and , t o  the 
extent that we have these people , we are maldag c onsiderable improve­
ment . I routinely pe rform systemati c  analyse s of bui ldi ng fire prob­
lems, and I of ten have f ound very receptive building officials and f ire 
marshall s who are willi ng to consider a buildi ng a s  a unique entity and 
t o  c onclude that some of  the provi sions of  the bui lding c ode do not 
necessa rily apply to a particula r buildina . To thi s extent , the 
acceptance  o f  the systems approach is making progre ss . 

I also believe , a s  Dr . Hamathy said , that te chnology cannot solve 
sociological problems. We heard a minor rebuttal f rom Mr .  S chaeDIIan, 
who said that sprinkler s coae pretty c lose to  solving the problea , a nd 
I thi nk that an analysis o f  a great mauy f ire problems will produce a 
similar answer . Although sprinkler s do not solve all  of  our problems , 
they certainly help us  get pre tty c lose to what an a nswer might be . 

Our keynote speaker sai d  that furniture and dec oration s create 
seri ous hazard s . We a ll know that . There i s very little contro l on 
furniture , e i ther in  the code s or in standard s ,  and I think that this 
may be a t extbook example o f  self-regulation by industry with very 
little int erferenc e by government . Thi s seems t o  be the keynote of the 
Reagan Admini stra tion. Self-regulation by f urniture manufac turers has 
produced i ncreasi ng f ire hazard s .  If we look at the probl em of furni­
t ure f ire s, thi s may be a way of analyz ing the re sponse of  unregulated 
private ent erpri s e  to a rea l  nationa l problem . 

PRESENTATION 

John T .  O ' Hagan 
Pre sident , John T. O ' Haaan and Associates 

New York,  New York 

In my ne ighborhood I have two friend s , Bill and Frank, and they are 
brothers . Bi ll i s  a d octor and Frank i s  an undert aker , and the j oke i n  
the nei ghborhood i s  that Frank went int o busines s t o  take ca re of  Bil l ' s  
mistake s . In a sense , my career , a t  least i n  term s  o f  extingui shing 
f ire s , ha s bee n one of deali ng wi th the mi stake s that have bee n made i n  
building de sign and product development , and ,  a s  a matter of self­
defense , I became involved wi th the 196 8 New York bui ldi ng code . 

To g ive you an i ndication o f  the extent of the Fi re De partment ' s  
i nvolvement , we received the la st draf t of the code before i t  wa s  t o  be 
publi shed . The Building De partment a lso was invi ted to  wri t e  a 
c ritique . After three draft s we submitted a 7 5-page , item-by-item 
cri t ique wi th case studies t o  back up our recommendations . 

The Buildi ng Department Commi s sioner a t  the time submitted th ree 
cart ons full of books . He said , " lhose are the c odes  I would have t o  
b e  familiar wi th i f  I were to  critique thi s code . Le t  the code g o  i n  
a nd we will amend it later o n .  The Fire De partment could not afford 
that luxury .  
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S o  I am very interested i n  code s .  Ne w  York Local Law 5, which 
became the model f or corrective high-ri se legislation throughout the 
United State s ,  ha s cont ri buted t o  improved life safety . Mr .  Schaf fner 
and I played a major role in i ts development . The c onsulting f irm in 
New York tha t probably get s the least work i n  de signi ng Loca l Law 5 
modif icat ions i s  Mr .  Schaffner ' s f irm of Syska and He nnessy , and that 
i s  a reflec tion of  the gratitude of the Real Estat e Board . 

I me t a member of  the Real Es t ate Board the o ther day and he s aid : 
"You kmw, eve ry time we meet and we talk about Local Law 5, your name 
c omes up . I wouldn' t  want t o  t ell you what we say about you. I replied 
that i t  didn' t mat ter because now I sleep better at night . 

I thi nk thi s i s  a very positive meet ing . It i s  unique i n that we 
are addre ssing a problem be fore i t  become s a cri si s .  Perhap s ,  ba sed on 
my experi ences , I can i dentify some of the actions that we might t ake 
to make thi s meeti ng more effec t ive . 

One of  the most encouraging things I heard were the remarks from 
Mr . Ma riani , who i s  obvi ously a leader i n  the architectural community.  
I was  very e ncouraged and I think all the people i n  the fire service 
would have been pleased wi th hi s posi tive attitude towa rd f ire safety in 
buildings . 

Mo st of the people i n  the fire community with whom I have worked 
over the pa s t  15 years fee l tha t the architectura l community ha s an 
i nadequate appreciat ion f or design feature s--f or their c ontri bution t o  
li fe safety and the ir abi lity t o  contro l a building o n  f ire . Any thi ag  
that corrects that impres sion on their part , I thi nk, wou ld be positive . 

Mr . Mariani al so  mentioned the reintroduction of at ri\DD s a s  a popu­
lar design feature . I think the reason that type of  d esign d isappeared 
for  a long time probably i s  related to two hote l f ire s  ( the LaSalle fire 
i n  Chicago , Il lino i s ,  and the Wanecoff f ire i n At lanta, Georgia) . The 
large lo sse s of li f e  were due to the distribution of smoke at the mi d­
levels of the hotels where a number of people were overcome by carbon 
monoxid e . Followi ng those f ire s ,  unti l the Hyat t  Regency wa s  desi gne d  
and constructed i n  At lanta, you wou ld have h ad  d ifficulty getting that 
type of design approved . Now several of those building s have bee n 
c onstruc ted and three of them have had f ire s--the one i n  At lanta , one 
a t  O ' Hare Airport i n  Chicago , and one in  San Franci sc o ,  California . 
Al though no o ne  was i njured in any o f  those f ire s ,  the smoke control in 
al l of them wa s unsati sfact ory . 

That brings me t o  my next point , the comment s of  Mr. Everly on 
code s .  I have t o  take exception wi th Mr . Everly in  the sense tha t he 
would lead us t o  believe that getting change s made in  codes i s  a simple 
matte r . 'lbe fire servic e communit y  would disagree wi th that . Many code 
feature s are made a s  accommodati ons with reality or with economic s . For 
example , the requi rement for only six change s of air  per hour to provide 
smoke c ontrol in a f ire situation o bviously is i nadequate , but it hap­
pens to  coincide conveniently wi th the maximum capaci ty  of many HVAC 
systems • 
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We also have had many u:perieuce s tha t we should be learni ng froa 
in  deve loping our codes , but we c ontinue to  d isregard the lessons of the 
past . One of the i ssues that I would like to  call t o  your attention is  
that involving the larae unprotected open areas that are still allowed 
by our bui ldi ng  code s but that are the base of many of our f i re prob­
lems . About 5000 square feet has been recogni zed for a long t ille as the 
maximum area that can be controlled wi th manual firefight i ng . Above 
that , you are accepting , in my o pinion , an unwarranted risk.  

Another point I would like t o  make is  that there i s  a lot of 
inf ormation to be gained from doing case studies of previ ous fire s .  
Mr . Bland made a good point about that . Using case studies we ca n  
d evelop a s ensi t ivi ty to hazardous conditions and develop a n  ability to  
d o  a risk analysi s on the fire and recogni ze conditions that we may have 
mi ssed initially . For example , no one that I know would have looked at 
the AT&T swi t ching center on Second Avenue in Hew York and recogni zed 
it as  a f ire hazard , but we had the largest dollar loss of any fire in 
the hist ory of the United State s in that bui lding . After the fac t , we 
a sked the AT&T pe ople t o  calculate the f ire loading i n  t erms of i nsula­
tion on those little skinny wires that were tracing through the whole 
bui lding . It was measured at something in exce ss of 4 t ons!  Almost any 
f ire can teach us lessons , and if we extended the sa.e effort in inves­
t igati on and analysi s  of f ire as  we do in testing , we probably would 
have a much bett er basi s  for our decisions . I am not against  testing 
( i n  f act , I am a ll f or i t ) , but ca se s tudies provide another approach . 

I also support the systeas approach . In our consideration of the 
New York Ci ty bui lding code and the changes rela ted t o  high-ri se build­
i ng s ,  we tried to use the systems approach .  I would caution you, how­
ever,  that there are some pitfalls . One i s  the application of a given 
too l to all situations whe ther or not i t  i s  appl icable .  Consider the 
matrix a s  an example . They attempted to use a matrix i n  Hew York t o  
det ermine equivalencies to  the requi re•nt s of the cod e .  Using the 
matrix,  you could select directional signs , i nteri or wall f ini shes wi th 
a flame spread rati ng of 2 5  or le ss ,  and perhaps a manual alarm t o  get 
the equivalent of a sprinkler systea .  The basic problem or the core 
issue in high-rise building f iresafety today i s l imiting the size  of a 
f ire .  Compartmentat ion will limit i t  and a spri nkler system will l imit 
i t , but di rect ional signs , wall finishings ,  and manual alarms will not . 
Any matrix that gives you that answer is obviously inapplicable . 

We also have been talki ng  about economics and i t  i s  obvious tha t 
economic s are an important factor i n  achieving a higher level of f ire­
safety . However ,  there a re times when we can use economic s a s  an ally . 
Af ter the f ires at  the MGM Grand , the Hi l ton and Stouffer & ,  corporate 
America became couc erned about where it was putting i t s  executive s . 
Because of questioning by corporate America and the possibility of loss 
of busines s ,  hotel s now are put ting in more fire protection .  We also 
had great difficulty get ting building owners to retrofit their buildings 
wi th sprinkler systems to comply wi th Local Law 5, but a retrofitted 
office building in New York now brings a premium on the real e state 
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urk.et , and the invest•nt , when the bui ldina i s  sold , will  show as 
large an appreciation as the owner could have gotten in  the f inancial 
market . 

Let ae c lose by sayina that I share same of Mr .  Bland ' s concern 
about the future of the federal effort in cont rollina fi re s .  I think 
that same of us  who were involved in the iDit iation of the effort t o  get 
federal support for the attack on the fire problem are rather disap­
pointed that the goals we looked forward to in those days are not fully 
achieved . However , given the consequence s of not doina anythi � ,  I do 
not think that we have any choice but to continue to f ight , and I think 
thi s i s  a very good exaaple of the type of conference and effort that 
shows proaise f or achievina soae beneficial re sult s i n  the future . 
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Washington,  D . c . 
G . R .· Munger , Pre sident , Air-ConditioniQ& and Refrigeration In st itute 

Arlingto n ,  Virgi ni a  
Ha rold E .  Ne l son, Head , De sign Concept s Re search,  Center f or Fire Re search 

Nat iona l  Bureau of Standard s ,  Washi ngton , D . C .  
John T .  O 'Hagan, Pre sident , Jo hn T .  O 'Hagan and As sociate s ,  Ne w  York , Ne w  York 
'lhomas J .  Pac:i , Olie f Estimator , Turner Construction Company , Washi ugton , D . c .  
Wi lfred L .  Prue , Mechanical Engineer , Na tional Pa rk Service , Wa shiugton, D . C .  
Jose ph E .  Prusac:zyk, Supervi s or ,  Fire Research and Testi ug ,  Research and 

Deve lopment Divi sion, Owens-Corning Fi berglas Corporation , Granville , Ohi o  
David Recktenwald , Community Development Manager,  Monsant o Company , 

BloClllfield , Connec t icut 
De nnis Began, Professor , State University of New York,  De lhi , New Yo rk 
Robert F .  Robins , Chief  Enginee r ,  Hardwood Plywood Manufacturer s Associat ion , 

Re ston, Vi rg inia 
Ja ck M . Roela , Ja c:k M. Roela and As sociates ,  Vi rginia Beach , Vi rg inia 
Bank J .  Boux , Coordinat i ng  Manage r ,  Produc t Fire Perf or•nc:e , Armst ro ng-world 

Industries,  Inc: . ,  La ncaster , Pe nnsylvania 
Phi li p  S .  Sc:baen•n ,  As sociate Admini strator for the National Fire Dat a Cent er 

u . s .  Fire Administration, Federal l!'mergency Management Agency , Wa shiugton, 
D . c .  

Charle s E .  S chaffner , Executive Vi c:e Pre sident and Director , Syska and 
Hennessy , Inc: . , New York , New York 

Wi lliam A. S chmidt , Ve terans Administrat ion, Wa shiQ&ton, D .c . 
Robert Sheldon,  Consult i ng  Engineer ,  Robert Sheldon and Associate s ,  Geneva,  

Ohio 
L. Denni s Smith , Ac count Executive/Fe dera l Goverment , Be ll System /�P 

Tele phone , Washington , D . c .  
Eugene Sober , Nat ional Aeronautics and S pa ce Administrat ion, Greenbelt , 

Maryland 
Er nest M .  Stolbert , Ge neral Eng ineer , Ve terans Administrat ion, Washing ton , D .c. 
Merli n L .  Taylo r ,  Di rect or , Ap prenticeshi p and Traini ng ,  International  Union of 

Bricklayers and Allied Craf t•en, Wa shing ton, D .c .  
Boyce Thompson , Cahner s Publication s ,  Nationa l Pte ss Bui ldi ng ,  Washington , D . c. 
Ma rian To ft , As sistant Ed itor ,  Canadian Building Magazine , Maclean Bunter Lt d . , 

Toront o , Onta rio 
He inz R .  Trec:hsel ,  Princ ipal,  H. R .  Tre c:h sel As sociates ,  Germantown, Maryland 
William G .  Vasvary , Execut ive Director , Southern Build i ug  Code Congress 

International , Inc: . , Birmingham , Alabama 
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Appendix B 
BIOGRAPHIES OF SPEAKERS 

JES SE J. BE ITEL, I II ,  Manager , Fi re Pe rf ormance Evaluat ions and Fi re Protec tion 
Syst ems , Department of  Fire Technology , Division of  Chemistry and Chemical 
Eng ineeri ng , Southwest Re search In stitute ( SWRI) , San Ant onio , Texas . Mr .  
Beitel joined SWRI i n  19 7 5  a s  a research scientist and assUDled hi s  present 
position i n  1980. He ha s been i nvolved in the development , de sign,  and direc­
tion of numerous ful l-scale flammability evaluat ion s ;  the design and operat i on 
of  a multistory t e st facility to evaluate various construc tion material s ;  the 
operation of a la rge-scale burn room facility for measuri ng heat , smoke , 
caDbustion gas e s, and burning characteri stics of various hCllle f urni shings ; and 
the d eve lopment o f  ga s-sampling technique s and analytical 

'
me thod s for the 

analysi s o f  c ombustion products i n  f ull-s cale f ire scenarios . Mr . Bei tel i s  a 
membe r of  the Combust ion Institute , the American Socie ty for Testi ng  and 
Ma terial s, the Na t ional Fi re Pr otection As sociation, and the American Chemical 
Society . He hold s a B . s . degre e  in chemi stry from St . Mary ' s  of Texa s .  

ROLAND F .  BELLMAN ,  Senior As sociate , Rolf Je nsen a nd  As sociates , Inc . ,  
Deerfield , Illinoi s .  Mr .  Bellman ha s been affiliated wi th the Jensen .  firm 
since 1 9 69 and previously worked with Gage-Babc ock and As sociates,  Inc . ,  the 
Illinoi s Institute of  Technology , Und erwri ter s Laboratorie s ,  Inc . ,  and the Cook 
County ( Il linois)  Inspection Bureau. Hi s  pro ject  experi ence i nclude s the 
development of f ire protection master plans and f i re safety programs for �ari ous 
facilit ies includiDg hospi tals, individual buildings , fire departments , a nd  
other entit ie s ;  the analysi s o f  building structural assemblie s t o  e stimate 
their f ire resistance rat ings ; and the planning and conduc t of t ests of full­
scale assemblie s  t o  determine the ir actual rat ings . Mr .  Bellman i s  a 
regis tered professional engineer and holds a B . S .  degree in fire protection 
e Qgineeri ng from the Illi noi s Inst itute o f  Technology . 

THOMAS B!RG, Pre sident , Ray Ellison Development , Inc . ,  and Vi ce Pre sident and 
Direct o r ,  Elli son Indust rie s ,  Inc . , San Ant onio , Texa s .  Mr .  Berg began hi s  
business  career with Ge neral El ectric and subsequent ly owned and operated hi s 
own busine s s , Arcway Equipment Company . Be later served a s  chai rman of the 
board of Fr i edri sh Re frigerator s ,  Inc . ;  vice pre sident of Wylain, Inc . ;  vice 
pre sident and d i rect or o f  Crut cher Re source s Corporation;  d i rector of Universal 
Bi ndery ,  Inc . ;  and chairman of the board of Jim Berg Publicat i ons . He i s  vice 
chai rman of the boa rd of Southwest Research Institute and i s  a member of many 
t echnical societ ies  and community organi zations . 
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JAMES R. BEYRE IS , Managing Engineer , Fire Pro tec tion De partment , Underwri ters 
Laborat orie s Inc . (UL) , Northbrook, Illinoi s .  Mr. Beyrei s has been associated 
with UL s ince 1966 .  He current ly is re spons ible for the f ive-section Fire 
Protect ion Department that focuse s on f ire suppression, fire containment , fire 
growth control ,  solid fuel appliances ,  and industrialized housing . He i s  a 
member of the National Society of  Professional Engineer s ,  the Nat ional Fi re 
Protection As sociation, the Society of Fire Pro tec tion Eng ineers , and the 
Ame rican Society f or Test ing and Material s .  Be i s  a regist ered professional 
engineer , holds  a B . S . C . E .  degree , and pre sent ly i s  c omplet ing work for an 
M . B .A. 

RI CHARD E. BLAND, As sociate Profes sor of Eng ineeri ng Re search , The Pennsylvania 
State  University , University P•rk . Mr .  Bland has worked in underwater acous­
t ics , noi se and vibration contro l ,  and hydrodynamic s, and he current ly is the 
special a ssi stant to the director of the Applied Research Laboratory ,  a part 
of the Interc ollege Research Program and Facilities of The Univers ity of 
Pennsylvania . In 1971 he was appointed chai rman of the Nat ional Commi s sion on 
Fire Prevent ion and Control and was responsi ble f or the f unc tioning of the 
commi ssion as wel l  as the general management of the commission ' s  penaanent 
staff . He subsequent ly served a s  chairman of the HAS/NRC Evaluat ion Panel for 
the NBS Cent er for Fi re Research . Mr . Bland i s  a regist ered professiona l 
engineer and holds a B . S .  degree from Hi ram Co llege and M . S . degree from the 
University of Mi chigan.  

J .  ARMA ND  BURGUN, Chairman of the Board and Pre sident , Rogers ,  Butler,  Burgun 
and Shahine (RBBS ) , New York, New York . As a principal wi th RBBS since 196 3 ,  
Mr . Burgun has been responsible for many o f  i t s  major pro jects ,  most recent ly 
a s  pa rt ner-in-charge of several ho spital and medical cent er pro ject s i n  the New 
York area . Be fore joining the f irm , Mr .  Burgun served as a ssi stant d irec tor 
of the New York State Joint Ho spital Survey and Planning Commission and as  an 
architec tural consultant to the Ho spital Review and Planning Council of 
Sou thern New York . Be i s  chai naan of the National Fi re Protect ion Associat ion 
( NFPA) Li f e  Safety Code Commi ttee and past chairman of the NFPA Board . He i s  
a regi st ered architec t ;  has written widely on design and technology for the 
profes sional , medical , and general press ; i s  a member o f  many technical 
organizations ; and ha s lectured at a va riety of universitie s . Be hold s a 
Bachelor of Archi tecture degree from Co lumbia Universit y .  

NICHOLAS J .  DeCAPUA, Assistant Engineeri ng Manager , Standards and Codes ,  
American Te lephone and Telephone Company , Basking Ridg e ,  New Je rsey . Mr . 
DeCapua ha s been with AT&T since 1977  and currently hold s p rimary respons i­
bility f or providing guidance to the Be ll operat ing telephone companies  
conc erning f ire protect ion practice s and for  representing the Bel l system on 
model building code and consensus standard s groups . He formerly was a member 
of the t echnical staff of Bell Telephone Laborat orie s .  Mr . DeCapua holds B . S .  
and M . S .  degrees i n  mechanical engineeri ng f rom New York University and a 
doct orate in e ngineeri ng science from the New Jersey Institute of Technology . 

CHARLES o .  EVERLY , Director , De partment of  Building and Mechanical Inspec tions , 
City of Al exandri a ,  Virginia .  Mr . Everly ' s  department has full re sponsibility 
f or enforc ing the basic building , plumbing , and mechanical codes of the Build­
ing Off icial s  and Code Admini strators International (BOCAI) and the National 
Electri cal Code of the Na tional Fi re Pro tection As sociation in the Ci ty of 
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Alexandri a. He has served or current ly serves on various BOCAI c: CIIIIIlittees and 
as  c:hairuan of the NCS-BCS Buildi na Technica l Committee for a Mode l Document 
f or Co de Officials on So lar Energy .  He a lso i s  the BOCAI re pre sentat ive t o  the 
Nationa l  Research Counci l o f  CABO , the Mode l Code for Energy Conservaton, and 
the Board for Coordination of Model Code s .  He i s  a graduate i n  a rchitectural 
e ngineeri ng from Virginia Polyte chnic: Inst itute and Stat e University . 

WI LLIAM E .  F ITCH, Manager , Marke t  Deve lopment , Owens-Corning Fi berglas 
Corporation , Toledo ,  Ohi o .  Mr . Fi tch i s  re sponsible for deve lopi ng and imple­
menting new marketing programs a nd  s trategies i n  re sponse to trends i n  building 
te chnology , li fe safety concerns , standard s,  and regulations and for managi na 
f ire re search a nd te sting programs for product liabili ty a nd  code compliance 
of  product s and applications . Be i s  active on the fi re standa rd s  and bui ldi ng  
c onstruc tion committee of  the Ameri can Society o f  Te sting and Materials a nd i s  
a member o f  the Southern Buildi ng  Code Conares s ,  the International Conference 
o f  Building Officia ls,  the Building Officials and Code Admi nistrators In ter­
natioml , the American Society of Heating , Befrigeration and Ai r-Conditioning 
Eng ineer s, the Society of Fire Protec tion Engi neers ,  Nat ional Fi re Protect ion 
Associatio n,  the Society  of the Plastic s Indust ry , and the Mineral Insulat ion 
Ma nufacturers  As sociation. He holds a bachelor ' s  degree i n  cerami c: engineeri ng 
from the Universi t y  of washingt on . 

EBNEST c. FREEMAN , JR . ,  Program Manager ,  Ar chitectural and Engineering Systms 
Branch , Conservation and Benewable Energy , u. s . Department o f  Energy ( DOE) , 
Wa shing ton, D . c .  Mr .  Freeman j oined DOE i n  1 9 7 8  and now i s  responsible f or 
overall  program management of the nationa l program plan for thermal envelope 
systems and i nsulating materials . He f ormerly was manager o f  the Fe deral 
Supply Service Office of Standa rd s  and Quali ty Control Specifications and 
pro ject engineer wi th Thomas P. Herkins, Inc: . ,  Ge neral Contractor /Builder . He 
i s  a member of the America n  Soc iety for Testing and Mat erial s ,  the America n 
So ciety of  Be ating , Re frigerating and Ai r-Conditioning Eng ineer s ,  the Fi re 
Counci l o f  Underwrit er s Laborat ories , Inc: . ,  and the Natonal Insti tute o f  
Building S ciences . 

RI CHARD G.  GEWA IN ,  Chief Fi re Pro tec tion Engineer , Ameri can lr o n . a nd  Steel 
Institute , Wa shi ngton,  D . C . Mr . Gawai n ' s present dutie s include act ive 
pa rt icipation on the In s ti tut e ' s Subcommi ttee on Fi re Te chnology, which i s  
�e sponsible for al l f ire re sea rch involving fire protection of stee l and all 
pro blems a s sociated with the behavi or of  s teel under f ire exposure condi tions . 
He i s  re sponsible for fire te sea rc:h pre sently be i ng  conducted at various 
c olleges and universities and several nationally recogni zed t esting labora­
torie s .  He re pte sent s the stee l indus try on the Nationa l Fire Protection 
As sociation ( NFPA) Committees on Fire Te sts a nd Air Conditioning and is a 
member of  the building construction and rai l transi t sy stems commi t tee s of the 
NFPA . He a lso  re pre sents the s teel i ndustry on  the Ameri can Society f or 
Testing and Mate rial s ( ASTM) Committee on Fire Test s  and serve s o n  the AS'JM 
Executive Subcommittee . Mr .  Gewain holds a B . S .  degree i n  civi l e ngineeri ng 
from New England College . 

JOHN w. GILLESP IE, S peciali st , Te chni cal Sa les Servi ce ,  Conwed Corporation , 
St . Paul , Minne sot a .  Mr . Gille spie has worked wi th Conwed for 41 years and was 

P r o c e e d i n g s  o f  t h e  C o n f e r e n c e  o n  E n e r g y  C o n s e r v a t i o n  a n d  F i r e s a f e t y  i n  B u i l d i n g s
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involved i n  quality cont rol ,  re search and development , and sales before 
a ssuming his pre sent position.  He has worked c losely with Underwriters La bor­
at orie s in the f i re prot ection and fire hazard fields and i s  Conwed ' s  re pre­
sentative on the American Society f or Testing and Materials Commit tee on Fire 
Test s •  

THOMAS P .  GOONAN, Consultant , Schirmer Eng i neeri ng Corporat ion, S pringfield , 
Vi rgini a . Prior to  joining Schi rmer as a marketing and f ire protect ion 
engineeri ng  consultant i n  1 9 79 ,  Mr . Goonan served as chief of the EngineeriQB 
Development Branch of  the General Services Admini stration,  general engineer for 
the Ve terans Admini stration, distri ct fire protect ion eQgineer f or the u . s .  
Navy , and engi neer in charge of the Ci ncinnat i Di st ric t for the Fact ory 
Insurance  As sociation. He i s  a member of the Society of Fire Protection 
Engineer s , the Inst itut e  of Electrical and Electroni c  Engineer s ,  and the 
Na tional Fi re Protection As sociation. He holds a B . S .  degree in  e lectrical 
e ngineeri ng  from Purdue Universi ty . 

PAUL c .  GRE INER , Vi ce Pre sident , Customer Relations , Conservat ion and Energy 
Management , Edison Elect ric Institute , Washi ngton ,  D . c .  Mr .  Greiner cur rently 
heads the EEl c us t omer re lat ions , conservation, and energy management divi sion. 
Fomerly he worked in engineering , marketing , and personnel for the Indiana and 
Michigan Electri c Company of the Ameri can Electri c Power System.  He i s  a 
member of the American Society of  Heating ,  Ref rigerati ng and Ai r-Condit ioning 
Eng ineers ( ASHRAE) , past chairman of  the ASHRAE Public Af fair s Committee , and 
chairman of the ASHRAE Task Group Su bcommittee on Conservat ion--Legi slat ion and 
Regula tiona • 

JOSEPH R .  HAGAN, Re search Associate , Ce l lular Plastics De partment , Jim Walter 
Research Corporation ( JWRC) , St . Petersburg , Florida . Mr . Hagan joined JWRC 
i n  19 70 and current ly is  involved in the development , production, and t esting 
of cellular plasti c product s .  Be previously worked on the development of 
f lexible polyure thane foam automot ive seating f or the Inland Manufacturing 
Division of General Motors . Mr . Hagan holds a B . S . degree in  chemistry f rom 
the University of Dayton.  

TIBOR z .  HARMATHY, Head , Fire Re search Sec tion, Divi sion of Building Research , 
Nat ional Research Counci l ( NRC) of Canada,  Ottawa . Dr . Harmathy j oined the NRC 
of  Ca nada i n  1 9 58 and has been re sponsi ble for research concerning the proper­
t i e s  of bui lding mate rial s at elevated temperature s,  the f ire resi stance of 
building e lements ,  and the mechanisms of burning of compartment f ires . He i s  
an active member of the American  Society for Testi ng  and Mate rial s (AStM) and 

c urrent ly i s  chairman of the ASTM Subcommi ttee on Research . He received a 
degree in mechanical enginee ri ng from Budapes t University and hold s a Doctor 

of  Engineeri ng degree from the Vi enna University of Technology . 

THEODORE FRANK MARIANI , Pre sident , Ma riani and Associat e s ,  Wa shi ngton, D . C .  
Mr .  Mari ani has been practicing a rchi tecture and engineeri ng i n  the Washington 

a rea since 195 7 .  His  fi rm specialize s  in large-scale institutional work and 

i t s  pro jec t s  have included Georgetown University Medical Center , Washing ton 
Te chnica l Institute , D . c .  General Hospita l,  and the Northwest  Airline s Terminal 

at Kennedy Airport . Mr . Mariani co-authored the Naval Ho sp ital De sign Manual 

and wa s an edi tori al pane l  member for the 1978  edition of the NFPA Fire Pre­
vention Code . He i s  a regi stered architect , was named a f ellow of the American 
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Institute of Architects ( AlA) in 1981 ,  and currently serves on the AlA National 
Borad . Mr .  Mariani received a B . s . degree  in c ivi l  eugineeri ng  f rom the 
Virg inia Mi litary Inst itute and a M . S .  degree i n  a rchi tectural eQgineering from 
the Massachusett s Institute of Technology . 

JAMES McCOLLOM, Director , Mobile Home Research , u . s .  De partment of BousiQg and 
Urban Development ( HUD) , Washington, D . C . Mr . McColloa ' s primary re sponsibi­
l i ty is to conceive , deve lop , and execute BUD ' s  Manufac tured Housing Re search 
and Technology program . Be also conduc t s  most of BUD ' s  f iresafety research 
related t o  conventional buildiugs . Pri or t o  j oinitW HUD, Mr . McCo llom was 
d irector of  transportation and logistics for apace and aeronautic s programs at 
Na tional Aeronautics and S pace Adainistration Headquart er s .  He hold s degrees 
from Georget own University and the Mas sachuset ts  Maritime Academy . 

GERSHON MECKLER , Part ner and Director of  Eng ineeri Qg Design , Baines,  Lundberg , 
Waehl er ,  New Yor k,  New York. Mr. Meckler ' a work bas focused on energy int e­
grated design and c ost analysis and more than 30 patent s related to  building 
energy conservation and systems have been issued to him . Be ha s  served as a 
consulting engineer to the Owens-Corning Fi bergla s/U . S .  Steel Consort ium f or 
the General Service s Admini stration ' s  prototype bui lding systems project and 
has been responsible for the design of  the solar energy heating and cooling 
system f or the u. s .  National Fi sh Heal th Research Laboratory , the environmental 
system incorporatitW cogeneration for the Science Museum of Vi rg inia , and the 
solar energy cooli ng and dehumidification system for the D . C . Vet erans 
Ho sp ital • He currently is chairman of the Energy Conservation Committee of the 
Counc il on Tall  Buildings and Urban Habitat and the Solar .Be.ting and Cooli ng 
Technical Committ ee of the Inter national Solar Energy Society . He i s  a 
regi stere d  profe ssional e tWineer and received a B . S . degree i n  engineering 
phy sics from The Pe nnsylvania State University . 

HAROLD E .  NELSON, Bead , Design Concept s Research , Center for Fire Resea rch,  
Na tional Bureau of  Standard s ( NBS ) , Washing ton, D .c .  Mr . Ne l son directs  an 
interdi sc iplinary team of e ngineer s ,  systems analyst s,  and psychologist s that 
current ly i s  concentratitW on the d evelopment of sound engineeri ng approaches 
to  the evaluation of fire threat development and egre s s  f rom buildi ngs and of 
specific evaluation systems to  measure ri sk. Before j oiniug NBS , Mr . Ne l son 
was d i rector of the General Service s Mai ni stration ' a Accident and Fire Preven­
t i on Divi sion. He i s  national vice pre sident and a fellow of  the Society of 
Fi re Protection Engineers and a member of va rious National Fire Protection 
As sociation, Underwri ter s  La boratori e s ,  and Federal Construc tion Counc i l  
activitie s . Mr . Nelson i s  a registered professional engineer and received a 
B . S .  degree in f ire protection and safety engineeri ng from the Illinoi s 
Inst itut e  of Technology . 

JOHN T .  O ' HAGAN, Pre sident , John T .  O ' Hagan and As sociates ,  New York , New York . 
Prior to organi zi ng hi s fi re safety consulti ng f i rm  in 1978 ,  Mr . O ' Hagan devoted 
more than 30 y ears t o  the New York Ci ty Fire De partment , serving a s  commi s­

sioner from 197 3 t o  197 7 and as chief of the department from 1964 to 1973 . He 
specialize s  i n  public fire admini strat ion; f ire emergency planning , organi za­
tion, and training ; and fi re risk evaluation.  Mr .  0 ' Bagan i s  a member of the 
National Fire Pro tection As sociation and the Advi sory Commi ttee to the National 
Fire College . Be hold s  a B .A. degree f rom the City University of New York and 
a M . S .  degre e from the Columbia University Graduate School of Busi ness . 
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JO SEPH E .  PRUSACZYK, Supervi sor , Fi re Re search and Te st ing , Re search and 
Development Divi sion, Owens-Corning Fi bergla s Corporation, Granvi lle , Ohi o · 
Mr .  Pru saczyk d irects a multidisciplinary staff of  engineers , scienti sts , and 
heal th speciali st s conducti ng  f ire , smoke , and toxicity research . He is a 
member of the Ameri can Society f or Te st ing and Materi als and has publi shed 
numerous fi re research paper s .  He hold s a B . s . degree  i n  chemis try from the 
University o f  Dayton and a Ph . D .  d egree in  physical chemistry from Ca se We stern 
Reserve University . 

JACK M .  ROElfl , Pre sident , Ja ck M .  Roeba and As sociates , Vi rg inia Beach , 
Vi rgini a .  Mr .  Roehm ' s consulti ng e ngineeri ng  f irm specialize s i n  the design , 
d evelopment , specification, evaluat ion, testing , and marketing o f  building 
product s ,  e special ly bui ldi ng e nve lope compone nt s  and archi tectural meta l 
part s . Mr . Roeba f ormerly was d irector o f  produc t and market deve lopment f or 
the Archi tecture and Bui ld ing Product s Divisio n o f  Reynold s Meta l  Company and 
vi ce president of the Research Divi sion o f  Kawneer Company . He i s  a member o f  
the Nationa l Society o f  Profe ssiona l Engineers , America n  Society o f  Mechanical 
Eng ineers , and In stitute of  El ectrical and El ec tronics Eng i neer s .  He a lso has 
served a s  a member of the Buildi ng Re search Advi so ry Board and i t s  Federa l 
Co nstruction Counc il and Bui lding Fu ture s Counc i l  a nd  of the Co nsultative 
Counci l of the Nati ona l  Institut e  of  Buildi ng  Science s .  He i s  a regi st ered 
pro fessional e ng ineer and received a B . S .  d egree in mechanical and e lectrical 
engineeri ng from Tulane University and a M.S . degre e  from the Californi a 
In sti tute o f  Te chnol ogy . 

H. J . ROUX, Coord inating Manager , Product Fi re Perf ormanc e ,  Armstrong World 
Indus trie s , Inc . , Lancaster ,  Pennsylvani a .  Mr . Roux joined Armstro ng i n  1950 
and was named to  his pre sent posit ion in 1 9 7 2 . He curre ntly is a member of  the 
Boa rd o f  Di rector s of the Nati onal Fire Protection Association and chairman of 
i t s  Commi ttee on Systems Conce pts  for Fi re Pro tect i on in Structure s .  He a l so  
i s a membe r o f  the Society of Fire Protection Engineer s  Comadttee on Measure­
ment of Fi re Phenomena and the BRAB Bui lding Fu ture s Co uncil Te chnical Cri teria 
Resourc e Group . He i s  a regi stered profe ssional e nginee r and received a 
B .Ch . E .  d egree from Rensselaer Po lytechnic In sti tute . 

PHILIP S . SCBAENMAN, Associate Admini strat o r ,  National Fire Dat a Cent e r ,  u. s .  
Fire Admini strat ion, Federal Emergency Management Agency,  Wa shi ng ton, D .c .  
Mr . Schaenman i s  re sponsible f o r  te chnology development and dat a collectio n, 
analysis , and d i sseminat ion . Pri or t o  a ssuming thi s position in 1 9 76,  he 
served as d i rector o f  the Data Center ' s  Analysis and Evaluation Divi sion.  
Be fore j oini ng the Fi re Admini stra tion he worked a t  the Ur ban Ins titute and 
Bellcom , Inc . Mr . Schaenman ha s a professional degree in  elec t ri ca l  
eng ineeri ng from Co lumbia Un iver si ty , a M . s .  degree i n  e lectrical engineering 
from Stanford University , and B . s . degree from the Columbia University School 
of Eng ineeri ng and Queens Co l lege . 

CHARLES E .  SCHAFFNER , Executive Vi ce Pre sident and Director , Syska and 
Hennessy , Inc . , New Yor k,  New York . Prior t o  joini ng Syska and Hennessy , Mr .  
Schaffner was professor o f  c ivil engineering and vice pre sident f or administra­
tion at the Polytechni c Institut e of Brooklyn .  As one of hi s pri nc ipal 
achievements , he originated and l ed the effort that resulted in the wri ting o f  
the new New York Cit y  Bui ldi ng  Cod e .  In add ition t o  revolutioni zing construc­
t i on in the c i ty ,  it eliminated overlapping juri sdictions � reduced c ost s 
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substant ially . Be is a registered professional engineer ; pre sident of the New 
York Buildi ng Congres s ;  a fellow of  the American Society of Engineeri ng Educ a­
t i on, Ameri can Co ncrete In st itute , and New York State Society o f  Professional 
Engineer s ;  and pas t  chai rma n  of  the Buildi ng Besearch Adviso ry Board . Be 
re ceived B . C .E .  a nd c . E . degrees from Cooper Union, a M .C . E . from the 
Polytechni c Institut e of Brooklyn,  and a B . S . S .E . degree from the University 
of  Il linois • 
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